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IE VITAMINS ALWAYS ENOUGH? 

In m ilnutntion, convalescence, 
anorexia and old age, more than 
vitamins arc often indicated Be- 
sides vitamins there arc maltose, 
dextrose and dcxtnns and other 
food elements present in Maltme 
with Vitamin Concentrates 

V 

ome of tha food elements in Malhne with Vrfomin Concentrates — 

approximate content per 30 cc (2 tablospoonfuls) 


VITAMIN A 

10,000 U S P 

units 

VITAMIN D 

1,000 U SP 

units 

THIAMINE HYDROCHLORIDE 

3 mg 


RIBOFLAVIN 

4 mg 


NICOTINAMIDE 

40 mg 


+ MALTOSE 

9 6 gm 


+ DEXTROSE 

4 2 gm 


J-DEXTRINS 

10.2 gm 


+ PHOSPHORUS 

279 mg 


-f CALCIUM 

303 mg 


-f CHOLINE* 

36 mg 


+ INOSITOL* 

44 mg 


+ FOLIC ACID* 

22 meg 




*Th*n coniYf 1u»nU or • rwmb«r* of the noturo/ 8 Complex. Thefr eeed 
In human nefrfflon hot not bttn established 


Two tahUspoonfals supply at least twice the minimum daily ft- 
qutrements of the above vitamins and supplementation of other 
easily digested food elements. The Maltine Company, New York ax 


LTINE WITH VITAMIN CONCENTRATES 

MORE THAN A CAPSULE COULD HOLD 
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Cardiol ogisp— 

is assured of 

Dependability in Digitalis Admkiistratior 

% *» 

being tke powdered leaves made into 
pkysiologically tested pills, 
all tkat Digitalis can do, tkese pills will do. 

Trial package and literature sent to physicians on request 




DAVIES, ROSE & COMPANY, L.m.teJ 

Manufacturing Cliemlsts, Boston 18 , Massacliuset 
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in going to grow a hundred years old !” 


and possibly she may— 

■ the amastng strides of 
'dical science have add- 
years to life expectancy 


• It’s a fact-a warm wonderful fact-that thu five-year-old 
child, or your own child, ha» a life expectancy almost a whole 
decade longer than was her mother’s, and a good 18 to 20 years 
longer than that of her grandmother Not only the expectation 
of a longer life but of a life by far healthier Thank medical 
science for that. Thank your doctor and thousands like him 
toiling ceaselessly that jou may enjoy a better life. 



According to a 
recent independent 
nationwide survey 

More Doctors 

Smoke Camels 

than any other cigarette 
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SUGAR COATED! 


It’s a bitler pill for the patient when advised to weai 
an orthopedic shoe . . 

But the “pill” can be “sugar-coated I” 

For m Pedtformes you have correct shoes that are as 
pleasing to the taste as to the requirements of the 
medical profession. 

“Proper shoes” can be less objectionable if you will 
prescribe Pediformes 


% Pedifoime 

footwear 



A SHOE FOR EVERY MEMBER Manhattan, 34 w 3sth sl 
. OF THE FAMILY A SHOE Brooklyn, ass Lv-ing.ion si 
V. FOR EVERY INDIVIDUAL RE- ^atbush, 843 FUtbu.h Ave 
QUIREMENT Hempstead, l i — 


NEW HOCHELLE, 64S North Ave 
EAST OHANGE, 29 Waahlngton Pi 
241 Fulton Ato HACKENSACK, 290 Main St 


V 
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cJynclironizing /oiiruiiary 
and ovary 


"V iv 

f y * -.n-> 


When menopausal symptoms betoken an mi 
t balance between the pituitary gland and 

ovary, PROGYIS'ON B (alpha estradiol 
1 benzoate) injected intramuscularly will 
1 restore endocrine equilibrium safely, 

smoothly and more rapidly than any 
other estrogen Therapeutic effects last 
from five to eight doys depending on the 
dose administered and the scvcnt> of hormone 
deficient 


'Hi a a in Di x f-B 

DOSAGE For average menopausal tymplotnt 043 rag (2000 
It U ) once or twice weekly Severe tympiora*, at alter turglcal 
or x-ray cajtratlon, may require 1.0 mg to 1 66 mg (6000 to 
10,000 H O ) per Injection 

PROGYNON B available In arapulet of 1 cc. containing 0.08 mg 
<500 nu) 016 mg (1000 R V) 043 rog (2000 R U ) 1 0 rag. 
<6000 R.U ) and 1.66 rag. (10 000 RU ) 

Tr*d* Uuk rKOGYKOr<-D-H*« U 3 P«t o» 



CORPORATION BLOOMFIELD N J 

I* aniti ichcmmc CHrt(iii*R lihiui, HtmuL 



_ When a Life 
- Hangs in the Balance . 


and progressive wasting increases the gravity of the prog 
nosis depletion of body proteins can be prevented Parenamtne 
—parenteral source of the indispensable and other amino adds— 
provides the elements of protein nutrition sustains the re- 
generative processes essential to recovery 


Parenamine 

Amino Acids Stearns 

PARENTERAL 


MIDUK0I (• a KeriU ij iwt cent 
<* amlao aodi traiuJatag alt 
lw*n to be ewewlal hu»»an«, tk- 
riwd bf add hydrolrd* frtwi cwta and 
forttfcd with pina tf-tryptophane. 

mKim bi amdJdocn at irnddetl 
/■take, faulty tbwplloo, JncrrjactJ 
■eed or cutafw km ot pfttehu aoch 


For Prolem Drfcimcy 



»' la pet ami po* open tire raanajie* 
•»i. catenate burnt. detajrd holing, 
t»wro-latewloil disorder*. el cetera. 

AMflmaniATKWT may be kUr»renou\ 
burawerml or wbonaneoua. 

«WU1P a* t| per cent nerDe aWudac 
In too cc-mbbcr -tapped bottle*. 


Ibfrhij #W amftcu cB*tat data arfl le m rrfwnt 

T^Stearn s*&rr- 

fflrrcjfwt 

DETROIT |t MICHIGAN 


xnr ro*x ttMuorr fWmww> vtwo^oktaaio mwr Awnuut coaum, tm 
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Truly, this is America 


thcilllagechurch thowhJte picket fence the 
broad highways which lead to great cities 
ibovo all, the homes which breed good citizens 

/"WtlEIUCA'S strength is bred m her homes. In 
thousands of towns and cities, where modest 
bungalow stands proudl\ alongside a local show - 
place, w here the well-kept law n of one merges 
with its neighbor here, the roots of good citi- 
zenship are deeply planted 

Here, too, strong bodies and good minds arc 
built. 

Because it is so American to want the finest, 
thc\ wdlgctit In medicine, for instance, Ameri- 
can hospitals, American practitioners arc the 
enn of the world In quiet towns or teeming 


cities, the skillpd hands of healing go about then 
w orb of keeping America w el) 

To the science of Medicine the ph\siciar 
brings his own individual art of healing, /or just 
as no two people are exactly alike, so no tw o case 
of illness are identical 

Thus, the physician must be free and unham- 
pered, so that lie may combine the sanice of 
Medicine, which is for humanity, with the art ol 
healing, which is for the individual patient 

At Ciba, in a quiet community of broad streets 
and pleasant knvns, we produce many of the fine 
pharmaceuticals nsed by the medical profession 
In modem laboratories, Gba medical scientists 
pursue their search for j et new cr aids to physi- 
cians in their treatment of disease This, too, is 
t hi American w ay 




CIBA PHARMACEUTICAL PRODUCTS, INC, SUMMIT, NEW JERSEY 

In Canada t Ciba Company lid Montreal 
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As a Routine Sedative — use 


BromuraL 

Alphabronnscraterilurca Council Accepted 



Soothes the Nerves, Induces Refreshing Sleep. 

5 grain tablets and powder Dose: 1 to 3 Tablets 


ORANGE 
NEW JERSEY. 


BILHUBER-KNOLL CORP. 
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Campobial is a therapeutically effective, patent, well tolerated combination of vitamin B 
complex factors with liver concentrate and iron Marketed in easy to swallow gelatin 
capsules, with a pleasing aromatic odor 


TUmiii hydroclltride (Titrate B,J 

2 oc 

BihilljTin (nlials BJ __ _ 

— - 2 »t 

HiCGtliMBlds _ 

W mi 

Ftirios sillatt (iDkjtfnnj) 

100 MC 

lirir concentrate (1 1* 2D). 

_ „ JOOac 


Prophylactic dose for adults 1 capsule daily Therapeutic dose for adults 2 or 3 cap 
sufes three or more times daily, depending on severity of the anemia. 


* u r r l i e o i m 





BOTTLES OF 51 AND Ml CAPSULES 


WINTHROP CHEMICAL COMPANY, INC 

f ktrattntlctlt if airlt far tli jkyilclu Nta Tirk HUT Wliftir Oil 
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NO TEST TUBES • NO MEASURING 
NO BOILING 

Diabetics welcome "Spot Tests" (ready to use 
dry reagents), because of the ease and simplicity 
in usmg No test tubes, no boiling, no measur- 
ing, just a bttle ponder, a bttle urine — color 
reaction occurs at once if sugar or acetone is 
present 

FOR DETECTION OF SUGAR IN THE URINE 


(DEN CO) 

FOR DETECTION OF ACETONE IN THE URINE 

SAME SIMPLE TECHNIQUE FOR BOTH 


I A UTTLE POWDER 



2. A UTOE URINE 


COLOR REACTION IMMEDIATELY 


A carrying case containing one vial of 
Acetone Test (Denco) and one vial of 
Galatest is now available. This is very 
convenient for the medical bag or for tbe 
diabetic patient. Tbe case also contains 
a medicine dropper and a Galatest color 
chart. Tins handy kit or refills of Acetone 
Test (Denco) and Galatest are obtainable 
at all prescription pharmacies and surgical 
supply houses 

Accepted for advertising in the Journal of the A M A 

WRITE FOR DESCRIPTIVE LITERATURE 
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SEDATIVE AND HYPNOTIC 

More than a decade of clinical experience has 
-established the safety, effectiveness, and smooth 
ness o£ the sedative action of BELBARB 
BELBARB is now available in FOUR DIF- 
FERENT DOSAGE FORMS, enabling adaptation 
to the needs of the individual patient far better 
than with a single form. May we send samples and 
literature? 










of research 

— a handy reference work summarizing investigation into the com- 
plex steroid structure of Ertron and its action in flic treatment rf 
arthritis 

This book, prepared by the Medical and Chemical Research 
Departments of Nutrition Research Laboratories, brings the liter- 
ature on the subject up to date, and describes the therapeutic and 
chemical uniqueness of Ertron— steroid complex, Whittier A com- 
plete bibliography is included 

“Steroid Therapy in Arthritis” is now being mailed to the entire 
medical profession Additional copies will be sent to any physician 
who desires them Write to Medical Department, Nutrition Research 
Laboratories, 4210 Peterson Avenue, Chicago 30, Illinois 


NUTRITION RESEARCH LABORATORIES • CHICAGO 
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3/i fiieafisuf 3a/ut 

DGJT Bacteriostatic Decongestion is the MEANS 
y iy Restoring Normal Function is the GOAL 

. J I Pfc B the Decongestant without 

With AKVTKUI Rebound Action 



In recent literature emphasis is being 
given to the after effects that frequently 
follow use of vasoconstrictors because of 
their rebound action 

Such untoward results do not accom- 
pany the use of ARGYROL, the bacterio- 
static decongestant that 


When the physician uses ARGYROL he 
knows that he is contributing most to 
recovery through support of nature's 
own First Line of Defense 

The cleansing, demulcent, bacteriostatic 
action of ARGYROL is attained by its 
three-fold action 
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Three-Fold Action of ARGYROL 

1 ARGYROL is decongeslive, without irritation to the 
membrane, and without ciliary injury 

2 ARGYROL is powerfully bacteriostatic, yet is non-toxic 
to tissue 

3 ARGYROL stimulates secretion and cleanses, thereby 
enhancing Nature's own first line of defense 

Three-Fold Approach to Para-nasal Therapy 

1 The nasal meatus by 20 per cent ARGYROL instilla- 
tions through the nasolacrimal duct 

2 The nasal passages with 10 per cent ARGYROL 
solution in drops 

3 The nasal cavities with 10 per cent ARGYROL by 
nasal tamponage 

ARGYROL the £P/uj&iolc<jfic 

stfriti-i/i^ectiee with hkcad, Au&tained action 


byt d h* on,y A c BARNES COMPANY, NEW CRUNSWICK, N J 

ARGYROL is a rt&Jtmdtratit marh,tbt property of A C Burnt! Company 




AND SHOULD BE STUDIED CAREFULLY 
WHEN SELECTING A FIRST SOLID FOOD 



TbH cowpJlallon of fa<ti from r«porH by Courvdl on Food* ond NuttHlon arvd 
from fab*l »taf«m*n1i of competition of b«tt*r>jmown pr*cook«d cor* ah, *bow that 



CEREVIM If highest In protein — amino acid content, thiamine and 
riboflavin and unsurpassed In niacin CEREVIM supplies the greatest 
caloric value with a minimum of carbohydrate CEREVIM Is rich In Iron, 
copper, calcium and phosphorus Prepared from eight natural food 
sources, CEREVIM offers a nutritionally well-balanced Infant cereal 


LEDERLE LABORATORIES INC NEW YORK N Y 
A UNIT OF AMERICAN CYANAMID COMPANY 
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Three drops of 

PRIVINE... 


and welcome relief! 



Hay fever sufferers are finding prolonged sym 
lomatic relief with minimal dosage — only thr 
drops — of Privine, Ciba’s potent vasoconstnctt 

Pnvine Hydrochloride acts quickly on the na< 
mucosa without retarding ciliary activity Ti 
solution is buffered to a pH of 62 , closely sim 
fating normal nasal secretions 

Physician* will find that by advising their p 
tients to use no mo r c than the recommend! 
three drops in each nostril, no oftener than thr 
times daily, gratifying and prolonged relief w 
be experienced 

PRIVINE Is available In two solutions C 

per cent and ODX per cent packaged in I ounce br 
tie with dropper designed to dispense but three dro 
— the recommended dose. Also avaibble in bottl 
of 16 fluid ounces 

PRIVINE NASAL JELLY— Tubes of % oz^ 
containing 0 05% Pnvine Hydrochloride 

Prlrtot — ■ Tr%4* Umxi, Rcthit'ti In VS Off 

Brnnd »f N*fh*zolfnt UydrocU»riile 



Privine la Council Accepted 

C1BA PHARMACEUTICAL PRODUCTS, INC, SUMMIT, NEW JERSE 

In Canodai Clba Compney Limited Montre! 
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YOU CAN'T 



overrate the value of CONTROL 


f it's spectacular, but brief — the kind of control 
that reigns beneath the big top each Spring 

Less heralded is the day-in day-out control that 
rules each operation in the manufacture of 
pharmaceuticals in white-walled U D labora- 
tories and production rooms For this is quality 
control it consists of a long-established, efficient 
system of tests which have won for these products 
an exceptional record for consistent quality. 

Much credit for these fine results is due the body 
of doctors, chemists and pharmacists who set and 
maintain the high standards This group is U.D 's 
famous Formula Control Committee which insists 
upon topping all previous precautions with a 
personal check of every finished formula 

Interest, effort, care and experience combine to 
insure that your orders are filled with materials 
of unexcelled purity when you specify U.D. 
preparations The same qualities mark the ser- 
vice of your neighborhood Rexall Drug Store 
Additional features that patients appreciate are 
this store's convenience and economy. 

UNITED-REXALL DRUG CO. 

U 0 products Pharmaceutical Chemists for more than 43 year* 
t CJ\ are available Lot Angeles • Boston • St Loots • Chicago 
VfS v is. m i m i' i . ni r wherever you Atlanta • San Francisco • Portland • PIttsborgh 
DRUGS tee ihlt sign Ft Worth • Nottingham • Toronto • So Africa 

URJTED KEXALL DRUG COMPANY AND TOUR RETAIL DRUGGIST • Year portae n io Health Servlet 



Z ymbioL has long been rtcogmxed by obste- 
tricians and pediatricians as an ideal bowel 
management therap) 

ZymenoL, a brewers’ yeast emulsion,** aids 
restoration of physiological bow'd content through 
xyraolysis and helps to normalize intestinal motil 
lty with its complete, natural vitamin B complex 
content 


Soft, comfortable, regular evacuation is assur 
without catharsis or colloidal bulkage. Becau 
ZymenoL is agreeably palatable, sugar free, and t 
only emulsion effective in teaspoon doses, patia 
control is sddom a problem. 

For patient-acceptable bowel management in a 
age group — specify ZymenoL. 

OTIS E. GLIDDEN Sc CO , Inc , Evanston, J 
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Zke Common "Denominator 
of Reducing Diets 

Whether weight reduction is to be brought about 
gradually, at the rate of a pound or two per week, 
or drastically at the rate of a pound per day, all 
reducing diets must recognize one cardinal require- 
ment: the need for protein of the right quality m 
the right amount 

Unless biologically adequate protein is supplied 
m the quantity normally required, the living tissue 
itself would suffer, tissue repair could not be carried 
on, hemoglobin regeneration would be impaired, 
antibody formation would be curtailed, resistance 
to infectious disease would be lessened, and produc- 
tion of enzymes and hormones would fall below 
the required level. 

Lean meat may well be called the common de- 
nominator of reducing diets. Its protein content is 
notably high, and the protein it supplies is of high 
biologic quality, adequate for every protein need 


The Seal of Acceptance denotes that the nutri- 
tional statements made in this advertisement 
are acceptable to the Council on roods and 
Nutrition of the American Medical Association 



AMERICAN MEAT INSTITUTE 

MAIN OFFICE, CHICAGO ... MEMBERS THROUGHOUT THE UNITED STATES 
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Healing *leep it one of the most effective therapeutic 
agents But when clinical conditions alter sleep habits, adequate rest may 


be most difficult to secure 


“tired 

nature's 


When sleep patterns of your patients are altered ‘Dblvjnal’ sodium 
vinbarbital will provide a night of restful sleep in the majority of Instances 
with relative freedom from unpleasant side-effects of excitation or ‘ hangover " 
‘Delvinal’ sodium vinbarbital is a mild sedative that has a relatively 


sweet 

restorer” 


short Induction period and a moderate duration of action 
Council accepted, it may be prescribed for the relief of insomnia, for 
general sedation preanesthetic hypnosis psychiatric sedation obstetric 
amnesia, and for numerous purposes In the field of pediatrics. Supplied in 
32 mg 06 gr), 10 Qnx (1^ gr) and 20-Gm. (3-gr ) capsules 
Sharp & Dohme, Philadelphia 1, Pa 
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COT-TAR 

PIX'UTHANTHRACIS 5 % 
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DOAK CO..INC. 
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PEN I C| LlyiN 

For many y#ars, 





/ft -ON T R'E 


jy lias been among the 
world’s lar/est u/crs of research on m) cology 
and fermentnlfon processes In addition 
Schcnlcj Laboratories manufactures a com 
plete line of supenor penicillin products — 
products thoroughly tested for potency and 
quality These two important facts mean you 
may givo your patients the full benefits of com 
plete penicillin therapy 

SCHENLEY 

PENICILLIN PRODUCTS 

Penicillin Ophthalmic Ointment Schenley 
Penicillin Troche* Schenley 
Penicillin Ifcbleu Schenley 
Penicillin Olniroent Schenley 
Penicillin Schenley 


' ~i Pcnicjllifida the best hgfent available for the 
. ¥ y { tr^ptihdnrdf 'subaoufe bacterial endocar 
/C, ditutrDnify%droinlstrntion of 200,000 to 
V t I 300,000 umts-or, in infections with resist 
v fcrgnntems, much more, in divided 

J i ^^oses-fcv^ry 3 hours) is required Intrn 
h 'muscular injections are usually the route 
of choice, hotvever, in certain instances, it 
may appear desirable to employ continu 
ous dnp Therapy should be continued for 
a minimum of 3 weeks and must l>e con 
tinned until the blood cultures are consist 
enlly negative. Penicillin alone Is as effee 
ti\c as penicillin and heparin combined 
Final determination of cure depends upon 
long term observation, but if the patient re 
mams asymptomatic and bactcnologically 
free for a period of 4 weeks after cessation 
of penicillin therapy, the prognosis for 
complete cure is excellent. However, it must 
be remembered that valvular damage and 
renal lesions are not favorably influenced 


dawson, il in, and DUNTEn T 1L1 The Treatment 
of Subacute Bacterial Endocarditis unlit Periled 
fin Results in Twenty Cases JAMA 127 129 
(Jan. 20) 1945 Favoud c. janeway c. a^ 
crosoN J C^II AND LEVINE, s Au Progress in the 
Treatment of Subacute Bacterial Endocarditis, 
hew England J Med 234 71 (Jan 17) 1946 


SCHENLEY LABORATORIES, INC Executive Offices 350 Fifth Avenue NYC 
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Foi National Rehabilitation 



Yes, it’s a fact 

in addition to its refreshing quality and its 
flavor, ice cream contains many important 
health giving food elements It contains 
the following nutrients 
Vitamins Ice Cream is a good source of 
Vitamin A and Riboflavin (Vitamin G) and 
contains other vitamins found in milk 

Minerals Calcium, necessary for strong 
bones and teeth, is supplied abundantly by 
Ice Cream 

Proteins Ice Cream provides high quality 
proteins those found in milk 

All of these nutrients promote health and 
well being 


And remember, the particular combina- 
tion of nutrients found in Ice Cream is un- 
usual This is one reason \vh} Ice Cream is 
accorded such an important role in our 
national rehabilitation program 



Ice Cream — Composition-Manufac- 
ture Food Value an interesung, fac- 
tual leaflet will be sent free on request 
Write National Dairy Council, Dept 
P746, 437 Fifth Avenue, New York 
17, New York 



NATIONAL DAIRY COUNCIL 

437 Fifth Avenue • New York 17, New York 

A non profit, educational organization promoting national heolth 
through a bettor understanding of dairy foodi and their u«e 




NEPJ5RA CHKMICAL CO. INC, 
II tk»r 0*k» Av*. 

Ywhn 1, Mew York 


PIcwm tend m* fhwrwturt. wnd « 
phyrWm'r ManpU of M a n deU- 
rafoe. 


Non* 

Stmt 

aty 


XLP 


CUU 


NEPERA 


CHE 


MICAL 


CO. INC. 


Blanafmctmring Chemift* 


Yonkers 3, New York 
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In the treatment of habitual abortion, “vitamin E should 
be used because it appears to offer great hope in salvaging pregnancies that 
•would otherwise habitually abort ' * Ephynal Acetate — the Roche vitamin E 
preparation (d tocopherol acetate) — is particularly suitable for the treatment 
of habitual and threatened abortion because it is stable, of unvarying potency 
and purity, and well tolerated even in large doses and over long periods of 
time Its freedom from side reactions is of signal value in all disorders ame- 
nable to vitamin E therapy Available m tablets of 3, 10, and 25 mg 

HOFFMANN-LA ROCHE, INC , Roche Park, Nutley 10, New Jersey 


*A- T Hml* & R G Irvin tit cm* Nrxr 'EstUti J Mrcf. 230.'"! 98 I'M 4 
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Qelli-cdlui 'WARNER' 
50,000 units of penicillin per tablet 


Cjelu-cillui ' 


WARNER' 


Buffered against destructive action 
of gastric acid 


Qela-cdlui * 


WARNER' 


Convenient to administer , scored 
for smaller dosage, if desired 


Qelu'cdlui ' 


WARNER' 


Hermetically sealed in packages 
of 1 2 3 strips of 4 tablets 


WILL) AM R WARNER & COMPANY, INC 

113 WEST 18th STREET • NEW YORK 11, N Y 
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Color tests with the accurate aid of this Nessler apparatus help control the quantity 
of ingredients in the various Lanteen products Control of the efficacy of all its prod- 
ucts, by the latest scientific means, is the constant aim of Lanteen Medical Labora- 
tories Q Lanteen Lilac (Mensinga-type diaphragm) is available only on the prescrip- 
tion of a physician 


Since patients are not mechanically minded, simplicity and 
ease of handling are prime retjulsites for continued use 
Lanteen Lilac flat spring diaphragm is extremely simple to 
place — it is collapsible in one plane only No inserter required 


LANTEEN 



COrrHWHT 1M4 LANTECH HEOIOAL LABORATORIES INC CHICAGO lO 
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chrofllC orgonic di5GOS0 Many patients with chronic organic disease— 
arthritis or eJtbma^for example— sink into a persistent -depress! on 
characterized by discouragement, or even despair Unless effectively 
combated, this depression may handicap management of the basic 
disorder and intensify its symptoms 

By restoring optimism and interest in useful living Benzedrine 
Sulfate frequently helps to overcome prolonged depression accom 
panyrng chrome lllneaa Obviously, in such cases careful observation 
of the patient u desirable and the physician will distinguish between 
the casual case of low spirits and a true mental depression 

benzedrine sulfate * nt/n* s. JC.F) Tablets and Elixir ffi 


Smith KjinS & French Laboratories, Philadelphia Pa 
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• Protects and aids dealing. 


CROOKS 


305 East 45th Street 
New York 17, N. Y. 


• Cleaner and more convenient to 

use; patients prefer it. 

• Soft, greaseless cream combin- 

ing semi-colloidal calamine and 
zinc oxide with benzocaine. 













•ATFWJ FD&f ^ 


^■■HldcjA DftT A ft l . ^ 

tUe AC ed. Gerilnr contains spray-dncd 
tchole milk and *k!m milk hnd It forti 
fied with vitamins A and D B complex, 
C, together icith niacinamide, mono- 
m odiam photpiiate and iron citrate 
itx dlnble nt pfrftirnacie* fnlft tins. 




A HEW DIETART SUPPLEMENT FOR THE ACES? 

Gcrilnc Italic it milk— nature* moil per ( 
feci food— modified to provide a high pro- 
tein and low fat content with the addition 
of other dietary factors considered essential 
in geriatric nutrition so that j 

Gerilac supplies In ono Tell (jue fied pint at 
leact one-tlilrd of the protein a full allow 1 
atice of each of the ritamlnc and minerals, 
and about onc-tentli of the calories recoin 
mended for dallv intake by tbc Food and 
Nutrition Board National Research Council 

Gcnlac offer* these nutritional values in 
g palatable easily consumed and readily 
digestible form (suitable for use as a bever 
age or In Special Diets) It also lends Itself 
ideally for the nutrition of convalescents 
and of pre- and postoperative cases, 

’ Tdordens 

‘^^lEftnpriM miners biujioi 

WC'^DUON AVENUE NtWrolK 17 N Y 

w ~ fTritr for 
pro/gttionnl literature 





RAY-FORMOSIL 

FOR THE TREATMENT OF 

ARTHRITIS and 
RHEUMATISM 



Ray-Formosil for intramuscular injection is a clinically proved, effec- 
tive treatment in most cases of Arthritis and Rheumatism. It is a non-toxic 
and sterile, buffered solution containing m each cc the equivalent of: 

Formic Acid 5 mg. 

Hydrated Silicic Acid. ... 2 25 mg. 

A descriptive folder will he furnished upon request. 


RAYMER PHARMACAL COMPANY 

PHARMACEUTICAL MANUFACTURERS, PHILADELPHIA 34, PA. 
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Tl/fOST infants experience a mild hypo- 
•l-’J- ebroraio anemia, due to Iron deficiency 
intheiheUry beginning at about thefourth 
montli of me This veil known fact 
lias for long been go lightly regarded that 
it is often referred to at the "physiological 
anemia” of infancy That this is a mis- 
nomcr it indicated by the work of Mackay* 
who following thorough and controlled 
•tndiea, showed that (1) the anemia was 
preventable by iron medication (2) the 
anemia, though alfcht, lowered markedly 
the refliaUnce of the child to infectious 
disease and (3) growth was retarded by 
iron deficiency Mackay’a investica 
lion ahowed that in hobiea gi\ on iron the 
incidence of Infection was lower and its 
duration considerably shorter and that 
babies given iron averaged one pound 
heavier than those in the control gronp 
The conclusion was: 

NO JtNfMJA, IVIN Of JLK3K7 PtOfO, IS INSIWONCANT 
btemtu It fi f*o Important a factor In 
prsdhpaslno to I of action 

It has been shown that homogenized iron-containing 
food* yield considerably more utdixable iron than aimilar 
foods which have been strained only The texture of 
homogenized baby foods is so fine that they may be fed 
— mixed m the milk formula — through a nipple opening 
of ordinary sfze. Supplemental feeding of homopmized 
hahy foods may be started as early oa the fifth week of 
life, before the prenatal store* of iron are exhausted 
and before the usual anemia of infancy has art in Only 
Libby a Baby Foods are homogenized at t cell at strained. 

•SeeiXrarite Roy 
R iDbwaraof tiu* 
Blood, rhlladd 
plda, Po-. J B. 
Upplneott Co„ 

■' •d.spsas. 







7*0, . 
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Libby, MSVeill & Libby 


Chicago 9, Illlinois 
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TESTOSTERONE 

PROPIONATE 


I 

l 

•* h J i,r * > ft H ^ V 



! Obtainable from your 
Usual source of supply in. - 

j* i 

T cc ampules, 5 mg , TO 
mg , and 25 mg , In boxes 

-i s 

of 3, 6, and 50 ' - 

Approved literoture de- 
scribing the use of this 
preparation In recog- 
nized indications will be 
forwarded to physicians 
on request 


OTHER "RARE PRODUCTS ACCEPTED FOR 
ADVERTISING IN, THE J A.M, A.— ACIDOIATS - 
GITALIN— OPT OCHIN HYDROCHlORIDE-SAlYSAl 

~ ✓ «S , 

RAREchemicals, INC. 

'^HARRISON, N Je 

' V * 


J t 



West Coast Distributors: GALEN COMPANY, Berkeley 2 , California 
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oral duturfoancc which restricts absorption at * droe of la 
creased vitamin requirement, !□ many aw a promptly «J 
leviated by inJeaJoru of Pjritbiid. Unless to rdicvtd, aa* 
i a and vomiting of pregnancy may leid to polyncurita, m 
symptom of profound thiamine deficiency Pyridaxme by 
drodilonde and thiamine hydrochloride, as contained in 
Pyrithiad act promptly and apparently with specificity la 
this condition. Pynthiad b supplied as a sototjoa foe iota 
venous or intnunuscolar injection and as tablets for oral use 
lakeside Laboratories Milt*** he 1 JVhctmim 

On rttpmt. Complete lirmrare Including a reprint ol tbe rtpoct 
of Hct iod ccwoticert Are. J Obc. tad Gywc. 4a 251, 1944. 
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Effective Against 
CHIGGERS 


mWf4 


'Wffisar 


*— - x 


(RED BUGS) 






’ilij&tt ? 4 ‘ ' ,J 



** ~ 

/f ' SULFUR FOAM APPLICATORS 

Convenient Cloth Applicators 
Impregnated with Sulfur and Soap 

During the coming season thistimclj prcscrip- 
tion product Mill bring relief and grateful 
v thanks from patients suffering from chiggcrs 

Sulfur Foam Applicators arc indicated -nlicn- 
ever sulfur is to bo used extcrnallj 


They hate the advantage of 

even dispersal of fine sulfur 
particles 

convenience — they are easy to use 
elegance — no grease, mess 
or stain 

safety, minimizing the 
possibility of sulfur der- 
matitis. 


Complete directions with 
each package 


TREATMENT ^ 

PROPHYLAXIS 1 

SULFUR FOAM APPLICATORS 
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Editorial 

The Annual Meeting 


The State Sooioty held it s 1046 annual 
meeting, tho first general sessions since the 
close of the Great War, at the Hotel Pennsyl- 
vania in New York City from Apnl 29 to 
May 3, 1940 The registered attendance of 
dootors, nurses, and students was 4,661 
As of May 1, 1040, the total membership of 
the Medical Society of the State of New 
York was 19,940 Apparently, about one 
quarter of the members seems to have at- 
tended 

This is heartening both for the chairmen 
of tho sections who work long and hard to 
prepare their respective programs, for the 
exhibitors, who by their rental of exhibit 
space moke the financing possible, and, 
likewise, for the Convention Committee of 
the State Sooioty Tho scientific exhibits 
this year were of more than usual interest 
and diversity Tho availability of good pho- 
tographic materials is to be noted, now that 
the war is over, and it is to be hoped that 
color photography will be developed more 
widely and used more freely than in the past 

The extended session of the House of Dele- 


gates permitted more tinio for tho work of 
tho reference committees in the considera- 
tion of the annual reports of officers and of 
resolutions introduced by members The 
account of theeo proceedings will be pub- 
lished in this issue and subsequent issues of 
the Journal and deserves careful reading by 
tho members of the society The constituent 
county societies were each represented by 
full delegations and a thorough and com- 
plete discussion of all the business on hand 
prevailed The Speaker of the House, Dr 
Louis H Bauer, conducted the meetings 
with his usual skill and competency and 
this was his final appearance m this ca- 
pacity, for now he is the President-Elect 
An unusual feature of the meeting was the 
award of a prize, a well-behaved puppy, and 
several additional book prizes, for essays by 
school children on the use of animals for 
scientific- experimental work. This marks 
the first time awards havo been given out- 
side tho membership of the society itself, the 
presentations being made during the course 
of the final session and witnessed by tho par- 
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ents of the winners and representatives of 
the New York City Public Schools 
Among the important business matters 
transacted by the delegates were the final 
steps taken to establish a corporation by the 
society, authorized to enter into contractual 
agreement with the Veterans Administra- 
tion to implement, for the entire State, local 
medical service for veterans with service- 
connected disabilities It is hoped that a 
fair uniform fee schedule can shortly be in- 
stituted for the State as a whole and that 


claims foi services lendered in this program 
can be expedited as rapidly and satisfactor- 
ily as possible The proposed arrangement 
should prove of mutual advantage to all 
concerned 

In this issue of the Journal are contained 
the addresses made by guest speakers at the 
Annual Banquet, which merit the careful 
attention of our readers The scientific 
papers presented at the Section Meetings 
will appear m subsequent issues, as well as 
the detailed proceedings 


Dr. Simon Flexner 


Another great figure m American medi- 
cine passed away on May 2 at the advanced 
age of eighty-three A renowned investi- 
gator m the field of infectious diseases m 
his own right, Dr Flexner was the organizer 
and first director of the Rockefeller Insti- 
tute for Medical Research, from which he 
retired m 1935 with the rank of director 
emeritus 

There were other distinctions Among 
his achievements were the production of a 
curative serum for cerebrospinal meningitis, 
in cooperation with the late William H 
Park and others, as well as his researches on 
poliomyelitis and the filterable viruses In 
the first World War he developed our knowl- 
edge of the acute dysenteries while serving 
m the Philippines and was finally commis- 
sioned a lieutenant colonel 

Dr Flexner’s university connections were 
numerous and prominent and he was 
awarded many honorary degrees He made 
many outstanding contributions to medical 

Medical 

Does good medicine get good pubhcity? 
Does it get enough good pubhcity? The an- 
swer to the first question is no The answer 
to the second question is no There is no 
doubt that good pubhcity men are to be had 
There is also no doubt that here and there 
orgamzed medicine has availed itself of their 
services, but as yet merely a small beginning 
has been made 

In the mam, publicity is the art of bring- 
ing to the public consciousness items of 


literatui e For many years he was a member 
of the State Society until his retirement 
One of his signal contributions to the pro- 
fession was his unfailing support of the ef- 
forts to curb the activities of the antivivi- 
sectiomsts Year after year with a group of 
others interested in the subject, he appeared 
at the legislative hearings where his emi- 
nence as an investigator constituted a con- 
vincing argument m itself One of the last 
acts of his long life was to lend lus aid m the 
campaign against the recent antinmmal ex- 
perimentation bills, by his participation in 
the organizing committee of the Friends of 
Medical Research, which made a successful 
fight against these restrictive measures 

Simon Flexner had a long, eventful and 
successful career, as an investigator, a 
teacher, and an administrator His note- 
worthy achievements m medicine mark him 
as an outstanding member of the profession, 
worthy of the many encomiums with which 
he has been honored 

Publicity 

news relating to advancements m the sci- 
ence or the art of medicine, oi of some event 
in which the piactice of medicine is con- 
cerned 

Doctors more often than not have very 
little conception of the art of creating 
pubhcity They have shunned it for them- 
selves and have earned a distaste for it into 
their relationship with orgamzed medicine 
This has been a natural carryover and is 
quite understandable 
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Newspaper editors and editors of periodi- 
cals which are popularly circulated arc en- 
gaged in the job of publishing itoms concern- 
ing current events which, in their opinion, 
will interest and inform the public so tlint 
the public in turn will read their papers 
They do not make the news, but they decide 
what is nows nnd the emphasis and "slant" 
with whioh it is to be presented, making tho 
effort with tho better journals to be as ob- 
jective ns their opinions will allow them to 
be E\en so, tho very function of selection 
nnd emphasis makes their judgments nec- 
essarily discriminating, depending on tho 
conception each editor may have of his 
render’s threshold of acceptance 

Under the circumstances, it will be seen 
that for organised medicine to obtain pub- 
licity it must first select nn idea or situation 
whioh can be presented to editors by a pub- 
licity man who knows how to do it interest- 
ingly, and finally, the editors will have to 
be convinced from the nows release that tho 
material is news wldch tho readers of their 
periodicals or journals will wash to read Be- 
cause doctors ore interested in an nspect of 
mediano, it does not follow that all of the 
public or ovon any consldomblo portion of 
the pubho is interested in tho same nspect 
The reader's chief mtercst is based on wlint 
the material may mean to him, now or m 
the future The art of tho publicity man’s 
contribution is to find the least common de- 
nominator between the medical content and 
the reader’s capacity to understand The 
factual material must be oversimplified The 
special skill retpnred ib to perform this feat 
without outraging the verities of the factual 
content, thus remaining on good terms with 
the medical man, whde presentmg to the 
publio a partial, but not distorted, interpre- 
tation that the editor and reader will accept 
as having present or prospective effects on 
themselves, their families, or their friends 
A correspondent writes us to tho effect 
that "Conscientious members of tho medical 
profession today are pained becauso good 
medicine does not get good publicity They 
read what tho proponents of tho Wagner- 
Murray-Dlngell Bill have to Bay about tho 
bonefits that the people are about to receive, 
but they find little mention of wlint tho 
medical profession has already done for 
them 


“There is now open nt Nimibor 30, Rocke- 
feller Pinza an Exhibit of Naval Research 
and Inventions Those w ho vi3it it are given 
a fifteen-page booklet In it are shown 
diagrams of Atoms, demonstrations of 
Radar, Jet Propulsion nnd Guided Missiles 
One-tlurd of one page is dovoted to the Ex- 
hibit of tho Bureau of Medicine Tho pro- 
portion is fortv-four jmrts of destruction 
to tho one of conservation Tho forty-four 
parts are completely mystonous to tho av- 
erage observ er The one part is comprehen- 
sible to almost anyone Yet forty-four to 
one is about the average ratio of news cov- 
erage accorded to tho good deeds of medi- 
cino " 

To answer our corresiiondent, we can 
only sny that good mcdicino like good peo- 
ple, at least in this country, seldom is fronts 
page news Bad medicine, on tho other 
hand, like enmo, is nowsworth) because it 
is exceptional and the more exceptional it is 
the more likely to mako the front page 

Our correspondent continues, "Tho de- 
velopment of penicillin, tho use of blood nnd 
blood substitutes in the treatment of shock, 
tho reduction of the death rate of the 
wounded in World IVnr II to 4 6 jicr cent 
from 8 20 per cent in World War I, three 
cases of tetanus among the immunized per- 
sonnel m the Army, one enso of tetanus 
among the linttlo casualties, these are as- 
tounding dov elopments ” They are They 
are the result of superior research, superior 
appliontioas of medical technics Many of 
these Items have made tho front page during 
the war, even under restrictions of censor- 
ship But, having made the news in the origi- 
nal instance, they liavc no continuing 
newsworthiness except when new facts of 
usefulness are found nnd announced What 
tho doctor forgets, but tho publicity man 
remembers every moment is tlint the word 
“news” is the plural of “new ” The Dext 
thing forgotten by tho one and remembered 
by tho other is that nows is based on happen- 
ings of today, not last week or lost month 
There must bo an cveni to which tho proba- 
tive material in tho release is tied Early in 
the Committee hearings on the Wagner- 
Mumiy-DingcU Bill, the case on behalf of 
tho bill was presented Unless somo mem- 
ber of the Committeo, or the witnesses out 
of their own mouths made statements derog- 
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atory of the bill, and could be quoted as so 
doing, there was' nothing for the news col- 
umns to the advantage of organized medi- 
cine in the events which occurred When 
the other side — our side — is presented, the 
case should be different, provided there is 
somebody on hand to get the material to 
the newspapers in releases easy to read and 
ready to print 

Another tlnng which the publicity man 
bears constantly in mind is that statements 
for or against proposed legislation may be 
repeated m substance time after time, if 
uttered by some person, especially one whose 
title commands attention, at different pub- 
lic meetmgs, or on different occasions The 
meeting is the basic event recounted in the 
press , the statements are a part of the event 
Every publicity man knows this, and part 
of his job is to arrange occasions for pubhc 
statements to be made, and it is his function 
to see that medical spokesmen make them 
with clearness, strength, brevity, and dis- 
cretion At times this may call for the 
combined capacities of a Chesterfield and a 
Machiavelh, for it is not always easy to get a 
doctor to say what he means, within the 
compass of what a newspaper will quote, and 
to omit what may harm his cause more than 
it helps In a word, the doctor is an expert 
on the content, the publicity man is an ex- 
pert in expressing the content effectively 
with the pubhc If, additionally to that, he 
is able to bring his clients to the point 
where they think always in terms of what 
their words will mean to the pubhc (not 
merely to their own colleagues), and grant 


the right of the pubhc to have opinions, 
wrong or right as they may be, then the 
publicity man has grown into the exercise 
of a pubhc relations function 

We think that our correspondent and 
many other physicians who are pained or 
discouraged in the matter of medical pub- 
licity might revise their views if they would 
take the time to study the mechanism of 
publicity and consider whether doctors are 
competent to handle it We believe they 
are not, and we further believe that the 
more medicine employs competent public 
relations counsel, the better will be the im- 
pression made upon the public True, they 
cost money In the complicated civilization 
of today an idea is not self-propelled from 
the point of origin to its destination If 
the idea is to be disseminated to large num- 
bers of people, it will not run like wild fire 
among them without cost, as did the news of 
the Lmcoln-Douglas debates, or even the 
McKinley-Bryan campaign speeches The 
radio, the newspapers, the magazines, the 
movies, and the automobile subject the citi- 
zen to a continuous bombardment of impres- 
sions 

The idea that we wish every citizen 
to know must force its way among these 
distractions The bill for the freight must 
be paid, made up of items for expert per- 
sonnel, postage, mimeographing, printing 
Skill and money are required if we are to 
be heard above the welter of confusing 
voices, shouting on every hand various ideas 
that are to somebody’s advantage to impress 
upon the pubhc consciousness 


Current Editorial Comment 


Relationship of Industrial Physician 

“What,” asks Medical Economics , 1 “of the 
relationship of the industrial physician and 
the employee? Industry should recognize 
that while the physician usually works for 
management and is paid by management 
his professional responsibility is primarily 
to the employee His relationship with the 
employee should be the same confidential 
one which exists between the private prac- 
titioner and his patient ” 

It continues 

When a plant health service is instituted, em- 
ployees are frequently suspicious They fear 
that management is trying to put something 
over, that it may be planning to use the service 
for its own ends, perhaps get nd of trouble- 
makers or men whose condition may increase 


their compensation risks Because of this sus- 
picion, some employee groups have been slow 
to support industrial health service, and some- 
times, though I think not often, with reason 

It is only as the integrity of the physician’s 
position is completely demonstrated that sus- 
picion can be removed The plant physician 
must not permit his services to be used in the 
interest of management against employees, or 
m the interest of the employee against manage- 
ment 

The industrial physician usually does not 
practice curative medicine m the plant, except 
for minor ailments and in cases of emergency 
After emergency treatment, the employee is 
referred to his family physician for treatment 
This procedure must be clearly understood in 
the beginning The physician must not over- 
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MORAL AND PSYCHOLOGIC ASPECTS OF THE CONTROL OF 
VENEREAL DISEASE 
L E Lubhrs, M D , New York Cit) 

(Ptyefiiatnti to the Community Sonet Soady) 


PSYCHIATRIST cannot hope to give to n 
group of workers m the field of social hy- 
giene on> nov> knowledge At best ho can only 
tr> to contribute somo new perspective and 
aroura soma new lines of thought 
Those of ua who work with tho problems of 
people, either individual!} or as a group, often 
becomo discouraged Progress seems slow in 
comparison with tho effort made, and even in the 
vigorous reports from tho field of social hygiene, 
a faint note of despair creeps in Actually, one 
of tho best ways to find courage is to look back- 
ward, not to yesterda} but some 200 years to the 
middle of the eighteenth ccntuiy Anyone who 
reads the literature of that day must acknowl- 
edge that conditions have changed for the better 
The gross self-indulgence, tho crass disregard for 
human suffering, the self-complacency of the 
privileged few', tlio harsh repression of tho un- 
privileged majority wore then accepted as a 
normal wa> of Ufo 

It was a long road from there to the present 
social conscience and our voBt network of wel- 
fare work The dramatic, though often senti- 
mental, social-consciousness of the Victorian 
novelist, the doctrine of evolution and steady 
change that inspired the great scientists, the 
growing practicality of the economists and philoso- 
phers, all made the world aware that conditions 
were worse than they need be In one field after 
another people were inspired to try to correct 
the evils and their efforts have been strikingly 
effective 

The possibility of eradicating venereal disease 
could hardly have been conceived of two hun- 
dred years ago Much groundwork had first to 
be laid and, even now, the social hygienist 
struggles against tremendous obstacles. Per- 
haps the greatest of these is human nature itself 
In a problem so intimately linked with the social 
and morel habits of a people, it is perhaps in- 
evitable that progress should be alow Not onlj 
the source of the infection but the actual occur- 
rence of an infection is hidden away by the guilt 
of the patient Other diseases may inspire 
horror and people may fear to acknowledge 
them but no others carry the same implication 
of delinquency and fear of punishment The 
guilty patient only too often fears less the suf- 
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foring from tho disease than tlio shame of confes- 
sion Each generation is born with tho same 
deep Instinctive needs, tho same selfish egotism, 
the Bamo greed to satisfy self before society 
Faced with guilt, tho overago man thinks of 
protecting himself rather than the community 
And to tho average man, venereal discaso is an 
unpleasant reality about wltich he lias done his 
utmost by escaping from gotting it himself 
The external world lias changed, one may truth- 
fully say, for the bettor, we are perhaps learning 
how to prepare the young more adequatel} for 
tho world as it is, but tho essential nature of man 
remains 

One of the basic factors that we have to reckon 
with is tho extent to which, in the vast complexitj 
and growing efficiency of our civilisation, wo 
have developed the pattern of specialization 
More and more we, ns individuals, devote our 
energies to a narrow field and depend on others 
to supply tho needs w hioh once wore the concern 
of every man. Even the farmer who lias re- 
mained closest to our earlier self-sufficiency lias 
forgotten many of his earlier skills What city 
dweller could competently feed, clothe, or shelter 
himself, lot alone protect himself against tho 
inroads of disease? Our physical comforts, our 
security n gainst human or animal enemies, our 
very lives depend upon the skills of professional 
specialists We have gained much from this con- 
centration of effort but wo have also learned to 
lean on others, to pay with money for our ig- 
norance and sloth, and to put so much responai- 
biht> upon the specialist to protect us that we as 
individuals are doing less than our share. We 
scatter paper or worse in the street, trusting to 
the sanitation department to clean it up We 
pay social workers to care for the poor rather than 
canng directly ourselves for them We try to 
get our sons back home before the war job is 
finished, trusting that the Government will 
manage somehow if we merely pay our taxes 
And we leav e it to the health authorities to elimi- 
nate disease, not wanting to be bothered with con 
tnbuting anything more than money to tho 
work Although we have gamed a social con- 
science, and recognize the need to deal with the 
ills of society, we have grown alack about giving 
toward their correction more of ourselves than 
our money, or a little of our time toward raising 
it. Having done that, we retreat into our own 
self-indulgence, leaving the real work to the paid 
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specialist We walk through hfe expecting pro- 
tection from others and abandoning the effort to 
protect ourselves And m so unpleasant a field 
ns that of venereal disease, it is even more con- 
venient to leave the responsibility to others 

It is hard to see how or u hy anyone could actu- 
ally oppose a campaign to eliminate venereal dis- 
ease from society The pain and disgust arising 
from a gonorrheal or chancroid infection, the 
discomfort and anxiety created by the Intel 
stages of syphilis must arouse a desire to avoid 
them m even the least intelligent person Infor- 
mation about these diseases has certainly been 
widely spread so that few people today are com- 
pletely ignorant One rarely hears, now, the 
once popular statement among boys that they 
could best prove their manhood by acquiring 
gonorrhea 

There are a few people whose sense of guilt 
about sex creates m them so strong a need for 
self-punishment that they may unconsciously 
seek infection On the whole, however, such 
people are few If venereal disease persists, it is 
not because of widespread neurotic compulsion 
nor because of ignorance 

The treatment of the venereal diseases has had 
the attention of scientists w ho have found means 
of rendenng the victims noncontagious within a 
short time, often with complete cure One of the 
difficult features of eliminating tuberculosis is 
that the disease once ncquired is merely arrested 
and may again become an active source of con- 
tagion at any time This is not truo of venereal 
disease, since it can be completely cured and so 
treatment actually eliminates the patient as the 
source of the disease And yet w r e know that 
some completely cured persons do acquire a new 
infection, proving that even personal experi- 
ence has not deterred them It is conceivable 
that the effectiveness of treatment may have 
robbed the diseases somewliat of their terror, 
and so people are less fearful of getting them 
Even so, it is obvious that a large number of 
those infected do not seek treatment voluntarily 
It is no doubt true that pubhc clinics are still 
far from ideal in the attention they give to the 
emotional reactions of their patients Not only 
the fear of unsympathetic handling but the as- 
sociation with undesirable characters and the 
chance of publicity may keep some from going 
for treatment There may, m fact, be a need 
for more and better facilities for therapy Still, 
during the war when more people than ever had 
money to pay to a private practitioner, the known 
venereal rate rose, which implied that many 
were going untreated It is really scarcely prob- 
able that either improvement m treatment or 
lack of suitable facilities has contributed appreci- 
ably to the spread of the diseases 


It hns been recognized that professional pros- 
titution is a fertile source of infection The au- 
thorities and the protective agencies have w’nged a 
vigoious campaign against it The life of a 
prostitute is certainly not a pleasant one and 
economic conditions here and now rarely drive a 
girl into this life in order to live, ns has been true 
m the past We have comb to recognize that the 
prostitute is often driven by neurotic compulsion 
into tins hfe Denied this form of expressing her 
neurosis, she may develop other symptoms It 
may be that the failure to check prostitution by 
repressive measures is duo in part to failure to 
recognize that we are dealing with mental ill- 
ness rnthei than with crime Still, the actual 
number of sufferers from this neurotic compulsion 
hardly accounts for the persistence of the prac- 
tice Prostitutes would not exist if they were 
not used by men They may stimulate the inter- 
est of men but the desire must first be there 
And even without prostitution, promiscuous sex 
activity" goes on 

To all of these factors, the social hygienists 
have given much attention — to the spread of in- 
formation, to the repression of prostitution, and 
to the providing and improving of therapy But 
there muBt still be something lacking m the pro- 
gram if the disease has not been eliminated but 
increases One is forced to stop and consider 
whether there may be more basic causes for the 
evil than have been recognized and dealt with 
Certainly few people wash to become diseased or 
wash to spread the infection, and yet the disease 
persists The readiness of the public to leave all 
effort and responsibility to the specialized authori- 
ties is certainly a large factor in the problem 
But it is evident that a more positive element 
than this passivity must be opposing their 
efforts 

The real problem, of course, nnses from the sex 
drive of men and women both One cannot at- 
tribute the cause to either of the sexes alone since 
more and more women are adopting the aspects, 
the attitudes, the appetites, and the habits of 
men If there were no sex activity at all, ve- 
nereal disease, of course, would quickly disappear 
Or, even if all sex activity were confined to 
mamage partners who had been passed as un- 
infected, there would, m a short time, be no 
problem The fact that the disease persists 
rests upon the fact that sex contact exists out- 
side of these certified marriages The problem 
before the social hygienist then is really reduced 
to one of social morality 

But what is a young man, strong and vigorous 
as our good food and healthful living have 
made him, to do when the deep urge toward sex 
expression arises? The ideal held up by the 
churches and by the moralists is complete con- 



JuK 1 1W6] 


Tin COSTROf OF Vb VFRFiL DISEASE 


tmence before marriage and subsequent strict 
fidelity Tho assumption seems to be that the 
physical pressure can bo relieved by emission 
dreams and tho emotional by sublimation in 
sports or intellectual or creative pursuits I 
have no doubt that for some young men this is 
possible but in rcahtj their number is few 
Our society may uphold in theory the neces- 
sity for confining sex activity to marriage but 
actually marriage todaj is increasingly difficult to 
achieve Our standard of living Is such that the 
ubility to earn enough to support a family is 
rIow in coming There arc mauy ytars between 
the ousot of puberty and the tune when the 
averngo young man can start to maintain a 
famflj As a matter of fact, we have oven 
set up a barrier to carls marriage by requiring the 
consent of parents for a boy under 21 to marry 
For at least seven jeans, at a time when tho sex 
urge is very strong and self-control imperfect, 
we deny him tho outlet which we hold up as the 
only suitable one. We have raised the ago at 
v hich a boy con lenvo school and start earning a 
living, thus delaying his progress toward the 
point of being ablo to support a family All of 
these measures maj be good in themselves but 
they add to the difficulty of tho problem that the 
social hygienist is trying to deal with 
If wo assume that comploto continence is pos 
slble and desirable, wo should logically try to 
lessen tho stimulation tow urd activitj Actually, 

we aro not a people who tako self-denial easily 
Even during tho war with the arousal of patriot- 
ism, the rationing system w os for from effective 
We Americans had been brought up on the prin- 
ciple of abundance, of tho possibility of getting 
whatever we want, and wc do not take easily to 
prohibitions. Our method of bringing up chil- 
dren is an extremely indulgent one and parents 
find it hard to deny anj of their children's wishes 
for fear of losing their love There is oven an 
attitudo in education that chijdren must not 
learn failure but must bo promoted m school, 
whether or not they have earned tho promotion 
by attending to their studies All of this is a 
poor preparation for a boy or a girl to deny 
himself the satisfaction of hia sexual appetite. 
Moreover, wo have made something of a cult of 
lovo and leading ono’s own life regardless of 
consequences Directly or indirectly, this atti- 
tude is presented in the current moving pictures, 
stories, and radio programs The sexually 
stimulating pictures of pin-up girls were con- 
sidered almost a necessity for the boys in service 
The fashions of dress, the dances, even the adver- 
tisements m the uubwajTJ are sexually suggestive 
With little capacity for self-domal and with 
stimulating surroundings, is it likely that young 
people will develop self-control and be continent? 
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In all othor respects our society encourages 
achievement at any cost, and without delay 
Naturallj, this carries over to tho field of sex 
One might expect fear to serve as a deterrent 
However, tho influoncc of tho old religion with 
ideas of eternal punishment has dwindled away 
It has been replaced commonly by a casual atti- 
tudo that ono lives onlj once and has a right to 
enjov lifo Wo have developed such oonfidonce 
m tho scientist who can miraculouslj savo us 
from tho consequences of our neglect that wo 
liavo lost tho fear of punishment by nature as 
well as by God In suoh a general situation the 
old ideal of continence before marriage lingers on 
m but few places To tell a young man that tho 
solution of Ins sex problem before mamago is 
complete suppression of his desire is to mark one- 
self as out of step with tho times 

For the idealistic young man with inadequate 
self-control, autoerotism still plays a role Rarely 
does one find a boy now who really believes that 
he Injures himself by masturbation Tho old 
type of literature which foretold dire conse- 
quences lias largely disappeared It has been 
replaced by statements that auto-erotism is a 
normal stage in tho development of n boy whiob 
even has the value of making him accept sox into 
his bfo However, sobtary enjoyment loses its 
value to the average boy who sees othors more 
adventurous and who is reaching out toward real- 
ity rather than fantasy It is oven possible 
that the boy who spends years in fantasjung box 
relations may be handicapped in a successful 
heterosexual adjustment, finding reality less 
satiafjTng than fantasy It is true that by con- 
fining his sex activity to himself ho is escaping the 
possibility of venereal disease but again one can 
question which is the greater evil Con we con 
sdentiously encourage masturbation as a solu- 
tion? 

With the elimination of prostitution, it is prob- 
ably more common for boys today to express 
their sax desires with a girl of their own class and 
age, even to the extent of having a "steady girl 
friend " This type of pseudomarriage, which 
provides the privileges without the responsibilities 
of marriage, certainly Is a threat to family forma- 
tion. It is true that the former attitude of con- 
cern about the virgmity of a bride has practically 
disappeared and many of these relationships 
lead to legal marriage, especially if pregnancy 
occurs However, a girl so easily acquired does 
not always have great value and with the com- 
parative ease of divorce this custom perhaps con- 
tributes to the growing instability of marriages. 
Moreover, it is certainly true that venereal disease 
is spread through this custom, although perhaps 
the official reports can never be as accurate ns 
those about prostitutes whom the boy has no 
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need to protect It seems very doubtful that 
society would favor this solution for the problem 
of young men 

Another practice which is becoming more 
prevalent than perhaps society m general recog- 
nizes is homosexuality This may commonly 
start as a casual adventure rather than as a deep 
emotional attacliment but the freedom from con- 
sequences and the increasing opportunities make 
it a growing competitor with casual heterosexual- 
ity Certainly this is as great a potential source 
of the spread of venereal disease as relations 
between men and women Unfortunately, there 
is still so much social disapproval of the prac- 
tice, however, that the man who acquires the dis- 
ease in this way is unlikely to acknowledge it, 
and honestly report the man who is spreading 
the disease 

Prostitution has been widely banned and even 
though it still exists, it has lost in popularity It 
still furnishes an outlet for some of the cruder 
young men and those a ho want to divorce their 
sex life from emotion Actually, the need to go 
to a prostitute has almost the connotation of 
failure to achieve a girl without pay More- 
over, there is in all men a strong desire f6r con- 
quest and a Bense of competition which make 
prostitution less attractive than a personal rela- 
tionship Even without repressive measures, 
prostitution might gradually disappear 

I realize that I am giving a rather pessimistic 
picture of the present attitude of young people 
toward sex If, however, we wish to deal effec- 
tively with a sex problem, we cannot blind our- 
selves to reality Boys and girls, men and wo- 
men with strong, normal sex drives, with little 
expenence m self-denial, with lessening fear of 
the consequences of venereal disease because of 
its treatability, with httle religious fear of punish- 
ment for Bin, with marnage hard to achieve and 
no longer a real sacrament, with a cynical opinion 
of the stability of family life, with constant stimu- 
lation from their surroundings — such young 
people are going to continue to risk getting ve- 
nereal disease despite having information, despite 
eradication of prostitution, and despite improve- 
ment of treatment facilities Any effective 
campaign must be adjusted to the basic facts 

In the face of such obstacles, it is not easy to 
think of additions to the social hygiene program 
that might be effective If we take it for granted 
that premarital and extramarital sex relations 
are for the present widespread, it would seem de- 
sirable to face openly this fact and to think m 


terms of improving physical protection against 
disease, of making prophylaxis more effective 
and more easily available It is true that pro- 
phylactic stations for men in military service 
were not always used and there might be the same 
resistance to using them that shows in the use of 
pubhc clinics It is conceivable, however, that 
ways could be worked out to make the use of 
prophylactics more acceptable and more wide- 
spread If this were done, one would have to 
recognize that it is making extramarital sex activ- 
ity even more free from consequences and per- 
haps more common The evils of this would 
have to be weighed against the possibility of 
eliminating venereal disease And any such 
program could not be nghtly started upon with- 
out serious thought 

Although it would be difficult to accomplish, 
it is conceivable that there might be some lessen- 
ing of the constant external stimulation toward 
sex excitement Some efforts have been made 
to censor the moving pictures but, as one observes 
them, it is evident that the basic attitude toward 
sex has only been more subtly presented rather 
than changed Certainly it has been difficult to 
raise pubhc opinion against prostitution and it 
might be even more so to try to suppress the 
erotic literature and pictures which we come 
across everywhere Nevertheless, I believe that 
there is more stimulation from this source now 
than from prostitution and it might well merit the 
attention of the social hygienist 

Gomg even further afield, the social hygiene 
program might involve increasing attention to 
the study of the factors that make early marriages 
difficult to achieve and to sustain More stress 
upon the responsibility of each individual rather 
than upon the specialist, with its relation to the 
total picture of the need for accepting responsi- 
bility m a free society, might, in the long nm, 
yield some results 

In general, however, no program can be effec- 
tive that disregards these deeper basic drives in 
people The essential tendency toward self- 
indulgence m human nature and the fact that 
generations succeed each other so rapidly, force us 
to recognize that no program can remain static 
but must be constantly adjusted to changing 
social attitudes But until the general pubhc is 
willing to protect the community before indulging 
themselves, the problem of veneral disease will 
persist 

14 Washington Square 


SAFETY FIRST 

Doctor "We’re trying to check the epidemic 
m the village Axe you taking precautionary 
measures to prevent the spread of contagion?” 


Housewife "Oh yes indeed, doctor We’ve even 
bought a sanitary cup, and we all drink from it ” — 
Canadian Doctor, Sept,, 1946 



THE HEMORRHOIDAL-PROSTATIC-IMPOTENCE SYNDROME 

« 

Altrbd J Cantor, M D , Flushing, .New York 


I N THIS bnef paper it will be mj purpose to 
present 3 typical caeca, in n total penes of 37, 
demonstrating an apparent relationship between 
sexual impotence, prostatic hypertrophy, and 
internal hemorrhoids No definite conclusions 
should be drawn from so small a series of cases, 
and none will bo advanced Certain inferences, 
however, might reasonably be in evidence, and 
on the binds of inference, an a natomico pathologic 
theory v ill bo offered as n tentative and probable 
explanation of the facts 

One of the cases to be presented was referred 
for the injection treatment of hemorrhoids, tho 
effect upon a coexisting impotence being purely 
incidental to treatment of the hemorrhoids. 
Tho second case was referred by tho first patient, 
peculiarly enough, for impotence This patient 
asked to be treated for his impotence by tho 
samo rectal injeotions used for his friend! Tho 
third case was complicated by a rectal adenoma 
but revealed tho samo hemorrhoidal prostatic- 
impotenco syndrome 

Case Repons 

Cat* 1 — M J , a contractor 46 years of age, 
tmcc-irmmed, presented himself with chief com 
plaints of rectal bleeding while straining at stool, and 
constipation, tho former of six months' duration, 
and tho latter “all his life * Furthor liiatory re- 
vealed nocturia, four times each night mild dif- 
ficulty of micturition, especially In starting tho 
stream, and moderate frequency No mention was 
made of sexual Impotence at this tune 
Physical examination revealed a well-developed, 
well nourished mole The only relevant positive 
findings were a complete ring of intomal hemor- 
rhoids none pedunculated, and all of modernto site, 
none of which prolapsed on straining Tho pros- 
tate was moderately enlarged slightly tender, and 
soft throughout. 

Therapy consisted of ten weekly treatments 
with quinine and urea hydrochloride injecting two 
quadrants each week, according to the technic out- 
lined in previous writings. 1 Rectal bleeding ceased 
quickly and the patient was discharged with instruc- 
tions to return in two months. 

At the time of return tho patient jubilantly an- 
nounced that not only had rectal bleeding ceaeod 
but also the noctuna and difficulty of micturition 
He further volunteered that for the pest month 
there had been a definite improvement both in 
libido and In the quality of erections. As ho phrased 
it, “I have become five years younger sexually ” 
Rectal examination revealed the prostato to be the 
same siie as at the Initial examination and slightly 
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tender, as before, but it aoomed less soft in its con 
sistcnoy No furtlier licmorrhoklaJ injections acre 
indicated A furthor rcchock in six months re- 
vealed a maintenance of this status 

Case S — IL L., an engineer 47 years of ago (an 
craployoo of M J , abovo) presented liimaolf with a 
cliief complaint of impotence and requested “tho 
same rectal injections used for his friend “ Tho 
impotence was of two years’ duration and had novor 
boon Investigated- He attributed it to his over- 
indulgence in alcohol two to throo pints of wliiskoy 
a day on many occasions Nocturia, frequency, and 
burning on urination wore notod. 

On physical examination, I found a well-de- 
veloped, well-nourished man of hugo bulk and stat- 
ure — weight 203 pounds, height 0 feet 4 inches 
There was no evidence of cirrhosis of tho livor Tho 
prostate gland was found to be definitely enlarged 
and boggy Tho accretion obtained on massage 
contained few pus cells. Although there were no 
rectal symptoms several modern to-sued internal 
hemorrhoids, and one combined anorectal hunor 
rhoid wore found 

I informed tho pationt of these findings and 
advised operation rather than injootion treatment 
I warned him that treatment of tho hemorrhoids by 
injections would probably have littlo or no effect 
upon his sexual condition- However, he insisted 
upon tho gamble, and six weekly injections of qui- 
nine and urea hydro chloride wore given Urinary 
antiseptics were also prescribed. 

Upon re-examination, two months later, subse- 
quent to tho completion of treatments, the prostate 
was found to bo slightly deercasod in sixo, although 
still soft, and tho combined anorectal hemorrhoid 
required furthor injection Tho noctuna fre- 
quency , and dysuna had ceased almost completely, 
but tho sexual status was unchanged. Tho four- 
month rcchock revealed an Identical rectal status, 
but a surprisingly changed sexual status. Sexual 
desire, sturdy erections and ejaculations were elab- 
orately described In great dotal], with both tho 
mathomatio precision and plcturesquo language of 
an engineer 

Cate S — W P , a garage mechanic, 62 years of 
age gave a history of increasing rectal bleeding, 
constipation and straining at stool with protrusion 
of a “rounded mass” from the rectum easily re- 
placed by tho fingers, ail of six months' duration 

Also noted were a history of one acuto episode of 
unnary retention two years previously subsequent 
noctuna apd dysuria, several episodes requiring 
introduction of a catheter, and present difficulty in 
completely emptying tho bladder Sexual power 
and desire had rapidly declined since the first acuto 
episode. The patient presented himself for treat- 
ment of tho proctologic conditions. 

Physical examination was irrelevant aside from 
the proctoscopic and rectal digital investigations. 
Tho prostate was markedly protuberant tender, and 
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boggy Rectal prolapse, \ winch earned dow n a ses- 
sile rectal adenomuSiUU'itcd on the posterior rectal 
wall, was demonstrated Several small internal 
hemorrhoids were noted 

Treatment consisted of surgical evasion of the 
adenoma, followed by fulguration of its base Two 
weeks later the internal hemorrhoids were injected 
with quinine and urea hydrochloride, and one month 
thereafter injections of the same solution were in- 
troduced in the treatment of the prolapsus recti 
At the present time, four months later, rectal 
symptoms havo entirely ceased, rectal prolapse 
has not recurred, the prostate is definitely 
smaller and firmer, urinary symptoms are slight, 
and, most remarkable of all, sexual power and de- 
sire have greatly increased 

Comment 

To draw definite conclusions from a small 
senes of 37 cases would be unwise and unwar- 
ranted However, to overlook the inferences of 
these cases would be equally unwise In each 
case there was evident an apparent relationship 
between hemorrhoids, prostatic hypertrophy, and 
sexual impotence At least we may say that 
subsequent to treatment of the hemorrhoids 
there resulted an apparently consequential de- 
crease in size of a previously enlarged prostate, 
and an improvement in a previously diminished 
sexual vigor 

It is difficult to account for the changes on an 
■rintomic and physiologic basis We may as- 
i „, however, that the close relationship of the 
■lood supply of the prostate gland and of the 
rectum is an important factor It would seem 
that with the obliteration of the rectal vances a 
previously passively congested prostate gland is 
relieved of its congestion 
It is well known that the pudendal plexus of 
veins constitutes the anterior part of the prostatic 


plexus The venae conntes of the internal puden- 
dal artery arise m the plexus, and these venae 
eomites, before proceeding on to become a single 
internal pudendal vein, receive veins from the 
inferior hemorrhoidal The inferior hemorrhoi- 
dal veins are intimately connected with the inter- 
nal hemorrhoidal plexus, through the terminal 
veins of the columnae rectales This plexus, in 
turn, leads into the middle hemorrhoidal vein, 
which empties into the hypogastric vein The 
inferior hemorrhoidal and internal pudendal 
veins are also tributaries of the hypogastric vein 

There must be an equally close lymphatic inter- 
relationship between the prostate gland and the 
rectal wall 

It would seem reasonable to conjecture the 
possibility of passive vascular congestion (and 
perhaps associated lymphatic congestion of the 
prostate gland), due to the varicose reservoir 
supphed by hemorrhoids If this is so, then 
it is equally reasonable to suppose that with re- 
moval of this vancose reservoir a cessation of 
passive vascular prostatic congestion might re- 
sult This may explain the improved prostatic 
condition observed in the above cases on re- 
examination, after hemorrhoidal injections The 
improved sexual status may reflexly, directly, or 
psychically (or in all three mnnners combined) 
be the next link in the hypothetic chain Similar 
results have been observed in 23 surgically 
treated cases Further observations, and analy- 
ses of the follow-up course of both injection and 
surgical cases wall aid in evaluation of the 
hemorrhoidal-prostatic-impotence syndrome 

No conclusions are offered I merely submit 
for consideration the probability of a hemor- 
rhoidal-prostatic-impotence syndrome 

43-55 Kissena Boulevard 


VETERANS’ RIGHTS 

"Each physician should have a major hospital — 
that is, one to which he washes to attach himself 
more intimately and do most of his work ” 

“A properly organized medical staff wall not give 
advantages to any individual or group of physiaans, 
or discriminate against the young physician properly 
qualified and competent but will insure desirable 
supervision of all clinical work done in the institu- 
tion ” 

The above excerpts from the Manual of Hospital 
Standardization, published by the American College 
of Surgeons, plainly lays down the principles that 
every physician should have a hospital to work in 
and the privilege of doing any procedure of which he 
is capable 

These pnnaples are vital at the present time as 
they affect our returned veterans, espeaally the 
jounger men who did not have an opportunity to 


make a hospital affiliation before they went into 
service 

These veterans will return to find that when 
they do have hospital cases, vacant beds are at a 
premium and that unless they were previously 
members of some hospital staff staff positions are 
frozen for the duration In addition, many of them 
have been in no position to show their ability as 
most of their experience will have been m the armed 
services 

Every hospital staff should immediately consider 
this problem so that we who stayed behind may 
show our appreaation to those who went, with 
something besides empty words and a pat on the 
back Let us work to see to it that every phy- 
sician, espeically the returned veteran, has a place 
to work and the privilege of working — IF B Harm, 
M D , Detroit Medical News, Nov IS, 1945 



ELECTROCARDIOGRAPHIC EVIDENCE OF MYOCARDIAL DEGENERATION IN 
AN AMERICAN PRISONER OF WAR FOLLOWING UNDUE PHYSICAL STRESS 
AND OTHER FACTORS 

M D Mjeras, Cape , (MC),AUS, and R L Zimmrrman, First Lt , (MC) AUS 

(From the fitaiion Hospital hart Totten, New I mL) 


T ill patient wo* n 24-ycnr-old A AT 1 gunner who 
wout ov< racas in May, 104 1, jiarnolmted down m 
February, 1944 over German} unharmed oxecpl 
for tho of a few tooth, remaining a prisoner of 
war for fifteen months until bo was liberated by 
tho Rustfian* In May 1945 During las internment 
ho was mibjoctcd on several occasions to severe ex- 
ertion (at ono timo ho was forced to run with full 
equipment for several miles at liayonet point and 
on another occasion was forced to march about 750 
miles in six weeks) The food was alw ays inade- 
quate Rod Cross packages reaching him only at 
infrequent interval*. Ilis dietary intake averaged 
about one fourth of one Red Cross parcel content 
per week plus a daily intake of one seventh of a loaf 
of Gorman black war bread 50 Gm of horse dog 
or ox meat, three medium-sited potatoes carrots 
sauerkraut and cabbage irregular!} On this re- 
gime he lost a total of 45 pounds. 

Following liberation, tho patient drank hcavd} 
for a few days When ho arrived in Uki Uni tod 
States ho wont on a “dnnkiug bout' which butted 
for fifty days of Ids furlough time, during which he 
averaged about ono quart of liquor dnil} 

Five days prior to admission, on August 0 1945 
the patient waa soiled with a slrnrn nonmdintmg, 
mbetcmal pain, occurring at rest. His civilian doc- 
tor took an electrocardiogram and told lum ho had a 
“nervous condition.” Tho pain lasted two days and 
disappeared spontaneously without medication 
On August 11. 1945, lie was hospitalised at Station 
Hospital, Fort Totton New \ork whore a review 
of his previous electrocardiogram revealed inversion 
of Ti and Tj and diphasic Ti His civilian doctor 
had not given lum digitalis 




Fro 2 

Uj>on admission hero ho had no complaints hut 

G vo tho histoiy of tho pain described above which 
d occurred fivo days before and lasted for two 
days. He had never had rboumatic fover. in fact, 
his past history was free of an> serious i lines* ex- 
cept for an attack of “yellow jaundice ' In 1943 
from which ho recovered oftor fifteon days of hos- 
pitalization. 

Physical examination revealed a well-nourished 
man having no enlargement of tho heart clinically 
or rocntgcnologi colly Tin re vroro no murmurs or 
arrhythmias and tho heart sounds were of good 
quality Tho lungs were clear, liver was hot pal 
pablo There was no edema. Tho remainder of the 
examination was negative and there was no clinical 
evidence of avitaminosis. Tlio patient did not show 
weight loss described in the history above, having 
l>ccn on normal rations since his liberation 

I*lx>nvtory findings on admission were os follows 
white blood count, 5 000, 00 per cent polymorpho- 
nuclear* sedimentation rate, 6 mm , unno nor- 
mal Ono week after admission the wiiite blood 
count was 10 400, with 72 per cent polymorpho- 
nuclear^ and tho sodimcntatfon rate was 14 mm 
Kahn test was negative. Electrocardiogram taken 
on August 11 1045 revealed inversion of T waves 
in leads 1 and 2. diphasic T in lead 3, and was iden 
tical with the elect rocanliogram taken by his civil- 
ian doctor, a cop} of which was brought to Fort 
Totten for comparison (Fig 1) A second electro- 
cardiogram on August 14 1945, revealed more in 
version of the T waive in lead 3 (Fig. 2) 

Starting August 20 1945, the patient was given a 
high vitamin met, 100 mg of thiamine chloride in- 
travenously and six multivitamin capmik* daily 
Ko other medication was given. The patient was 
ambulatory but sta}od moat of the tlnlpin Ills ward 
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He liad had no alcoholic beverages since his admis- 
sion to the hospital. 

After seven days of thi3 therapy, the third electro- 
cardiogram, taken on August 27, 1945, demonstrated 
that Ti and Ti were beginning to lose their negativ- 
ity (Fig 3) The same regimen of thiami ne chloride 
intravenously and multivitamin capsules by mouth 
was maintained and the electrocardiogram taken 
on September 4, 1945, showed T waves in the stand- 
ard leads almost normal (Fig 4) The last electro- 
cardiogram, on September 18, 1945, revealed a nor- 
mal tracing (Fig 6) 
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Comment 

This case is being presented to demonstrate elec- 
trocardiographic evidence of myocardial degenera- 
tion in a soldier who had been a prisoner of v, ar in 
Germany subjected to undue physical hardship, 
marked malnutrition, along with heavy ingestion of 
alcohol following his liberation With no treatment 
other than rest, high vitamin diet, thiamine chloride 
intravenously, and vitamins by mouth, there was 
brought about a complete reversal of the negativity 
of the T waves in the stafidard leads in a period of 
thirty' days 

W r c were unablo to demonstrate evidence of 
rheumatic heart disease or other conditions v Inch 
might have produced these electrocardiographic 
changes Even though he complained of subster- 
nal pain, clinically, and electrocardiographically, the 
patient did not present the clinical entity of a 
coronary lesion 

We are presenting this case on the presumption 
that the conditions under which this prisoner of war 
lived while m Germany may have produced some 
myocardial changes which remained unchanged 
until high vitamin regimen was instituted, and that 
the combination of avitaminosis, physical stress, and 
ingestion of large amounts of alcohol produced the 
myocardial degeneration. 

It is felt that many returnees who have been pris- 
oners of war and may have been subjected to similar 
experiences can be observed for possible latent myo- 
cardial degeneration similar to that described above 


Man alone has the gift of reason, yet he alone 
behaves in a manner tnat seems illogical and lira- 
tional , — Clinical Medicine, March, 1946 





MEDICAL SERVICES AND THE VETERANS ADMINISTRATION* 

Edmund Eastwood, M.D 

(Director, Outpatient Service, Department vf Mediant j and Surgery, Yeierant Administration) 


W HEN General Hawle} took over the 
Medical Scmcc of the Veterans Ad- 
ministration last August, he established as his 
long-range objective, “A Medical Service Second 
toNone ” 

An ens} thing to say, “a medical service second 
to none,” but what does it mean? It means a 
man> -faceted goal, difficult to attain 
In terms of medicine and surgery* it means 
Hint in all of the special branches of its science 
and art, the Veterans Administration will pro- 
vido a sorvico that moeta the highest standards 
set for each 

In terms of physical equipment, it means 
hospital beds, outpatient climes, modern, up-to- 
date scientific equipment 
In terms of personnel, it means that adequate 
staffs of qualified personnel in all of the profes- 
sional, subprofessional, and nouprofessional cate- 
gories will bo in those hospitals and outpatient 
clinics to Bcrvo the veteran 
In terms of professional cooperation, it means 
that the best specialists, physicians, and dentists 
in civilian practice in the country will be serving 
the Veterans Administration on a fee-for-serv- 
ice, part-time, or consultant bams 
In terms of education, it means that doctors 
will be training for Specialty Board examina- 
tions in residencies established at Veterans Ad- 
ministration hospitals, while also giving care to 
veterans 

In terms of the Congress, it means that our 
legislators will be satisfied that the funds the} 
have appropriated for the care and treatment of 
eligible veterans are being wisely administered 
for benefit of veterans. 

In terms of the general public, it means that 
those who have loved ones eligible for medical 
or hospital care or treatment will be getting that 
care or treatment 

In terms of sick or disabled veterans, it means 
the ultimate in physical or mental rehabilitation 
that is possible in each Individual case 
You have heard the goals Now let us see 
how far along the road toward these goals the 
Veterans Administration has come. 

Although the broad, overall objective for the 
general medical, the general surgical, the tuber- 
culosis, and the neuropsychiatric services is the 
same, the procedures for reaching that goal vary 

* Dilir*/ed at th# Baoqaat of tho 140th Anno*! UmUoi 
of th* Medical Society of tha State of New York May 1 
IMS. 


with each service. However, the general pat- 
tern of procedure 1s sufficiently similar to permit 
the citing of one, in order to give you a glimpse 
of them all 

Let us take a look, for instance, at tho General 
Surgical Sorvico The goal is a surgical service 
that m every way meets tho standard for general 
surgery that has been sot b} tho American Coll ego 
of Surgeons 

It is inconceivable that General Hawlo} could 
accomplish this alono So, ho has appointed a 
Board of Consultants, composed of a representa- 
tive from each of the twclvo surgical special t ice, 
to assist him 

They, in turn, have appointed a representative 
in each of the twelve surgical specialties to ad- 
vise and work with the Branch Medical Directors 
in the Veterans Administration Branch Offices 
These Branch Office Consultant groups arc re- 
sponsible for surveying and evaluating the sur- 
gical sen-ice in each Veterans Administration 
hospital in the Branch Office area, and making 
such changes, as may be required, to bnng tho 
surgical service in these hospitals up to the stand- 
ard 

It should be remembered that the problem is 
twofold, because certain Veterans Administration 
hospitals have, or will have, residency training 
programs, while others, too far removed from 
medical centers to make cooperation feasible, 
will have no residency program. 

At the present fame, all of the Branch Office 
Surgical Consultants have been appointed and 
are beginning to survey the hospitals within their 
areas. The hospitals with residency programs, 
either under way or in the formative stage, will 
be the last to be surveyed, as the responsibility 
for the standard of residency is now resting with 
the medical schools that are engaged in establish 
ing teaching programs at our hospitals 

It is self-evident, of course, that no hospital 
program can succeed without hospital beds 

In December, 1941, the Veterans Administra- 
tion was operating 92 hospitals m three main 
clinical types 50 general medical and surgical, 
30 neuropsychiatrio, and 12 tuberculosis — a 
total of 72,000 beds. In addition, there were 12 
Veterans Administration homes with appro vi- 


G*n*r»l HtwUy chief mtdlnl dlrwtoc of th« V«ter»m 
Administration, nnd Dr J C. Harding. M*I*t*nt modleal 
director r**r«t that owing to drcnmrUnoe* beyood thdr 
eootrol ndtiwr Ten nhle to b* in Nit York to *ddnw* th* 
mooting in prrtcn. 
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mately 19,000 beds for the use of ex-servicemen 
and -women, permanently disabled to a degree 
which prevented them from following any gainful 
occupation, yet, whose disabilities had reached a 
static condition not requiring actual hospital 
care 

As the war progressed, rapid and heavy de- 
mands for more hospital beds had to be met 
The Veterans Administration attempted to 
solve the immediate problem by installing, in ex- 
isting hospitals, emergency or expansion beds, 
over and above normal standard capacity By 
V-J Day, 11,000 expansion beds were added, 
increasing the capacity to 83,000 beds Use of 
expansion beds will be discontinued when new 
units to existing hospitals or new hospitals with 
sufficient capacity to care foi the patient-load, 
now provided for under the authorized emergency 
bed allocation, can be acquired 
Hospital expansion plans call for the construc- 
tion of new hospitals and the transfer of others 
from the Army and Navy Under the present 
building program, the Veterans Administration 
will add 74 permanent hospitals of all types, with 
a bed capacity of 52,110 beds As of April 4, 
1946, we had 101 hospitals with a total of 85,302 
authorized beds 

In addition to the construction and acquisition 
of new Veterans Administration hospitals, con- 
tracts are being let for the use of beds in civilian 
’ ospitals and other Federal hospitals when these 
. surplus, over and above the needs of the re- 
pective community or service, for it is not the 
purpose of the Veterans Administration to 
hamper civilian hospitalization We hope soon 
to have 20,000 contractural civilian hospital 
beds, although, as of February 26, 1946, only 
approximately 9,000 such beds were under con- 
tract The exact total of beds that ultimately 
wall be available m civilian hospitals is not known 
At the present time, hospital associations m 
Kansas, Michigan, Oregon, and North Carolina 
have signed contracts and 36 other States are 
negotiating, eithei directly or indirectly, for 
participation in this program 
The goal foi our Outpatient Service does not 
differ in the standaid of treatment from that of 
the hospitals But the problem is complicated 
because of the tremendous number of physical 
or mental examinations, which must be given on 
an outpatient basis Examinations are required 
to determine the need for medical treatment and 
care, for the adjudication of claims, to deter- 
mine need for hospitalization , to provide records 
from which percentage of disability may be 
evaluated for compensation and pension pur- 
poses It is estimated that during 1947, more 
than 2,000,000 veterans will require complete 
physical or mental examinations 


With a potential veteran population of more 
than fifteen million from World War II, it 
readily can be seen that there wall never be 
enough doctors in the Veterans Administration 
to give the necessary examinations Nor wall 
there be enough Veterans Administration out- 
patient chmcs General Hawley has appealed 
to civilian doctors for help in solving this major 
problem 

General Hawley has received magnificent re- 
sponse to his appeal, and several State plans for 
outpatient examinations and treatment have been 
worked out 

The Kansas State Plan is a notable example of 
this cooperation, and will work in the following 
manner 

The Kansas State Medical Society has sub- 
mitted a list oi their qualified members, who de- 
sire to render service to the Veterans Adminis- 
tration, in accordance with a predetermined 
schedule of fees From this list, those vouched 
for by the Society 7 are appointed as Veterans Ad- 
ministration physicians on a fee basis and their 
work for the Veterans Administration will be 
supervised by the Society in the various zones 
throughout the State Medical service will be 
given to the veteran by the nearest qualified 
physician, under authority granted by the 
Veterans Administration representative desig- 
nated for that purpose, and fees for treatments 
wall be paid by our agency to the physician who 
renders the service For convenience in operat- 
ing tins plan, the designated Veterans Adminis- 
tration representative is located adjacent to the 
office of the Kansas State Medical Society in 
Topeka 

One of General Bradley’s and General Haw- 
ley’s first objectives has been attained — the 
passage of legislation to enable them to establish 
educational and professional attractions for the 
finest caliber of hospital personnel and to permit 
them to employ doctors, dentists, and nurses 
without reference to the rides and regulations of 
the United States Civil Service Commission 

Public Law No 293, of the Seventy-Ninth 
Congress, cieated a Department of Medicine and 
Suigery in the Veterans Administration, ef- 
fective January 3, 1946 Since then, educational 
programs in the form of residencies have been 
established for doctors, and standards, independ- 
ent of the Civil Service Commission, have been 
set for personnel in what are called the Auxiliary 
Services, that is, dietetics, social service, etc 

Long-range estimates of personnel needs are, 
to mention a few, 7,000 full-time Veterans Ad- 
ministration physicians, 760 dentists, and 30,000 
nurses Although still a long w r ay from meeting 
these goals, the Veterans Administration has 
added hundreds of full-time doctors to its staff 
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pi nee tho first of the year A net gain of about 
100 nurses a week is helping to alleviate, although 
not meeting, our need for nurses and the Dental 
Service reports more applications on hand than 
it will haw positions to fill in the next eighteen 
months 

When General Hawley said, “Without the 
assistance of Class A medical schools, it would be 
impossible for the Veterans Administration to 
operate Its present hospitals at a satisfactory 
standard," he had reference to the residency 
program m process of establishment at Veterans 
Administration hospitals that are located near 
medical schools or teaching centers, and the 
selection of physicians who are teachers In Class A 
medical schools or outstanding specialists to act 
as consultants on a part-time or fee basis 

The ultimate goal of these programs is 1,000 
full time resident physicians and 500 part-time 
attending consultants 

On Apnl 18, 1940, 63 out of the 77 Class A 
medical schools m the United States were co- 
operating in the residency program, 224 resident 
physicians were on full time duty in 12 Veterans 
Administration hospitals and 636 consultants 
and attending specialists were serving 17 Vet- 
erans Administration hospitals For detailed 
information about the residency or consultant 
programs, doctors should consult the Dean of 
any Class A medical school 

One of the most interesting and important 


pliascs of tho General Hawley program is the 
medical rehabilitation of patients in Veterans 
Administration hospitals The goal for this 
service is the ultima to physical and mental re- 
habilitation possible in each individual case 
It is an interesting challenge because of the 
necessity of meeting the special problems in 
volvod in the rehabilitation of the tuberculous 
patient, the n euro psychiatric patient, the am- 
putee or otherwise disabled, and the paraplegic, 
or spinal cord cases 

Because there had been no comparable pro- 
gram m the Veterans Administration, a com- 
pletely new section or service had to bo created 
Today, ne have come a long nay down the road 
The Medical Rehabilitation Service has been 
established Field personnel is just beginning 
to be appointed, but the Medical Rehabilitation 
Service already has becomo on integral part of 
the medical program 

Of major importance to the whole program of 
the Veterans Administration is General Brad- 
ley's decentralisation plan for streamlining the 
operations of all of the functions of the agency' 

Where, previously, all activities were adminis- 
tered from Washington, under decentralisation 
they will be administered on an area basis from 
13 Branches of Central Office, with headquarters 
In each of what are, roughly the 13 Civil Sen- 
Ice Districts throughout the country 

There has not been sufficient tune, as yet, to 
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determine the effectiveness of decentralization, 
but the 13 Veterans Administration Branch 
Offices are open and began to function, officially, 
as of April 1, 1946 

General Hawley is sincere in lus praise of the 
American doctor, both individually and collec- 
tively He has repeatedly said, “There is no 
substitute for a good doctor ” And he means it 

In an address before the House of Delegates 
of the American Medical Association, General 
Hawley recognized and paid tribute to the med- 
ical teaching centers of this country He recog- 
nized them as the source from which the American 
doctor has drawn, and ib drawing, his medical 
knowledge and skill — knowledge and skill so 
gloriously reflected m the saving of a higher per- 


centage of wounded during World War II than 
has ever been possible m the whole history of 
previous w nrfare 

Today, General Hawley is leaning heavily 
upon the qualified American doctor engaged m 
civilian practice He needs lus help in giving 
outpatient treatment He is dependent upon 
him for assistance m Veterans Administration 
hospitals 

He needs the help of the orgamzed State 
Medical Societies in encouraging communities 
where there are unused hospital beds to make 
these beds available to the Veterans Administra- 
tion In that, he needs your help in provid- 
ing for veterans “A Medical Service Second to 
None ” 


OSLEIl SAID IT 

The well-conducted medical society should repre- 
sent a clearing-house, in which every physician of 
the district would receive his intellectual rating, and 
in w'hich he could find out his professional assets 
and liabilities We doctors do not “take stock” 
often enough, are very apt to carry on our shelves 
stale, out-of-date goods The society helps to 
keep a man "up to the times,” and enables him to 


refurnish his mental shop with the latest wares 
Rightly used, it may be a touchstone to which he 
can bring his experiences to the test and save him 
from falling into the rut of a few sequences It 
keeps his mind open and receptive, and counteracts 
that tendency to premature senility w r hich is apt to 
overtake a man wno bves in a routine — Sir Wuhan* 
Osier 


THE PHYSICIAN IN THE PATIENT-PHYSICIAN RELATIONSHIP* 

Alphonse M Schwitalla, SJ 

( Dean , SL Louis JJnxecrtity School of Mediant, President, Calhohc Hospital Association) 


T HE patient-physio an relationship is funda- 
mental m medical practico This almost 
axiomatic truism would seem to be bo palpably 
obvious as to make redundant, futile, and even 
platitudinous, any repetition of emphasis or re- 
statement, Yet, tnto as tho statement seems, 
its translation from mere verbal formulation is a 
challenge to the sincerity, tho competence, and 
tho character of the physician Today, it is 
true that erven some physicians will pay lip sen - 
ice to the principle but will in their actual prac- 
tice not only completely disregard tho prradplo 
but will men deny its -validity in medical practice, 
\ et, it must be insisted that tills principle is 
fundamental fundaracnt.il in tho ethical rela- 
tionships between tho patient and his doctor m 
so far as this principle establishes the reciprocal 
privileges and obligations of two individuals, 
fundamental in tho professional relationships be- 
tween the patient and Ins doctor in so far as this 
principle establishes the dependence of tho pa- 
tient with his biologic and psychologic needs, on 
tho one hand, and the physician with his ca- 
pacity and ha willingness to meet those needs, on 
the other hand, fundamental in the profoundly 
human relationships between tho patient and his 
doctor arising from the interplay of thoughts, 
emotions, and feelings emerging from sufferings 
and anxieties, on the one hand, and the readiness 
to apply remedial measures and physical, as well 
ns psychologic codation on the other hand 
Medical practice obviously would not be medical 
practice If there were only patients without 
physicians or only physicians without patients, 
if there were only unmet neods or unapplied 
capacities, if there were only scientific truths in- 
stead of human needs to which these truths 
could bo applied, or if there were only human 
needs without the competence to meet them 
It a the patient and the physician who make the 
relationship possible and lay the foundation stone 
for the superstructure of the most intimate, the 
most searching, and the most extensive relation- 
ship between tho practitioner of medicine and 
the benefiaarj of that practice It Is the founda- 
tion of medical ethics, tho basic reason for the 
maintenance of competence in tho physician, the 
base reason also for the demand of the art of 
medical practice that the physician must bo a 
man of character and integrity beside being a 
man of knowledge 

* DtUrwed at th» Banquet of tht 140tb Annum! Meeting at 
th* Mtdieml Soclmty of tha 8tmt« of N«w York, Mmjr 1 1WS. 


Tho relationship Is obviously a relationship 
between two human beings. Like all relation- 
Bhips, it is an explicit or implicit contract The 
relationslup a foundod on a quid pro quo on 
cither side It involves a giving and a taking on 
both sides, it domanda clearness of understand- 
ing, of obligations and responsibilities on both 
sides, as well as of benefits and privileges on both 
Bides, it requires certain functions on both 
eidoe, certain mental and emotional attitudes 
While, therefore, tho contracting parties in the 
relationship are on a ono-to-one basis, patient 
and physician being equally tho contractors, 
nevertheless, with reference to ethical demands, 
tho two cannot be equal for the pationt is in need 
of somotlung which tho physician can help him 
to secure, not of sometlung which the physician 
can give The physician does not givo the pa- 
tient health Ho aids the patient's organism 
in the readjustment which results in health, but 
that aid is something so much beyond anything 
for which the patient can render a commensurate 
qmd pro quo that the patient is utterly incapable 
of remunerating the physician, even approxi- 
mately adequately for the intangible but em- 
phatically real benefits which the aid of tho phy- 
sician 1ms effected within tho patient's organism 
or his personality In other words, the phy- 
sician docs not give health for a dollar, the pa- 
tient doeB not pay a dollar for his health, but the 
physician assists the human organism of the pa- 
tient through the procedures suggested by the 
physician's competence and his self-dedication 
to his vocation to a restoration of the equilibrium 
between the organism and the environment or to 
a restoration of that internal oqulllbnum be- 
tween the diverse parts or functions of the or- 
ganism. Both of these restorations we designate 
aa restorations to health, for which aid tho pa- 
tient gives or may give a token payment to the 
physician, but he must give the physician his 
appreciation, gratitude, and ackowledgment 
of an obligation which are the physician's only 
real remunerations i 

If this is a valid and on approximately correct 
analysis of the relation between patient, and 
physician, we may well raise two fundamental 
questions First, what does tho patient-phy- 
sician rclationspip demand of the physician, 
and second, what does the patient-physician re- 
lationship demand of tho patient? The answer 
to both of these questions token together, should 
throw the intense light of a complete revelation 
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into the alleged or assumed vaguenesses and un- 
certainties in this patient-physician relationship 
There will not be tame, in the time at our dis- 
posal this evening, to attempt an answer to both 
of these questions We shall, therefore, re- 
strict our inquiry this evening to the discussion 
of the first of these questions and attempt such 
an answer as may be possible to the problem 
What does the patient-physician relationship 
demand of the physician? 

And first, let us raise a subquestion What 
does the patient demand of the physician in this 
patient-physician relationship? If we have a 
clear understanding of this question, we may 
attempt an analysis of the further question of 
what society expects of the physician in the pa- 
tient-physician relationship and finally, what the 
physician himself does or should or must demand 
of himself m this patient-physician relationship 
What does the patient demand of his physician 
m this patient-physician relationship? This 
question could be worded less abstractly in a 
vast variety of different ways depending largely 
on whom the patient is, whether he is an educated 
or a less well-educated individual, a wealthy 
man or a medically indigent individual, a dis- 
criminating man or a man who takes matters 
more or less for granted , a timid or bold, a fearful 
or trusting, a truth-loving or cynical man, in 
other words, a man who fives on the peaks or in 
the valleys of human emotions or, on the other 
hand, of a man who fives on the emotional flat- 
lands and praines of human experience The 
question is asked, how does a person choose a 
doctor? And what is a good doctor? And why 
do I wish to choose my doctor? And why do I 
discriminate between my doctor and a consultant 
or a specialist? I am inclined to say that Dr 
Smith is my doctor, emphasizing the possessive 
pronoun but much less seldom do we hear the 
expression "Dr Jones is my laryngologist or my 
surgeon ” We do say that “Dr Jones operated 
on me” or "I go to Dr Smith for my nose ” 

The question may again be worded in terms 
of popular discussions of the competence of phy- 
sicians, the criteria and standards applied by the 
people as measures of professional efficiency Or 
it may be reworded m terms of popular discus- 
sions of the physician’s character as indicated by 
his approach to Ips patients or his discrimination 
between the different classes of his patients or his 
personal behavior toward his patients in his 
office or his examining room The popular con- 
versations about doctors are indicative of the 
demands which individuals or society make upon 
the physician 

It would seem that such thoughts as these 
might well have been suggested to those who 
would draft a national health bill since it is 


through discussions of such questions as I am 
here raising that the feasibility or the impos- 
sibility would have been discovered of ever even 
approaching such concepts as the interchange- 
ability of doctors as demanded by a panel sys- 
tem or the regulation of the numerical size of the 
physician’s practice or the method of financial 
remuneration through a system of rules and 
regulations 

How do people judge a good doctor? It must 
be admitted that the question is extremely dif- 
ficult to answer and stall more difficult is it to 
answer the question how should people judge a 
good physician Will I be misunderstood if I 
say, firat of all, that there is little if any relation- 
ship between public action with reference to a 
doctor and the doctor’s intrinsic worth? In 
other words, patients do not necessarily choose 
the objectively best doctor available to them 
anymore than people choose the objectively best 
banker or laivyer available to them Reputation 
of physician, lawyer, or banker has much to do 
with his being chosen by many persons but that 
reputation may be established not on the basis of 
qualifications but on the basis of advertising, 
it may be established on the basis not of real 
professional competence but on the basis of 
popular appeal Where crowds of patients 
flock, the crowds are apt to increase, where fees 
are large, they are apt to become still larger 
Far be it from me to even imply that large fees 
are unworthy of the good doctor or that a large 
practice is indicative of relative inadequacy 
The damnable thmg about all this is that any 
criterion which is applied popularly in the judg- 
ment of the competence of a doctor may be indica- 
tive of sound worth just ns it may be indicative 
of professional unworthiness For the most 
part, however, tins question, fortunately, need 
not be given a final answer because the true an- 
sw er to the problem lies, it weuld seem, m quite n 
different direction 

Theoretically, and I would say even practical!} , 
there are no two doctors who are equally good 
for the same individual patient and to complete 
my thought, there are no two patients upon whom 
any one doctor is going to have precisely the 
same professional or personal effect From a 
very reasonable point of view', we should have a 
teacher for each child and that fact is the real 
psychologic as w'ell as pedagogic educational 
reason why parents and, perhaps, particularly 
the mother should be the real teacher of the 
child But when the child goes to school, we 
have a teacher teach a class of children because 
of the exigencies and limitations of society We 
do not expect, however, that the teacher will 
have precisely the same effect upon each of her 
twenty-five or thirty children We fondly hope 
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that tlio teacher will lmvo at leant a minimally 
beneficial cfTcct upon that ono of the children of 
her class upon whom slio has tho least effect. 
But with medical practice, there is no possibility 
of placing patients into classes Each patient 
is a problem to himself not mcrelj because dis- 
ease entitles manifest themselves in an almost 
infinite varioty of variable presentations, but 
because the physician does not treat disease en- 
tities but treats rather an individual who has or 
thinks ho lias a disease, whatever tho word dis- 
ease might mean in this connection. That is tho 
reason why there always mast be a free choice of 
physicians by a patient and that is nlso the 
reason why there must always be a free choice of 
patients on the part of the physician 

My doctor is the doctor who is good for me. 
The fact that he is good for me with my special 
traits, raj weaknesses, and strengths, docs not 
mean at all that my doctor is good for you How 
difficult it would bo and practically impossible 
to bring this all home to the people at large, for 
tho reply would be that the people are not 
familiar with a lot of doctors but, on the other 
hand, there stall is ra this analysis a depth of 
truth which one would hope might in tho course 
of time through the processes of education be 
brought with greater emphasis to the attention 
of the lay mind 

Nevertheless, there still Is an identifiable meas- 
ure of truth in the expression "a good doctor ” 
There is something corresponding to this phrase 
It is tho professional excellence of the doctor 
implying both competence and character, both 
scientific achievement and readiness to forget 
personal interests in his dedication to the in 
teres ts of his patient A good doctor is a doctor 
who lives up to the expectations of his profession 
even though he recognizes that standards set by 
an organization must necessarily bo standards 
for the average and cannot be standards for the 
superior individual He is a man who will 
value what his profession values as n general 
rule, a man who will not set his judgment against 
the judgment of his colleagues, a man who will 
be respectful to a colleague even though he must 
be critical of him. A good doctor will not spare 
himself, will not resent the requests of his pa- 
tient or of the relative of the patient but will see 
in these requests the manifestations of deep hu- 
man concern rather than of selfishnera, and the 
indications of a profound anxiety arising from 
affection for the patient on tho part of his dear 
ones rather than a morbid curiosity of a lay 
mind to understand a technical point. 

How entirely different this thinking is from the 
thinking in the National Health Bill in which 
oetensibly the patient is given full freedom m 
the choice of his physician but must then choose 


a physician who has qualified under the regula- 
tions and who bos not as yet exceeded a quota of 
patient allotments for that particular area in 
which tho patient is told tliat he may have any 
physician but then it is left to other authorities 
to determine when a patient should have a gen- 
eral practitioner or a consultant or a specialist, 
and when tho patient is told that he has a freedom 
of choice of physician but then tho pay for spe- 
cialist or consultant or practitioner is regulated by 
rule, thus translating Into an administrative 
problem tho real needs and desires of the patient 
and subjecting these needs and desires to admin- 
istrative and perhaps sometimes oven coercive 
rulo 

If tho answer is made that It is only by such 
rules and regulations that we can have a national 
health program, let the subsumplion be made as 
vigorous as possible why must I have a national 
health program regulated by administrative en- 
forcement if I must sacrifice some of my most 
profoundly valued and deeply rooted ethical 
ideals concerning the practice of medicine, and 
thereby sacrifice my independent responsibility 
for my health care and the health care of my 
dear ones? 

And what docs society expect of the physician 
in tho pnbent-physicmn relationship? That 
society has a wire to which tho medical pro- 
fession must listen with reference to this matter 
no ono will dare gainsay On the other hand, 
the society's right to a voice in this matter must 
certainly be limited and must not come into con- 
flict with the basic rights implied in tho patient- 
phymednn individual relationship What are 
society's rights and how do they modify the 
patient physician relationship? This question 
raises the further one, upon what are the mutual 
rights of the patient-physician relationship 
founded? We havo said that they are founded 
upon tho contract but we have not defined tho 
gitxd pro quo in the con tract with sufficient definite- 
ness to make such a definition the basis of further 
reasoning 

Now the quid pro quo is certainly not tho 
stipend paid by the patient to the physician. 
This statement I regard as most essential in our 
thinking about this matter It is for this reason 
that the code of medical ethics of tho American 
Medical Association lay down as its first pro- 
scription that the service which the profession 
can render to humanity is tho prime object of 
medicine while reward or financial gain is only a 
subordinate consideration Needless to say, 
therefore, when the physician's desire for a re- 
ward comes into conflict with the good of the 
patient, it is always the latter that must take 
precedence. Proper ethics demands of the 
doctor that no consideration can ever be allowed 
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to come between himself and his patient if such a 
consideration is extrinsic to the welfare of the 
patient' as the doctor seriously and sincerely m 
conscience understands the welfare of his pa- 
tient The first Code of Ethics of the American 
Medical Association, as far hack as 1847, calls 
the doctor’s attention to the necessity of having 
his mind and heart “imbued with the greatness 
of his mission, and the responsibility he habit- 
ually incurs in its discharge ” But then, that 
first formulation of 1847 goes on to say “those 
obligations are the more deep and enduring, 
because there is no tribunal other than his con- 
science to adjudge penalties for carelessness or 
neglect ” 

Moreover, what really is the nature of the 
financial recompense which the patient gives to 
the physician and what is the nature of the 
financial gam It is not and should not be a 
stipend m the sense that it is a payment of a 
stipulated sum fixed upon antecedent to the 
service to be rendered by the physician I know 
that m certain quarters it is extremely unpopular 
to emphasize this point because, through a mis- 
conception of the fee schedule, tho popular mind 
and in certain instances, even the professional 
man, has gained the impression that the fee 
schedule represents payments for certain serv- 
ices which imply medical responsibilities No 
impression can be farther from the truth In 
those medical societies that have best evaluated 
their own philosophy, the fee schedule is looked 
upon as a minimal demand of a physician for his 
services not as an obligatory fee, the understand- 
ing being that the physician m his relationship 
with the patient or with an agency which acts 
for the patient, will receive m recognition of his 
services at least the amount suggested in the 
fee schedule 

The reason for this interpretation hes m the 
nature of the payment to the physician There 
is no common denominator between the services 
of the physician and the dollar You cannot 
evaluate health nor life nor restoration to health , 
you cannot evaluate the intangibles associated 
with the health of a wife or child or of any of 
one’s dependents Therefore, it follows of 
necessity that any payment made to a physician 
for hi6 services is in the nature of a token pay- 
ment, no matter how large it is because even if 
it is a seemingly huge fee, the benefit of the 
personal self-sacnficmg devotion to the physician 
bears no relationship whatsoever to even the 
largest financial fee The payment to a phy- 
sician, therefore, as a token payment, is a token 
of the patient’s appreciation, gratitude, or the 
recognition of the physician’s competence 

If this analysis again is correct, it would seem 
to follow that the more immediate are the rela- 


tionships between the patient and the physician 
with reference to this payment, the more ethical 
are they When, therefore, the benefits of the 
physician’s services are received by the patient 
and the payment is made by some other agency 
extraneous to the two parties between whom the 
real contract exists, w e are endangering the sanc- 
tity and the exclusiveness of the patient-physician 
relationship and w e are exposing that relationship 
to the desecration of commercialism We are de- 
grading the services of the physician, the personal 
devotion of the doctor, his competence, the in- 
describable responsibility which he holds for 
life and hmb, welfare and happiness of his pa- 
tients, to purchasable commodities which surely, 
of their very nature, they are not and cannot be 
We are thus materializing intangible goods, 
spiritual entities and we are bartering for com 
the devotion and loyalty and confidential inti- 
macy of the physician, together with the con- 
fidence and trust and the need for sympathy of 
the patient 

And this leads to the further consideration 
that an agency extrinsic to the patient-physician 
relationship cannot be a fit agent for a physician 
It is for this reason that even the hospital, close 
ns it is to the relationship, cannot adequately 
represent either the patient or the physician, 
least of all when the hospital, forgetful of its real 
nature as an aid to both the physician and the 
patient, presumes to become a corporate prac- 
titioner of medicine and recklessly enters into 
medical practice itself I, frankly and straight- 
forwardly, here wish to go on record, even 
though my interests are so wrapped up with the 
hospitals, as favoring the dissolution of any un- 
derstandings or agreements or contracts between 
hospitals, on the one hand, and certain phy- 
sician-specialists, on the other hand, which sug- 
gest commerciahsm rather than the ideals of 
which we are here speaking And I deplore, 
with equal emphasis, the substitution of pre- 
payment plans for hospital or medical care if in 
those prepayment plans there is bartered away 
the service of the radiologist or the laboratory 
pathologist or the anesthetist Such paying 
agencies cannot escape criticism by saying that 
they are simply accepting the relationships that 
are presently existing between physicians and 
hospitals The criticism should, how r ever, fall 
not only upon the paying agency nor only upon 
the hospitals, but also upon those physicians 
who will lend themselves to these arrangements 
and who for the sake of avoiding inconveniences 
will simply follow the easier pathway 
There is, of course, much more to be said about 
all of this winch cannot be touched upon briefly 
In speaking of society’s expectations of the phy- 
sician in the patient-phymcian relationship, we 
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should liave to touch upon tho relations of the 
patient and physician to local, state, and federal 
go\cmmentB, the obligations of the state in 
licensure, tho protection of the people through 
not only licensure but tlirough examination for 
competence,, the possibility of licensure in tho 
specialties and a vast number of subsidiary ques- 
tions The point I want to emplmsite, however, 
oven though I must omit these far-reaching 
discussions, is that complicated as all of this be- 
comes in a complicated society, the obligations 
of the physician toward tho patient nre inevitably 
clear if reduce them to the phj moan's banc 
responsibility in tho patient-physician relation- 
ship 

And what does the phjsicmn expect of the 
physician in the patient-physician relationslup, 
what doos he expect of himself? If each phy- 
sician find to answer tlus question, he would have 
to do so b> writing his professional autobiog- 
raphy Only in tills wa}- could the physician 
give us an adequato coneopt of his own ideals 
and ambitions, of his own expectations of lilm- 
Bclf, of his own demands upon his personal un- 
selfishness, Belf-eacnfice, and capacity for whole- 
hearted dedication to hia Ideals It is ono thing 
to measure one’s responsibilities w terms of 
legal obligations, another thing to measure in 
terms of moral obligations, quite another thing 
to measure them m terms of professional excel- 
lence and, finally, in terms of professional perfec- 
tion Borne of us are content to walk haltingly 
and in stumbling fashion on the broad highroads 
of ethical practice, there nre others who will 
find the harder way and who, in the desire to 
put first thingB first, will listen to oounscls of 
perfection and to the self-im posed dictates of 


one’s own exacting conscience- Some of us will 
do tho liigb and tho right and tho noble and tho 
unselfish thing without ethics committees or 
without a publicly formulated code of ethics, 
some of us will not ask w bother wlmt wo are do- 
ing is conformable to n codo but whotber it is 
conformable to ideals 

Of course, I am talking about professional 
competence and tho progressive desire of tho 
physician to penctrato more and more pro- 
foundly into the human being, not only through 
tho avenues of knowledge but oven more through 
the avenues of imaginative insight and emotional 
interpretation But I am talking, also, for the 
development and maintenance of the phymeian’a 
character in this deeply important area of hu- 
man interest No, I am not sympathetic with 
time studies except os broad guides How Jong 
Is the average time spent by a physician in meet- 
ing his patients in his office? How long does it 
take a physician on the avorage to sec a patient 
in tho hospital? Wlmt is the influence of a 
physician's patient density m the patient con- 
centration in a hospital upon tho time spent b> 
the ph} melon in seeing his patient? Is it worth- 
while for a physician in urban or m rural practice 
to tra\el to see his patient, or must wo develop 
other methods of effecting the contact between 
patient and physician? 

Yea, those are important questions but over bo 
much more important is what and who the phy 
sician is, his self-respect is important, tho re- 
spect of hia patients is important, the respect 
of society is important, but most important of 
oil, is the foot that ho carries a responsibility for 
which one day he will be held accountable 
before God 


PLANS ANNOUNCED FOR 19-40 CLINICAL CONGRESS OF AMERICAN COLLEGES OF 
SURGEONS IN NEW \ORK 


The American College of Surgeons announces 
that arrangements have been completed for the 
holding of its Thirty-second Clinical Congress at 
the Waldorf Astoria, New York, September 9 to 18 
inclusive Plans include the usual extensive program 
of demonstrations scientific sessions panel discus- 
sions, symposia, forums Hospital Standard nation 
Conference, medical motion pictures, business meet- 
ings, and educational and technical exhibits, which 
will be held in the headquarters hotel, and operative 
and nonoperative clinics In the local hospitals. 

This will bo the first Clinical Congress since the 
meeting in Boston in 194 L Sin oe that time 2 744 
Burgeons have been received into fellowship in ab- 
sentia, and to them in particular tho Convocation on 


the opening night of the Congress will be a long 
anticipated event. Man} of these new Fellows wifi 
have recently returned from aervioe with tho armed 
forces. 

The formal initiation ceremonies, always impres- 
sive, wifi be exceptionally so thus year because 
of the large numbor of new Fellows admitted dur- 
ing tho past four years who are expected to be 
present 

_ Dr Howard A. Patterson and Dr Frank Glenn, of 
New York City, are chairman and secretary, respec- 
tively, of the Committee on Local Arrangements. 
Dr Henry Cave of New lork, a member of the 
Board of Regents of the College is also active in 
directing tho local plans for the meeting 



THE PROGRESS OE WOMEN IN MEDICINE* 
Elbe S L'Esp rance, M D , New York City 


W HEN I was asked to speak this evening 
for five minutes on "The Progress of 
Women in Medicine,” it recalled to me an inci- 
dent of my early college days when the professor 
of rhetoric said to me, “Young lady, your time is 
three minutes, your subject, The Immortality 
of the Soul ” Just how can I crowd in so short a 
time all the vast opportunities that have been 
opened to medical women in the past generation? 

I find that age has its compensations as it per- 
mits me to recall with great satisfaction the pro- 
gress that women have made m this difficult 
profession during the past thirty years, and to 
view with pnde this splendid gathering of medi- 
cal men and women who are closely associated 
in a great profession, all looking forward equally 
tow'ard the future of medicine, each willing to 
bear his or her part m maintaining and ever 
raising the standard of medical care today 

I must admit that tlus was not always the case 
In the early days there were many limitations 
placed on our activities Opportunities for 
medical educations were scarce In fact, when I 
studied medicine there were only three standard 
medical colleges in the Eastern part of the 
United States that admitted women, they were 
Johns Hopkins, The Woman’s Medical College of 
Pennsylvania, and The New York Infirmary for 
Women and Children My selection was the 
Infirmary, which I have never regretted 
The chances for advancement after graduation 
in our chosen field were meager We were a 
new element in a very old profession and there 
was a natural scepticism on the part of the med- 
ical men as to the seriousness of our intentions 
This is well illustrated by an incident in my early 
career In 1912, when I chose a future m pathol- 
ogy, one of the distinguished professors said to 
me that it takes twenty years to become a pathol- 
ogist, and no woman would seriously consider 
one subject for that length of tune It may 
have been that remark which inspired me to re- 
main m the field of pathology for over thirty 
yeara 

This doubtful attitude of the medical men was 
perfectly natural Medicine is a senous pro- 
fession and we have had to demonstrate our will- 
ingness to accept the challenge of this rigid com- 
petition With the acceptance of this challenge, 
the doors of opportunity gradually began to 
open 


It is impossible m the short time, allotted me 
to give you an accurate picture of the progress we 
have made during the past generation It is 
sufficient to mention just a few important mile- 
stones 

First, medical education is coeducational 
in the colleges and universities m practically 
every large institution in the United States 
today, and I am proud to say that women stu- 
dents are maintaining a high scholastic record 
Second, at present, there are very few hospitals 
that cannot pndefully refer to their women 
interns and residents Only recently, in a con- 
versation with one of the members of the staff 
of a large metropolitan hospital, I mentioned the 
difficulty some of our women interns are having 
in securing residencies He immediately re- 
plied "but w r e have two excellent women resi- 
dents in our hospital ” Third, within the past 
few years many women physicians have reached 
the high position of attendings on the staffs m 
some of our large hospitals and occasionally have 
attained the enviable status of director of a de- 
partment 

These facts show the trend of the times to 
regard equally, without discrimination, all medi- 
cal graduates 

One of the most significant achievements oc- 
curred during the past war when medical women 
were granted equal rank and opportunity with 
men in our armed services This great ad- 
vance was largely the result of the cooperation 
and enthusiastic support of our colleagues in the 
Medical Society of the State of New York who 
fought valiantly with us This placed the State 
of New York as the first to sponsor such a step 
It has also established for all time the position 
of women m medicine m the United States 
No great advancements are made except 
through a process of evolution attained through 
patience and perseverance When we could 
demonstrate that medical women had those 
qualities, the acceptance of us on an equality by 
the medical profession was assured Many 
distinguished medical women have laid the 
foundations for our progress m the past, the 
future rests with the young women of today 
The cordial feeling now’ existing between our 
tw r o medical associations is a healthy stimulus to 
the success of each other It is to this spirit of 
cooperation that we owe many of the successful 
campaigns against disease, many victories w r on, 
and many still greater to be achieved by this 
unity of effort 
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PRESENTATION OF THE SOCIETY'S GOLD MEDAL TO THE 
OUTGOING PRESIDENT* 

Georob W Kokhak, MX) , Chairman of the Board of Trustees 


I T IS ono of tho pleasant and agreeable duties 
of the Chairman of the Board of Trustees of 
tho Stato Socioty, on the occasion of its Annual 
Dinner, to present to tho outgoing President a 
medal In recognition of his services to the organ- 
isation during Iub term of office This is a duty 
which I am very happy to fulfill 
Dr Cunniffe has had a difficult path to follow 
since his elevation to the highest office in the 
gift of the Society, and ho has pursued this task 
most efficiently and effectively During this 
year, ho lias defended us against tho imposition 
or attempted imposition of several measures 
tliat would ha\e been detrimental to tho prog- 
ress of medicine This has entailed great and 


* Pre»ent*d at thf DanquK of tlr 140th Annual Meet Inc 
of the Mariiral Bodrty of the State erf New York May 1 
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o\cn unreasonable demands on his time and en- 
ergy and strength It required travel through- 
out tho Stato under conditions not always too 
pleasant in order to bring before tho doctors in 
various parts of the State his own viows of the 
problems which besot the profession, coupled 
with exhortations which would make them real- 
ise of what an Important organisation they were 
members Such personal contacts are of great 
value In addition, ho has presided over the 
meetings of the Council with patience and con- 
sideration As I have said before, to properly 
fulfill this job is not as easy matter, and Dr 
Cunnlffo has acquitted himself well We are 
pleased to extend to him this memento of his 
incumbency of tho office and to wish him for the 
future continued health, happiness, and pros- 
perity 


THE PATIENT DIAGNOSES THE DOCTOR 

Thanks to persistent good health. I have alw avs 
viewed the medical profession with calm detach 
ment. But if I should bocomo ill I would then be 
interested in your medical education, your experi- 
ence and judgment, and above all, your ability to 
effect a quick cure — at, of course a reasonable cost 
tome 

I should be alert for any neglect delay, or sup- 
posed error on your part, since it might affect my 
welfare or my very existence and should expect 
you to give me your first and if possible, your on 
divided attention As for your other patients, 
they and their comparatively trifling ailments 
would bo a matter of tho most profound indifference 
tome. 

Prom the layman s point of view, it would seem 
that the smaller communities offer the doctor in 
teres ted in general practice for greater opportunities 
for a varied and satisfying life. Small town prac 
tire places the maximum responsibility on the 
family doctor and gives him the maximum oppor- 
tunity to know his patients and thoir real needs. 

There is nothing in my past contacts with govern- 
ment bureaus which makes mo enthusiastic about 
state medicine. I am tho master who retains an 

T irt, not a slave of a great impersonal machine. 

am much interested in prepaid insurance plans 
for medical, surgical, and hospital care. 


The patient wants rou to take him into your 
confidence Barring the very tick, and the occa- 
sional unstable relative who cannot be depended 
upon you stand to gam by frankness. Take time 
to explain the patient's condition to him and to his 
family in simple English terms, and explain why 
tho treatment is being ordered This tahos a few 
moments but it paysln every way You are not 
dealing with children or Imbeciles but many phy- 
sicians habitually treat patients and their families 
as if they were. 

Why do some men fossilize others keep always 
in tho foreground of professional progress? One 
man sees medicine as something static, in which all 
the great discoveries have been made, the other 
sees it as something dynamic — he eagerly awaits the 
proved advances. He la activo in his county, state 
and national medical societies. 

The general physician needs broader knowledge, 
embracing the whole field of medicine, so that he is 
prepared to tako intelligent steps regardless of the 
emergency confronting him. He must have keen 
judgment special ability in diagnosis genuine fn- 

In medicine the most scientific man^tEe one who 
applies tho best technics in tho light of the patients’ 
personal attributes . — J R. Van Pdi , tn J Jfusoun 
MJL Od 194 S — Clinical Medicine, April, 1946 
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I AM SPE AKIN G to you as the very retiring 
President of what may be considered the 
parent organization of the American Medical 
Association You may recall that our state or- 
ganization is forty years older than the national 
one and that leading members of this Society 
were predominantly active in the original effort 
to create a national organization, which now has 
become the largest and most important medical 
association m the world, far surpassing m size 
and extent of activities its original progenitor 
The principles of proper behavior in any walk 
m life, and particularly in the profession of med- 
icine, are timeless and immutable For forty 
years before the American Medical Association 
was formed, members of the New York State 
Society had adhered to certain concepts of ethics 
which ultimately became the “law of the land,” 
so to speak, when formally phrased in Article 2, 
of the Constitution of the American Medical 
Association, which reads 
The objects of the Association are to promote 
the science and art of medieino and the better- 
ment of pubhc health 

And in the first section of Chapter One of its 
Principles of Professional Ethics, which reads 
A profession has for its prime object the serv- 
ice it can render to humanity, reward or 
financial gain should be a subordinate con- 
sideration The practice of medicine is a 
profession In choosing this profession, an 
individual assumes an obhgation to conduct 
himself in accord with its ideals 
This language did not constitute an original 
promulgation at the time it was first uttered as a 
canon of ethics It was merely the crystalliza- 
tion of the characteristics of behavior of the best 
medical men at all tomes and m all ages, embodied 
formally in the foregoing words 
I have presented these considerations for the 
purpose of making the point that it is nothing 
new in our tradition for emphasis to be placed 
on the maintenance of standards Medicine 
would not have advanced through the centuries 
if this had not always been the motive activating 
the physician For a comparatively bnef 
period — almost a century and a half — the New 
York State Society has met annually for the pur- 
pose of increasing the quality of medical care, so 
we are indeed well fitted by a long tradition to 


continue to safeguard the best interest of the 
pubhc today, when pressures for social novelties 
have become very great 

It is interesting to compare our background and 
long experience m providing medical care with 
that of those who are so vocal in new r plans to 
completely revolutionize the practice of medicine 
It happens that the training for fitness in this 
pursuit resides exclusively in the medical pro- 
fession and none of it inheres in the principal 
promoters of the schemes who can be, at best, 
only administrators or salesmen of the services 
w r e render Nor are they bound by any rule of 
responsibility for the statements they make in 
espousing their cause Ex-Mayor LaGuardia of 
New York City, appearing and testifying at the 
hearing on the Wagner-Murray-Dmgell Bill in 
Washington, recently' said that if the bill were 
passed, he would then stop his New York program 
for delivering medical care It is extremely' 
difficult for me to understand how he can stop 
anything that was never started, for this plan 
has never sold a policy or treated a patient In 
addition, he claimed that a baby cost $100 a 
pound in New York City This, in spite of the 
fact that 13,459 babies were dehvered in the 
municipal hospitals of our city during the year 
1945 

That 1945 was a poor year for obstetrics 
in municipal hospitals can be realized, when a 
service delivering 200 babies per month in pre- 
vious years dehvered but 75 per month in 1945 
I want to emphasize that for the 13,459 babies 
bom m municipal hospitals, no doctor received 
any compensation, but in accordance with the 
time honored tradition of the medical profession, 
their services were freely given This good 
proponent of the bill apparently' did not realize 
that thousands of babies were dehvered under the 
E M I C program, a program developed for the 
wives of men m the military forces For these 
patients, the doctor’s fee w r as $60, except in 
cases where complications demanded a specialist, 
then the amount was $75 The average baby 
weighs about six pounds If Mr LaGuardia’s 
charge were true, the expense would be $600 
When so many babies are delivered at such a 
small fee or for no fee at all, it is plain to be seen 
that there is something wrong with the good 
man’s mathematics Apparently the state- 
ment was made merely because it would attract 
attention by its sonorous phrasing, and advance 
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the cause of socialized medicine, but not at all 
because there waa any real basis to support it 
Another exnraplo of this habit of overstating the 
truth is illustrated in tho testimony of Mrs 
Caroline Ware, president of the National 
Women's University Club, who claimed she 
represented 80,000 women and testified her so- 
ciety was in favor of tho bill Upon examination, 
sho admitted that her society had not held a 
com ention since before the war, and finally, she 
was forced to admit that she had canvassed but 
twenty women and tho question asked was not 
about the bill but if thoy favored the extension of 
medical service. If thoy answered in the af- 
firm atave, they were supposed to favor a bill on 
which they had not offered an opinion Yet she 
glibly reported her society in favor of it The 
prim witness, however, was former Secretary 
I ekes who appeared in behalf of tho bill and ad- 
mitted that ho had never read it but was in 
favor of it. When chided for this, ho answered 
that most senators did not read bills before vot- 
ing on them I, myself, doubt very much 
whether Senators Wagner or Murray over read 
the bill, and so far as Mr Dinged is concerned, 
if he has read it, I am pure he does not under- 
stand it 

Mr Altmeyer, of tho Social Security Board, 
explained to tho committee that the bill would 
provide medical care cheaper than the existing 
system because tho gov eminent and the employer 
would help pay for it It might bo pointed out 
that tho government gets its money from taxes 
only and it is a simple rule of economy that in- 
creased costs of production can only come with 
increased prices Even Mr Wallace rather be- 
latedly admits that fact While speaking of ex- 
pense, St has been reported by some members of 
the Congress that for the administration of this 
’plan it would be necessary to spend more than 
two billion dollars annually before a dollar goes 
to nurse or hospital or doctor This expense 
would be for such items as directors, inspectors, 
paymasters, auditors, statisticians, stenographers, 
clerks, equipment, rent, and so forth This 
figure la based on the supposition of having one 
inspector for every thousand patients, whereas 
in England experience showB there has to be one 
inspector for every hundred patients Mr 
Altmeyer, on questioning, was forced to admit 
that neither Meagre Wagner, Murray, or Dinged 
wrote the bill but it was the brain child of Mr 
Falk, who admits that ho has spent ten years m 
preparing it. This is the fifth bill for so anil red 
medicine that Mr Falk has written and had pre- 
sented to Congress by some of the New Deal 
representatives, the last bill being tho second one 
he hod Introduced In 1046 The first four bills 
presented were admitted to be unsatisfactory, 
so, with all the government resources behind him 


and an abundance of time, working for ten y core, 
it is now shown that ho has failed to succeed in 
this attempt A few days after tho current bill 
was presented, the New 3 ork Ttmes published 
an editorial that was somewhat critical, where- 
upon Mr Wagner wrote a letter to the paper 
stating that ho knew it was not a perfect bill but 
hoped it would bo better after the hearing 

Tho bill, as you know, was skillfully ma- 
neuvered away from tho Appropriations Com- 
mittee and into tho Committee on Education 
and Labor, of wldch Mr Murray is chairman 
It would tako a considerable length of time to 
hear ail those who wanted to testify, bo the 
chairman in his goodness and goncrosity decided 
that only those representing national organiza- 
tions could appear before tho committee, con- 
sequently, tho New York State Medical Society, 
consisting of nearly 20,000 doctors who deliver 
medical care. Is not permitted to appear but can 
sond a statement to be placed on tho record On 
tho other hand, the Physicians Forum, an or- 
ganisation which claims to have a momborsliip 
about 700 and a Boston group, the remains of tho 
old Committee of 400, were allowed to testify 
These were the only phyridans to testify for the 
bill and represent leas than 2,000 members, while 
those doctors testifying against tho bill repre- 
sented 125,000 Practically all tho testimony 
for tho bill has been presented by government 
employees and women who represented vory 
little The committee, howevor, contains some 
very discerning members and it has been a daily 
occurrence to have the direct statements of tho 
witnesses appearing in favor of tho bill absolutely 
discredited upon croas-exammntion on their own 
statements 

Mr Altmeyer, Mr LnGuardis, and others 
proclaim that the doc tore would make more 
money under this program than they receive in 
the present system As a matter of fact, the 
definition of a profession, which is one of our 
principles of ethics, stresses the foot that money 
is not the prime object, but rathor the services 
it can render to humanity is its goaL They say 
that more money will be received by the doctors 
and yet the program will cost tho people less 
It is hard to understand how pay to the physicians 
can be increased, plus the expense necessary to 
establish the enormous bureaucracy necessary to 
a dmin ister it and stall have the cost to tho people 
lower than at present This will require some 
further explanation on the part of the proponents 
of the bill 

There is no substatute for experience The 
experience of every country in the world that has 
tried compulsory health insurance has been un- 
satisfactory Now they propose to give this 
inferior medical care to the American people, in 
the Wagner-Murray-Dingell Bill. It can be 
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likened to a hope and a wish for Utopia to arrive, 
coupled with an unlimited spending program to 
try to bring it about It is the most unrealistic 
act ever proposed to the Congress, and assumes 
that government regulation in this country can 
be run more successfully than it has been m 
others where it has been tried. Today, the 
people of our country get medical care by going 
directly to their doctor Under this bill a 
government clerk steps in between the doctor and 
his patient, with memoranda, schedules, rules, 
regulations, directives, thousands of them, 
changed from day to day, all instituted by the 
little bureaucratic gods that are appointed in 
droves of hundreds of thousands by the Social 
Security Administrator Under this bill, the 
Social Security Administrator will have more 
power over the health of the people of the 
United States, vested in his own person, than 
could ever be assumed and exerted well by a 
single individual 

Let us look over the record of the countries 
which have accepted compulsory health insur- 
ance Germany, which was the first country to 
be burdened with this program, was at one time 
the mecca of students from all over the globe, 
seeking postgraduate education In seventy 
years the cost of their program multiplied one 
hundred times Practically 60 per cent of all 
the money collected was used for overhead ex- 
penses to administer the program, the doctors 
receiving the benefit of practically one half 
The total social taxes subtracted from the wages 
m Germany left the employees with little, barely 
enough for living expenses, and rendered it im- 
possible for them to even leave the country and 
seek what offered them a more fertile field 

In England, m forty years, the cost has mul- 
tiplied seventy tunes A New York physician 
of my acquaintance who worked for a while with 
a London doctor reported that they had an office 
on one side of the house for panel patients and 
another on the opposite side for private patients 
In a three-hour penod this doctor would see 100 
patients under the compulsory health insurance 
plan, ask them what their trouble was, give them 
a stock prescription, and let them depart He 
never saw a single patient take off his shirt and 
recave an examination with a stethoscope The 
secretary of the British Medical Assoaation is 
responsible for the statement that no system of 
medical care will be successful if control of it is 
in the government The failure of the system 
m England should be a lesson to us m this coun- 
try'' We see the people of England rapidly so- 
cializing everything, and preparing, perhaps, to 
go over m time completely to the Russian system 
If that is the direction m which we are also drift- 
ing, a good way to begin is with medicine, taxing 
that and then moving along to the coal mines 
and the other industries, each new step calling 
for more taxes, so that the burden becomes 


so great that nobody has any money left to buy 
anything and we all live on the largess of a bene- 
ficient and all-wise government which not only 
takes care of us from the cradle to the grave, 
but supplies us with living quarters, food to eat, 
clothes to wear, and rations everything out to 
those it likes and those it doesn’t like, from shoe- 
strings to automobiles I say, if that is what the 
American people want, the Wagner-Murray- 
Drngell Bill will take us a long way toward it 
and make each further Btep easier toward com- 
plete regimentation, domination, and dictator- 
ship This law will prepare us for Buch a situa- 
tion by a senes of headaches produced by our 
efforts to get a doctor when we are sick, from a 
government that has taken over the job of run- 
ning and ruining the medical profession 

New Zealand’s expenence in so short a time as 
six years is another lesson to us, if we wish to be 
warned in time According to the Munster of 
Health of that country, it has degenerated into a 
racket He descnbes hospitals filled with pa- 
tients with minor ailments Doctors no longer 
seek improvement of their skills m postgraduate 
education, because they have no chance to put 
their abilities into practice, there is not suffi- 
cient time to spend with each patient, so exten- 
sive is the overuse of insurance facilities Pa- 
tients go to insurance doctors mainly for cer- 
tificates enabling them to get paid for being 
sick, rather than to get over their sickness 
People who are really seriously ill seldom think 
of using the compulsory insurance system They 
go to a practitioner who does not take panel pa- 
tients, and, therefore, has time to treat sick 
people. They would rather pay more to receive 
treatment from a physician who will have time 
to give a proper examination 
Austria and Italy have inferior medical serv- 
ice for their people Dr Dubhn of the Met- 
ropolitan Life Insurance Company recently re- 
turned from a trip to Europe where he inspected 
the medical needs of France He has reported 
that medical care delivered to the Frenoh people 
under compulsory insurance is very poor, and 
also reiterates that the medical care dehvered to 
the people of the United States is the best in any 
country m the world If such is the case, and 
he should be a good judge, it is hard to under- 
stand why the people of this country would listen 
to a proposal to establish a foreign system which 
has proved to be unsatisfactory 
I would like to speak on the other side of this 
question and tell of the great advantages that 
have been brought about by the medical care of 
the people of this country in the past seventy 
years under the leadership of the American Medi- 
cal Association, but time will not permit I can 
only say that the people of this country should 
consider long and carefully before they saddle 
such tremendous expense upon themselves and 
their children for inferior medical care 
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'-pHE 140th Annual Meeting of the House of Dele- 
X rates of the Medical Society of the State of New 
"York was held at the Hotel Pennsylvania, New 
York* New York, on Monday, April 29, 1040, at 
10 20 xu Dr Louis H. Bauer, Speaker Pr F 
Leslie Sullivan, Vte+$pcaker, Pr Walter F 
Anderton, Secretary, Dr W Guernsey Frey, Jr , 
Assistant Secretary 

Speaker Bauer The House will be In order 
Mr Secretary, arc there any disputed delegations? 

Secretary Anderton There are no disputed 
delegations, sir 

Speaker Bauer I declare tho 140th Session of 
the House of Delaratca of the Medical Society of the 
State of Now 1 or£ open for the transaction of busi- 
ness. 


Section 1 

Report of Reference Committee on Credential* 
Speaker Bauer The Chair recognises tho 
Chairman of tho Credentials Committee, Dr 
McCarty 

Dr. Charles F McCarty, Kings At the last 
count* there were elgthy-four County Delegatee, 
fifteen Officers, one District Delegate five Soctlon 
Delegatee and ooe Ex President registered* 

Sfeaeeh Bauer. Is thoro a quorum present? 
Secretary Anderton There is a quorum pres- 
ent, sir 

Speaker Bauer There being a quorum pres- 
ent, we will proceed with the order of business. 


REFERENCE COMMITTEE ON REPORT OF 
PRESIDENT 

Ext* A, Wolff CAeirew* Quceoe County 
John A. Pritchard 8t Lawrence County 
Raymond F Klrchtr, Albanr County 
Thurman D Glynn Kinra County 
Ralph Sheldon Wayne County 


. ON REPORTS OF 
AND DISTRICT 


M curia Marion Ctainnan Warren County 
Hobart 0, Blmpeon Montgomery County 
Frank Tellafeon Richmond County 
Charles H. Lout bran King* County 
J Lewb Atm tor Bronx County 


REFERENCE COMMITTEE ON REPORTS OF 
TREASURER, TRUSTEES AND FINANCE 
COMMITTEE 


Fenwick Bsskman, C\ airman New York County 

Morrij Ant, Kings County 

Ban] a min Abrmmowita SuUlran County 

Roger A. Hemphill, Li ring* ton County 

Bradford F Golly Oneida County 


REFERENCE COMMITTEE ON REPORT OF PLAN 
NINO COMMITTEE FOR MEDICAL POLICIES 
Albert F R. Androaofl, CAainwa* Kings County 
W Walter Street, Onondaga County 
Edward C, Veproraky. Queena County 
Harry G. Goeat. Erie County 
John R. MaoEJroy Saratoga Comity 

REFERENCE COMMITTEE ON CONSTITUTION 
AND BYLAWS AMENDMENTS 
Peter J Dl Natala, CAafnwa* Geneses County 
Clifford F Leet, Chemung County 
Joseph C. O Gorman Erie County 
Donald E. McKenna Kings County 
Francis G RUey Queens County 


Section 2 

Approval of the Minutes of the 1945 Session 
Breaker Bauer The first order of business Is 
the approval of the minutes of tho 1945 Session 
Secretary Anddbton Mr Speaker, I more 
that the reading of the minutes be dispensed with, 
and that they be approved as published in the 
December 1 and December 16 1945, and the Janu- 
ary 1 and January 15, 1940 Issues of the New York 
State Journal op Medicine. 

Dr. Exra A. Woljt, Queens I second the mo- 
tion* 

There being no discussion, the motion was put 
to a vote and was unanimously carried. 

Section 3 

Reference Committee* 

Speaker Bauer Mr Secretary, will you read 
the appointments of the Reference Committees? 
Gentlemen, will you please pay close attention, be- 
cau« there are several changes from the printed list 
which appeared in the Journal 

Sbcbetary Anderton The Reference Commit- 
tees for the 1940 House of Delegate* are as follows 

REFERENCE COMMITTEE ON CREDENTIALS i 
Chariee F MoCarty UAafrma* King! County 
Goodwin A. DWUer Queene County 
Felix OtUrixno, Mad I* on County 
Alexander N, Selma n, H oak land County 
E. Kenneth Horton, Naaaau County 


REFERENCE COMMITTEE ON REPORT OF CO UN 
Cl L— PART 1 1 

Foetgraduate Education (a Wo Supplementary) 

Joeeph Teaopyr CAofrma* Klnga County 
Vlnoant Jmtar Queena County 
Joaaph H Diamond Richmond County 
George O. Vogt, Droomo County 
Stockton Kimball (Section Delegate) 

REFERENCE COMMITTEE ON REPORT OF 
COUNCIL— PART lit 

Maternal and Child Welfare (aWo Suppletnenta 
Joaaph A. Qcb CAsfraaaa, Eaaax County 
Alfred K. Bataa Cayuga County 
MahJoo C. IlaDeck Otacgo County 
William J Orr (Section Delegate) 

Alfred M. Hallman New York County 


REFERENCE COMMITTEE ON REPORT 07 
COUNCIL— PART III: 

School and Industrial Health 
Da rid W Beard, CAair a ee * Schoharie County 
John CL Brady Erie County 
Irrlng 8. Banda, Klnga County 
William J Tracy Steuben County 
Samuel M. Kaufman, New York County 


REFERENCE COMMITTEE ON REPORT OF 
COUNCIL— PART IV 
Public Health ActirlUee 
Blood and I learn* Exchange Bank 
Can ear (alao Supple men tarjr) 

Hard of Hearing end the Deaf 
4 H Club* and Youth Health Aotlritiee 
Frank L* Gat tuta, CWnm Bronx County 
Jaoob Warne Quaece County 
Donald Mai mo, Doteheee County 
Arthur M, Johnaoo (Section Delegate) 

Edgar O Bogg* Lewie Oounty 
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REFERENCE COMMITTEE ON REPORT OF 
COUNCIL— PART V 
Rehabilitation 
Rural Medical Service 
Kenneth F Bott, Chairman, Groeno County 
Charles S Lakenmn, Monroe County 
Robert B Archibald, Weatcbcator County 
Madge C L McGuinness, New York County 
Theodore W Neumann, Orango County 

REFERENCE COMMITTEE ON REPORT OF 
COUNCIL— PART VI 

Public Relations nnd Economics 
Public Medical Caro 
Womon Medical Students and Interns 
Medical Sorvico and Public Relations 
Roy B Henlino, Chairman, New York County 
John M Galbraith, Nassau County 
Lj man C Lowis, Allegany County' 

Archibald K Benedict, Chenango County 
Elton R Dickson, Broome County 

REFERENCE COMMITTEE ON REPORT OF 
COUNCIL— PART VII 
Medical Care Insurance 

Special Commltteo on National Casualty and Indemnity 
Insurance 

Herbert E Wells, Chairman, Erie County 
Benjamin M Bpmstoin, Kings County 
Joseph D Halhnan, Qucons County 
Oswald J McKendrcc, Oneida County 
Clarcnco G Bandler, Now York County 

REFERENCE COMMITTEE ON REPORT OF 
COUNCIL— PART VIII 
Veterans’ Affairs 

Joseph P Henry, Chairman, Monroe County 
John P O’Brien, Bronx County 
Leo E Gibson Onondaga County 
Edwin A Griffin, Kings County 
Reginald A Higgons, Westehestor County 

REFERENCE COMMITTEE ON REPORT OF 
COUNCIL— PART IX 
Legislation (also Supplementary) 

Frederic W Holcomb, Chairman, Ulster County 
Thomas B Wood, Kings County 
Sylvester C Clcmans, Fulton County' 

Andrew A Eggston, Westchester County 
B Wallace Hamilton, Newr York County 

REFERENCE COMMITTEE ON REPORT OF 
COUNCIL — PART X 
Workmen's Compensation 
William B Rawls, Chairman, New York County 
Bernard S Strait, Yates County 
Stanley E Alderson, Albany County 
Renato J Anari, Bronx County 
G Kirby Collier, Monroe County 

REFERENCE COMMITTEE ON REPORT OF 
COUNCIL— PART XI 

Publications and Medical Publicity 
George C Adie, Chairman, Westchester County' 

Stephen H Curtis, (District Delegate) 

Louis A Friedman, Bronx County 
Bcott Lord 8mlth, (District Delegate) 

Charles C Trombley, Franklin County 

REFERENCE COMMITTEE ON REPORT OF 
COUNCIL— PART XU 

Malpractice Defense and Insurance 
Report of Legal Counsel 
Eugene II Coon, Chairman, Nassau Gounty 
Donald D Prentice, Albany County 
Joseph A, Landy, Bronx County 
Guy 8 Pbilbnok, Niagara County 
John L. Songstack, Suffolk County 

REFERENCE COMMITTEE ON REPORT OF 
COUNCIL— PART XIII 

Miscellaneous Matters 
Convention 
Medical Licenaure 
Nursing 

Woman s Auxiliary 
Office Administration and Policies 
Joseph H Cornell, Chairman, Schenectady County 
Charles A Prudbon, Jefferson County' 

Abraham Koplowitx, Kings County 
Philip D Allen New York County 
Richard P Doody, Renssalaor County 


REFERENCE COMMITTEE ON NEW BUSINESS A 
Thomas M D’Angelo, Chairman, Queens County 
Leo F Scluff, Clinton County 
John J Gainey, Kings County 
Harold B Davidson, Now York County 
James E MoAskill (Soction Dclogato) 

REFERENCE COMMITTEE ON NEW BUSINESS B 
Leo F Simpson, Chairman, Monroe County 
Edgar Bieber, Chautauqua County 
Arthur A Fischl, Queens County 
John Dugan, Orleans County 
A Wilbur Duryco, New Vork County 

REFERENCE COMMITTEE ON NEW BUSINESS C 
Frederick W Williams Chairman, Bronx County 
Charles A Anderson, Kings County 
Denver M Vickera, Washington County 
John L Edwards, Columbia County 
Thoodoro J Curphcy , Nassau County 

Speaker Bauer Thank yon, Mr Secretary 
(Announcements concerning time and place of 
meeting of various Reference Committees ) 
Secretary Anderton I move that the reports 
nnd supplementary reports of Officers, Council, 
Trustees, Legal Counsel, and District Brandies, that 
have been published and distributed to the members 
of the House, lie referred to tho respective reference 
committees without reading 

Dn Georoe W Kosmak I second tho motion 
Speaker Bauer You have heard the motion 
Most of the reports w ere sent to you in printed form 
nor to the meet mg There arc several reports that 
avo been dist ributed to you this morning Js there 
any objection to their being referred without read- 
ing? If not, they w ill be so referred, but t akc notice 
of the following All of tho printed reports are re- 
ferred to tho respective Reference Committees mill 
tho exception of ono portion of tho Report on Mal- 
practice Defense and Insurance pertaining to 
amendmontB of tho Bylaws, which is referred t-o the 
Committco on Amendments to the Bylaws, other- 
wise. tho report is referred to Reference Committee 
on Report of Council, Part XII Also, the report 
on tho Finance Committco is referred to the Refer- 
ence Committee on tho Reports of t he Treasurer and 
Trustees Otherwise, the supplementary reports 
are referred to the respective committees as noted 
in tho titles 

Seclton 4 (See 67) 

Supplementary Report of Secretary 
To the House of Delegates— Gentlemen, 

It gives your Secretary pleasure to draw your 
attention to a matter which has developed since pre- 
senting his Annual Report 

Owing to an increase in the incidence of diphtheria 
in several localities in this State, your Secrotarj 
attended, on April 17, 1940, with Mr Divight 
Anderson, Executive Secretary of the Medical 
Society of the State of New York, a meeting organ- 
ized by Dr Donald Armstrong, Vice-President of the 
Metropolitan Life Insurance Company, at his 
offices Also present were other representatives of 
the Metropolitan Life Insurance Company, the Now 
York State Health Department, and tho State 
Charities Aid Association 
A program was discussed, aiming toward increas- 
ing tho number being immunized against diphtheria 
and in increasing the immunity of those previously 
immunized against diphtheria m Now York State 
Your Secretary petitions the House of Delegates 
to direct the Treasurer of the Medical Society of the 
State of New York to pay Dr J Stanley Kouney 
SI53 23 for Ins expenses incurred as delegato to the 
American Medical Association House of Delegates, 
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also $77.27 for his expenses, while attending tbo 
House of Delegates meeting at Buffalo, New York, 
making a total of $230 60 As Dr Kenney’s vou- 
cher was submitted more than ninety days after ho 
had incurred theso expenses the Council and the 
Board of Trustees have not the power to direct pay- 
ment (Chapter X, Section 1, Bylaws of the Medi- 
cal Society of the Stato of hew York.) 

Respectfully submitted, 

W P Andebton, M D , Secretary 

April, 1046 


Section 6 (See 45) 

Supplementary Report of the Council — Part I 
Postgraduate Education 
To the Haute of Delegate* — Gentlemen, 

As Chairman of the Council Committee on Public 
Health and Education, I herewith submit a supple- 
mentary report to Include the activities of the Com 
mlttoo since March 13, 1046 
Postgraduate Education 

In addition to the Instruction mentioned In the re- 
port of the Council Committee on Public Health and 
Education submitted on March 5, 1046. instruction 
has been arranged for and given in the following 
count> medical societies 


County Initrurtlon 

Broom* Oenrral medldn* 

J*ff«r*oo Order*! medidne 

Omrld* Geo or*] medicine 

Bt. Lawrence Gmtrai medicine 

BebeneeUdr Chemotherapy and tha antibl 
otk* 

Benrea General medldne 

Bteuben General medldne 

Tompklnj General medldnr 

Water Tropical dla*a»e« 

Warren Traumatlo mrfery 

Wyoming Can err 


Number of 
Lector** 

1 

2 

1 

1 

l 

1 

1 

1 


8 In co the meeting of the House of Delegate* In 
Buffalo in October 1046, tbo Committee has ar- 
ranged for postgraduate instruction to be presented 
In thirty-one counties with a total of ninety-eight 
lectures. , , 

At the request of tbo Convention Committee, the 
Council Committee on Public Health and Education 
has arranged for a Teaching Day especially for the 
members of the Medical Socictj of the State of New 
York who served tbelr country during World War 
II, to be held at the time of the Annual Meeting on 
Tuesday, April 80, 1046, Hotel Pennsylvania, New 
I ork City This Teaching Day wCU consist of 
eight lectures — four lectures will be given in the 
morning and four lectures will be given In the after- 
noon Subjects were selected which will not con 
flict with the Scientific Section and Session programs, 
to be held Wednesday, Thursday, and Friday 


Section 6 (See 47) 

Supplementary Report of the Council — Part n 
Maternal and Child Welfare 
Child We If art — A nation-wide child health survey 
Is being conducted by the American Academy of 
Pediatrics, the Children’* Bureau of the United 
States Department of labor, and the United States 
Public Health Service. An outline of the plan was 
submitted to the Subcommittee on Child Welfare. 
It was derided to recommend to the Council ap- 
proval of the plan and request the Medical Sodety 
of the State of New Vork to assist in the study 
These suggestions were approved by the Council of 
the Medical Society of the State of New York at the 
meeting on March 14, 1046 Since that time, 


several conferences havo boen held with representa- 
tives of the agencies conducting the survoj and tho 
Medical Society of the State of New 1 ork baa al 
ready given cons! derail I o assistance 

A meeting of tho Subcommittee on Child Welfare 
was held In New lork City on Thursday, April 11, 
1046 to consider a program for 'Tcdlatrio Institutes 
for General Practitioners.” Tho Subcommittee 
approved the program as did the Council Com- 
mittee on Public Health and Education. The 
necessary arrangements aro now being made to hold 
these Institutes in various parts of the Stato under 
the joint auspices of the Medical Society of the 
State of New York and the New York State Depart- 
ment of Health. 


Section 7 (.See 53) 

Supplementary Report of the Council — Part IV 
Public Health Activities 

Cancer — At the time of the meeting of the Sub- 
committee on Cancer and the Council Committee on 
Public Health and Education on March 13, 1946, a 
request was made to Dr Loul* C Kress, Chairman 
of the Board of Director* of the New lork State 
Unit of tbo American Cancer Society, to lubmlt a 
plan of reorganization and operation to bo developed 
In New York State This has been received and 
will be considered at a meeting of the Subcommittee 
on Cancer and the Council Committee on Public 
Health and Education to be held in New York City 
on Sunday, April 28, 1946. 

JrH Clubs and 1 oath Health Activities — Dr J G 
Fred Hisa Chairman, Subcommittee on 4-H Clubs 
and Youth Health Activities, reports his corre- 
spondence with Mr B R. Rickards, Director, Divi- 
sion of Public Health Education, New York State 
Department of Health and with Mr Albert Hoefer, 
State 4-H Club Leader Dr Hiss has been active 
for several years to change the plan for judging the 
health of boys and girls In 4-H Clubs. The sugges- 
tions made by Dr Hiss were accepted by the Now 
York State group of 4-H Clube and, recently at a 
meeting of the leaders at the National 4-H Club 
Congress, the following action was taken as reported 
by Mr Hoefer 

"At that time I did raise the question and you 
and your colleagues will be Interested to know that 
the Subcommittee has recommended disco ntinu 
an co of the health soorings as havo been oonducted 
In the past and recommended the New York State 
plan For 1940 we are recommending that the 
health scorings be made on the basis of Improve- 
ment bated cm the Standard Report form ana some 
additional Information and that a blue award 
poup be selected based on health improvement 
from the records submitted. Health records will 
be submitted at the same time and all other re- 
cords are due and will be scored by the committee. 
States will be permitted to submit records of one 
boy and one prL” 


Section S (See 7ff) 



of the 


Council — Part V 


A meeting of the Subcommittee on Rehabilitation 
and the Council Committee cm Public Health 
Education was held In New York City on April 9. 
1046 Also present at this meeting were officers of 
the Medical Society of the State of New 1 ork, repre- 
eenta tlves of the New lork State Departments of 
Education and Sorial Welfare and Dr Victor H. 
VogeL Chief Medical Officer for the Federal Office of 
Vocational Rehabilitation. Because of Illness, tho 
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New York State Department of Health was not 
rcprESGntcd 

The usual discussions regarding the fee schedules 
took place Comment was made by Dr Vogel and 
others that there should be additional activities 
earned on under the Office of Vocational Rehabilita- 
tion of the New York State Education Department 
Provision for physical examination of all applicants 
for rehabilitation is required It was agreed that a 
fee for this examination would be submitted and 
that a physician devoting his time to internal 
medicine would be reconimonded to the Council for 
appointment to the Subcommittee on Rehabilita- 
te was also agreed that a fee schedule should be 
submitted for psychiatric patients who are now 
applying for caro under the Rehabilitation program 
This report was made to the Council at its meeting 
on April 11, 1946 

Dr Albert F R. Andresen, Brooklyn, was ap- 
pointed a member of tho Rehabilitation Subcom- 
mittee 

Provision for the psychiatric part of the program 
is being developed. 

Section 9 ( See 56) 

Supplementary Report of the Council — Part IX' 

To the House of Delegates — Gentlemen, 

The Council Committee on Legislation respect- 
fully submits a supplementary report 
The preliminary report was made on March 1 
As the legislative session lasted through March 26, 
tho total number of bills introduced in both houses 
and those m which we were interested could not bo 
reported at that time, also, we could not give you 
the final action on many of the bills in which wo 
were interested There were 2,437 bills introduced 
m the Senate and 2,774 bills introduced in the 
Assembly, a total of 5,211 in both houses Your 
Legislative Committee followed 136 bills m the 
Senate and 166 bills m the Assembly, or 302 bills in 
alL Of these bills, 122 w ere concurrent, leaving 280 
separate bills 

At the time of tho prolunmary report, we could 
give you final action on very few of these bills In 
that report we mentioned that the antivmsection 
bills had been defeated in the committee m the 
Senate, but remained in the Judiciary Committee in 
the Assembly The final action was defeat m com- 
mittee in the Assembly on both antivivisection bills 
We also reported to you that a bill for the licensure 
of chiropractic had been introduced in the Assembly 
on February 27 No bill for the licensure of chiro- 
practic was introduced m the Senate and this bill m 
the Assembly was defeated in committee 
In the earlier report we also called your attention 
to tho very large number of compensation bills that 
had been introduced this year At this time we can 
report to you that a very high percentage of these 
bills were either not reported out of committee or 
were defeated m committee The fate of those that 
were passed by both houses has not been good in the 
hands of the Governor In other words there 
seems to have been a general attitude throughout the 
Legislature this year, not to make any marked 
changes in the Compensation Law this year The 
Society was interested m sponsoring at least one-half 
dozen bills pertaining to workmen’s compensation 
and these bills suffered the same fate as the great 
majority of the other workmen’s compensation bills 
Senate Int 612— Condon which amended the 
u orkmen s Compensation Law and, among other 
changes, struck out provision for committee of ex- 


pert consultants, passed both houses but was vetoed 
by the Governor We were on record as not being 
in favor of this bill and were pleased w ith the action 
of the Governor 

A bill was introduced on Thursday, March 14, 
Assembly Int 2739 — Rules Committee, to authorize 
the State Tax Department to receive Federal 
moneys for construction of public and other non- 
profit hospitals, including health centers, postwar 
public works planning commission or other agency 
designated by Governor shall be sole agency for 
administration if Federal law requires that State 
agency be designated This bill provides for the 
State to administer Federal funds under the Hill- 
Burton, or a similar bill, if such Federal legislation is 
passed. Your Legislative Committee went on 
record as being in favor of this bill, which was passed 
by both houses, signed by the Governor and becomes 
Chapter 666 of the Laws of 1946 

The Legislative Committee, on the advice received 
from the Advisory Committee on Ophthalmology, 
w ent on record ns being opposed to the bill, Senate 
Int 1 563 — Wicks, which provided for the practice of 
ophthalmic dispensing The opposition was based 
on the provision in this bill permitting the fitting of 
contact lens by optometrists The disapproval of 
that provision m the bill was made known to the 
co mmi ttees in the Legislature and on March 15 the 
bill was amended, removing that provision Your 
Legislative Committee, after further consultation 
with tho Advisory Committee on Ophthalmology, 
went on record with tho committees of both houses 
that they were then in favor of the bill ns amended 
on March 15 Tho amended bill passed both 
houses and was signed by the Governor and now is 
known as Chapter 697 of the Laws of 1946 

Your Legislative Committee went on record as 
being opposed to tho bill Senate Int 1695 — Condon, 
w'hicb changed tho definition of the practice of 
podiatry It was thought that tho new definition 
did not contain the limitations to the practice of 
podiatry that arc now' m the present definition and 
the removal of these limitations w ould bo a danger 
to the public Responses from many members of 
the State Society and members of the Legislative 
Committees of tho County Societies in registering 
their opposition to this bill apparently were cffectn e, 
as the bill which had passed both houses was vetoed 
by the Governor 

The bill, Senate Int 1319 — Griffith, which amends 
the present law governing the selling and prescribing 
of barbiturates and other hypnotic and somnifacient 
drugs, was passed by both houses and signed by the 
Governor and becomes Chapter 597 of the Laws of 
1946 The Society was on record as being in favor 
of this bilL 


At the time of writing this report, thero arc still a 
few bills remaining in the hands of tho Governor on 
which he has not acted. Among theso bills is 
Assembly Int 802 — Ryan, w lucli amends the pres- 
ent Narcotic Law m regard to manufacture and 
sale of narcotic drugs, preparations, and defines 
exempt narcotic preparations It is understood 
that this bill has an excellent chance of being signed 
by the Governor but at the time of writing this re- 
port, this action has not been taken and we cannot 
give you the final action by the Governor or the 
chapter number There is, also, the bill, Senate Int 
luol Griffith, which transfers from the Education 
Department to the Health Department jurisdiction 
of the care and treatment of physically handicapped 
children A gain , this bill hnq xiot been signed by tho 
Governor at the present date and we cannot gn° 
you the final action. 
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Tho bill. Assembly Int 2274— Maillor which is 
known as tho “tuberculosis bill,'' provide* for caro 
and treatment by state, count} or dty r of persons 
suffering from tuberculosis without coat unless tho 
person voluntocra to pay, and which provides that 
localities ma\ retain their institutions or transfer 
them to tho State, and, also Hint tlie State will pay 
about 60 per cent of expenses on patlent-daj basis, 
j massed both houses and k In the liands of tlie Gover- 
nor To the present date the Governor has not 
signod this bill, but wo understand that there Is little 
likelihood of Its being vetoed We regret at tills 
time that we cannot give >ou tho final action or 
chapter number 

To sum up the report of tlie Council Committee on 
Legislation for this year it can bo said that vour 
Commlttco baa been very busy following a largo 
number of bills, lias registered its recommendations 
on thooo bills with tho committees in both houses and 
with the Governor Tho results of this legislative 
session would appear to bo highly satisfactory It is 
retcrettod that some of tho workmen's compensation 
bills in which we were interested were not acted on 
favorably but it is realised that their fate was no 
different than the great major! ty of tlie workmen’s 
compensation bills that wore Introduced this year 
The action taken by members of the Legislature in 
both Iiousos and by the Governor haa been to a veo 
largo extent along tlio lines which your Legislative 
Committee has fieri red 

Respectfully submitted, 

Habrt Aranow, MJ) . Chairman, 
Council Committee on Legislation 


.Median 10 (Sea 69) 

Addition*! Annu*l Report— Report of the Finance 
Committee 


To the House of Delegate* — Gentlemen, 

Tho House of Delegates at Its last session adopted 
tho following resolutions 

‘Raoleed, that tho LIouso of Delegates of the 
Medical Society of tho State of New York requests 
the Board of Trustees to establish a fond for the 
advanced education of the children of our col- 
leagues who bavo died In the service of our coun- 
try. and be it further 

Retolced , that said fund may be raised by a 
small increase In dues or annual lory over a 
period of years for example, one dollar per year 
ior tec years, in order that each member may 
have a part in tho memorial." 

The Council referred this to the Finance Com 
mitteo for study 

Tho Finance Committee found itself unable to 
make any concrete recommendations without know- 
Ingmore about tho scopo of the problem 
The Committee sent a questionnaire to each 
county society requesting Information as to tho 
number of doctors who had died In service and the 
names, ages and sox of any children. So far, replies 
have been received from 64 of tho 01 county 
BotdeUea, 

From tho counties reported, there are a total of 54 
children who would bo effectod by tho resolution 
Twenty nine are boys, and 26 are girls. Their age 
groups are as follows 


Are 

O-fi run 

e-io 

11-1S 
10-30 
Ov»f 31 


Nurabw 

10 


Boy» 

13 

10 

3 

8 


OM# 

0 

0 

0 

8 


Total 


M 40 25 


Of tho seven counties not reportfmr on!> ono will 
materially affect those figures. That county I* 
New York, and it may be expected that as a rough 
estimato wo may have 20 children and possibly more 
from that county to provide for No definite 
estimate, of course, can Ire given until all counties 
have reported. 

It will be seen from tho above listings tliat there 
will be only a lev, children who are In tlie advanced 
education stage and, therefore tlie peak load will 
not come for sovoral year*. 

Before tlie Committee can proceed any further, 
even after all questionnaires have been returned, it 
will bo neocssary for tho Houso to clarify the resolu- 
tion. 

First, what Is meant by “advanced education"? 
Does It mean college, professional school, or both? 
Tlie Finance Committee recommends that the plan 
bo restricted to coll ego oducotion for all and, in addi- 
tion, professional education only for thoee who wish 
to study medieino The House should also placo a 
limit on tho number of years of education to bo 
provided. 

Second, should financial need bo a determining 
factor? The Finance Committee recommends tha t 
thiB education bo provided only for those who other- 
wise would not bo able to obtain it. 

Third, how extensive provision for financial help 
dooe tho Houso wish to inalm? Should there bo a 
straight scholarship of a fixod sum. or should the 
amount cover tuition and other obligatory fees, or 
should it cover the lattor plus a fbred allowance for 
board and room? 

Fourth, the final paragraph of tho Resolution docs 
not confer tho authority on either the Council or 
Trustees to raise the annual dues as Its content is too 
indefinite. 

With reference to this the Finance Committee 
recommends that voluntary contributions be asked 
for, during the next five years. Each county 
society may bo requested to add a plea on their 
annual bills for voluntary contributions to the War 
Memorial. It Is believed that sufficient money can 
bo raised this way without any increase in dues or 
compulsory assessment. If not. the balance should 
ooroe from the general funds of the Society 

The Committeo also recommends th^t the plan bo 
II ml tod to eons and daughters of deceased veterans 
and not to include grandchildren. 

Finally, the Committeo recommends that author- 
ity bo conferred by tho House on the Council to de- 
termine tho method of administration of the Pro- 
gram and to make appropriate recommendations 
regarding the fin a n c i a l aspects to the Board of 
Trustees. 

Respectfully submitted, 

Louis H. Bauer, MJ) , Chairman 
J STAKUST KlKWEY, MJ) 

F Leslie Sullivan MD 


Section 11 (St* 71) ’ 

Additional Annual Report — Report of the Planning 
Committee for Medical Policies — 1946 

Table of Contents 

Organisation 
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Group Medical Practice 
Compulsory Slckneas Insurance 
Public Relations and Medical Publicity 
Industrial Medieino 
Miscellaneous Topics 
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Appendices 

A New York State Plan for Survey of Hospital 
Facilities and Program for Regional Hospital 
Planning for Postwar Hospital Construction 
B Principles for Group Practice Approved by 
the Coordinating Council of the I‘ ive County 
Medical Societies of Greater New York, 
November 1, 1945 

C National Health Program of the American 
Medical Association, adopted February 23, 
1946, by the Board of Trustees of the 
American Medical Association 
To the Home of Delegates— Gentlemen, 

Organization — The Planning Committee for Medi- 
cal Policies was continued by the House of Delegates 
at its Annual Meeting m 1945, and its organization 
was on the same basis as in the previous two years 
Its personnel therefore was as follows 
J Stanley Kenney, M D , Chairman , New York 
Edward R Cumuffe, M D , Bronx 
William Hale, M D .Utica 
W P Anderton, M D New York 
A. A Gartner, M D , Buffalo 
Louis H. Bauer, M D , Hempstead 
Peter J Di Natale, M D , Batavia 
Norman S Moore, MD, Ithaca 
Walter 8 Mott, M D , White Plains 
0 W H Mitchell, M D , Syracuse 
Leo F Simpson, M.D , Rochester 
The period covered by this report is from October 
8, 1945, to Apnl 10, 1946 This represents a period 
of six months since the rendering of your Com- 
mittee’s last annual report, which was a very com- 
prehensive survey and covered a wide range of topics 
For this short year it seemed wise and consistent 
with the trends for your Committee to confine its 
studies to what it considered the more important 
problems requiring clarification It elected, there- 
fore, to concentrate its efforts on two major pro- 
grams — Diagnostic Aids and Health Centers, and 
Group Medical Practice In addition, it has studied 
the National Health Program and again reviewed 
the current Wagner-Murray-Dingell Bills, and has 
commented briefly on a few of the other subjects 
which were carefully considered in its 1945 report 
Interim Report — We are rendering this as an interim 
report Both of the above-mentioned subjects 
represent continuing programs and our study of 
them, therefore, is necessarily incomplete Because 
of the inherent complexity of these two problems we 
found ourselves confronted with obstacles which pre- 
cluded any hasty or ill-considered recommendations, 
and much more time for their solution will be re- 
quired 

Diagnostic Aids and Health Centers — The Council 
of the Medical Society of the State of New York on 
November 8, 1945, voted that the following recom- 
mendation be referred back to the Planning Com- 
mittee with the request for more detailed informa- 
tion as soon as possible 


Centers for Diagnostic Aids 
The Planning Committee recommends as & 
experiment that a Center for Diagnostic Aids 
physicians practicing m the rural districts be e 
up m a seleoted location m either or both of tl 
lollowinc designated areas 

Tioga r ^' ! C0U1 Wie8 ef Schuyler, Chenango, ai 

(2) The north and northeastern part of Del 
ware Oountv, the southwestern part of Otsei 

County and 1136 southeastern Pa 1- * of Schohai 


This specific recommendation from the Council 
has formed the basis for this study 

For purposes of clarification it would seem advis- 
able to restate what is meant by "centers for diag- 
nostic aids ” The Hill-Burton Bill defines a public 
health center as a “publicly owned facility for the 
provision of public health services and medical care, 
including related facilities such as laboratories, 
clinics, and administrative offices operated In con- 
nection with public health centers ” 

That portion of the Planning Committee report 
of 1945 which related to diagnostic centers reads as 
follows “The term ‘laboratory facilities' means in 
addition to routine chemical, bactenologic, and 
serologic examinations and other pathologic work, 
the related clinical tests such as x-ray examinations 
electrocardiograms, basal metabolism tests, and 
similar clinical procedures Blood transfusions also 
should be made available, but this facility is being 
provided by a particular setup now developed as the 
result of legislative action at the 1945 annual session 

"The primary purpose of these centers is not to 
furnish a diagnosis, but rather to make available to 
the physician in attendance the results of all such 
tests, thereby enabling him to make his own diagno- 
sis No treatment is to be provided No member 
of the staff of such a center is to bo permitted to 
engage m the private practice of medicine ” 

A subcommittee of this Planning Committee, con- 
sisting of Dr O W H Mitchell and your chairman, 
together with Dr Leslie Sullivan and' Dr Robert 
Hannon, held a meeting m Albany which was at- 
tended by Dr Godfrey, State Commissioner of 
Health, Dr Rogers, Deputy Health Commissioner, 
Mr Harry Page, representing Mr Lonsdale, Com- 
missioner of Public Welfare, Dr Berkel of the Wel- 
fare Department, and Dr Bourke representing 
Assemblyman Lee B Mailler, Chairman of the 
Health Preparedness Commission, who was unable 
to attend himself, because of the necessity of being 
present at the legislative sessions Dr Bourke is 
the director of the study for the Joint Hospital 
Board of the New York State Postwar Public Works 
Planning Commission 

Dr Bourke gavo us a general survey of the plan- 
mug the State is undertaking through thiB Joint 
Hospital Board and he furnished us with a copy \o( 
their preliminary report dated February 15, 1946, 
and known as “New York State Plan for Survey of 
Hospital Facilities and Program for Regional Hos- 
pital Planning for Postwar Hospital Construction” 
(See Appendix A) 

These gentlemen evinced great interest in the 
survey made m 1945 by the subcommittee on 
Laboratory Services and Medical Care of which Dr 
F Leslie Sullivan was chairman We reminded 
them that the State Society is deeply interested and 
concerned with methods to provide quality medical 
care in rural and outlying districts and in order to 
attract doctors to practice in these areas and to 
furnish them with the facilities to do so The diag- 
nostic aid center would he a means to this ond 
How to finance and administer such centers and in- 
sure efficient control of them by the doctors remains 
the crux of the problem 

They discussed in a general way the program of 
state aid for public health work, but believe that 
such plan or plans as may bo evolved should be in- 
tegrated with the program for regional hospital 
planning and postwar hospital construction which 
New York State contemplates They anticipate 
having the local community, with state aid where 
necessary, maintain its own hospital facilities as far 
as possible, but again they retained the basic con- 
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copilon of having there facilities tlo up with the re- 
gional general hospital and medical center They 
felt, Ihereforo that tho diapostic ollnto or public 
health center — or n hato\ cr deBignntion it ultimately 
will be given — should bo an intrinsic part of tho 
basic plan Either such a center could bo incorpo- 
rated in on existing hospital or, a here now ones are 
built provision could bo mado for such centers in 
these hoTpitaU. Dr Ikiurko appeared sympathetic 
to tl>e Stnto Society's idea of a k>cal experiment of 
Setting up a diagnostic center in such a section as tho 
Delan arc-Scholiario area. 

Much confusion still exists as to what a health 
center should be. Tho broader concept of It assumes 
such a facility to bo prepared to bouse and furnish all 
technic** This would inofudo specialist and con- 
sultant service* Dr Godfrey could not vieualixo 
there health centers without adeemato provision for 
consultation service which would, of courec, mean 
services of specialist*. Tho^ stressed, also tho 
possible political and legal difficulties which would 
nave to bo ovorcome, and believed that peat pains 
would have to l>e exercised to secure the lull consent 
and cooperation of all local boards and local officials 
In tho interested areas. 

Your sub commit too brought out emphatically 
that whatever plans are being considered for any 
locality wo must know, first, what tbo professional 
groups think about It, second, what tho local senti- 
ment is toward such n "center", third, specific de- 
tails of any facilities contemplated or needed, 
fourth, how to finance these schemes, fifth, that such 
centers at all times bnvo competent professional 
guidance. 

It was tho consensus of everyone that more 
exploratory work would bo necessary Further- 
more, it was not clear to thoso officials how tho 
State could assist Tbo discussion also brought out 
tho fact that there were many other difficulties to bo 
met, especially in the municipalities which operato 
under their own laws. 

Tho ocganliation of district councils to work with 
local agendo* to cope more promptly with important 
or urgent matters which might arise was suggest od 
Such councils, it was felt might serve a purpose simi 
lar to that of the Coordinating Council of the Five 
County Medical Socioties of Greater Now York, and 
thus protect medicine’s rights and interests These 
councils would dear through some kind of central 
planning committee which, again, could be inte- 
grated into the general regional planning program. 

Much, if not all, of the State planning appears to 
depend on tho enactment into law by Congress of the 
Iiul-Burton Bill S-191 At the time of tbe writing 
of this report (April, 1040) the status of this legisla- 
tion is most dubious. While it has already passed 
the Senate, and though tho Houso Committee has 
bdd hearing* upon it,lts passage by the House Is by 
no means certain. 

There was no provision in the bill which passed 
tho Senate for financing the operation or mainte- 
nance of tho hospital Assuming that this bill fail* of 
enactment, It would seem probable that the State 
pknnfng would have to be revised, and necessarily 
would fall back on Stato aid programs adopted many 
years ago of appropriating monies for the develop- 
ment ofdioepitals and related fadbties. Such appro- 
priations would have to be granted by tho State 
Legislature 

Wo expressed the hope that the Medical Society of 
the State of New 'k ork might be able to implement a 
diagnostic center as an experiment in •one of the 
areas needing such diagnostic aid, with the State 
aadsting, perhaps, in a financial way It was *ug- 


gested that this might l>o done under tho provision* 
of on old existing law 

Tho comprehensive report of tho Committee on 
Rural Medical Service of the American Medical 
Awociation has been reprinted In fuU and appears in 
the minutes of the December 12 10415, meeting of 
the Planning Committee It Is too long to incor- 
porate In this report It presents a detailed sunrej 
of the medical and health problorm involved in tho 
rural areas throughout the \ariou* state* It dis- 
cusses problems which aro eomparablo to thore ex 
Istinc In many of our ujwtato rural romraunitie* and 
should be of considerable assistance in guiding our 
thinking and planning. 

Regional conferences under tho auspices of tho 
Joint Hospital Board of tho New lork State Post- 
war Public Works Planning Commission liavo a) 
ready started. Tho first one has been lield recently 
in tho Albany area and tho second one for tiw New 
lork area Is scheduled at an early date To these 
mectinp have been invited representatives of tbo 
Now York State Hospital Ansodation and its local 
councils, trustoos ana superintendents of hospitals 
in tho region representatives of tho medical and 
nursing professions, tho deans of tho modi cal school* 
and representatives of public health and social wei 
fare, agriculture, labor, and industry A 22-pogo 
inventory is being drculatod among hospitals In the 
area which is to be filled out and returned ns early as 
p<rwiblo After oil these reports liavc been re- 
ceived, they vill then start their planning. They 
ask particularly at this time that no region start 
either to expand its hospitals or build now hospitals 
or anything of that nature While this organization 
and planning is contingent upon the passage of tho 
Hill-Burton Bill, nevertheless, if It tails of enact- 
ment, it is probablo that bills will be introduced into 
the next legislature to implement tboir program on 
Stato funds If Federal funds are not available 

Tbe foregoing rtfsum^ will serve to Inform y ou, at 
least superficially, of tho difficulties encountered 
where 8tato Sodoty thinking and planning within tbo 
framework of our present medical practice clashes 
with tho ideas and plans of health and related gov 
eminent authorities. Both seek tho same objec- 
tives. How to achieve these objectives and corre- 
late conflicting Ideologies la a dilemma. The Stato 
Society desires competent professional guidance for 
such centers and control retained by the doctors 
The administration and financing of these centers, 
baaed on this principle, with at least partial State aid 
and cooperation, poses oar most vexing problem. 

The State Society la anxious to assist in the work- 
ing ont of plans for the improved medical care con 
tern plated for rural communities. The whole sub- 
ject of centers for diagnostic aid will ontail confer 
ences with local professional and lay agencies in the 
communities concerned and further oontacts with 
state officials and it may have to await the outcome 
of both the State'* survey of hospital facilities and of 
the pending legislation. Your Committee propone* 
to hold «uch conference*, particularly with repre- 
sentatives from the area* recommended for cxperl 
ment in tho Sullivan Committee report. We cannot 
move in the development of any plan with precise- 
ness or rareness until all these facts have boon aacer 
tained. 

It was the sense of the Committee after considered 
deliberation to make no recommendations on this 
subject at this time, rather to bring before tho 
House for their Information theao points brought out 
in oar discussions, what the difficulties have been 
and why the directive to establish ono or two experi- 
mental centers has not been put into effect. 
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Group Medical Practice — Your Planning Commit- 
tee in its annual report m October, 1945, made 

f eneral reference to the problem of group practice 
ince that time, interest in this phase of medical 
practice continues to mount This method of 
practice forms an integral part of at least one con- 
templated medical prepayment insurance plan in 
metropolitan New York. It intrigues other medical 
groups, including our large medical schools and 
teaching centers Young physicians are now coming 
out of the military services m increasing numbers, 
and some are finding it difficult to enter private prac- 
tice for the first time and others to renew their 
former practices Many of these men are pro- 
foundly interested in group practice 
A special subcommittee of the Planning Com- 
mittee under the chairmanship of Dr Di Natale, has 
given considerable study to tne over-all problem of 
group practice There has been marked advance m 
the character of the practice of medicine in the past 
twenty-five years, and what originally started as a 
trend toward cooperative effort in rendering medical 
care has now become a maior feature and probably 
will become increasingly so within the next few years 
The urfpetus given public opinion along this line by 
developments coming out of the war effort has made 
it imperative for the medical profession to develop 
new methods of distributing medical care 
Experience in the past where group practice has 
succeeded has shown that in any group one member 
has been m absolute control and has demonstrated 
the ability to assemble a competent group around 
him which has submitted to lus authority Further- 
more, such groups have maintained the highest 
standards of medical ethics The principle must be 
definitely accepted, namely, that the ethics of a 
group must be tho same as the ethics of an individual 
in the practice of medicine That is one thing that 
must be insisted upon, because the relationship of a 
group to other practitioners is very important 
The advocates of group practice point out that it 
furnishes the answer to many of tho personal prob- 
lems of everyday working conditions, time for rest 
and relaxation, vacations, periods of study and in- 
vestigation, and time for postgraduate work, social 
and financial safeguards, it prevents duplication of 
overhead and provides tho public with more ade- 
quate medical care by having a doctor available at all 
times and having readily available consultation 
services 


It is true that a patient very frequently will get 
more laboratory procedures and more consultations 
than may be needed Fifteen per cent would seem 
to be an ample estimate of those patients seen daily 
who require the broader and more specialized labora- 
tory and diagnostic procedures Medicine prac- 
ticed in many groups is inferior to medicine prac- 
ticed by many men outside of groups Many 
poups have broken up because of the petty jealous- 
ies created where perhaps one man brought In more 
income than another member of the group A 
physician must be built for group practice There 
Ina y a tendency to exploit younger physicians 
and some feel that there is loss of Individuality when 
one is part of a group 

Group practice must be a partnership in the sense 
that everyone who joins the effort must be willing to 
subordinate his own personal desires to the work of 
tho group as a whole 

P ^ tjlC0 .^ ends to make for impersonal 
h This is the very thing that the limiorican 
people have been sensitized against We stress the 
4 re ,ktoraship C one person in the 
group, usually the internist, must be designated to 


be the one responsible for the assembling of all data 
and transmitting these findings to the patient In 
other words, the patient must have his own doctor 
in the group 

There are many questions that involve the com- 
bination of independent group practice and group 
payment Recognition within tho group must be 
given to such matters as adequate income for each 
member and reasonable stable tenure as a member of 
the group The method of compensation must be 
carefully worked out These represent only a few 
of the administrative problems that must be met. 

The Coordinating Council of the Five Count} 
Medical Societies of Greater New York recently has 
set up a set of principles for group practice These 
prmcmlea are incorporated m this report as Appendix 
B They constitute a reasonably sound framework 
which should guide the organization of any group 
The P lannin g Committee approves these aforemen- 
tioned principles Organized medicine is frequently 
criticized as opposing group practice We should 
like to correct that impression Medicine does ap- 
prove group practice, but insists it should be con- 
ducted on a highly ethical plane olid should conform 
to such basic principles as those enumerated in 
Appendix B 

The Committee feels, also, that the formation oi 
any group is entirely a local problem and should 
adapt itself to the situation in each community 
We cannot recommend at tins time any particular 
type of group practice 

Comvulsory Sickness Insurance— On November 19, 
1945, tne country was aroused by the presentation to 
Congress by the President of the most comprehen- 
sive and revolutionary proposals for a national health 
program ever placed before this body On April 2 
last, Senator Taft, at the opening of the bearings on 
the current Wagner-Murray-Dmgell Bill, S-1600, 
introduced on the samo day as tho President’s pro- 
gram was announced, called this measure "the most 
socialistic legislation ever introduced to the Con- 
gress." 

Collectivism raiBes its ugly head more ominously 
than ever To our mind, trends toward national 
socialism appear to be more evident daily Let us 
remind ourselves that this movement for the place- 
ment of American medicine under the control of the 
Federal government through a system of Federal 
compulsory' sickness insurance is an ontermg wedge 
toward regimentation of banks, insurance com- 
panies, utilities, transportation, industry, and, per- 
haps, even labor itself 

Provisions 1, 2, 3, and 6 of tho President’s pro- 
gram, with certain constructive amendments, organ- 
ized medicipe will support It is Section 4 on this 
program to be implemented by the current Wagner- 
Murrsy-Dingell Bill to whicn we are unalterably 
opposed. Title 2 of the National Health Act of 
1945 f carrying the caption “Repaid Personal Health 
Service Benefits," is not materially dissimilar, except 
for provisions for financing the program, from the 
comparable sections contained in S-1050 The new 
bill imposes no taxes Phe program it contemplates 
will be financed, at least as far as the present provi- 
sions of the bill are concerned, by appropriations 
from the general fund 

Nothing has occurred since the previous report of 
this committee to alter our stand on compulsory 
sickness insurance 

The President in his Health Message and the new 
Wagner-Murray-Dmgell Bill have both called for 
compulsory sickness insurance, and both the Presi- 
dent and authors of this bill insist that the progrant 
is not socialized medicine 
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C&rcful examination of tho proposal however, 
Indicates that It la ]uat that. Tho program calla 
eventually for compulsory Insurance to cover prac- 
tically tho wbolo population. It provides for lay 
administration of medicine, in that in the last 
analysis the Federal Security Administrator and the 
Social Security Board are thd remilating agents. 
Once again, the Surgeon General of the United State* 
PublicIIealtU Scrvico la designated as the Adminis- 
trator of the program, but lie is subject to tho above 
agencies, Tne so-called Advisory Board is ap- 
pointed by him and It 1ms no authority 

The free choice of physician provided in the pro- 
gram is no free choice at all It offers freo choice 
only if tho physicians take part in the scheme. It is 
free choice if ho takes part, onh If his panel is not 
filled. If tho majority of the physicians in on area 
cloct to bo paid on a capitation basis, It can be oper 
ated only by assigning peoplo In a certain district to 
a certain physician. Here, again, there can be no 
free choice 

The statement that the physicians will decide how 
they will bo paid U again an Inaccurate statement. 
Tho majoritt of the physicians m%y decide. The 
minority, no matter how largo that minority must 
abide by tho will of tho majority 
Tlie patient has no voice whatever in the selection 
of a specialist. Whether or ho may have one is 
decided by a government agency 
Regulations governing patients, hospitals, and 
physicians aro promulgated by the Administrator — 
again a caso of rulo by' administrative law 
A tremendous bureaucracy will be set up with its 
consequent red tape and inefficiency, Thero Is no 
nremfunl on good medical care, only' on quantity 
Medical care will deteriorate The Government 
collects money, pays It out, and prescribes tho regu- 
lations under whioh physicians patients, and hos- 
pitals operate Whether It should be termod 
’'socialised medicine ’ or 'political medicine ' is un- 
important. It is regimentation. 

The costs of tho program are cleverly avoidod in 
tho latest version of the Wagner-Murray -DlngolJ 
BUL Tho President suggested a four per cent pay 
roll tax up to S3 600 The previous Wagnor-Mur 
ray-Dingell Bill called for an 8 per cent payroll tar, 
4 per cent from the employer ana 4 per cent from tho 
employee and a 0 per cent tax from the self-em- 
ployed up to S3, 600 Income Of this, 3 per cent of 
the 8 per cent was to be devoted to medical care 
Under either suggestion it calls for expenditures of 
billions of dollars with no guarantee of efficient dis- 
bursement for good medical earo 
Tbe Committee disapproves any form of com pul 
sory sickness insurance. Tbe needs of the country 
can be met by an improvement in the economic 
status of certain groups, by extending public health 
and preventive medicine facilities, oy increasing 
maternal and child hoalth where needed, by in- 
creasing hospital and diagnostic facilities as needed, 
by the uao of Foderal funds to provide or extend 
these facilities where the state or local community 
cannot afford to provide them, tbe local communities 
to I lave supervision over the agencies created and 
finally by extending the prepayment of both hos- 
iltal and medical care ooats on a voluntary insurance 


Tbe American Medical Association in 1&45 adop- 
ted a 14-polnt program for Improving the medical 
care situation In the United States, In 1046 It ex 
tendod and clarified that program by the adoption of 
a ten point Health Program. (See Appendix C ) 
Your Planning Committee again reaffirms tho 
Society’s previous stand against compulsory’ sickness 


insurance in general, and disapproval of tho current 
Wagner-Murray-Dingdl BUI, B-1600 We recom- 
mend the endorsement of this ten point program of 
the American Medical Association by tho House of 
Delegatee. 

Public Relations and Medical Publicity — Apropos 
of the above statement on tho Wagner-Murray - 
Dingcll Bill, It scorns most timely to the Committee 
that tho distribution of a brochure or some other 
tvpe of leaflet for public consumption, presenting 
clearly our polpts of view and the stand of the 
Medical Society of the State of Now 1 orh, should bo 
accomplished as promptly as possible. Wo con- 
tinually tell the doctors all this but tho public has 
had only one aide of this most controversial subject. 
Wo should like, for tho Information of the Reference 
Committee and tho House, briefly to summarize 
some of tho discussion that tho Committee has held 
regarding suitable publicity for those important 
matters. 

Mr Dwight Anderson, our Public Relations 
Officer, attended the last meeting of the Planning 
Committee and he was In thorough accord with the 
idea and spoke frankly and tersely In favor ofit. To 
quote him “I thought this statement on tho Wag- 
ner Murray-Dinged Bill was a perfect brief Indict- 
ment of this measure whioh could be understood by 
anybody " He then expanded his Ideas in some de- 
tail and suggested mothods for implementing this 
project. 

Tho Committee was privileged to have present at 
its April meeting Dr Joseph Lawrence, our former 
Executive Officer and now In charge of the Washing 
ton office of tho Council on Medical Service and 
Public Relations of the American Medical Aasocia 
tiom no contributed & number of practical sugges- 
tions which tended to clarify our thinking, and gavo 
us the benefit of Rome of his experiences at the na- 
tional levdh 

He expressed the opinion that "the sentiment Is 
pretty general o\ or the United States that people do 
not want things thrust upon them and especially not 
when they arc thrust on them because It Is said they 
could not themselves provide them. They would 
much rather try to provide for themselvea. Wo 
particularly hear that is so through the Farm 
Bureau groups and other groups of that kind from 
the grass roots. They would rather have what they 
can provido for themselves than to take these grand 
conditions or thing* that aro going to be thrust upon 
them.” This was also tbe principle that actuated 
the Kellogg Foundation in their collaboration in the 
rural hospital programs so successfully accomplished 
in Michigan and to which we referred at some length 
In the lu-45 report. Their experience taught them 
that local professional and lay people concerned with 
social conditions had definite Ideas as to what their 
problems were and what they wanted to do about 
them Thoy were more or lew alive to their re- 
sponsibilities and were equally cognizant of their de- 
ficiencies in training to meet their community 
obligations. They began, therefore, with the prob- 
lems whioh the people recognltcd, rather than with 
those that someone else thought they ought to see. 
This meant education, and thero was elaborated a 
definite method by which these people could study 
their problems exchange experience, talk with 
others who had solved similar problems successfully 
and find their own answers through cooperative 
community action. Local opposition to arbitrary 
placement of h capitals or other facilities which run 
oounler to their own Ideas and plana will be stubborn. 

Tbe striking succor* of the State Society’s anti- 
vivisection campaign proved beyond question the 
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effectiveness of a well-organized and well-conceived 
public relations job Your Planning Committee 
has in mind some sort of similar program on matters 
of general health, the practice of medicine, and more 
particularly at this time, on the IVagner-Murray- 
Dingell Bill More and more questions are being 
brought to Congressmen and state legislators by 
their constituents, many of them of varied scope, 
and while often thev represent generalizations they 
are based on specific instances in their own com- 
munities 

Medical publicity is an essential part of public 
relations We need at the present time some nay 
of conveying our programs to the people who would 
be friendly to us These things must be done m a 
popular way , that is, written up in a popular form 
so that the people are ready to read them It may 
seem to some of you that this is not dignified nor 
seemly, but we have now reached the point where u e 
have to rely on public support Government 
bureaus are sending out pamphlets all the time, 
stressing their own points of view, never ours For 
example, note tbe booklets from tbe Department of 
Agriculture, from the Children’s Bureau, from the 
Public Health Service, etc, yyhich may be had just 
by writing in for them We ought to have some 
oursehes to counteract the pernicious propaganda 
they are spreading We should make more use of 
our statistics, intetpretmg them in our language 

We are in favor of an adult education program for 
all of the people in the community who hay c any - 
thing to do yvith health, education, recreation, or 
welfare 

We are ay\are that to make available to the laity' 
material m a form winch they will understand ynll, of 
course, create additional expense for tbe Public 
Relations Bureau. The bureau cannot do these 
things without additional funds, yet it is highly' im- 
portant that something of this sort be done Such 
education of the public as yvill bring to them the 
truth about many of these matters and yvill clearly 
shoyv y\hat y\e are try mg to do m the public interest 
should be heartily' endorsed and encouraged 

We recommend to the House of Delegates that 
they make available for distribution to the laity 
educational or other suitable material on pertinent 
medical problems, and, specifically , the Society’s 
position on the Wagner-Murray-Dingell Bills, 
and that the House instruct the Public Relations 
Bureau to prepare such material for the education 
of the public and we further recommend that the 
House invite the attention of the Council and the 
Board of Trustees to this proposal, reminding them 
that the Public Relations Bureau cannot do this 
without the appropriation of additional funds, to 
the end that this program can be implemented v> ith 
the least possible delay 

Industrial Medicine — Your Planning Committee 
is cognizant of the increasing importance of In- 
dustrial Medicine and its relation to the practice of 
medicine We feel that organized medicine should 
be y erj active in this field. The individual medical 
practitioner should be reminded that he is poten- 
tially an industrial physician, that he should evince 
more interest in the study of the yyhole health prob- 
lem concerning the different, diseases peculiar to 
industry’ 

We should restate here the tremendous amount 
of work and planning that the American Medical 
Association has done on this subject through its 
Council on Industrial Health We would reiterate 
the following from last year’s report. 

I 1 our Planning Committee again invites 


attention to the Industrial Medicine program of 
the American Medical Association for state and 
county societies 

2 We yy ould recommend to the Postwar Plan- 
ning Committees of the state and county societies 
that they bring to the attention of physicians re- 
turning from the military services the facilities 
offered in the field of industrial medicine 

3 We would respectfully' Buggest to those 
responsible for undergraduate medical education 
that those diseases and afflictions peculiar to in- 
dustry be given adequate recognition m their 
teaching program 

4 We recommend that the Council give this 
program its serious attention and urge upon the 
various county societies their cooperation in 
carrying out this program 

Miscellaneous Topics — As a result of studies and 
recommendations of the Planning Committee dur- 
ing the past tyy o years, the State Society' has set up 
its Bureau of Medical Care Insurance, yvith Mr 
George P Farrell as its director It also y\as instru- 
mental m causing to be established tlic Sjiecial 
Committee on the Relationship of the Hospitals to 
the Practice of Medicine, of yyhich Dr Carlton 
Wertz is chairman Wo have directed the pobey of 
the Society to a large degree m its pronouncements 
against the compulsory sickness insurance program 
Your Committee has also devoted considerable 
time and study to such subjects as the nursing 
problem, medical education and licensure, physical 
medicine, and the problem of the care of the chroni- 
cally ill 

Nothing has occurred since the last annual report 
of this Committee to add substantially' to our 
knowledge of these topics We would refer those 
interested to the last two annual reports of the 
Committee 

As many of the studies now on the agenda of your 
Planning Committee arc continuing programs, we 
respectfully petition the House that tne life of this 
Committee be extended and that the House author- 
ize the reappointment of this Committee on the 
same basis as previously' provided, and that in addi- 
tion the Committee be authorized to invite members 
of Government or other agencies concerned ynth 
health problems to sit yvith the Committee from time 
to time yyhenever problems pertaining to their de- 
partments arise 

Appendix A 

New York State Plan for Survey of Hospital 
Facilities and Program for Regional Hospital 
Planning for Postwar Hospital Construction 
and 

New York State Postwar Public Works Planning 
Commission Joint Hospital Board 

Robert T Landsdale, Chairman 

[Stale Office Building, Albany, New York) 

February' 15, 1946 

Plan for Survey of Hospital Facilities and Regional 

Planning for Postwar Hospital Construction 

tt In order to meet the requirements of the proposed 
Hdl-Burton Bill, S-191, and to more efficiently plan 
for postyyar hospital construction, the Postwar 
Public Works Planning Co mmiss ion, through its 
Joint Hospital Board, is inaugurating an intensive 
survey of existing facilities and an appraisal of 
needed hospital construction. 
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To secure the assistance and advice available 
through Individuals and groups responsible for the 
construction, operation, and use of hospitals, the 
work is to be approached on a regional basis 

For tho purpose of facilitating the complotlcm of 
the survey and for postwar hospital construction 
planning, the State will bo provisionally divided 
into hospital regions and primary and secondary 
service districts within each region 

Representatives from each of the primary and 
eecondan, hospital service districts will bo chosen at 
regional meetings to which will be invited all hospital 
ndini nts tm tors and others with Interest and re- 
sponsibility for hospital care. With the hospital 
service district representatives as a nuoleus of the 
membership. Regional Hospital Planning Councils 
will be established In each of the regions. 

This joint local and state action should result in an 
ordorl) and intelligent solution to the problem of 
meeting the needs for additional hospital and related 
facilities for the care of tho sick. 

The following Is a nSsumd of the plan ndopted by 
the Joint Hospital Board 

I Purjnse of the Joint Hospital Board qf the New 

I ork Stale Postwar Public II orb* Planning Com- 
mission 

1 To inventory tho existing buspitals of every 

character 

2 To survey tho need for tho construction of 
ho»]»Uals 

3 To develop programs for tho construction of 
such jnibllc and nonprofit hospitals as will afTord 
in conjunction with existing facilities, tho necessary 
physical facilities for furnishing adequate hospital 
clime and similar service to all of tho people. 

II State Organisation 

\ Tho Governor 1ms designated tho New 'kork 
Stato Postwar Public Works Planning Commission 
to act os the solo state agency Tho Joint Hospital 
Board, consisting of tho Commissioners of Health 
Mental Hygiono and Social Welfare, is to assist 
and cooperate, 

2. A State Advisory Council to the Postwar 
Public WoTks Planning Commission Is being ap- 
pointed and will bo under the chairmanship of 
Assemblyman Leo B Maillcr, who has boon desig- 
nated by the Governor as Advisor to the Joint 
Hospital Board 


III Regional Hospital Plan for the Slate 

(A) Purposo 

1 To provide a decent rail red mothod of com 
pletingthe survey of hospitals. 

2. To make available the results of the Survey 
to the local Individuals and groups with responsi 
bill tic* for hospital care 

3. To provide, through Regional Hospital Plan- 
ning Councils, appraisals of existing facilities for 
hospital care 


4 To secure regional recommendations regard- 
ing the need for additional facilities. 

o To assist hospital* in their plana for expan- 
sion by coordinated regional hospital planning and 
to enhance working relationships Dotwocn individual 
hospitals and services. 

6. To take advantage of the position of tho four 
• upstate medical teaching institutions for improv- 
ing facilities for undergraduate and postgraduate 
medical public health, »nd nursing education and 
for tho pro vision of an adequate distribution of 
medical services requiring specialty training 

7 Through tbo work of tho regional Hospital 
Planning Councils to assist the Joint Hospital 


Board and tho New York State Postwar Public 
Works Planning Commission in meeting its re- 
sponsibilities. 

(B) Organization 

1 The provisional division of tho stato (cxclu- 
alvo of New *iork Citv) Into four major hospital 
regions and two smaller regions for the extra 
metropolitan area 

2. Tho provisional division of each region into 
prunarv and secondary hospital service districts. 

3 The Hospital Council of Greater New Ttork, 
with ita Postwar Hospital Planning Committee, 
and with the cooperation of the Greater New York 
Hospital Association, will act as tho clearing house 
for Now York City 

4 Establishment of Regional Hospital Planning 
Councils in each of tho upstate regions Regional 
Hospital Planning Councils should bo composed of 
tlio hospital administrators, acting ns representa- 
tives or tho primary and secondary hospital dis- 
trioiSj representatives of the New York Btato 
Hospital Association and its local hospital councils, 
boards of trustees of hospitals representatives of the 
medical and nursing professions tho medical school 
and reprosenfcatfvrs of public health, public welfare, 
agriculture, labor and industry 

5 Tho appointment of a competent hospital ad- 
ministrator on a full or part-time basis, for a tem- 
porary period, for each of the Regional Planning 
Councils to act os secretary to Regional Planning 
Councils and to assist in completing tho hospital 
inventory gchodulos Stato funds will bo available 
to cover this service and travel expenses. 

0. One local hospital administrator from each 
of the hospital districts will be asked to volunteer 
as the representative of his hospital service district 
and to assist the local hospital* in completing the in- 
ventory schedules. This will mean that no one 
volunteer would be responsible for more than 10 or 
12 institutions. Theeo district representatives will 
rcocive instruction concerning tho interpretation of 
the inventory schedules from tho secretaries />f the 
Regional Hospital Planning Councils and the Joint 
Hospital Board. 

(C) Operation of the Plan 

1 The 22-page Inventory schedule will be sent 
directly to each of the hospitals of more than 25- 
bod capacity 

Hospitals of lees than 25 bods will reccivo a short 
9-page inventory schedule In duplicate 

Two copies of the schedule are to be completed, 
tho hospital will retain one for its own use, the 
second copy will be turned ovor to the representa- 
tive of the hospital semoe district, who will review 
it with the hospital superintendent if necessary 

Tho secretaries to tho Regional Planning Co unci la 
will moot with the hospital service district repre- 
sentative check the schedules for tho several hos- 
pitals within the district, and forward them to tho 
Joint Hospital Board at Albany 

The Hospital Council of Greater New York will 
distribute tho inventory schedule* and complete tho 
contacts with hospitals in New 1 ork City In- 
ventory' schedules for matemit) homes nursing 
homes and related Institution* will be completed 
with the assistance of the several stato departments 
concerned 

2. The completed inventory schedules will bo 
forwarded to Chioago where tho Commission on 
Hospital Care has voluntocred to perform the cod- 
ing. preparation of punch cards, and preliminary 
tabulations. 
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The statistical tabulations and completed in- 
ventory schedules and punch cards will then be re- 
turned for appraisal and planning uses in New 1 ork 

^*3^ Shortly after the inventory schedules have 
been mailed to the hospitals, organizational meetr 
mgs will be held in each of the regions To these 
meetings will be invited representatives of the New 
York State Hospital Association and its local Coun- 
cils, trustees, and superintendents of hospitals in 
the regions, representatives of the medical and 
nursing professions, the Deans of the Medical 
Schools and representatives of public Health and 
social welfare, agriculture, labor, and industry 

At the regional organization meetings, the 
Regional Hospital Planning Councils are to be es- 
tablished, a secretary appointed, and the survey in- 
augurated Each Regional Hospital Planning 
Council should be composed of the hospital service 
district representatives and representatives of tho 
groups enumerated above 

4 Subsequent meetings of tho Regional Plan- 
ning Councils are to be arranged through its chair- 
man, as necessary and by request of the Joint Hos- 
pital Board 

The Joint Hospital Board will make available to 
each of the Regional Hospital Planning Councils 
information secured through the survey and data 
pertaining to the social and economic factors in 
hospital planning 


Appendix B 

Principles for Group Practice Approved by the 
Coordinating Council of the Five-County Medical 
Societies, November 1, 1945 

1 A medical group shall be defined as a number 
of licensed physicians engaged in the practice of 
medicine in a common organization, qualified to pro- 
vide complete medical care as required, whether this 
care be in tho patient’s homo, physician’s office, or m 
the hospital 

2 All features of medical service in any method 
of medical practice shall be under tho control of the 
medical profession 

3 Physicians may work whole or part-time for 
an approved group Where there is only a small de- 
mand for a specrahst’s services, he may serve two or 
more approved groups 

4. Patients may obtain the services of approved 
groups according to one of two methods 

(а) Through an insurance plan approved by 
the county medical society in wluch the 
group operates 

(б) By payment of fees for services In the 
latter case, such fees shall not be lower 
than the established Workmen’s Com- 
pensation Schedule fees 

5 No third party may he permitted to come be- 
tween the patient and his physician in any medical 
relation All responsibility for the character of 
medical service must be borne by the medical pro- 
fession. 

6 A patient shall be free to choose any group or 
individual practitioner of medicine 

7 Any method of rendering medical service must 
retain a permanent, confidential relationship be- 
tween the patient and a family physician, either as 
an individual practitioner of medicine or a member of 
a group 

8 Medical care shall be under medical control 
Hospital services shall be controlled separately 

9 The chief executive officer in charge of ad- 


ministration of the medical policy of an approved 
group shall be a physician 

10 Theorganizationandopcrationof all approved 
medical groups shall emphasize preventive medicine. 

11 Physicians serving in approved groups aro to 
be allowed to assume only responsibilities in the care 
of patients for which they are qualified according to 
standards established by the county medical 
societies 

12 Staff conferences of approved groups sliall 
be held at regulanntei vals 

13 No approved group shall provide for pay- 
ment of commissions or fees to any one for referring 
patients to the group 

14 Chapter II, Section 4, of the Principles of 

Medical Etnics of the American Medical Associa- 
tion, states "Sobcitation of patients by physicians as 
individuals, or collectively m groups by whatsoever 
name these bo called, or by institutions or organiza- 
tions, whether by circulars or advertisements, or bj 
personal communications, is unprofessional It 

is equally unprofessional to procure patients b) 
indirection through solicitors or agents of any land 
or by indirect advertisement, or py furnishing or 
inspiring newspaper or magazine comments con- 
cerning cases in which the physician (or group) has 
been or is concerned ” This principle snail apply 
to any approved group 

16 Income which accrues from the group prac- 
tice of medicine shall, after necessary expenses are 
paid, bo paid to physicians working in tho group and 
not to any other organization or individual 

The following has been suggested as an addition by 
the Queens County Medical Society Groups hav- 
ing members who are not members of count) 
medical societies may secure the approval of the 
county society upon their application for such 
approval. 


Appendix C 

National Health Program of the American 
Medical Association 

(Promulgated February 23, 1940, by the Board of 
Trustees of the American Medical Association) 

Tho following is the restatement, of the 14-pomt 
program of the American Medical Association 
adopted by the Board of Trustees on February' 23, 
1946, which clarifies still further the position of the 
American Medical Association on some of these 
points, and brings into the program more definite!) 
maternal and child welfare, medical research, 
medical care of the veteran, and the part to be 
played by the voluntary health agencies 

1 • The American Medical Association urges a 
minimum standard of nutrition, housing, clothing, 
and recreation as fundamental to good health and 1 m 
an ob;ective to be achieved m any suitable health 
program. The responsibility for attainment of tin 3 
standard should be placed as far ns possible on tho 
individual but the application of community effort, 
compatible with the maintenance of free enterprise, 
should be encouraged with governmental aid where 
needed 

2 The provision of preventive medical service 

through professionally competent health depart" 
ments with sufficient staff and equipment to meet 
community needs is recognized as essential m a 
health program The principle of r^leml a' a 
through provision of funds or personnel 
with the understanding that local areas 
their own agencies as has been estabL — . 

field of education Health departments should no 
assume the care of the sick as a function, sine® Rtf- 


is recognized 

shall control 
mhed in the 



July 1, UMGJ 


MINUTES OF THE ANNUAL MEETING 


1487 


min tat rat km of medical care under such auspices 
tends to a deterioration in tlto quality of the service 
rendered. Medical care to those unablo to provide 
for themselves is best administered by local and 
privato agencies with the aid of public funds when 
needed. This program for national health should 
includo the administration of medical care, Indud 
Ing hospital Ration to all those needing It but un- 
able to paj , such medical core to be provided pref 
embly by a physician of the patient's choice with 
funds provided by local agencies with tho assistance 
of Federal funds wltcn necessary 

8 Tim procedures established by modem 
medicine for advico to the prospective mothor and 
for adequate care In childbirth should be made 
available to all at a price that tlmy can afford to 
pay A\ hon local funds ore lacking for tho care of 
those unable to pay, Federal aid should bo supplied 
with tho funds administered through local or state 
agenda. 

4 The child should have tlironghout infancy 
proper attention, including scientific nutrition, im 
inundation against preventable disease, and other 
services Included in infant welfare 6uch services 
are best supplied by personal contact between the 
mother and the individual physician, but may be 
provided through cliild caro and infant welfare sta 
tlons administered under local auspices with sup- 
port by tax funds whenever tho need can be shown. 

6 Tbe provision of health and diagnostic centers 
and hospitals necessary to community needs is an 
essential of good medical care. 8uch facilities are 
preferably supplied by local agencies^ including the 
community, church, and trade agencies which have 
been responsible for tho fine development of facili- 
ties for medical care in most American communities 
up to this time. Where such facilities are unavail- 
able and" cannot bo supplied through local or state 
agencies, the Federal government may aid, prefer 
ably under a plan which requires that the need be 
shown and that the community prove its ability to 
maintain such institutions once they are established 
(Hill-Burton Bill) 

G. A program for modi cal care within tho 
American system of Individual Initiative and free- 
dom of enterprise Includos tho establishment of 
voluntary nonprofit prepayment plans for the costs 
of hospitalisation (such as tho Blue Cross plans) 
and voluntary nonprofit prepayment plans for 
medical care (such as those developed by many 
state and county medical societies) The principles 
of such insurance contracts should be acceptable to 
the Council on Medical Service of the American 
Medical Association and to the authoritative bodies 
of state medical associations. Tbe ovolutlon of 
voluntary prepayment insurance against tbe costs 
of sickness admits also the Utilization of private 
sickness insurance plans which comply with state 
regulatory statu toe and meet the standards of the 
Council on Medical Service of the American Medical 
Association, 

7 A program for national health should include 
tbe administration of medical care. Including hos- 
pitalization, to all veterans, such medical care to bo 
provided preferably by a physician of tbe veteran’s 
choice, with payment by the Votcrans Administra- 
tion through a plan mutually agreed on between tho 
te medical association and the Veterans Ad- 
aistration. 

k Research for the advancement of medical 
Mice is fundamental in any national health pro- 
Lin. The inclusion of medical research in a Na 
nal Science Foundation such as proposed in 
n d ln g Federal legislation, Is endorsed. 


0 Tlie services rendered by volunteer phllan- 
Uiroplo health agencies, such as tho American 
Cancer Society, tho National Tuberculosis Associa 
tion, the National Foundation for Infantile Paraly- 
sis, Inc , and by philanthropic agencies, such as the 
Commonwealth Fund and the Rockefeller Founda- 
tion and similar bodies, have been of Vast benefit 
to the American pcoplo and are a natural outgrowth 
of the system of free enterprise and democracj that 
prevail in tho United States. Their participation in 
a natioual Itealth program should bo encouraged, 
and the growth of such agencies when properly ad- 
ministered should be oommended 
10 Fundamental to tbe promotion of the public 
health and elevation of illness are widespread oduca 
tion in the field of health and the widest possible 
dissemination of Information regarding tho proven 
tiem of disease and its treatment by authoritative 
agencies. Health education should be considered 
a necessary function of all departments of public 
health medical associations, and school authorities. 


Section It (Set 55) 

Supplementary Report of the President 

Speakbb Baum Dr Landy and Dr Axrari, 
will you form a committee of two to escort the 
President of tho Medical Society of the State of New 
York to tho platform? 

(The delegates aroso and applauded as Dr*. 
Joseph A. Landy and Renato J Axxari. of Bronx 
County escorted Dr Edward R. Cunnlffo to tho 
platform.) 

Speakbb Bauer. Gentlemen, at tho last meeting 
of tho House of Delegntea I remarked that so for ns 
I knew this was tbe first Instance in which a Presi 
dent of the Medical Society has boen president dur 
mg two session* of tbe House of Delegates. That 
was due to tho fact that our session of 1045 was post- 
poned from its usual time Therefore, Dr Cunniffe, 
to show you how much we think of you and regret 

S ur departing wo are tolerating you twice 
sntlemen, the President of the Society, Dr 
Cunnlffet (Applause) 

Pbestoent Oumtirra That is a very nice intro- 
duction. Thank you very much, Mr Speaker 1 
Members of the House of Delegatee, sometimes it 
is hard to start something over again, ns you know 
I asked how to begin a speech one time on the 
Wagner-Murray-Dlngell Bill. It had been talked 
and mulled over so mu oh, that I was at a loss how 
to start The suggestion was, “Woll you might 
tell them a *tory ” 

In those day* of atomic bombs and various instru- 
ments of warfare that have been devised and de- 
veloped and will d< 
used there was a 1 

county, state, and 

powers got doublo-croaslng each other, and they 
finally got touch buttons to set off these bombs, 
and everything was destroyed. The earth was noth- 
ing but a bare globe. There was not a house or 
building in it There was not a tree, there was not a 
bird Alan was destroyed. Finally out In the 
Pacific on an island whioh was devastated, from a 
cave camo a little monkey He looked around, and 
could not see a tree or another ammo]. As he was 
thinking about it and studying the situation, a 
female monkey walked out, and he turned around 
and looked at her and said, "Do wo have to start 
this darned thing all over again?” (Laughter) That 
Is probably the way this shapes up in Speaker 
Bauer's mind I have to itart this darned thing 
all over again. 
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I am very fortunate to be allowed to speak again 
to this body This privilege is really a very great 
honor, for not often does one have the opportunity 
to address the 140th Annual Meeting of a medical 
society It is well to remember that this Society 
was organized to increase the scientific knowledge of 
its members, to devise ways and means of achiev- 
ing better protection of the health of the people of 
our State and improvement in the quality and de- 
livery of medical care to its citizens These ideals 
have been eagerly followed as exemplified by the 
actions of every meeting of this House, and I am 
perfectly sure that the present meetmg mil be no 
exception 

In my report of the activities of the State Society, 

I discussed the very vigorous campaign which was 
waged against the proposed so-called antivivisection 
bill, calling attention to the good v, ork done by our 
Committee on Publicity, a work which cannot be 
praised too high]} This campaign led to the pro- 
motion of a national society, called the Friends of 
Medical Research, with a branch m Nov York 
State, under the eras of the Medical Society of the 
State of New York and the New York Academy of 
Medicine I am not at all suro that tlus is the best 
way in which to meet the threat that will again be 
presented at the next meetmg of the Legislature 
The national organization is very valuable m the 
protection that it may give to some of the veak 
states that are unable to properly protect them- 
selves and, also, m providing scientific men to aid in 
the educational part of the work However, I am 
uite certain that it would be unablo to protect our 
tate against the danger of having such a bill being 
enacted into law Nor do I believe that an organi- 
zation m New York City can afford us sufficient pro- 
tection It would seem to mo that a committee in 
New York City with only one member from outside 
the City, no matter how valuable he may be, would 
present a very weak front for such on important de- 
fense I think it is readily admitted that this is a 
matter for the entire State Legislative bills are 
presented to a legislature composed of representa- 
tives elected from every portion of the State It 
will be necessary to have men in every county who 
will discuss this matter and convince the legislators 
that such an act would weaken and destroy the 
progress of medicine m our State It seems to me 
the part of wisdom for our Society to keep the com- 
mittees already appointed m several counties and to 
organize them in counties which have none at 
present This framework of committees under the 
direction of the Council Committee should lead 
the campaign agamBt such legislation and, of course, 
accept and encourage the help of any other organiza- 
tion interested 

At the last meeting of the House of Delegates in 
October, a plea for a universal insurance contract 
tor the State, including surgical, obstetric, and 
medical care for m-hospital patients was presented 
to this body The policy was to be accepted by the 
different insurance groups of our State There 
seems to have been some misunderstanding in what 
intended by this policy It was certainly not 
intended to interfere m any way with the local 
policies made to suit the conditions of that locality 
the intention was for the medical plans to retain 
tfaeu- individual policies but to have one contract 
that was universal and would be accepted through- 
out the state I still believe that this m not only 
possible, but that it is absolutely necessary if we 
are to accomplish what we are trying to do with 
voluntary medical insurance I trust that this 


matter will not bo discarded but that the committee 
having this work in hand will be continued until 
further study finally decides the question. 

The activities toward providing the means of ad- 
ministering the program of tne Veterans Ad- 
ministration in regard to the treatment by private 
physicians of veterans suffering from service-con- 
nected disabilities has progressed very favorably 
The committee has had several meetings under the 
chairmanship of Dr Hale A fee schedule has 
been prepared and is ready for presentation to 
Colonel Harding Funds have been appropriated 
by the Board of Trustees and a certificate of in- 
corporation and bylaws of a membership corporation 
to be formed by the Medical Society of the State of 
New York for the purpose of dealing with the 
Veterans Administration has been prepared The 
objects and purposes, for which this corporation is 
formed, are to be promoted, transacted, and earned 
on without pecuniary profit The territory in wbcb 
its operations are principally to be conducted is the 
State of New York andf its principal office is to be 
located m the Borough of Manhattan, City of New 
York, State of New York The directors have been 
appointed and the certificate will be completed dur- 
ing the next few days It is well for me to advise 
the House that it is a vast undertaking tbnt will be 
very difficult to carry on successfully but that must 
be done, not alone to show our patriotic feeling of 
loyalty and gratitude to tho veterans, but, also, to 
prove that our Society can direct and furnish, 
medical care throughout the entire State under tbs 
program. 

During the past session of our legislature, a large 
amount of money was appropriated and an extensive 
program outlined for tho construction of county 
health units throughout the State, to bo supervised 
by fulltime men, and a vigorous attempt was made 
to completely banish tuberculous disease I am 
sure the Society approves very much this plan of im- 
proving medical conditions in our State and will 
earnestly support it 

I would be romiss at tlus time if I did not call 
your attention to that part of the report which con- 
tains the discussion of tho Governor’s Commission 
for the Study of Medical Care It is well to note 
the men who signed the majority report, which is a 
practical endorsement not alone of our criticism of 
compulsory health insurance but is, also, an ap- 
proval of the many changes we have been advocat- 
ing for the past several years It is well to bear in 
mind the fact that many matters approved by our 
Society as being worthwhile are not always adopted 
and, consequently, are not enacted into law j 
must also sav a word of praise for tho two men of 
our Society, Dr Harold Brown, of Buffalo and Dr 
Andrew E Eggston. of Westchester County, who 
were appointed to tne Commission after it was in 
existence one year, for the very able way in which 
they represented our Society and the amount ot 
v ork they were compelled to do on account of their 
late appointment 1 cannot emphasize that too 
strongly because I know that they completely 
dominated the Committee with the facts they pre- 
sented after their appointment, and they deserve 
a groat deal of credit , 

After a number of years a society having a great 
many committees seems to get into trouble with the 
misunderstanding consequent upon an overlapP 1 ’?® 
of these committees with reduplication of wort 
Several complaints have been brought to me of this 
condition m this Society at the present time, ana 
I would like to petition the House of Delegates to 
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request the Council to appoint a committee to 
study the system of committees and if it w found 
necessary, to publish any proposed amendments to 
the Bylaw* In time so they may be acted Upon next 
year 

I want to extend greeting to the Incondac Itcsi 
dent with my very best wishes and forecast for him 
a very successful administration I woi'W like to 
call nttcntiou to tin. vury earnest and extremely 
valuable work of tlio past -presidents nho ^ omou^, 
tlie moat active of our members, some of them past- 
presidents for main yearn. Such an example 
would urge us to do likewise and contlnd® to work 
actively in tho afFmra of the Society I |*£**B® any 
assist once I can give to the Incoming present and 
liopothat I can be us valuable to him as 1 1 1 6 immedi- 
ate Past -President Dr Bauckus has bed 1 to me 

1 liave enjoy ed \ ery much my y car as your 
dent In spite of the fact that hotel accommodations 
were not always available and traveling conditions 
presented some difficulties. However J liave been 
amply repaid for any inconvenience by tbo pleasure 
of meet mg so man y members of our Society Iha\ea 
very liirh opinion — much greater than evc' r boforo — 
of the Now York State doctor of medicine I am 
thinking not only of his scientific ability but, also 
of his sterling character 1 havo received the most 
sincere cooperation and assistance from lha mombera 
of all the committees and of course, Jmvo been 
guided advised and ruled by tho Count'd nhoao 
loyalty and helpfulness I appreciate more than I 
can say I am sure that no organisation exists 
with higher ideals and ethics, which moor 18 honesty 
and upngbtnoaa m dealing with olh 

Thank you very much! (Applause) 

Speaker Bauer Thank you, Dr CunnlfFe! 
I hopo you arc going to remain on thd platform 
throughout the session 

The remarks of tho President are reformoto tho 
Reference Committee on tho Report of the President. 

Sedion IS {See 55) 

Report of the President-Elect 

Speaker Bauer Dr McKendrco and Dr 
Golly, will you form a comm It teo of two to escort 
the Presidcnt-Eloct of the Medical Society of the 
State of Now Y ork to the platform? 

(Tho delegates arose and applauded “ Drs 
Oswald J McKondreo and Bradford F Golly of 
Oneida County, escorted Dr William Hale to the 
platform ) 

Speaker Bauer Moinbors of the Houee, I feel 
that Dr Hale is really entitled to two introductions 
I *ay that for this reason It has always b®*a cus- 
tomary after a man has been elected President- 
Elect to escort him to the platform and present him 
to thfe Hois**?, I***. <k\U. wsall that our 

closing session was pretty hectic, in fact, »t was so 
hectic fhat wo did not even havo time for one report 
which had to be road by title only Thercf or Jh there 

wa* no opportunity to present him at th^t time I 

regret that so I am going to introduce him twice 
now once for last Octobor and again now, gentlemen, 
the President-Elect, Dr William Hale. (Applause) 

President Elect Hale Mr Speak or thanks for 
both Introductions 

One cannot be in this House very long without 
appreciating that thoro is a tremendous Wp ount °f 
business being tranadeted I am reminded of a 
story that was told by one of tho visitors at tho 
House of Delegates mooting of the American 
Medical Association He was referring to spme of 
tho boys overseas in uniform who when they had 


on opportunity, visited tho neighboring towns to see 
v. hat was going on In one of these towns n lad 
looked up at a tine brick building turned to a man 
on the street and said, "Hoy, Bo, r hat is this build- 
ing? * 

“Oh, that's our crematonum.'’ 

1 Gee whix, is that whore they make cheese? 

“Oh, no, no go inside and have a look " 

So the lad wont inaido. and after about tan 
minuh* ho landed out on tiro sidewalk on all fours 
Tin. man picked him up uml said, What liapiwned 
to you? ' 

‘I don't know but I wont inside, and I saR this 
grand big building, and over in one comer there 
were a bunch of sourousses so I went over and 
slapped a couplo of them on tho back and said., 
‘Hcv Bos what's ooohing? ' (Laughter) 

Thiro's no question but thut tlicro’s a lot cooking 
hero, and from some of tlie committco meetings that 
I Imppaned in on yesterday, I think wo are going to 
require three days for this session 

I should express my gratitude to this House for 
the confidence they have plueed in mo by electing mo 
to tills offico I certainly do appreciate It. J Rant 
to assure you that I think tills Society is run bv 
overy member of this House of Debates Your 
officers are constantly looking for advice from the 
entire membership During the months when you 
are not assembled, it is your representatives in the 
form of tho Council that carry tho advice to your 
presiding officer That advice has been excellent 
in tho past, and I know I am going to need that 
same type of ad vice in the next fen montlis I on 
tiapate your support in every Ray, and I assure you 
I will do my utmost to carry out the wishes of this 
House and of your Council 

We meet today in an atmosphere of hope and clrnb 
Ienge. At no other time in medical history' havo 
there been so many problem* demanding action by 
tho medical profession and Inviting the interest of 
individual practitioners as we havo at this time 
During tho war, our greatest Interest was with the 
recruitment of noocssary poreonnel in order to have 
the best that medical science could give to tho men 
and women upon whom we depended to win one of 
the bitterest wars the world has ever seen Now r o 
must turn our attention to the needs of a peacetime) 
society 

At no other time has the profession needed so 
urgently to stand firm and united The throat of 
government controlled health inturanee is still rank- 
ing itself felt in no uncertain way Hearings have 
been held during the past month on tho third 
Wagner-Murray-Dingell Bill in a period of three 
years. As physicians Rho are vitally involved in 
medical care we know the danger to which both our 
patients and. ourselves will bn enyxsed sWikL ttux 
mamm oth bureaucratic plan be foisted upon our 
country Not ono of us can be unconcerned, for It 
would touch on the lives of every person from coart 
to coast. The doctor certainly would Ik- effected by 
the Inevitable red tape, with the issuance of sr-ders 
from lay administrators, the changing of '-esjvnxj- 
bility from the patient to the goverome=a bureau. 
Medical care would no longer be in the hand# o f thr 
medical profession 

The patient would by the aamo token *uf r*- Tram 
the modiocrity which is the very cure re caurpuiKry 
health insurance He would be reqnb-ed xr> thtt 
large sums Into the health inaurtoa^tr^wury but 
he would have very little to paoStr 

or auantity of medical \u_ C 

talnly the " 
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patient and physician would be gone Scorned os 
this patient^phymcian relationship has been by the 
proponents of socialized medicine, we know that in 
the majority of cases it is the very cornerstone of 
success in dealing with the sick person 

The cost of a compulsory health insurance pro- 
gram we can guess Not only w ould there be a pay- 
roll tax, but there would also be a drain on the 
general treasury', the sum of which cannot possibly 
be est ima ted Perhaps such a blank check would 
not be too high a pnee for the American people to 
pay for a sure return, but to sign such a blank check 
for a kin d of medical care which, in short order, 
would be ridden with politics, is tragedy' indeed. 

The Medical Society of the State of New York has 
not been content merely to warn the people against 
political medicine My predecessors have given 
leadership to the movement within our State to es- 
tablish adequate facilities for prepaid medical care 
insurance Today, we have six plans m operation 
throughout the State of New York under Medical 
Society sponsorship This development has come 
within the comparatively short period of six y'ears 
We intend to continue to strengthen these plans 
and to extend them so that every person m New 
York State will know that this coverage is available 
Employers will know more and more that they can 
offer medical care protection to their employees just 
as they now can offer hospital care protection 
While we continue to promote the various plans in 
our own state, we have the additional responsibility, 
this year, of coordinating them wnth the over-all 
national plan which the American Medical Associa- 
tion launched several months ago Perhaps, m 
this way, w'e can help to put across the ideal of non- 
profit medical care insurance to the entire nation 
We owe every cooperation to this purpose and we 
will give it 

In connection with voluntary' medical care in- 
surance, we think inevitably of the veteran of this 
war who has been promised medical care by tbo 
Veterans Administration The Veterans Ad- 
ministration has shown great interest in a plan by 
whioh veterans may be able to secure needed medical 
care from their own home town physicians and m 
then own hospitals Already arrangements have 
been made with several state medical societies and 
negotiations ate vn process with others Your 
President has referred to the work that has already 
been done under his administration, and I trust that 
work will continue during the next year The 
Medical Society of the State of New York has al- 
ready held conferences with officials of the Veterans 
Administration several months ago, and studied 
tins question m great detail. We have been truly 
concerned that the veteran should receive his due 
without his becoming a political football to be kicked 
around He should receive the medical care to 
which ho is entitled, in a way which will completely 
assure him his dignity as an individual We hope 
to work out these negotiations with the Veterans 
Administration so that every doctor in the State may 
provide medical care for veterans who are his pa- 
tients You will hear much more about this m the 
coming months 

I would like to mention here the work of Major 
General Hawley in providing first-class medical care 
for veterans From the time of his appointment 
he was determined to keep veterans’ medical care 
out of politics In the past, veterans’ hospitals 
to ° according to the needs 
of political patronage General Hawley, however 

ttiey , s ko-U be located m areas 
which offer the best medical facilities and the best 


medical personnel You may w ell imagine that this 
has not been easy for him Politics intrude even on 
so sacred a matter as the medical care of men who 
sacrificed much for their country and to nhom ire 
acknowledge a great debt of gratitude I am sure 
that every one of us as individuals, and the Society 
as a professional organization, assures General 
Hawley of every' support wc can give him in his 
program 

We cannot talk about veterans of this war with- 
out remembering members of our own profession 
who have been in the armed service The medical 
profession looks with pnde upon the accomplish- 
ments of these men Many are still serving the 
peacetime needs of the Army and Navy 

Many physicians found a great opportunity for 
service during the war Every new advance 
known to medical science, all the skill developed 
over y'ears of practice, went with them when they 
became physician-soldiers All the advantages re- 
sulting from our high educational standards in 
medicine wore put at the command of the armed 


services 

It is true that many physicians did not find 
military service rewarding They' had the same 
amount of skill, the same devotion, and the same 
energy as the others, but m the allotment of tasks 
in a period of great pressures and preparation for 
great emergencies they' were often in positions where 
they had little or no opportunity to give what they 
had to offer For many' this w as a bitter disappoint- 
ment 

Doctors in service have been returning in the past 
six months, slowly to be sure, but returning In 
many cases they' can slip back into practice with b 
minimum of effort In far more cases they come 
home to find their practice practically gone, no 
office space to bo had, almost no equipment obtain- 
able In many instances, they can find neither 
office spaco nor living space for their families. 
Both individually and as a Society, we have a deep 
obligation to these men who arc finding it difficult to 
become re-established. 

The Medical Society of tho State of New York has 
rendered considerable service by giving returning 
physicians information as to refresher courses, 
residencies, and partnerships available. It has also 
been able to give information about practices which 
might be taken over It has kept in touch with co- 
operative agencies which could direct physicians to 
parts of the State and, sometimes, to locations out- 
side the State which needed physicians 

I believe every county society' should re-examine 
its program to assist returning dootors who are stav- 
ing to assume their rightful places in their profession, 
and to change or augment that program in the light 
of their experiences during the past six months or so 
I also urge every physician wno has cared for pa- 
tients whose doctors have been to war to return 
those patients to the physician who is now trying to 
find his way back again 

There is one subject which will draw much dis- 
cussion from this House, namely the American 
Cancer Society, which is in the process of a cam- 
paign for a large sum of money We have a com- 
mittee of this Medical Society', and we should have a 
committee in each component county society, to 
partake of this great problem It is proposed to 
spend 60 per cent of the money raised in tho stat 
where it was subscribed, aDd it is to be spent directly 
for service to tho cancer patient This may go 
m keeping the control of the cancer problem from 

the hands of the uninformed „ , f 

As President of the Medical Society of the State oi 
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New York. I do not plan to cam tho torch for any 
particular intercut of my own. Rather, it is my pur- 
pose to try to reflect tho Interests of every physician 
in our State and to represent those interests wolh 
In this, I bopo for tho cooperation of every indi 
vidual physician and of every constituent medical 
society Only thus can I setae well as President of 
your State Society (Applause) 

Speaker Bauer The remarks of tho President- 
Elect are referred to tho Rcfcrcnco Committee on 
the Report of the President, 

Dr Hale, in the five years you were Vice-Speaker. 
I pm euro you took root up hero and would not feel 
at home anywhere else, so I hope you will remain 
hero during tho session. 

President Elect .Hale Thank you, air 

Section 14 (Set 67) 

In trod act! on of RepreaenUtires from Other State 
Societies 

Speaker Bauer Are there any delegates here 
from the States of Connecticut, New Jersey, or 
Vermont? 

(There was no response ) 

Speaker Bauer If any dologato discovers thero 
are such present at any time during tho session, tho 
Chair would appreciate if If you would call his atten- 
tion to them. 

Section 16 

Introduction of New Members of House of Dele- 


You have a Jot of work In front of you I could 
probablv entertain you for half an hour, but I am 
not going to do it From hero however, I should 
liko to say that whllo I am hero, if any of tho Jlefer- 
onco Committees wants to talk with mo about 
things that are happening in Washington — and there 
are plenty— I will bo at their service, and dolightcd 
to toll them what I know about the subject under 
inquiry However, I cannot before sitting down 
refrain from that old habit of mine, which mj wife 
says was bom in mo as a schoolteacher, and that la I 
must tell people wliat to do There is lust one 
tlung I would like to mention to you and that la, in 
your deliberations this week, bo realistic You 
know wliat that means being realistic I think wo 
have reaohed the point whore we have %ot to bo 
realistic. Lot us pick up two or three things that 
need doing, but bo realist io in our approach. 

I thank you again for your attention and for tho 
pleasure of being hero. (Applauso) 

Speaker Bauer Thank you very muchl 
(Further Announcements regarding timoe of 
meeting of various Reference Committees, as well 
na places of meeting ) 

Section 17 

Appointment of Committee on Scientific Awards 
Speaker Bauer Tho Presidont announces the 
Committee on Scientific Awards to oonsist of Dr 
Georgo 0, Adie, Dr Abraham H Aaron, and Dr 
Alfred M. Heilman 


gates 

Srr.AKKR Bauer Are there any now members 
present who havo never sat in this House before? 
(Approximately 18 delegates aroso.) 

Speaker Bauer We aro very glad to have you 
hero. I am sure you will find that you arc most 
cordially welcomed by tho older delegates. We 
hope that you will feel free to take part in our dis- 
cussions at any time if you havo anything to sa\ 
Seniority In the Houao uj not necessary to get the 
attention of the chair 

Section 16 

Presentation of Dr Joseph S Lawrence to the House 
Speaker Bauer We havo this morning a very 
distinguished gontkunan present, whom I am sure 
the House wants to welcomo It seems funny to 
think of him as a guest when for twontv-onc years 
ho was Executive Officer of the Medical Society of 
the State of New 1 ork He loft ua to enter a larger 
field as Director of the Washington Office of the 
Council on Medical Service and Public Relations of 
the American Medical Association. Ho was very 
auccessful here when he served us, and ho is becom- 
ing equally successful In Washington aa all of us who 
knew him were sure he would. If I should say I 
was going to introduce Joe some people might not 
know whom I meant, but if I said Joe Lawrenoo, I 
think there Is no one in the room who would not 
know him, so Joe, oomo up here and greet a lot of old 
friends. (Applause) 

Dr. Joseph Lawrence Mr Speaker and Friend* 
of the Medical Society of the State of New York, 
ou cannot imagine how happy I am and how 
onored I am in being asked to come before you 
Just to look you in tho faeo again Is a pleasure. As 
your Speaker said, for twenty-one year* I never 
missed a meeting of this House, but I sat in the back 
row somewhere listening to what you were saying 
and going along with you. 

I know that you are going to be a busy body today 


Tho floor is now open for tho introduction of 
resolutions. 

Section 18 (See BO) 

Study of Advisability for tho Establishment of 
Minimum Medical-Surgical Fee Schedule 
Dr. Joiin C. Bradt, Ent This is introduced on 
behalf of the Eno Count} Modical Society 

"Wiieruab, in many quarters of New York 
Stato there Is a swelling doniond from medical 
organisations and practitioners for tho establish 
rnent 0 / a schedule of mrmminn charges and fees 
for diagnoetic, medical, and surgical services, and 

"WKEraufl, It is tho considered Judgment of 
theso professional dements that such a minimum 
schedule would 

(1) Serve to sot on absolute minimum chargo 
for each type of care or son ice thereby curbing or 
minimiiing unfair and unwholesome competitive 
practices vhich are especially prevalent in popu- 
lous communities, 

(2) Tend to prevont or reduce criticism of the 
medical profession for making charges deemed out 
of proportion to tho degreo of professional re- 
sponsibility assumed tho timo expended and the 
financial ability of the patient to pay, and 

(3) Eliminate to a substantial degree, the ex- 
treme variations in charges for the same typo of 
services among physicians of equal professional 
competence, and 

“Whereas it la recogtdiod that minimum fee 
schedules for Workmen’s Compensation practice 
and care of jxnwo ns under voluntary prepayment 
insurance and Veterans Administration plan* are 
basod, to a greater or less decree, upon chorees 
that prevail in the zone or locality for similar 
treatment of patients of like standards of living, 
that is, the charges mado m private practice, and 

“Whereas, the adoption of a minimum fee 
schedule for private prooticc undoubtedly would 
further and facilitate the establishment of really 
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fair and reasonable as well as satisfactory mini- 
mum fee schedules for services in the Workmen 8 
Compensation and the other enumerated fields, 
now , therefore, be it , a 

“Resolved, that the Medical Society of the State 
of New York, represented in this duly convened 
session of its House of Delegates, hereby goes on 
record as favoring and requesting that its Council 
explore and study fully the necessity and advisa- 
bility for the establishment 

(1) Of a minimum medical-surgical fee sched- 
ule for the entire State of New York, or 

(2) A senes of minimum medical-surgical fee 
schedules designed for and limited to defined areas 
of the State, or 

(3) A mi nim um fee schedule for each County 
of the State ” 

Speaker Bauer That resolution is referred to 
the Reference Committee on New Business A, of 
which Dr D’Angelo is Chairman 


Section 19 

Creation of Membership Classification for Physi- 
cians Employed by Veterans Administration or 
Servmg m the Regular Army or Navy Medical 
Corps 


Dr Samuel B Burk, Nero York The subject of 
this resolution is the Creation of Membership Classi- 
fication for Physicians Employed by Veterans Ad- 
ministration or Serving in the Regular Army or N avy 
Medical Corps 

“Whereas, a considerable number of American 
physicians are now being employed by the 
Veterans Administration on fulltime service or 
have decided to accept permanent appointments 
with the medical corps of the regular Army or 
Navy, and 

“Whereas, many of these physicians desire to 
establish and maintain a membership affiliation 
with organized medicine, and 
“Whereas, the Constitution and Bylaws of the 
Medical Society of the State of New York at 
present makes no provision for a membership 
classification for theso physicians, therefore be it 
“Resolved, that Article II of the Constitution of 
the Medical Society of the State of New York be 
amended by the addition of the following ‘(D) 
Associate’ , and be it further 
" Resolved , that a new section to be designated 
as Section 8 shall be added to Chapter I of the 
Bylaws of the Medical Society of the State of New 
York to read as follows 


" 'Section 8 The Associate Members of 
this Society shall be graduate physicians who 
are affiliated fulltime with the Veterans Ad- 
ministration or are serving on permanent ap- 
pointments in the regular Army or Navy- 
Medical Corps, who are stationed temporarily 
or indefinitely withm the State of New York 
and who shall have been admitted to a cor- 
responding form of Associate Membership 
without vote, in a component county medical 
society Associate Members of the Medical 
Society of the State of New York shall pay the 
regular assessments of the State Society in the 
same manner as active members The specific 
requirements for admission as an Associato 
Member shall be established by each of the 
component medical societies ’ ” 


Speaker Bauer That resolution, involving 
amendment to the Constitution and Bylaws, canr 
t>o referred to a Reference Committee but will i 


mam in the hands of the Secretary when, after be- 
ing duly published, it will come up for consideration 
next year 

Section 20 ( See 63) 

Group Plan of Malpractice and Defense Insurance- 
Yearly Audit 

Dr Thomas F McCarthy, Bronx I have three 
short resolutions to introduce 

“Whereas, the Bronx County Medical Society 
sponsors the Group Plan of Malpractice and De- 
fense Insurance of the Medical Society of the 
State of New York, and 
“Whereab, as such sponsor, the Bronx Countv 
Medical Society is vitally interested in the finan- 
cial status of the Group Plan, therefore be it 
“ Resolved , that the House of Delegates of the 
Medical Society of the State of New York direct 
that a yearly audit including an inspection of 
vouchers of the Group Plan bo made f>y a certi- 
fied pubhc accountant and submitted to the 
Comitia Minora of each County Medical Society, 
thirty days previous to the Annual Meeting of 
the State Medical Society ” 

Speaker Bauer This resolution will bo referred 
to the Reference Committee on Report of Council, 
Part XII, which deals with Malpractice Defense and 
Insurance in part, of which Dr Eugene R. Coon is 
Chairman 

Section SI ( Sec 62) 

Group Plan of Malpractice and Defense Insurance- 
Report from Counsel Re Final Disposition of 
Malpractice Smts 

Dr. Thomas F McCarthy, Bronx Tho second 
resolution reads 

“Whereas, the Bronx County Medical Society 
is concerned with the final disposition of suits 
brought against its members for malpracbce, 
therefore be it 

“ Resolved that the House of Delegates direct 
that the Medical Society of tho State of New 
York (hrough its Counsel submit 'a roport to the 
Comitia Minora of each County Medical Society 
on the number of members insured m the group 
plan m said county, number of suits in said 
county (against insured, against noninsured), 
number of suits dropped, number of suits settled 
and amounts, and the number of judgments and 
amounts ” 

Speaker Bauer This resolution will likewise be 
referred to the Reference Committee on Report o 
Council, Part XU, of which Dr Eugene R, Coon l 
Chairman 

Section 22 (See 61) 

Group Plan of Malpractice and Defense Insurance- 
Establishment of Fund for Sole Purpose of Meetlni 
Counsel Fees in Defense of Malpractice Suits 

Dr, Thoaias F McCarthy, Bronx The thirc 
resolution reads 

‘Whereas, the Bronx County Medical Society 
considers inequitable the present arrangement foi 
the payment for Malpractice Defense of members 
of the Medical Society of the State of New York 
therefore be it 

. “Resolved, that the House of Delegates of th< 
Medical Society of the State of New York threw 
that a separate and distinct fund be establish® 
for the sole purpose of meeting counsel fees m it® 
defense of all malpraotace suits against member* 
of the Medical Society of the State of New York. 
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Speaker Baijer This resolution vrill also be re- 
ferred to the Reference Committee on Report of 
Council, Pert XU dealing in part with Malpractice 
Defense and Insurance, of which Dr Eugene R. 
Coon is Chairman 


Section £3 (See 50) 

Change in Federal Compensation Act 
Dr. Benjamin M. Bernbteln, Kings This 
resolution conoerna itself with a change in the 
Federal Compensation Act 

'Whereas, tbe Federal Compensation Act docs 
not provkio for free choice of physician, thereby 
viola ting one of the most important tenets In tho 
relationship between doctor and patient, and 
"Whereas, the New York State Compensation 
Law has always recognized the necessity for such 
a regulation and embodies such permission in its 
provisions, and 

‘Whereas, numerous complaints have been 
received from our membership bccauso of the 
difficulties in treating patients injured In Federal 
service and covered only by the Federal Compen- 
sation Act, therefore, be it 

“Reeoked, that tho Houso of Delegates of the 
Medical Society of the State of New 1 ork memon- 
alLio the House of Delegates of tho American 
Medical Association urging that this body advise 
the proper Foderal authorities concerning this 
provision and urge that a chan go in tho Federal 
Compensation Act be made to permit all injured 
persons to go for treatment to a doctor of his or 
her own choice.” 

Speaker Baueb That resolution Is referred to 
the Reference Coinmittoe on Now Business of which 
Dr Frederick W 'Williams Is Chairman, Reference 
Committee C 


Section £4 (Ste 55) 

Establishment of Speakers’ Bureaus 
Dr. Benjamin M. Bernstein, hingt The sec- 
ond resolution concerns itself with the establish 
ment of Speakers’ Bureaus 

‘Whereas, no organised body can carry forth 
its message of service to a community without 
adequate dissemination of knowledge concerning 
its activities and functions, and 

"Whereas tho trend of the times requires an 
ever-broadening relationship between tbe medical 
profession and tbe public so that the physician's 
point of view shall be placed before the public In 
proper perspective at all times, therefore be it 
“Retolstd. that a Speakers’ Bureau be set up 
as part of tbe Council or Committee on Medical 
Sendee and Public Relations in county, state, and 
national societies te act as spokesmen for these 
bodies, and bo it further 

“Rucked, that these speakers’ bureaus be ade- 
quately informed of all phases of medical prac- 
tice so that a unanimity of opinion might bo 
voiced, and be it further 

'Reioked, that all interested lay county state 
and national assosiations be apprised of the 
distance of such a speakers’ bureau for use at 
their meetings, conventions and conferences, on 
health matters as they effect both the physician 
and the public.” 

Speaker Bauer Referred to tbe Reference Com- 
mittee on New Business A of which Dr Thomas M. 
D Angelo is Chairman. 


Section £ 5 (See 74) 

Establishment of County Health Departments 

Dr. Oliver IV H Mitchell Mr Speaker and 
Members of the House, this is a resolution urging 
tho establishment of County Health Departments 
"Whereas, tho Medical 8ociety of the State of 
New ork is cognizant of the limitations of publlo 
health service under part-time health organiza- 
tions such as now exist in most townships, vil- 
lages. and small cities of tho Stato, and 
^Whereas, the State of Now York after 
January 1, 1047, through increased State financial 
assistance to counties will make It increasingly 
advantageous for counties to establish and main- 
tain modern health services by organizing a 
county health department staffed b} full-time 
professionally trained medical and auxiliary per- 
sonnel on a merit system basis and at the same 
time permit tho retention of local part-time health 
officers able to demonstrate their value as a part 
of a county wide organization, and 
‘Whereas, this 8odoty approved on Maj 0. 
1027, tho countv health department form of 
organization and subsequently reaffirmed said 
approval, and 

W’hebhas, tho House of Delegates of tho 
American Medical Association on June 10, 1942, 
passed a resolution urging the establishment of 
fulltime modern health services to provido com 
plete coverage of the nation's area and popula 
tlon, be It 

“Rooked that tbo House of Delegates of tho 
Medical 8ocloty of the Stato of New York urge 
the voluntary establishment and maintenance of 
county health departments throughout the State 
at tho earliest possible date in order that tho 
existing deficiency in taiblio health administration 
be corrected, and be It furthor 

11 Re to! red, that a copy of this resolution be sent 
to tbo Honorable Thomas E. Dewey Governor of 
tho State of New York, and to the Honorable 
Edward 8. Godfrey, Jr , M D . Commissioner of 
Health of tbe State of New York ' 

Speaker Bauer Referred to the Reference Com 
mittee on New Business B of which Dr Loo F 
Simpson is Chairman 

Section £6 (See 53) 

Amendment to Principle* of Professional Conduct 
Dr. Harold B Davidson, New ) orV This is tho 
proposal of an amendment to the Principles of Pro- 
fessional Conduct of the Medical Society of tho 
State of New York providing that splitting or re- 
funding of fees in connection with medical care shall 
constitute unethical oonduot 

'Whereas, it is desirable that tho Principles of 
Professional Conduct of the Medical Society of 
the State of Now York shall be in harmony with 
the Workmen’s Compensation Low and the 
Education Law with respect to tbe prescribing of 
rebates, splitting or refunding of fees, therefore 
belt 

"Rwired, that tbe Principles of Professional 
Conduct of the Modical Society of the State of 
New York shall be amended aa follow* 

"Strike out the second paragraph of Section 32 
reading as follows 

"^Physicians shall not directly or by any 
subterfuge participate In or be a party to the 
act of the division, transference assignments, 
subordination, rebating, splitting, or refunding 
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'of any fee for medical, surgical, or other treat- 

“Enact and substitute in place of the above 
deleted paragraph the following , j , 

“ ‘It shall constitute unethical conduct for a 
physician directly or indirectly to request, re- 
ceive, or participate m the division, transfer- 
ence, assignment, rebating, splitting, or refund- 
ing of a fee for, or to directly or indirectly re- 
quest, receive, or profit by means of a credit or 
other valuable consideration as a commission, 
discount, or gratuity in connection with the 
furnishing of medical or surgical care, diagnosis, 
or treatment or service including x-ray exami- 
nation and treatment, or fee in connection with 
the sale, rental, supplying or furnishing of 
clinical laboratory service or supplies, x-ray, 
laboratory services or supplies, inhalation 
therapy service or equipment, ambulance 
service, hospital or medical supplies, physio- 
therapy or other therapeutic service or equip- 
ment, artificial limbs, teeth or eyes, orthopedic 
or surgical appliances or supplies, optical 
appliances, supplies or equipment, devices for 
aid of hearing, drugs, medication or medical 
supplies or any other goods, services, or supplies 
prescribed for medical diagnosis, care or treat- 
ment This shall not preclude a physician 
makin g a reasonable payment to a hospital or 
other medical institution for the use of its 
facilities m his professional work, nor shall it 
preclude the organization of physicians in 
partnerships or groups, provided such organiza- 
tions are within the lawB of the State of New 
York and are organized and operated in 
harmony with the Principles of Professional 
Conduct of the Medical Society of the State of 
New York.' " 

Speaker Bauer That resolution is referred to 
the Reference Committee on New Business C, of 
which Dr Frederick W Williams is the Chairman 

Section 27 (See 86) 

Car Priorities for Veterans (and Other Physicians) 

Dr. J A Lahdy, Bronx This resolution is m 
reference to car priorities for veterans and other 
physicians as well 

"Whereas, physician veterans are finding it 
impossible to obtain automobiles for professional 
use except under black market conditions, and 
"Whereas, priorities for physicians have been 
discontinued, and 

“Whereas, some automobile manufacturers 
(Ford) and some district distributors have es- 
tablished a policy of supplying essential users 
with automobiles based on the former priority 
standards, therefore be it 

“ Resole ed, that the House of Delegates of the 
Medical Society of the State of New York petition 
the Council to contact the duly constituted govern- 
mental bureaus and agencies, acquainting them 
with the critical situation and urging an official 
return to priorities for the distribution of auto- 
mobdes, and be it further 

"Resolved, that the House of Delegates of tho 
Medical Society of the State of New York petition 
the Council to contact automobile manufacturers 
and district distributors, explaining the urgency 
of the situation and requesting priority for physi- 
cian veterans as well as other physicians requiring 
automobiles for the practice of their profession 
and be it further ’ 


" Resolved , that the delegates of the Medical 
Society of the State of New' York to the House of 
Delegates of the American Medical Association be 
instructed to press for similar measures at the 
next Annual Session ” 

Speaker Bauer That resolution is referred to 
the Reference Committee on New Business A, of 
which Dr Thomas M D’Angelo is Chairman. 

Section 28 (Sec 73) 

Remission of Dues for Medical Veterans 

Dr. Edwin L Harmon, Westchester: This resolu- 
tion concerns itself with the clarification of the re- 
mission of dues’ provision for medical veterans 

"Whereas, there is still confusion in the book- 
keeping departments of certain county medical 
societies concerning the remission of dues for 
veterans, and 

"Whereas, the present ruling states that 
" 'the easting procedure bo revised and 
liberalized to provide remission by the State 
Society of its portion of dues for a full twelve- 
month period plus any additional months 
necessary to comrade with the fiscal year of the 
Society’, and 

“Whereas, this ruling allows great inequality 
in the penodB of remission of dues following return 
to ervil practice providing as much as two years 
for those 'relieved of active duty 1 in January, 
1946, and only one year for those ‘relieved of 
active duty’ in December, 1945, now, therefore, 
be it 

“Resolved, that dues for civil practice should be 
remitted only for the balance of any fiscal year 
m which less than six months were spent in active 
military service but where six or more months 
were spent in active military service, during the 
year of discharge, remission of dues should ex- 
tend over the balance of that year plus one addi- 
tional twelve-month period ” 

Speaker Bauer Referred to the Reference Com- 
mittee on New Business B, of which Dr Leo F 
Simpson is Chairman 
Are there any further resolutions? 

(There was no response ) 

Speaker Bauer In my six years as Speaker, I 
have never seen so few introduced at the first 
session I am very anxious to have as many resolu- 
tions as possible introduced this morning becauso 
the reference committees have all afternoon and 
evening to do them work, and if they are not intro- 
duced this morning they can only be introduced 
tomorrow, which means that the reference com- 
mittees are going to work during the sessions of the 
House, which I am trying to avoid 
Chorus Wo are trying to have them typed 
We will have some shortly 
Speaker Bauer I will declare a recess for about 
five minutes to enable that to be done Please 
don’t go very far because I want to get all tho resolu- 
tions introduced this morning that it is possible to 
do, so that the Committees on New Business w>U 
be able to consider them this afternoon and this 
evening and be ready with their report on them for 
tomorrow’s session 

(A short recess was had at this point ) 

Speaker Bauer The House will be in order 

Section 29 (See 89) 

Publicity for Veterans 

Dr. Frederick W Williams, Bronx I would 
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Hko to introduco this resolution on behalf of the 
Bronx County Medical Society 

"Whereas, several hundred members of the 
Method Bocdet} of the Stato of New York have 
returned from active military service, and 

"Whereas several hundred more ore expected 
to return from military service within the next 
six montlis, and 

“Wiunuus, these veteran physicians, because 
of tho housing shortage, are being compelled to 
re-establish practice in neighborhoods whore they 
are unknown, and 

•'Whereas. 50 per cent of their former patlonta 
have mo\ cd during tho past five years leaving no 
fon\ aiding address, ana 

"Whereas, there la no effective way of reach- 
ing this 50 per cent except through publio notice 
that these physicians have returned private 
practice, therefore be it 

“Reeolred, that tho Houso of Delegates of tho 
Medical Society of tho State of New York approve 
newspaper publicity for veteran members by tho 
local medical societies, and bo It further 

"Reeolfed, that this publicity bo limited to tho 
publication of the names, addresses, and tele- 
phone numbers in n local paper for three inser- 
tions ’ 

Speaker Bauer Referred to tho Reference 
Committee on Now Business A, of which Dr 
Thomas M D Angelo Is Chairman. 

Section SO (See 79) 

Invitation to American Medical Association for IMP 
Dm Rot B Henline. New York This resolution 
is from tho County 8odety of Now York regarding 
an invitation to tho American Medical Association 
for 1949 

"RetohxiL by tho Medical Sodety of the Bute 
of New York that a formal invitation be extended 
to tho Board of Trustees and House of Delegates 
of the American Medical Association to hold the 
Annual Meeting of the American Medical Associ 
ation tn New \ ork City In 1949 " 

Speaker Baxter Referred to tho Reference Com 
mittee on New Business C, of which Dr Frederick 
W W illiams is Chairman. 

Sedum SI (Sec St) 

Amendment to Principles of Professional Conduct 
Dr, Altred Heiaaian, New York This concerns 
a possiblo amendment to tho Principles of Profes- 
sional Conduct concerning criticism of one physi- 
cian by knother 

"Whereas, gratuitous or ad verso criticism by 
a physician of the character of another phytldan 
or the quality of professional sendees rendered by 
him to a former patient serves no constructive 
purpose and frequently gives nse to legal action 
of the nuisance variety against the doctor whoso 
work has bean criticised, therefore be it 
"itooZixd, that a new paragraph shall be added 
to Section 35 of tho Principles of Professional 
Conduct of the Modical Society of the 8tato of 
New York reading as follows 

" 'Every physician should refrain from use- 
less and adverse criticism or derogation of 
tho character or quality of tho medical services 
rendered by another physician in the course of 
his contacts or communications with former 
patients of another physician. ” 

Bfr.AXEK Baxter There being another resolution 


on the subjoct of tho Pnndplofl of Professional Con 
duct, which has already boon roforrod to tho Refer 
enoc Committco on New Busmcso C, of which Dr 
Frederick W Wiliams is Chairman, this bkowiao will 
bo referred to that same Reference Committee 

Section St (See JS-44) 

Upward Revision of Workmen’s Compensation Fee 
Bchedule 

Dr. Star let E. Alderson, Albany This is a 
resolution from the Medical Sodety of the County 
of Albany regarding Workmen’s Compensation Foe 
Schedule 

"WfiEREAS, tho present compensation fco 
schedule was established in 1936 and has not been 
increased, and 

"Whereas, the general coots of living, eto , 
have increased more than 35 per cent in tho aarao 
period, and 

"Whereas, our Compensation Committee has 
repeatedly called this to the attention of tho 
Btnto 8ociety Compensation Committee, there- 
fore be It 

"Reeolted that tho Houso of Delegates of tho 
Medical Society of the Stato of New York hereby 
requests, through tho proper cliannela, that the 
entire Workmen’s Compensation fco ached ulo be 
Increased 25 per cent. 

Speaker Bauer Referred to tho Reference 
Committee on Report of the Council, Part X, having 
to do with Workmen’s Compensation, of which Dr 
William B Rawls Is Chairman. 

Section SS (See 76-1 OS for Reference Commit 
Report) 

Promotion of National Health — Introduced by Dr 
A. Wilbur Duryee, New York 
Section SJf. (See 87) 

Hospital Training for Professional Graduate! 

Dr. Roger A. Hemthile, Livengtlon This 
resolution concerns hospital training for professional 
graduates 

"Whereas, hospital experience is universally 
recognised as a basic part of professional train- 
ing. and 

"Whereas, such training is not at present re- 
quired by our Modical Practice Act, bo it 
“Ruolved, that tho Houso of Delegates actively 
promote legislation reoulring the Medical Prac 
lice Board to grant a license only to those who 
have spent a year after graddatlon in a hospital 
approved by the Boexd of Regents " 

Notice that the wording doee not limit this 
specifically to the medical mm , but refers to tho 
Medical Practice Act. Wo feel in our County that 
h capital experience is something everybody licensed 
under tho Medical Practice Act ought to nave after 
he has completed his professional education. It Is 
not, at present, required of physicians or nnyom 
else. Since other than physicians can now practice 
modiane, possibly it might bo advisable to make it 
mandatory for all to tako that, whether physio ana 
or not. * 

Speaker Bauer That resolution is referred to 
the Roferentxj Committco on Now Busina* A, of 
which Dr Thomas M D Angelo Is Chairman. 

Section S6 (See 7S) 

Session on Chest Diseases 

Dr. Herbert E. Werlw Ene This is a resol u 
tion asking for a Session on Cheat Diseases 
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THE GRADUATE SCHOOL IN MATHEMATICAL PHYSICS AT 

BIRMINGHAM 


I N 1956, a Graduate School in Mathematical 
Physics, loading to a diploma, was instituted m 
the Department of Mathematical Physics of the 
University of Birmingham It had been noticed 
that students who graduated m the honours school of 
mathematical physics m the Department seemed well 
equipped, and considerably m demand, for work 
involving the applications of mathematics to physical 
problems in industry, government laboratories, etc , 
because of the training they recen ed in the principles 
of physics, and particularly in tho techniques of 
translating physical problems into mathematical 
terms, and of interpreting the solutions from a ph> sical 
pomt of view 

Entry to the honours course at Birmingham is 
restricted to students of high ability, who must 
have the appropriate background in their school 
training, smee the three-year course makes fairly 
heavy demands on the students It seemed likely 
therefore that a one-year postgraduate course w ould 
be of advantage to students who had taken a degree m 
mathematics, because they could not — or did not 
choose to — enter the mathematical physics course, 
or who graduated from universities at which such a 
course was not available 

The three years of operation of the Graduate 
School have provided sufficient experience to judge 
that it can serve the purposo for which it was intended, 
and that it imparts to the students knowledge and 
experience which serves them w ell in thoir later work 
The course extends over one academic year (October 
to July) and is normally intended for honours 
graduates in mathematics with subsidiary physics 
In some cases it proved possible to fit in students 
with somewhat different qualifications Lecture 
courses attended by the students mclude a course in 
methods of mathematical physics (given so far by 
Dr J G Valatm, who is in general charge of the 
Graduate School), which forms the central theme of 


thoir introduction to the outlook of a mathematical 
physicist In addition, students normally take 
selected parts of tho lecture courses for honours 
physicists, and those parts of tho final-year course 
for mathematical physicists (electromagnetic theory*, 
hydrodynamics, quantum mechanics) which they 
have not previously covered, and which suit thoir 
particular noeds Other options mcludo mathematical 
statistics, numoncnl methods, elasticity theory, 
statistical mechanics, and usually at loast one course 
m one of tho applied scionco departments All 
sfudonts attend a weekly seminar arranged specially 
for the Graduate School in which thoy contribute 
themselves, and otherwise hear talks by membors 
of tho research group m mathematical physics and 
others It has proved possiblo to arrange for each 
individual student a combination of courses which 
suits his particular interests and knowledge 

Although many of these courses are givon for other 
purposes, students find it easy to synthesize thoir 
work and to build them into a common foundation 
of understanding 

Tho number of students m tho course lias remained 
small m tho first throe years, and is likely to contmuo 
small until tho existence nnd purpose of tho course 
become more mdoly known It is therefore premature 
to give any statistics of the subsequent occupations 
of studonts who have obtained tho diploma These 
included w*ork in industry nnd government laboratories 
as well as academic research (One student took up 
postgraduate work m the Mathematical Physics 
Department nt Birmingham, and two joined an 
applied scienco department in the University ) 

The development of the Graduate School was 
greatly aided by tho award of advanced course 
studentships of the Department of Scientific nnd 
Industrial Research, and in some cases by grants 
from the University of Birmingham 

R E Peierls 


WATER-RESOURCES AND WATER-USE SURVEY 


T HE study of tho use and consorv ation of 
water resources is a relatively now geo- 
physical science and one that impinges closely on 
other sciences such as meteorology and climatology, 
geology and geomorphology, agriculture, economic 
geography, demography, etc The importance m the 
modem world of economic and land-use planning, 
particularly with reference to so precious a raw 
material as water, involves the collection of a vast 
and varied amount of data and information relevant 
to the aaeosement of water resources, on not only a 
national but also an international basis Two papers*, 

TwbolCl Hot* No 2fl TedmIqo« t 

•ojkms Prepared by Prof B»y K. Llniley Pn v +10 4-xl 4.4?' 
(WHI-Ko 82 TP 32 ) (Geneva Secretariat or the World hAih, 
on, 1S5S ) 4 Swias francs 


published by the World Meteorological Organization, 
are useful statements m tins important fiold, particu- 
larly m view of the varying scientific standards of 
recording and observation that are available and 
possible in different world regions 

M A Kohler summarizes bnofly tho typos of 
hydrological data, tho network density of observations 
required, and network planning, and tho techniques 
for estimating hydrological data tliat can bo used 
Attention is directed to tho impracticability of 
devising a universally standardized procedure and a 
schemo is put forward for the creation of a minimum 
cover of peimanent full, partial, and temporary 
observational stations 

Tho second, longer, technical paper is more closely 
concerned with techniques for the surveying of surface 
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water resources m a region, and providing estimates 
of usable wnter supply Attention us given to methods 
which ore adapted for use in tho absence of adequate 
h> drological data and to simple techniques of 
observing hydrological phenomena which may provide 
useful data with least cost m time and money Despite 
the importance of ground water circulation in all 
regions — and especially in and regions — the survey is 
limited to the discussion of techniques with regard 
to surface resources Theso are a guide to the estima- 
tion of requisite rates of replenishment of ground 
water that are necessary for tho effective use of the 
latter over a period of time The main topics discussed 
are the hydrological balance, precipitation, evapo 
transpiration and its measurement, stream flow 
sediment transport and water supply, and a summary 
direction for procedure in the matter of water resourco 
Bun ey* 

Tho special problems and peculiar needs of a densely 
populated and highly industrialized country such as 
Great Britain are summarized in an interesting discus 
Blon on a water use survoy opened by Prof W G V 
Balchin (under the chairmanship of Prof Ihidle\ 


Stamp), with contributions from experts representing 
a very wido range of technical interests in this imjior 
tant field ( Otog J , 124, 476 , 1058) Prof Bnlchin 
directs attontron to tho dramatic increases in water 
consumption m Britain during the past century, 
culminating in an increase of 60 per cent in England 
and Wales and 41 per cent m Scotland during the 
short period 1938-60 The wntor storage capacity 
in the same time has increased by only 40 per cent 
and 31 per cent, respectively The area where the 
consumption is greatest is the area where population 
is densest and tho rainfall least, and where the local 
resources aro already fully employed — that is, m 
lowland Britain and particularly in the great urban 
and industrial complexes 

These papers are a salutary reminder, through the 
many facets to the problem of water conservation 
that they reveal, of our ultimate dependence on wnter 
resources and our need to avoid o\ or-oxploitation 
of & raw material that in Great Britain at least, 
people assume all too readily is in abundant supply , 
and for which in mam others the supply is already 
precarious Alice Gabkett 


CARNEGIE TRUST FOR THE UNIVERSITIES OF 
SCOTLAND 


T HE flftV'SOvonth annual report of the Exocut iv o 
Committeo of tho Carnegie Trust for the Unti er 
sitios of Scotland covors the y ear 1067-68 (pp iv + 'M 
Edinburgh : Carnegie Trust for the Universities of 
Scotland 1069) and includes the financial accounts 
for tho year ended SoptemboT 30, 1058 A major 
prooooupation of the Exocutivo Committoo during 
tho y oar was tlio formulation of a policy to implement 
its new powers of investment During tho year there 
were on tho hooks fivo senior research scholars 
thirty -six research scholars in thoir second or third 
y car, and twenty fi\o in thoir first year For 1968-59 
the value of the senior scholarship lias boon increased 
to £600 (with an additional £100 for oxponscs), whilo 
scholars at Oxford, Cambndgo and London will 
rocolvo £450 , scholars living away from homo, 
attending a Scottish or an English pro\ Incuil mm er 
sity , £400 , and scholars h\ ing at homo and attending 
a Scottish uni\orsitv, £360 A grant of £4,000 a 
year for fivo 3 ears from tho end of 1058 was mndo to 
tho Scottish Dictionaries Joint Council subject to 
some conditions with regard to progress Ten of tho 
research grnntB nwardod during tlio year were for 
expenses Involved in illustrating tho published results 
of rose arch and fi\o grants were mndo to authors as 
a suln ention towards tho cost of publishing thoir l>ooks 
Four grants ore particularly mentioned Tlio TnM 
has proy idod a speeial heavy-duty vehicle and a 
Folbnat* with outlaw rd motor And a grant for running 
expenses to assist Prof J II Burnett and Dr D 11 >1 
Rp< nee, of the Unh rrsity of St Andrews in preparing 
a comprehorwiv o account of the aquatic yogi Union of 
Scotland a research which involves crossing many 
moorland rends to oxnmino distant mountain lochs 
A grunt of £2 600 was mndo to Prof It II Mntthew 
of tho University of Edinburgh for a study by & 
re** arch team correlating tlio problems of tho design 
of ba*lc dwelling units lay-out siting and services 


with social requirements, with specific reference to 
contrasting types of social grouping and including n 
cost study Another grant was to tho University of 
Glasgow North Rona Expedition, which spent about a 
month on North Rona and Sula Sgoir, pay ing part leu 
Iar attention to marine biology Soino yery rare 
species of algao were found and a special census was 
mndo of Loocli’s petrol A second successful ovpodi 
tion, assisted by a grant from tho Trust, was ono from 
thoUnivorsity of Aberdeen, led bj Prof A C O’Dell, 
to St Nmian’s Islo, Shetland, in June-July 1968, in 
which a most important collodion of silver ornaments 
was uncoyerod 

Of tho ten. grants for tray ol and maintenance made 
to members of university staffs engaged in research, 
tlirco woro to members or a faculty of medicine* 
four in science and three in arts. Among theso may 
ho mentioned those to Dr A\ 1 Card to enable 
him to visit centres in the United States and Canada, 
whero work of interest and importance in gastro- 
enterology is proceeding , to Mr Alastair Fraser to 
yyork in Copenhagen in tho laboratories of Prof W 
Thomson and Dr J- Thomson leading authorities on 
insect endocrinology , and later in I i6ge, Brussels and 
Pans to Dr C II Gimmgliam to <*nablo him to 
folloyv up in Scnndinav ia Jus investigations in Scotndi 
heaths aimed at gaming a compnhonsuo picture of 
tlio ecology of heather, mchtdmg its renrnon* to 
grazing anil burning and influence* of soil ilmmto 
nnd nt utilizing this information in nn invcMigation 
of tho way's In which heath land* liaio originated 
nnd ore maintained , to Dr Elizabeth D Fmvr, to 
enable her to test in Aim rlca somo of her hvp'th'’**-. 
regarduig perceptual constancy as a function of per 
sonrihtv anil learning and the effect, of nwtaboh^ 
disturbance , and to Dr P II Tuft to drsai** his 
ex|Xrmv'ntal teclimques m ombrvotyv ir» thr 
United States 
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THE SCHOOL HEALTH SERVICE IN BRITAIN 


T HE School Health Service is fifty years old 
In the half-century of its existence there have 
been remarkable changes in the health of school 
children, and in the pattern of illnesses affecting them 
Both boys and girls to-day are taller and heavier, 
better clad, better shod and cleaner They reach 
physical maturity earlier and may expect to live 
twenty years longer In sharp contrast to the condi- 
tions of malnutrition found only too commonly 
50 years ago, medical attention is now bomg drawn 
towards an increasing number of school children who 
are too fat 

The annual report* of the Chief Medical Officer 
presents these facts and discloses among other vital 
statistics that the killing and crippling diseases 
prevalent at the turn of the century — tuberculosis, 
rickets and rheumatism — have been practically 
eliminated The remaining causes of crippling and 
other forms of handicap are now mainly congenital 
or hereditary m origin Accidents still kill tv ice as 
many children as die from disease, and road accidents 
are responsible for half the deaths recorded Boys 
are more liable to death on tho road than girls , 
leaving school m the afternoon is one of tho most 
risky periods of the day 

Nearly 250,000 children were found to have 
verminous heads in 1957 This is about 4 per cent 
of the total school population “Tins condition is 
preventable and there is seldom any excuse for it”, 
says the report “It is essentially a family problem, 
children being infested and re-mfested by adults” 
The current question of smoking and its relation to 
lung cancer provides “a striking example of tho need 

* The Health of the School Child Fifty Years of the School Health 
Service (Report of the Chief Medical Otllccr of tho Ministry of 
Education for the ycara 1050 and 1957 ) Pp 1+220+12 plates 
(London H M Stationery Office, 1059 ) 10* 6 d net 


for boys and girls, while still at school, to bo taught 
something about healthy living — by oxamplo, per- 
haps, more than by precopt In spito of all that has 
beon said and written about tho close connexion 
between the two, many children still smoke cigar- 
ettes” A recent inquiry carried out at a mixed 
secondary modem school m the Isle of Wight disclosed 
that about a thud of tho boys and 15 per cent of the 
guls were regular smokers 

Tho mcidonco of dental doeny lias increased in the 
past few years among school children, and is due 
“probably to tho greater amount of sweets and 
confectionery eaten smeo tho ond of sweet rationing” 
Fluoridation of water supplies probably ofTors tho 
best hope of reducing this mcidonco, “but large scale 
benefits from this measure can hardly be expected 
for several years” 

One conscquonco of tho changing pattern of ill- 
hcalth m childhood is that sohool health service 
staffs now dovoto moro attention to children who 
arc emotionally disturbed, or who Buffer from somo 
handicap which threatens to have a retarding 
effect on school progress from a psychological 
cause 

Thero is also tho challenge of tho delinquent school 
child which cannot bo ignored by tho school health 
service Tho number of children charged before tho 
juvenile courts has risen from 13,000 in 1913 to 
38,000 m 1950 It is right, says the report, that tho 
school health service should concom itself with tho 
problem and co-operate with the other agencies 
involved In 1957 moro than six and a half million 
children attending about 30,000 maintained and 
assisted schools wore covorod by tho sorvieo More 
than two million have a periodical inspection during 
the year 


INCENTIVES IN THE BUILDING INDUSTRY 


A RECENT Building Research Station report* 
on mcentives m tho building industry shows 
that bonus schemes have an important contribution 
to make to building efficiency The maximum 
benefit can only be derived, however, if they are 
integrated into a rational pattern of management 
The report enumerates principles on which an incen- 
tive scheme should be based as well as tho method of 
operation if it is to he successful 

Operation targets, coupled with a recording system 
giving operation costs, should be used whenever 
possible The operations should be the visual stages 
of work, of about one week’s duration, and continuous 
jobs with no hold-ups for other trades 

The scheme should be designed to suit individual 
needs and local conditions This calls -for flexibility 
m targets to suit the local productivity of labour and 


Department or Scientific and Industrial Research Bulldir 
Research Station .National Building Studies Special Report Ho 2t 
Incentives In the Building Industry By Alison Entwlstle and W 
Reiners Pp iv+43 (London H M. Stationery Office, 1058 ) 3 j ne 


the distribution of bonus payments The operatives 
on each site should decido tho motliod of sharing 
withm the bonus group or gang It is necessary to 
safeguard tho quabty of work by making site staff 
independent of production bonus and improving site 
supervision of quality 

A number of conclusions were reached about tho 
methods of operation of an incentive scheme 
Accurate and well-balanced targets should bo mam- 
tamed by the systematic use of cost information 
from all the firm’s sites and by close consultation 
with its site staff Tho incentive effect of a Bchome is 
greatest when it is given a central position in the 
organization of the firm, especially if administered 
by the contract management side There should be 
close liaison between estimating and the fixing of 
target bonus-rates The principles of tho scheme 
should be kept simple ond explamed to the operatives 
so that they can calculate their own bonuses. The 
bonus units are small gangs 
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Tho bonus paid Bhould bo the actual amount of 
bonus earned f there should be no limit to the amount 
of bonus that can be earned , the bonus should be 
paid weekly and as soon as possible after the com 
pletion of the operation The scheme should cover, 
so for os jxwsible all tho work on tho site Good 
labour relations on the site are nn aid to productivity 


and should be encouraged by presenting the targets 
to the operatives for agreement before work starts and 
a recognized channel for complaint should be estab 
lished Provision should be made to allow targets to 
be modified on a particular site if adequate reason is on 
tabli8hed Disputes or oomplaints should be dealt with 
speedtls and in consultation with the site staff 


SURFACE OF THE OCEAN AS A SOURCE OF 
AIR-BORNE NITROGENOUS MATERIAL AND OTHER 
PLANT NUTRIENTS 

By Dr. A T WILSON 

Division of Nudear Scltnces Department of Scientific and Industrial Research 
Lower Hutt, New Zealand 


I N an earlier communication 1 the occurrence of 
organic nitrogen in New Zealand snows was 
reported, and it was suggested that this might 
represent a contribution to the nitrogen economy of 
New Zealand soils This artiole presents further 
results on tho subject and points to the most probable 
origin of this air borne nitrogenous material 

Samples of snow havo boon collected from above 
tho vegetation line to avoid possibility of con lamina 
tion by plant or animal dohris This was done m 
preference to tho more conventional rain water 
sampling which is open to large contamination errors 
Tile analyses 1 of those samples are ehown in Table 1 
Since tho samples described here were freshly 
collected snow from regions where no plants or animals 
exist, contamination from thoso sources should bo 
negligible No insoluble inorganic material was 
visible m tho samples, bo tliat cyclic terrestrial dust 
could not contribute appreciably to tho nitrogen 
found m tho samples This is to somo extent further 
supported by tho look of nitrate in the samploe The 
samples wore collected in early and mid winter when 
tho pollen contribution would bo nogllgiblo It boo ms 
that precipitation, at least m Now Zealand, does m 
fact contain appreciable quantities of hound nitrogen 
wlucli docs not nnso from contamination 


Origin of Organic Nitrogen In Snow 

The problem immediately arises aa to the origin 
of this material When one considers tho goograpliiqal 
jiositlon or New Zealand, sltuatod as it is in a wosturlv 
air stream and surrounded by thousands of miloe of 
ocean it Is difficult to avoid tho conclusion that tlio 
source is tho ocean itsolf Tho ocean however 
contains onlv about 0 003 ppm of albuminoid 
nitrogen. Further, if tho snow w analysed in more 
detail, ono sees llint it is not morelv diluted eca water 
but that its jiotassuim/soduun ratio is an order of 
magnitude greater tluvn tluvt of sea water 

In order to explain th^ee foots, it is necessary to 
postulate that tho upper vorv tlun lover of tho ocean 
has a dtiToront composition from that of tho rest or 
tho ocean in particular that it is enriched m 
potassium ammonium organic material and orgnma 
nitrogen and pTolmbly various otiur materials It 
suggested that mint tQw example, from 

plankton) is either Jun* {Ybon s»*a water 


and, u noavier, sinks to torm louimuiuo, tuiu „ 
rises to form this layer, which tlioroforo contains 
micro-organisms and other planHon in a state of 
partial decomposition and would be oxpectod to be 
rich in organic matter It would also bo expected 
to have an increased potoasium/sodium ratio, since 
many marine organisms concentrate potassium 
It is known* that when a bubble of gaa passes through 
a liquid gas interface the act of the bubble bursting 
throw's up a small droplot from the surfneo of tho 
liquid into the gas phase Tliis must occur in tho 
phenomenon known os ‘vdiito caps’ (that is, when a 
wavo breaks) Tho hozo produced by* thoso particlos 
is quito noticeable on a fine day when a lioav\ surf 
is running Thus tho composition of those droplets 
rofloots that of tho surfaco layer and not tliat of tho 
bulk ocean 

It is reosonoblo to assume from tho foam produced 
m rough ocean that somo surfaco ncti\ o material is 
present on tho surfaco of tho ocean During wtrong 
onshore winds largo quantities of foam accumulate 
on the shores of Now Zealand which provides an 
opportunity to samplo diroctlv tho surfaco lav or of 
tho ocean. A sample of ocean foam was collected 
on tho west coast just north of Wellington Tho 
fonm TTOfl broken with n mlioono onii foaminr omnt 
nnd nliowwi to stand It prmed to bo 25 t£r cent 
noUd mattor On microscopic examination thin 
mntonnl rvas found to bo particularly nch m bacteria 
nnd abo had largo qimntitiw of diatoms and fnur 
monta of phvto and zoo plankton Tho chemical 
anolyBis or this matarla] is shown m Tnblo I r t 
interesting to note tho htgh nitrogen content and tlmt 
tho potaxsium/sodlum ratio w lughor Hum Hint m 
sea water 1,1 

Tho relationship botwoon tho Biirfaco layer of the 
ocean and enow water is most cleaxh poc n when ono 
plots tho excess potassium concentration’ ngnmat 
tlio albuminoid nitrogen concentration' Tins i«, 
dono in Fig 1 Tito oxcc^h potassium coucentmtion 
is obtained bv subtracting from tlio potassium concert 
tration 1/27 of tho sodium concentration, that h 
tlmt amount of potassium wlucli would lx> a^>cu»i <x j 
with the sodium m sea water \\ o see that the results 
from th« ocean foam and the snow water wuupJea 
ho on a straight line which can bo extrapolated 
to givt tho albuminoid nitrogen concentrtUl<^ w 
sea water Tins m strong o\ idonce m rav*** 1 ojT 1 
common origin and snjqxirts the 


Excess potassium Ion (ppm)* [K + ] — 1/27 [No*-] 
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Albuminoid nitrogen (ppm) 

Fig 1 

nitrogen in snow originates in tlio surface layer of the 
ocean 


July 11, 1959 

The abo\e evidence suggests a new path in tlio 
nitrogen cycle, at least for Nett Zealand, and pro- 
bably for other areas with rough oceans to their 
•windward Elemontary nitrogen dissolves in the 
sea and is fixed by marine micro organisms Theso 
etentually rise to tho surface and nro caught m tlio 
surface layei , where sorao arc partly decomposed by 
othor micro organisms mlo ammonia and other 
products Tho micio- organisms and tlioir decomposi- 
tion products aro carried into tho air by a bursting 
air bubble m a ‘whito cap’ In the air tho droplet 
would lose its moisture and a part of its ammonia, 
and as a small and light particlo bo carried far inland 
to settle out or to serve tho very usoful function of 
seeding ram clouds On reaching tho ground this 
material would contribute to tho soil, nitrogen and 
pol assnim and possibly othor materials necessary for 
plant, growth From tho lack of NO,' and NO/ m 
tho samples, this path m tho nitrogen cycle might be 
considoied more important than tho conventional 
fixation of atmosplioro mtrogon by atmospheric 
electrical discharges, at. least for tho areas covered 
by the sampling Tins then might represent a net 
transfer of bound nitrogen from tho ocean to the 
land 


Table 1 



nitrogen content of snow samples (ref 3) 





Description of sample 

NO, 

(ppm ) 

XO,' 

(ppm ) 

(ppm ) 

Organic 

(albuminoid) 

nitrogen 

(ppm) 

Sum 
(ppm ) 

Ka+ 

(ppm ) 

K + 

(ppm ) 

Corrected 
- K+ - 
1/27 Na 4 
(ppm) 

K 4 /Xn + 

(1) Snow collected April 20. 1958, 
0.000 ft (tree line 4,000 ft ) during 
snowstorm on lit lluapchu (100 
miles from sea) Wind W S W 

0 

trace 
< 0 002 

0 03 

0 10 

0 23 

1 3b 

0 4 

0 35 

0 29 

(2) Freshly fallen snow collected April 
26. 105S, at 5.300 ft on Mt 


trace 








lluapelm 

0 

< 0 002 

0 03 

0 2 

0 23 

1 35 

0 4 

0 35 

0 290 

(3) Snow collected Way 3 1058, at 

0 000 ft (tree lino 4,000 ft ) on 
lit Egmont (20 miles from sea) 

0 

0 

0 03 

01 

0 13 

0 08 

0 24 

0 215 

0 354 

(3a) Snow taken under (3) — previous 
snowfall J 

0 

trace 
< 0 002 

0 05 

0 03 

0 08 

1-02 

0 1 

0-00 

0 098 

(4) Snow collected April 27, 1958, at 
7,000 ft (treo line 3,000 ft ) on 
Tasman Glacier (25 miles from sea) 



0 1 

0 12 

0 22 

0 20 

0 18 

0 175 

0 00 

(6) Italn collected In Wellington In 
southerly storm on April 20, 1958 
Distance tip wind to open sea 10 
miles, altitude 10 ft 

0 

0 002 

0 27 

0 2 

0 47 





(0) Snow collected July 20, 1958, at 
6,750 ft (tree line 4,000 ft ) during 
a Bnowfall on Mt lluapelm) (100 
miles from sea) 

0 

0 

0 2 

0 04 

0 24 

0 16 

0 01 

0 01 

0 007 

(7) Snow collected July 21 1958, at 
0,676 ft Same fall as In (0) 

0 

0 

0 33 

0 07 

0 40 

0 10 

0 00 

0 00 

0 375 

(8) Snow collected July 21, 1058, at 
8,070 ft Same fall as In (0) 

0 

0 

0 2 

0 02 

0 22 

0 11 

0 03 

0 03 

0 273 

(9) Snow collected August 2, 1058, at 
0 000 ft during snowstorm on 
Mt Buapehu 

0 

0 001 

0 02 

0 09 

0 11 





(10) Fresh snow collected August 22, 
1053, at 5 000 ft at Temple Basin, 
Arthur's Pass (tree line 3,000 ft , 
30 miles from sea) 

0 

0-002 

0 01 

0 04 

0 05 

0 04 

0 02 

0 02 

0 50 

(11) Fresh snow collected September 10, 
1958, at 6,700 ft on Mt Huapelru 

0 

0 

0 01 

0 04 

0 05 

0 06 

0 05 

0 03 

0 077 

(12) Ocean foam collected on rocky 

coast north or Wellington during 
strong on snore westerly wind 

(13) Typical ocean water 

L 

0 

0 004 

0-008 

236 

12 000 

11,000 

930 

410 

486 

0 

0 078 

0 037 
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Application of Hypothesis to Other Problems 

Origin of Ammonia in Air and Bain Tho presence 
of ammonia in air and ram lias been known for many 
jeare Its origin, however, lias boon in doubt 4 
Tho ocean seemed to bo tho moot likely source except 
that calculations based on tho equilibrium constant 
between air and water, together with tho con contra 
tion of ammonia in the sea, rulo out this possibility, 
even though in Now Zealand's case there Booms to 
be no o th or Tho hypothesis prosontod in this article 
would imply that tho ammonia is coming, not from 
the bulk ocean, but from tho surface lavor and from 
the evaporation of the small droplets which aro 
thrown up into tho air by tho bursting bubbles 
Variable* quantities of ammonia will bo lost by thoso 
droplets to the air, depending on thoir pH and com 
position Indeed, the results in Tablo 1 a com to show 
that tho higher the albuminoid fraction tho lower tho 
ammonia retained m the droplot and vico versa 
This might bo duo to tho buffering offoct of tho basic 
nitrogenous material 

Potassium} sodium ratio tn ram tracer It is a well 
known fact that tlio potoesium/sodium ratio in rain 
water is often largor by a fhotor of 10 than that in tho 
sea — tho obvious sourco Tins can bo readily explained 
in terms of tho above hypothesis, sinco tho rain would 
derive its salts from tho surface layer of tho ocoan, 
which m turn is rich in marine organisms many of 
whioh aro known to have much higher potassium/ 
sodium ratios than tho 1/27 of eea wator 

Charge, discrepancy in ram tra/er Tho total sums 
of all tho charges carried by tho onions and cations in 
mm water sometimes do not balance This can bo 
explained by tho prosenco of organic compounds 
balanoing tho excess charge 

Ocean foam Tho origin, of tho foaming agent in the 
*ea is not certain, but it is possible that it is produced 


by the bacteria themselves and serves to trap their 
food and also to aid in thoir aeration 

Many of tho sheep stations on the Now Zealand 
coasts and /stands carry mono sheep than might from 
other considerations be expected, and without aerial 
t-op dressing 1 Tins effect decreases with distance 
from the Boa, and applies only to areas lying within 
10 miles of tho coast Could this bo the result of 
wind blown foam carrving plant nutrients to these 
coastal areas ? 

Bad trial action of the sea There is a discrepancy 
between tho supposed boo tonal action in the sea and 
tho very few bacteria found therein* Is it possible 
that a large fraction of these biological processes 
takes place on the surface layer of the Ocean, and 
that theso ore not effectively sampled by the normal 
methods which sample tho bulk ocean rather than the 
surfaco ? 

Life in the inter tidal zone Tho occurrence of largo 
quantities of orgamo matter and nutrients in the 
surface layor of the soa might provide the food 
supply for the largo amount of hfo that exists m and 
near tho inter tidal rone 

I wish to thank Mr H- J Wood of the Dominion 
Laboratory, Wellington, for the nitrogen analyses, 
and Mr A J Heme and Mr G Polio Department of 
Scientific and Industrial Hescaroli, for collecting 
samples 

1 Wiaon A T Nalun 183 818 (1950) 

■ " Standard Method* for the Examination of Water and Smngfl 
(American Public Health AaaocJatlon 1700 Broadway Ncwlork) 

1 Woodcock , A. II., Klenttler 0 F Arena A B and Blanchard 
D 0 Ntf/ure in 1144 (1053) 

‘ErJtaon E Ttttus 3 215 (1955) 


• Alt ken IL (prlrate communication Orongorongo Station Walnnl 
o mat* New Zealand) 



COMBINED EFFECTS OF CORTISONE AND INSULIN ON 
DEVELOPING CHICKEN EMBRYOS 

By Dfc PIETRO de FRANCISCIS* and Prop WALTER LANDAUER 

Unlvenlty of Connecticut 

T HE injection of insulin into the yolk wvo of chickon are responsible for dissimilarities In the offoct e pro 
ogga after an incubation period of 4-8 days is duced by simultaneous treat mont with corttaono and 
responsible for the occurrence of a shortening of the insulin or if the discrepancies between our earlier 
long bonoe of tho legs (micromelia) and of abnormal i observations and those of Limardo and de fWmn, 

ties of tho beak , the moon body weight of such have other causes 

embryos is somewhat reduced The bov onty of thoso For our present tests we used egg is of White Louhom 

symptoms varies with tho amount of injected insulin 1 fou Is bterilo solutions of cortfeono (cortono acetate 

Tho principal effect of cortisone, injected during tho Merck) and of insulin (Lilly) Tcoro inioctod mto the 
same developmental stages is a marked dwarfing yolk boo after 4 or 8 days incubation The details of 
of tho embryos, but without tho production of skeletal our experiments aro presented in Tables 1 and ° 
malformations* When both insulin and a potent In recording ekoletal abnormalities all dogrooa of 
adrenal cortex extract (but of unknown cortisone shortening of the legs wore pooled similarh nil 
concentration) wore injected after 5 Cluj's of inoubft types of book defects were grouped together ** Tho 

tion it was found that the mo i donee of insulin incidence of other skeletal abnormalities wo* vorv 

specific skeletal abnormalities was significantly greater small and was not separately recorded , theso dofocts 
than after tho injection of insulin nlono* 4 In occurred with about equal froquoncy in all groups 
similar experiments but dono offer 8 days of meuba and, since there was no reason for bolfoving that thoj 
tion and using cortisone in combination with insulin, owed their origin to our experimental procedures 
Lunordo and de Bastiam did not find a potent in tion tlio> wore added to tho ‘normal’ groups 8 

of tho insulin effoct* It seemed of interest therefore, Untreated eggs sen ed as controls of tho various 
to dolormine if differences, of developmental stage experimental groups For tho tost reported in TabJo 1 
* Feikn* of tU* it*tun “ -^Coordl. wo had 37 fortilo and untreated tw*. of those 
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Table 1 Experiments in which Cortisone, Insulin, or both Cortisone and Insulin were injected into the Yolk Sac of White 
LE onORN Eggs after 00 hr of Inoubation and at tiif Dosvofs given Below 



Cortisone 


Insulin 


Insulin and cortisone 

Experiment 

1 

o 

3 

1 

O 

3 

1 

o 

3 

Insulin unlts/egg 

— 

• — 

— 

3 2 

3“ 2 

4 

3 2 

3-2 

4 

Cortisono, mgm /egg 

1 25 

1 26 

1 

— 

— 


1 25 

1 -26 

1 

Number treated 

20 

27 

so 

20 

27 

30 

64 

43 

90 

Survival to eighteenth day , per cent 

67 7 

81 5 

70 0 

84 0 

03 0 

73 0 

37 1 

47 8 

35 5 

Number survivors 

10 

22 

23 

oo 

17 

22 

20 

23 

32 

Body-weight, gm 

14-20 

13 73 

13-90 

10 69 

16 16 

13 37 

12 70 

8 71 

10 14 


± 0 03 

± 0 80 

± 0 83 

A 0 81 

J 0 79 

± 0 73 

± 0 87 

± 0 50 

± 0 07 

Normnl, per cent 

100 

100 

100 

87-0 

04 7 

30 4 

75 0 

05 2 

18 8 

Short legs, por cent 

0 

0 

0 

13 0 

35 3 

51 5 

25 0 

34 8 

69 4 

Abnormal beak, per cont 

0 

0 

0 

13 0 

11 8 

27 1 

6 0 

4 4 

25-0 


la tho36 groups In which both hormones wero Injected the ratio of cortisone to Insulin amounted to 0 39 In experiments 1 and 2 and to 
0 25 In experiment 3 AU living embryos wero weighed and examined after 18 days of incubation Incldcnco of 'normal embryos and of 
abnormalities of the logs or beak In percentage of sun Ivors to eighteenth day Standard errors of body weight 


Table 2 EXPERIMENTS IN WHICH CORTISONE, INSULIN, OR BOTH CORTISONE AND INSULIN WERE INJECTED INTO THE YOLK SAO OP Vt JIITB 

Leghorn Egos after Eioht Dus or Incudvtion and at the Dosvges given Below 



Cortisone 

Insulin 

Insulin and cortisone 

Experiment 

1 

o 

3 

1 

O 

3 

1 

o 

3 

Insulin uults/cgg 

*— 

— — 

— 

3 2 

3 2 

4 

3 2 

3-2 

4 

Cortisone, mgm /egg 

1 5 

1 5 

1 

— 



1 5 

1 5 

1 

Number treated 

40 

10 

55 

40 

20 

55 

70 

40 

80 

Survival to oi gh tec nth dav per cent 

07 5 

90 0 

89 1 

80 0 

90 0 

80 0 

03 5 

87 5 

73 7 

Number survivors 

27 

0 

49 

32 

18 

44 

48 

35 

69 

Body-welglit, gm. 

H 87 

13 02 

10 50 

18 20 

10 95 

17 75 

13 53 

13 24 

14 85 


± 0 52 

± 0 05 

A 0 45 

•*•0 47 

± 0 50 

J-0 40 

-L 0 42 

± 0 42 

±0 50 

Normal, per cont 

100 

100 

100 

50 0 

27 8 

34 1 

'81 3 

71 4 

49 2 

Short legs per cent 

0 

0 

0 

50 0 

72 2 

05 9 

17 0 

23 0 

50 8 

Abnormal beak, per cent 

0 

0 

0 

0 

6 0 

0 

5 1 

0 

18-C 


In those groups In which both hormones were Injected the ratio of cortisone to Insulin amounted lo 0 47 In experiments 1 and 2, and to 
0 25 in experiment 3 All living embrvos were weighed and examined after 13 days of incubation Incidence or 'normal' embryos and of 
abnormalities of the legs or beak In percentage of sure Ivors to eighteenth day Standard errors of bodv weight. 


(89 2 per cent) survived to 18 days and tho embryos 
at that age had a mean body-weight of 20 95 ± 
0 53 gm As controls for the experiments of Tablo 2 
we had 20 fertile and untreated eggs , 22 of the 

embryos (84 6 per cent) lived at 18 days and had a 
mean weight of 19 37 ± 0 50 gm None of these 
55 embryos showed skeletal malformations of tho 
kind with which the present discussion is con- 
cerned 

Effects on survival Among embryos treated at 
4 days with both insulin and cortisone tho mortality 
was consistently higher than it was m the groups 
treated with either hormone alone In fact, the 
toxicities of insulin and cortisone wero nearly additive, 
and most of the group differences m mortality (or 
survival) are highly significant At 8 days, on tho 
other hand, survival after tho combined treatment 
did not differ significantly fiom that occurring after 
injection of either insulin or cortisone Comparing 
the experiments at 4 and 8 days, and taking into 
account such dissimilarities of dosage as existed, no 
consistent or significant changes appear to have 
occurred in the toxicity of either cortisone or insulin 
Highly significant differences are found, howevor, 
between the combined treatments at the two develop- 
mental stages In experiments 1 and 2, m which 
the ratio of cortisone to insulin was higher at 8 days 
than at 4 days (0 47 vs 0 39), tho differences 
amounted to 31 4 ± 8 05 and 39 7 ± 8 90 per cent 
respectively , m the two third groups, with identical 
ratios (0 25), the difference in survival was 38 2 ± 
7 04 per cent 


Effects on body -weight Following treatment aftei 
4 days of incubation, the injection of both hormones 
SLiA'tv th I? e gr° u P s to a greater retardation oJ 
som W produced by either msulm or corti. 

Sr tV TSSV' W" 

thoso of the groups treated with ortho^Sl 7 belo ' v ' 
msulm alone ° At 8 day. the coSZTSTt™ “ 


led to a significantly lowor bodv-w eight m comparison 
with tho msuhn-troatod embryos , hut tho difforencos 
hotwoon tho groups that had boon injected with both 
hormonos and thoso that had recon od only injections 
of cortisono wore noitlioi consistent nor statistically 
significant A comparison of the treatments at the 
two development stages roveals somo interesting 
differences Against the lowest amount of cortisone 
which wo uBod (1 mgm /egg) tho 8-day embryos had 
becomo significantly moro losistant than thoso 
treated at 4 days, tlioir moan body -weight being 
2 00 ± 0 94 gm higher , tho results of experiments 
1 and 2 are not directly comparable because of dosago 
difforencos The injection of 3 2 units of msulm at 
4 and 8 days did not produce significant dissimilarities 
m body-w oight, but after 4 units tho 8-day embryos 
wore loss retarded (difference 4 38 F 0 88 gm ) 
The results for combined injoction of msulm and 
cortisono in experiments I and 2, hocause of dosago 
differences, do not allow a comparison between 4 and 
8 days, but tlio results of tests with 1 mgm cortisono 
and 4 units msulm (experiments 3) demonstrate 
that growth of tho ombryos treated at 8 days was 
much less retarded than it was follow ing injoction at 
4 days (difference 4 71 ± 0 27 gm ) 

Teratogenic effects As one woidd expect, the 
incidence of malformations inci eased with dosago 
in tho groups treated with insulin alone and m thoso 
treated with msulm and cortisone Tins was true 
at both developmental stages A comparison of tho 
effocts of msulm treatment with tho results of the 
combined injection of msulm and cortisono shows no 
significant differences in the incidence of skeletal 
defects at tho 4-day stage, except for a slight but 
consistent trend of the abnormalities to be more 
extreme m the groups treated with both hormones , 
in the groups tested at 8 dayB, on the other hand, the 
combined treatment was less teratogenic than 
injection of msulm alone For the pooled data of 
experiments 1 and 2 (with identical ratios of cortisono 
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to maul in) theeo dtfforoncoe were highly significant 
(X* - 16 82* P < 0 001), and tlio Bftmo is true for tho 
combination of probabilities for oxponmontfl 1, 2 and 

3 (/* « 30 31, df « Q,P < 0 001) 

Oar results domonstmto dearly tliat between 

4 and 8 days of incubation a cliango occurs in tho 
reactions of the dovolopmg ohlokon embrvo to coni 
tuned treatment with insulin and cortisone Tlio 
elder ombryoa survrvo bettor, show loss rotardation 
of growth and a lower incidence of skolotnl malformft 
tkms Theso differences in response presumably aro 
a rofloxion of tho homccoelatic forces which tho 
incipient functioning of tho ondoermo systems brings 
into play Our observations, secondly , confirm tho 


report b\ Lunardo and do Baatiani tliat cortwono does 
not potent into tho toralogomo notion of insulin 
Since our earlier experiments with an oxtrnct of 
adrenal cortox producod very striking potentiation, 
it must bo concluded tliat tliis was due not to 17- 
hydroxy 11 -dolndrocorticoatorono (cortisono) but to 
one or more of tho other corticosteroids oontamod ui 
tho extract This wo hopo to vemfy in future 
experiments 

* Landauer W J Srp Zod IW 145(1947) 

• Karoo fiky D A Rldffway I*. P and Tattcrion V A Endocrinol 

48 500 (1051) 

• Landau rr W Endorrinol , 41 4B0 (1017) 

h (anpnbl^hod obtcrvnllotrt) 

* Lunardo C and dJ Butlaol O La Clin Ortoped 8 120 (1030) 


MATERNAL CONTROL OF OVARIOLE NUMBER IN THE 
PROGENY OF THE MIGRATORY LOCUST 

By F O ALBRECHT M VERDIER 

Uborctolre d'Evolutlon dw Etrra Orginbfa Paris Uboritolro do Blologle Anlmile, Paris 

AND 

R E. BLACKiTH 

Imperial College Reid Station Sunnlnghlll, Berks 


A N integral port of the phase theory of locust 
transformations is the cumulative transmission 
of phase characters from one generation to another, 
so tliat fuDy grtgana or tolxtana types can bo obtained 
only when crowding or isolation of the locusts is 
maintained for several generations Tho Lransnus 
sion of pliase status to tho progeny is held to occur 
through the accumulation of extra-chromosomal 
materials m tho egg 1 Early criticisms, understand 
ably in view of tho spoolfic status gh on to tlio phases 
previously, hold tliat thoy were genetically dastinot 
out formed hybrids 


Tlio weight of hold and laboratory evidence has now 
accumulated to tho point whoro tho essontiolly non 
genic nature of this Inheritance is taken for granted, 
although tho capacity of expressing it dopenda 
patently on tho gonotypo concerned This striking 
illustration of what Thoday* has called phenotypic 
flexibility has received scant notice savo Tot some 
remarks of Kennedy* 4 

Hunter 'Jones* lias shown that crowded fornalo 
desert locusts reproducing parthenogenoti cally , jrro 
duco offspring which m colour and weight are typically 
grtgana whereas the aamo stock of females when 
isolated, givo *ohtana typo lame Our exporimonts 
show that toloty koua partliono genesis also occurs 
with the migratory locust, Locusta migratona migrator 
xmdta K and F Moreover, tho number of oyanolce 
in female offspring of isolated unfertilised fomalos 
ranges from 05 to 105, whoroaa liatohlings from 
crowded mothers carry only 75-85 ovariolos We 
may look to tho fomalo roproducti\e system for 
oomo of tho clues to this problom 

There Boom, in foot to be two phy Biological pro 
coteoe at work ono of those operates through tlio 
vitolluB of tho egg, tho reduction of whloh by ligaturing 
after blastokinosis produces lan.ee which hsi\o tho 
eolifana coloration (palo green) from crowdod stocks 
of tho migratory locust, tho normal In me of which 


would bo block and hoaw* Genorally, woiglit and 
colour are closely associated*, both -with one another 
and with tlio subsequent rate of development and 
number of moults of some species of locust 7 * Tho 
number of o\ orioles homo by those ligatured larva, 
is on the contrary, typical of grtgana populations 
Thus tho inheritance of this important pliase charoc 
tor* Booms to bo independent of tho amount of vitollus 
remaining in tho egg This distinction, howey or, may 
provo to bo ono of tho timing of tho processes of ov ary 
formation and larval coloration j in Mdanoplu s and 
Drosophila at least, ovoriolo number a corns to bo 
determined prior to or during blostokinogiB 1 * IJ 


inuiP J AUUN hwuuiuM Wf UTABIOU mJMBTO OS XlATrirLTTn 
Wxwtrc or Ttii mkhato*t Locust wwarernso tjtbIsSiSh 
or pothttul iummucnvs Capacity roa a SacShob or 1 
_ wsionr at Rtarn 

(SlaodArd erron of regreolon reefBrienU about o *5 throutfumt) 
GenwaUon Rcttm»lon awl iuUequent wnrlnj denalty 

Ctowlrf (Stock tnm dnbtotrc 

mm) 


II 

ni 

1\ 


Crowded 

Crowded 

1_ 


Crowded 

1 17 


~U, 


Crowded 

J 


ted 

3 

leolated 


I'M 1*W 

Crow4ed__J_Twl»tod 

7 27 ots 


There is in gonoml an tmerso relation betcreon 
■anight at hatching and tho number of ovnnolee in 
locust Ittrvtc* ,a Tho interlocking of these two 
characters depends on tho consistency with which 
tho earlier generations have boon kept crowded or 
isolated To tho extent tliat wo may tldnk of 
relationship ns a measure of tho intorchangeabihtj 
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of reproductive potential (number of ovariolos) and 
larval mobility (weight of occludod food reserves) 
the changes of its magnitude are of interest whatever 
the mechanism of inheritance Table 1 shows the 
mean regressions of ovariole number on hatchling 
weight for comparisons made among larvra issuing 
fiom ono and the same egg -pod Each pod contains 
up to 100 eggs derived from a single ovarial cyclo in 
the female Comparisons across egg-pods or across 
the progeny from different fomales are swampod bj 
extraneous sources of variation which thomsolves 
depend on the consistency of ancestral donsity 
Generation VI (crow r dod grand-parents , isolated 
parents) were 07 times as variable as generation VII, 
for which isolation was the parental and grandparental 
regime Yet even generation VET was 9 times as 
variable, as a whole, than wore contrasts mado witlun 
egg-pods as are those m Table 1 these varied in 
precision scarcely at all throughout the experiment 

Crowding loads to a cumulative gam in woight at 
hatching for a given sacrifice of reproductive poten- 
tial, and smee this sacrifice has evidently not ontiroly 
been made good even three generations after crowding 
was ended we have the longest reach, of any jot 
recorded, of a density-dependent offoet bomg trans- 
mitted to the descendants of the crowded generation 
Similar inheritance has, however, been demonstrated 
in the shorter run with other characters 5 7 In a 
general and less-precise way this inverse relation may 
be extended to fully sohtana and gregaria females , 
the progeny of the gregaria are fovor and heavier, 
and have fewer ovarioles compared w ith tho progenj’ 
of sohtana , nevertheless, both phases produce about 
1 gm of living material in each egg-pod 

Setting Limits to Selective Action during the 
Egg Stage 

Our series of 6,000 preparations of tho dissected 
ovaries of soverral generations of the migratory locust 
affords an opportunity to set limits to tho action of 
any selective forces operating during tho development 
of the eggs , for tho number of ovarioles in tho laying 
female is tho upper limit to tho number of her progenj 1 ' 
from winch the issue of any one egg-pod can have 
been selected, always excluding the possibility of 
pre-ovogenetic selection In particular, tho soquonco 
of egg-pods laid bj isolated fomales wus studied 
either when the female was left with tho male after 
copulation for the rest of her life, whon the number 
of ovarioles in her progeny steadily diminished, or 
when the male was removed aftor 24 hr m tho cage, 
to allow copulation to occur, when no such diminution 
was observed Tho influenco of tho male, onco fertil- 
ization has been accomplished, is mildly to disturb 
the female and to induce a modest amount of those 
inhibitory effects normally associated with crow ding 
The mean ovariole number of offspring from a female 
left with one male drops by one ovariolo for each of 
the 15 or so reproductive cycles that tho female 
undergoes More drastic crowding augments this 
progressive loss but also shortens tho sequence of 
reproductive cycles so that tho not effect is not 
groatly different 

Crowding the females with a single male produces 
offspring of which tho moan number of ovarioles 
eventually lies outside the range of the phono types - 
initially produced by the same mating pair At 
most, less than half this cumulative shift can be 
attributed to selection, and in fact there is no evidence 
that any of it is so induced The absence of such a 
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slnft, in fomales from whom tho male is removed 
witliin a few hours of copulation, oxcludes any 
influence of ago alone on the mother 

Regulation of Fertility and Fecundity In~the 
Migratory Locust 

Implicit in tho phase theory of locust outbreaks is 
some nutoregulation of fertility or fecundity according 
to tho population donsitv Our results provide somo 
idea of tho nature of such regulation m tho migratory 
locust , other spccios soom to differ in important 
respects, and caution is needed m oxtonding these 
findings to thorn 

Tho mfluonce of crowding operates both wnthm 
and between generations Tho distinction between 
larval and adult crowding is vital for theso compari- 
sons, sinco changes of donsity rathor than the levol 
of the density seom to elicit tho regulatory processes 
Crowding during tho larval mstars almost doubles 
Lho number of ogg-podB laid by tho ensuing odult 
fomalos, whoreas ndult crowding inhibits tho laj’ing 
female either from fulfilling her potential delivery of 
egg-pods or from endowing her fomalo offspring 
with thoir appropriate complement of ovarioles In 
this way larval and adult crowding act in opposite 
directions , and may substantially nullify ono another 
during consistent crowding Yot when tho lame 
nro crowded and tho adults isolated, ns occurs with 
stragglors from grogariouB groups, as many os 
1,500 eggs may bo laid by each fomalo, whon the 
rovorso rogimo is imposed, onlj” about a tenth of this 
numbor is to bo oxpcctod 

How over clearly ono may recognize that those 
ideas rolnto onlj to a few nspocts of a much wider 
problom, tho control of focimdity m tho migratory 
locust may be regarded os a liomoeostatio mechanism 
tending to stabilize population donsity In oveiy 
generation wo liavo found a significant negative 
regression of ovariolo numbor on hatclilmg weight, 
which wo mtorprot ns a latont ability to oxchango 
larval food reserves for roproductn o capacity Wien 
grouped locusts are disporsod, tins adjustment is 
called into play and only fades aw aj r when soveral 
generations of isolation havo failed to rostoro tho 
population density through an increaso m fecundity 
of tho offspring Tho last w ord in those mat tors often 
lies with tho climate, which can ovomdo tho locusts’ 
bost endeavours at regulation 13 

Genoially, it appears that tho ability to produce 
offspring, tho avorago fecundity of which is well 
outside tho phonotypic rango of tho pnronts, boa at tho 
heart of tho capacity of migratory locusts to cope 
with rapidlj’ changing environments An anal) sis 
of growth and of moulting poljTnorphism in tho red 
and desert locusts led us to conclusions m tho same 
vein* A full account of tho experiments on which 
the present conclusions are based is being published* 
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PHYSIOLOGY 

An Exteroceptive Block to Pregnancy in 
the Mouse 

Experiments on tho offocfc of certain oral 
progeetogcns during early pregnaiicv , in continuation 
of previous observations 1 on non pregnant animals 
m\ohed plaoing n recently mated femnlo rocoi\ mg 
oral progostogon w itli a strange mnlo In a nnmbor of 
the mice tlio procedure resulted in fnfluro of pregnonov 
from the first matuig and a now mating vntlun 3-0 
dajT Control experiments showod tliat tlio samo 
effect was producod by dosngo with inert material 
or even without any treatmont other than tlio intro 
auction of a strange malo at 24 hr after mating 
20 out of 49 females boha\od in this wa\ a fur 
fToator proportion than could bo attributed to tha 
oxpoctod mcidonoo of anovular cycles Only about 
8 per cent of young females, as usod, return to 
oestrus witlun 4-5 days if removed from the male 
fitter their first mating, or copulato ogam at this time 
“ *hoy Qro loft with the male Moroov or, among the 
*a«poct females there was a fafluro of the pseudo 
propianoy which might ha\ o boon due to poor stud 
Experiments woro thoroforo tmdortahon to 
t'xplore this effect 

tout situations woro devised* Situation A was 
M already raontionod that is, tho recenth mated 
femalo was paired with a strange partner 24 hr after 
copulation with the stud male Situation B vas ono 
? Proximity without contact, the femalo boing 
m a small cago inside a stock box containing 
°iher mice whicli could climb about the cage but 
outer it 

f Tho stud males and all tho females wore albinos 
he test males wore oithor albino or mid typo 
oung virgin females were mated in pairs mth a 
, uu lTi ale , the fomalos v. oro removed from tho male 
_ tKm tho vaginal plug was found and housed together 
T^^ight 24 hr later they were present ed with tho 
* ^tuatlon The females wore generally loft in tho 
jZ* "Tuation for 7-10 days, and thoy wore thon 
firm i V °^ to norma] mouso boxes Tho pregnant 
wore isolated before parturition, and females 
became pseudoprognant or m which tho 
c^TTCancy hod been blocked receivod a fertility test 
bo htr ^ ^ I( J fow females which proved to 
°*Jlo were excluded Dailv vaginal smears 

examined 

rin ._ of tlieso investigations aro briefly 

in Table I 

m %vaa blocked and implantation inhibited 

of a J" ^ P 61 * cent of fomalos by the introduction 

hiocV Itudo within 24 hr of coitus it was so 
Pr,^^ crvon by tho presence of a costratod male 
Wiolo Was r,ofc affoctod by tho return of tho 
ofaXjZ 0ri gmal stud male or by tho prosonco 
t°malo, whether parous or o vnri oc t o m mod 
effoct iw? 0011 ROXOrt was not necessary for tins 
vra * XvtU5 a ^° blockod whon tho femalo 

m * ido the male stock box Among parous 
anjfiQf. * P n? 8nanoy wna loss readily blockod than 
“ parous by contact with a strange mnlo 


Table 1 Ppeojuxctt Block m the 3Jo0«* 

* y male* were MReratM from itud male* on flndlm: vicinal pita 
ana nonX*d tncwl)u*r nnfll wlfK *l.« if L. \ j 


lIoa»*ii n|L)t 

Strange normal male (albino) 
8trarn?e wDJ type male 
Cast rated male (albino) 
Another female (pa rota or 
ovnrleclomlied) 

Original stud male 
Proximity without eontact 
that la In cage Intldc itock 
box containing 
Albino males 
Wild type moles 
Females 


j Frmalf* harin« bJoektd 1 

rregnaoi 

riej 

Proportion 

Per rant 

lo/oo 

28 

25/35 

‘1 

13/60 

20 

0/18 


0/32 


8/32 

25 . 

52/68 

76 1 

0/49 

~ .1 


but apparently^ broko down as oasdy when tlie fomalo 
was housed uisido tho mnlo stock box This suggests 
that tho lattor situation supplies a stronger stimulus 
In both test situations tlio superiority of tho wild 
type males over the albinos as pregnancy blocking 
agents was highly significant The reason for this 
difference is not understood and os yet male mice of 
other strains ha\o not been tried Two different 
strains of females one albino and tho othor pink ovod 
champagne, were testod in small numbers in situation 
B Both exhibited pregnancy block in similar pro 
portions to those found for tho anginal mice 

The use of the genetically roarkod wild typo test 
males showed that suporfoctation did not occur Of 
35 females 16 matod with tho tost male All 15 gavo 
birth to block-eyed young only (123 young) This 
includes ono female m which coitus with tho test 
male took placo within o foe hours of introduction 
hor litter of 8 black -ey od young being bom 10 day's 
lator, 20 day's after finding tho vaginal plug from 
the stud albmo malo 

No mutual reaction between females as regards 
pregnancy block was indicated eithar whon tho tost 
situation involved other fomalos or when tho mated 
fomalos were themsohes placed singly m pairs or 
m tlirooe in tho test situation It is woll established, 
however, that females overt a powerful effect upon 
ono another in terms of tho custrous cycle* and tho 
mcidonco of mammary cancer* and tliat tho presence 
of a malo tends to synchronize tho cyclo of non 
jrrognant females 4 

Eurthor experiments designed to throw light on tbo 
mechanism involvod in this pregnancy blook of ex 
terocoptivo origin are in progress Tho pituitary and 
tho hypothalamus aro probably both implicated 
Hilda M Bruce 
Division of Experimental Biology 
National Institute for Medical Research 
Mill Hill, 

London, N W 7 
Juno 18 
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Retinal Responses of Pink Salmon 
associated with its Downstream 
Migration 

The seaward migration of juvenile Pacific salmon 
is usually nocturnal and confined to a relatively brief 
portion of the night 1 It has been suggostod that 
“as the light intensity falls rheotactic responses, 
■a Inch are to a large degree dependent on vision, fail, 
and these fish pass down stream in shoals Tho 
fact that such mass movements occur dm mg a ratlioi 
precise period of the night is probably duo to tho 
daik adaptation of the eye and a period of night 
blindness” 1 In support of tins view, a recont 
histophysiological examination of tho rotintc fiom 
several species of Oncorhy nchus has shown an incom- 
pletely dark-adapted condition of tho rotinre at tho 
tune of most active downstream migration 8 4 As a 
further test of this hypothesis, tho retime from fish 
lulled at different light intensities during tho evening 
and early morning havo boon compared with tho 
io tunc from fish winch wore completely adapted to 
the same light intensities in the laboratory Tho 
pink salmon fry (Oncorhynchus gorbuscha), probably 
the most specialized of tho downstream migrant 
salmon 1 , was solocted for the study 

Migrant pink salmon were collected from a trap 
m Jones Creek, British Columbia, and brought into 
a dark room of the laboratory Groups of five fish 
were exposed for 90 mm to each of seven light 
intensities, ranging evenly from 10- to 1(M ft -candle 
The period of exposure was sufficient to bring about 
a complete adaptation 8 - 4 Fish captured m tho samo 
place and in like manner woro placed in glass aquaria 
which were located m an oxposed position m tho 
river where the fish had boon migrating Tho bottoms 
of the aquaria were covered with sand and gravol 
From these aquaria, fish woro sampled at sovon times 
when the incident light intensity reached tho samo 
values used m tho laboratory This was done both 
at twilight and at dawn Light intensities of KM ft - 
candle and greater were measured with ‘Pliotovolt’ 
model 200 photomoter and light intensities below 
this value with ‘Photovolt’ modol 520-M electronic 
photometer 

The eyes of teleost fish adapt themselves to 
altered light conditions by pronounced changes in 
tho distribution of the retinal epithelial pigment and 
the position of the rods and cones "When tho hght 
intensity falls below threshold values, tho rotmal 
pigment concentrates and the rods and cones migrate 
due to the contraction and expansion, respectively, 
of their myoids These movements are m diroct 
proportion to the logarithm of the hght intensity 
Thus m bright hght, the rods are shieldod by the 
pigment and the cones placed directly m tho path of 
light, whereas in low light intensities and darkness, 
the rods are brought directly m the path of light and 
the cones migrate closer to the concentrated pigment 
These processes can be followed by measuring tho 
thickness of the pigment and oone layers The cones 
are more obviously delimited for this purpose than 
the rods The histological techniques and methods 
of measuring retinal ebangos have been described 3 4 
The .values presented here are means for 60 measure- 
ments made from 10 eyes in eaoh case 
" shows that both 

m, retina t 

attrlbutea y~‘'- *» j W hen i 
that any of it is so '*'* 


pigment and cone layers of 
re in a semi-adapted state 
he hght intensity is rapidly 
“ t ***-nj^tho morning The 
''‘‘^laboratory 




picture and tho somi-adaptod state in Naturo is loss 
at dawn than m tho ovoning Tins is m accord w ith 
an earlier demonstration that hght adaptation is 
moro rapid than dark adaptation in this spocies 
tJndor natural conditions, in tho ovonmg, both pig- 
ment and conos nio m a fully adaptod stato a 
intensities above 1 ft -candlo Howovor, between 
this level (tho cono threshold) and KM ft -candlo t w 
rotinn of animals fixed m tho fiold aro not as com 
plotoly adapted as those in tho laboratory 
KM ft -candle adaptation is tho samo m both gioups 
It roqunos about 46 mm (Fig 1) for tho light mton 
sity to fall from 1 to 1CM ft -candlo Ah 4 has shown 
that retinal adaptation commoncos below 1 ft -cant o 
and requiros about 46 mm to loach a maximum 
Tlius, tho cliangos m tho fiold aro m accord with t ie 
laboratory findings With increasing light, rotinn 
changes aro evident at mtonsitios abovo KM u 
candle and adaptation is ossontiallv comploto 
1 ft -candle The rapidity of light adaptation 
would seem to account for the small differences fount 
m tho fish sampled at dawn Actually, the changes 
m light intensity in Naturo are somewhat, moro 
rapid at dawn than at dusk (Fig 1) , 

These findings are m accord with the theory tna 
migration of pink salmon is initiated when tho retina 
is only partially adapted to the decreasing illum- 
ination At Jones Creek, whore tlioso observations 
were made, it waB found that 80 per cont of the pm ’ 
migiants entered the trap between 7 p ra and 9 p ® 
(Paoifio standard time) on tho nights of the study 
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During this poriod tho light mtonsity decreased below 
1 ft candle and reached 10 -4 ft -candle It is not to 
bo expected that all the fish will be affected at tho 
same time since there are sliadod and exposed areas 
in o\ cry stream Theso observations, however, 
support wo 11 tho theory that, whether the pink salmon 
is transported or aotivoly swims downstream 14 , its 
nocturnal movemont will bo initiated when visual 
contact with its environment is reduced or impaired 
This will bo associated with the rather specialized 
behaviour of rising to tho surface of tho water at low 
light intensities 1 

M A An 
W S Hoab 

Department of Zoology, 

Unn oraity of British Columbia, 

Vancouver 
March 10 
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• Brett J R. and All 1L A J FUS Fa Bd. Canada 15 815 (1058) 

4 All JL A. Fh.D t Stall Untv BritUh OolmnbU (1059) 

*>eave F J FUk Fit Bd Canada IE 380 (1955) 


Deoxyribonucleic Acid Formation in 
Multiplying HeLa Cells 

While studying the behaviour of parnsyn 
chronously dividing HeLa colls (Goy), Newton and 
Wfldy 1 havo measured the amount of deoxyribo 
nucloio acid ns a fiinotion of tbo time interval between 
one division and the noxt Their results suggest that 
the synthesis of deoxyribonuoleio aoid occurs during 
two penoda in mterphase i one soon after and one 
just before cell division Between these periods m 
mid interphase, there exists an interval during which 
the amount of deoxyribonuoloio acid (DNA) in the 
oell remains approximately constant (Fig 1, curve a) 

Partial confirmation of this result, using a micro 
B pectrophotomotnc technique, has been obtained in a 
further senes of experiments made with randomly 
dividing cultures Replicate cultures of HeLa cells 
^ere grown on oover glasses hold m 10 ml hard glass 
*crow cap pod bottles Theso wore made by Intro 
duemg Into each bottle 1 0 ml Gey's saline containing 
30 per cent human serum 0 6 per cent la ct album in 
hydrolysate (Nutritional Biochemical* Inc ), 100 
Ufllts/ml penicillin, 100 mgm /ml streptomycin and 
^ 003 per cent phenol red in which wore suspended 
300,000 separated cells After incubating at 37° C 
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for 30 hr the cultures were fixed m methanol, stained 
by the Foulgon technique and the amount of chromo 
phore per cell was measured for 70 cells (from two 
different cultures) by the two wave length tech 
nique* *, using the microspeotrophotometer mado by 
M L Mendelsohn 4 in the Department of Kadiothom- 

C ' ics, Cambridge From these measurements a 
gram has been constructed which shows tho 
distribution of tho chromophore, and honoo the rola 
tive amounts of deoxyribonuoloio acid, among the 
individual cells of the culture (Fig 2) 

Walker* has shown how the synthesis curve for 
deoxyribonucleic acid ma\ , with certain restrictions, 
be constructed from such a histogram It is boliev ed 
that the cultures used for the estimation satisfied 
these conditions Fig 1, curvo b, lias t boro fore boon 
constructed from the histogram of Fig 2 

Comparing the curves m Fig 1, it will be seen that 
whereas it is not posaiblo to tell from Fig lb whether 
the early formation of deoxyribonucleic aoid shown 
in Fig 1 curve a, occurs, there is certainl} a rapid 
synthesis beg inn mg about 5 hr boforo cell division 
and continuing up to a comparatively short trrao 
before cell division 

Tho late period of formation of deoxyribonucleio 
acid agrees with the findings of Walker and Yates* 
using other kinds of cells and with those of Painter 
and Drew 1 using tntiated thymidmo on cultures of 
growing HeLa colls. 

It 1 b, howovor, difficult to explain the fafluro to 
detect tho earlier riee in dcoxyribonucloic acid wldch 
was found with parnsyn olironousl} dividing cultures 
though tho following two explanations should be 
considered (1) that the present mot hod is inadequate 
for demonstrating such a rise , (2) that tho carl} rise 
is characteristic only of paroeynchronously dividing 
cells Tho latter explanation is thought to bo more 
likely because in such cultures tho early nso m dooxy 
ribonucleic acid lias nevor boon obsorvod before the 
first oell division lias occurred 


A limit to tho end of tho synthesis ponod has been 
obtained by examining autoradiographs of cultures 
growing in the presence of tritlatod thymidine After 
30 hr growth, Intiatod thymidine (Schwarz 
30 o (mftf ) was added to tho medium to gno q 
concentration of 1 [ic /ml and 30 mm later, the 
culture was fixed in mothanol Tho cells were after 


wards stained with gallocyanin and autoradiographs 
were prepared In those although mforphaso colb} 
wore well labelled examination of several hundred 
colls in nil stages of mitosis showed that none of them 
was labellod From this it can bo deduced that 
synthesis of deoxyribo nucleic J*-* 1 T" 1? nt feast 
l’-H hr before the ~,mn, m-neot efmitosz,, nr|cf) 
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the cells were in the thymidine for \ hr and the 
duration of mitosis is about 35 mm 


Department of Radiotherapeutics 

Department of Pathology, 
University of Cambridge 


C L Smith 
A A Newton 


P Wii/dy 


Public Health Laboratory, 

Cambridge June 2 
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Induction of Parthenocarpy in Rosa a rvensts 
Huds. with Gibbereilic Acid 

As has been previously reported 1 , parthonocarpy 
may bo induced in the two non-apomictic species, 
R rugosa Thunb and R spvno&issrma L , by moans 
of a-naphthalenoacetic acid, a-naphtlialoneacetamido 
and 2 4 5-triehlorophenoxyacotic acid Similar 
experiments were carried out m an attempt to induce 
parthenocarpic development in a third non-apomictic 
species, R arven&is 

The auxin was applied in two ways to tho unopened 
flower-bud, which was emasculated by cutting off tho 




14 


0 2 4 0 8 10 12 

Time (weeks) 

Fig 1 The growth In terms of average diameter and fresh weight of normal 
hips, O — O , emasculated flower buds y — y , and omasculatcd (lower buds treated 
with 1 0 per cent gibbereilic acid In lanolin, # — • 


‘disk’ (including the head of stigmas) immediately 
prior to treatment In early experiments aqueous 
solutions of the auxins mentioned above and mdole- 
acetic acid were injected into the cavity of the 
receptacle m concentrations ranging from 2 to 25 
ppm In later work the auxin was applied to the cut 
surface as a lanolin pastern concentrations of 0 025-1 0 
per cent Since R arvenms differs from tho other two 
species m having a much lower ascorbic acid content 3 *, 
additional mixtures, including ascorbic acid, were used 
Almost all these experiments produced negative 
results, the emasculated control hips usually surviving 
longer than those jmeated with auxin Out of a total 
of about 300 buds treated, only four showed any 
signs oi growth , these had received the lowest con- 
centration of auxins in lanohn and two of them had 
had ascorbic acid 


Since the development of rosaceous fruit after 
fertilization is characterized by increaso m coll size 
rather than in coll munbor, tho properties demon- 
strated for gibbereilic acid suggested that it might 
be effective m inducing parthenocarpic development 
In February 1958 parthenocarpic hips of R rugosa 
wore producod in tho greenhouse by the application 
of gibborolhc acid and shortly afterwards similar 
results Avoro recorded for R spinosisatma 1 

In Juno 1958, 200 flower buds on a bush of R 
arvensis were emasculated and 1 0 per cont gibbereilic 
acid m lanolin was applied Control groups of normal 
and emasculated buds were also Beloctod , it had 
previously boon shown that the application of lanohn 
alone produced no response Samples from each 
group wore harvested at intervals for determinations 
of fresh and dr\ woiglit, and Fig 1 bIiows tho develop- 
ment of tho different groups of hips m terms of 
average hip diameter and fresh weight 

The mam ponod of fruit-drop in R arvensis is 
3—5 weoks after flowormg , 40 days aftor treatment 
with gibbereilic acid 107 out of *150 hips wore de- 
veloping parthenocarpically, which represented a 
fruit-set of 7 1 per cont compared v\ ith 45 per cent for 
tho normal, fertilized lups under these fiold conditions 
Nono of tho emasculated huds developed Of tho 57 
parthenocarpic hips allowed to remain until maturity 
at 14 weeks after treatment, 48 had the appearance of 
normal, ripo lups wlnlo tho other nine wero smaller 
and not fully pigmented 

The Tnticum colooptilo straight-growth test of 
Luclovill 4 6 show od that normal 
hips appear to contain two acidic, 
growth -promoting snbstancos hav- 
ing Rf values of 0 1—0 2 and 0 4— 
0 5 in ?sopropanol /ammonia/water, 
and a noutral, growth-promoting 
substance with an Rf of 0-0 1 
which is presont in small quantities 
in tho bud and flowering stagos but 
which could not bo detected 17 
days aftor flowering, or in sub- 
sequent assays None of these 
three substances was found in either 
parthenocarpic lups or emasculated 
controls, hut a noutxal growth- 
substance (Rf — 0 4—0 G) was pres- 
ont in tho emasculated lups and an 
apparently identical substance was 
found m tho parthonocarpic lups A 
consistent growth-inlubitory effect 
was prosont in tho tests, predom- 
inantly in tho acid fraction and 
centred at Rf 0 8 in all stages 
emasculated and parthenocarpic 


of 

hips 


noimal. 


The relationship between achone development and 
variations in tho amoimt of growth regulators well be 
reported elsewhere 

M V. Prosser 
GAD Jackson 

Department of Botany, 

University College of North Wales, 

Bangor 
March 21 

1 Jackson, G A D .and Frossor,5L V ,109 th Conference of tho Society 
for Experimental Biology* April 1058 , and in tno press 
•Melville, R , and Pjke, 5f , Proc Linn Soc Lend , 159, 5 (1047) 

• Barakat, S E Y , Fh D thesis. University College of North Wales 
(1058) 

1 Lnokwlll, L C , Nature, 109, 375 (1052) 

‘Wright S T 0,J Fort Set , 31, 100 (1050) 
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H/EMATOLOGY 


Anti-A Haem agglutinins from a Non- 
Legummous Plant — Hyptls suaveolens Pojt 

Certain plants, duofly their floods, contain 
agglutinins for tho orythrocyt os of various spocios 
IVherooa most plant agglutinins niako no individual 
distinctions among human orythrocytos, so mo act 
selectively on ono or other of the following blood 
group antigens 1 A, A*, B, H and N Excopt for 
oepamblo auti H and anti B agglutinins from tho 
flood capsule of certain epocios of Euonymu* of the 
family Cclastnvceao, all spooifio seed agglutinins have 
hitherto boon obtained from Lcgummosno 1 
An anti A agglutinin lias now boon found in tho 
seed* of Hypiis snavcoleits, Port, of tho genus Labiatiae 
The agglutinin works best when a fresh seed extract 
is te»tcd on a flat tdo which is gently and continuously 
rocked. Although it is not very avid wlien tested 
with erydhrocytos suspended in isotonic salino eolu 
tion, it agglutinates A, and A X B cells strongly, A, 
weakly, and fads to agglutinate A|B cells Thus 
HypUs suaveolens seed extract sharply differentiates 
A t and A X B orythrocytos from thoso of tho weaker 
ffub groups of A and AB howovor, it is not as 
satisfactory for this purpose as Xkthchos biJJorus seed 
extract 1 , -which is far more avid 
The Stjpits suateoltns agglutinin acts as strongly 
at 37° 0 or 4'’ 0 ns at room temperature It does 
not cross road with B or 0 colls after 24 hr at 4° C 
°r when erythrocytes are suspended in albumin 
albumin, howovor, potentiates the agglutination of 
A, and A,B cells Agglutination is inhibited by 
A secretor saliva and by AB serum A full description 
bo presented elsewhere 

The ‘new’ agglutinin is of special lntereet bocauso 
tho first seed anti A (anti A x ) agglutinin to be 
found outside the Legummosae The current trend 
^ lo confine the search for specific seed agglutiruns 
ft) leguminous plants } wido examination of other 
Pkfct families might bo profitable 
I am grateful to D S Das for collecting the seeds 
and for technical assistance The seeds were identified 
h> tho Botanical Survey of India Poona* 

G W G Bum 

Armed Forces Modi cal College, 

Poona March 10 


M »tatcmipi>«n<r*rrifiBcdtt vfluuIWw EI«f«*Wrper 
. tyUlAclTititda*) (tituUflArt 10^) nfLWl 

Bird 0 W G Ourr SO. SO 208 (1031) ^atur 4 170 6 ti ODW) 


Interaction of Erythrocytes and 
Endotoxins 

Cokbiderable diversity of opinion exists ai U> 
detuUUvTtv of hremngglutination. tents A>«> <n» 
wopancy m rosuUe mnj to somo extent bo attributed 
toclmioal difforoncos Tlio factors inauencinj tbo 
"^'On, tho elution of endotoxin in vitro and tne 
^Pbiko by crythrocyto* in tut» Jiavo boon 

a dohjdrotod'endotoxm derived from S 

This powder consisted of 08 5 «mt 
7 8 per cent moisture, 1 0 per cent F™, 

- - Per cent lipids and based on L-rhiurmose hjnlrato 
“ standsrd, 2 7 por «mt rhamnoso If tlio «}etW 
Relation desmbed by Webster ef al ' it ">°P t 5^ 
Polysacoharido content is 14 3 por cent « 
eeOetonn nunrosunMoh 20 por cent Tlio poivdor 
**• dlsiohodbi isotonic salme boated to 50* C for 


30 min and stored at 4° C for at least 24 hr before 
use The solution bad a slight buffer action, pH 7 2 
Erythrocytes from healthy rabbits wero washed and 
measured with the hrcmatocrjfc A v ohimo of 0 2 ml 
packed cells was used in most experiments 

Endotoxin was adsorbed on to tho washed and 
measured erythroovtes at 37° C for I hr Tho 
cells wore then washed three times m 0-8 volumes of 
lBOtomo Bolmo and accurately mado up to a 20 per 
cent suspension Agglutination was performed on 
slides, using 0 05 ml of sensitized erythrocytes and 
an equal volume of a diluted standard TO scrum 
Tlio sbde was agitated regularly and tho test read 
after exactly 10 mm 

The amount of endotoxin adsorbed on erytlirocytes 
was dependent on both the absolute quantity of 
endotoxin available and on its concentration The 
speed of the process was proportional to the ronron 
t ration of endotoxin and rolatod to the tomporaturo, 
being fivo to six times faster at 37* C tlian at 4* C 

Eiythrocydea coated with very small amounts of 
endotoxin wore magglutmable in antiserum, whereas 
those with greater quantities of endotoxin ngglutm 
atod readily This afforded the basis for the detorm 
motion of an ‘orvthrocyUHagglutinating unit , 
defined os the smallest amount of endotoxin, incubated 
with 2 ml of 10 per cent erythrocytes for i hr 
at 37° C , which rendered the cells agglutinable in 
standard serum diluted 1 m 10 One erythrocyte 
agglutinating unit woe found to be equivalent to 

0 10 mgm of the dehydrated powder The quantity 
of crude endotoxin adsorbed on erythrocytes m 
these circumstances was 0 12 mgm , thus removing 
75 per cent of endotoxin from tho supernatant 
Assuming the crude powder contains 20 per cent 
endotoxin it appears that 0 2 ml of agglutinable 
packed cells under our experimental conditions must 
be coated with a minimum of 24 pgm. of endotoxin 

Erythrocytes, initially sensitized with sub-ngglutm 
able quantities of endotoxin, became agglutinablo on 
subsequent oxposuro to endotoxin provided that tho 
sum of the two doses constituted at least ono orvtnro 
oyto agglutinating unit Thus tho erythrocytes 
appoar to bind tlio adsorbed endotoxin quite firmly 

Assuming that tlio endotoxin was not removed or 
rendered undot ectnblo oxcopt by fixation to orytliro 
oytes tlio roduotion in endotoxin content as measured 
by determination of tho crythrocyto agglutinating 
unit on tho supernatant, will bo a direct, quantitative 
expression of adsorption Experiments along thoso 
lines indicated that erythrocytes wore capable of 
binding at least 200 times tho minimum amount 
required for agglutination under standard conditions , 
that is to sav 0 2 ml packed cells could adsorb more 
than 200 x 24 ggm or 4 8 mgm of endotoxin as 
oalculatod, corresponding to 2 2 per cent of their 

°^Erytlirocytcs of tho same batch, coated with 
amounts of endotoxin ranging from 1 to 200 erythro- 
cyte agglutinating units, gave final agglutination 
litres against tho standard serum ranging from 1 10 

to 1 1,280 Honco, tho titro of a given serum will 
v ary according to tho quantity of endotoxin edsorW 
on to tho colls This may explain, at lenat partWU 
tho discrepancy and inconsistency m rosults obtained 
bv hmmacglutination tests , it could bo overcome bv 
rigorouafitandnrdization, for which accurate measure 
mnn t of endotoxin is essential 

Flution of endotoxin at our 
f u rj on 31 was minimal oat cd with 

(pH 7 A. 7 J) WM nu Ultlnn tinp dc«c of endotoxin 

1 5 times minima™ •*« vm 
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were still agglutuiablo after 12 washings in saline at 
room temperature Thus, on the assumption that the 
stability of an erythrocyte suspension is unaffected 
by washing, it may be concluded that elution is of a 
low order Smce this could not be measured m 
erythrocyte - agglutinating units, a teclmiquo for 
estimating smaller quantities of endotoxin in solution 
was provided by the construction of a dose-response 
graph m rabbits The maximum antibody response, 
as measured by bacterial agglutination, was directly 
proportional to doses of crude endotoxm ranging 
from 0 01 pgm to 1 mgm "Using the dose-response 
technique for endotoxm estimation, further studios 
on elution at room temperature showed that endotoxm 
was released, but that this did not amount to 1 per 
cent of the adsorbed endotoxm per equivalent volume 
of saline Whether the eluted endotoxin originated 
from intact or disintegrated erythrocytes has not 
as yet been established , but it is noteworthy that 
the washings caused slight luemolysis 

Sensitized, washed cells inoculated intravenously 
into non-immuno rabbits were highly antigenic A 
single injection of a suitably adjusted erythrocyte 
suspension produced, m 7-10 days, agglutination 
titres up to 1 100,000 The serum of a rabbit 
previously immunized by endotoxin produced luemag- 
glutmation in vitro against its own Bensitizcd colls 
Haemolysis occurred on the addition of complement 
Intravenous inoculation of 20 ml of CO por cont 
suspension of these erythrocytes, which agglutinated 
in vitro with the recipient’s serum, boosted the anti- 
body production The animals failed to produce an 
acute intravascular episode Nor was tlioro conclusive 
evidence of a haemolytic process as measured by 
serum bilirubin estimations and Schumm’s test This 
tolerance of what is a serologically incompatible 
transfusion is unexplained 

In vuo sensitization m rabbits was demonstrated 
by intravenous injection of largo doses of endotoxm 
The animals were bled 4 hr later and the erythrocytes, 
washed six times in excess saline, were inoculated 
intravenously into non-immuno rabbits They 
responded with a significant antibody production 
Which part the adsorption in vivo plays "in the defence 
against endotoxins has not as yet boon established 
Details of these experiments will bo published 
elsewhere 

V Bokkexheuser 
H J Koorxhof 

South African Institute for 
Medical Research, 

P O Box 1038, 

Johannesburg, South Africa 
March 23 

1 Webster, M E SaRln, J F , Lundy, M , and Johnson, A G , J 
Immunol , 74, 455 (1955) 


BIOCHEMISTRY 

Interaction of Sucrose Stearate with 
Starch 

It is generally agreed that changes m the starch 
component, of flour are responsible for the staling 
of bread 1 Following a report by Bohn* that the 
JggJljjjnqbearates are effective, as anti-stalmg agents, 

of starch with 


Addition of a sucrose stoarato solution to a 1 per 
cent solution of ‘AnnlaR’ starch in 0 1 per cont 
sodium clilondo resulted m the precipitation of some 
starch The maximum amount of precipitate (about 
20 por cont of the woight of starch) was obtained 
with concentrations of sucrose stearate above 0 00 per 
cont 

Extension of tho study to undegradod starclios 
(Table 1) showod that tho amount of precipitate 
doponded upon tho 1 ypo of starch Fractionation of 
tho potato starch into amyloso and amylopectm 8 
followod by precipitation with excoss sucroso stearate 
showod that most of tho nmyloso but little of the 
amylopoctm was precipitated (poo Tnblo 2) Treat- 
ment with excess sucroso stoarato of an artificial 
mixture of amyloso and aimlopectm in tho ratio m 
which tlioy occur m Btarcli gavo a figure intermediate 
between that of tho whole starch and that which 
would bo oxpocted on tho basis of tho soparato 
amyloso and amylopoctm precipitations Theso 
results indicate that tho amylopoctm is precipitated 
more officiontly m tho prosence of amyloso than in its 
absence 


Table 1 JT.rcrrrri.Tios or Starches uv Sccrosf Mosostfirate 


Type of starch 

Polvsncclinrldc 
concentration 
(per cent) 

Surrosc 
monostenrate 
concentration 
(per cent) 

Precipitate 
(per cent of 

poll saccharide) 

'AnalaK’ stnrcli 

1 0 

0 1 

21 0 

Potato stnrcli 

1 0 

0 1 

70-9 

Wheat stnrcli 

1 0 

0 1 

92 4 

Wnxj nmlzc 
starch 

10 

0 1 

13 0 


Tabic 2 ritFcrrrrATJos of Starch Frictions nr Sucrose Mono 
STruiATr 


Type of stnrcli 
fraction 

rolysacclmrldc 
concentration 
(per cent) 

Sucrose 
monostcamte 
concentration 
(per cent) 

Precipitate 
(per cent of 
polysaccharide) 

Totato starch 

0 4 

0 04 

72 7 

Potato amj lose 

0 4 

0 04 

70 0 

Potato amjlo- 
pectln 

20 per cent 
amyloso 80 
por cent 
amjlopcctln 

0 4 

0 04 

11 1 

0 4 

0 04 

43 0 


Controlled acid liydrolvsis of potato starch showed 
that a high mol ocular weight was important in 
determining the amoimt of precipitate formod with 
sucroso stoarato and it is likely tlint tho low yield 
of precipitate from ' AnalnTt’ st arch could bo attributed 
to this factor 

A study of the chango m diameter of wheat starch 
granules on heating m aqueous suspension in tho 
presence and absence of sucroso stearate showod that 
the rate of swelling was reduced in tho presenco of 
sucrose stearate From an examination of tho chango 
m turbidity on heating wheat starch suspensions 
(0 1 por cont), it appeared that m tho prosonco of 
0 01 per cont sucroso stearate tho golatmization 
temperature is raised about 10 deg 

As sucroso stearate is firmly bound by starch, 
it seemed likely that it would interfere with tho 
starch/iodine reaction. This was shown to bo so, 
and that iodine and sucrose stearate compete for 
the amyloso fraction There was no evidence for 
any marked interaction between sucroso stoarate 
and amylopectm by this technique It is possible 
that the stearate chain of the sucroso stearate mole- 





NO 4690 


NATURE 


ill 


July 11, 1959 


cuki occupies a position down tho centre of an omvloso 
helix, in tho sarao way that lodino docs 1 
A comploto account of this w ork will bo published 
ebtrwhoro 

We are grateful to tho Sugar Research Foundation 
for financing theso investigations 

E J Bourne 
A. I Tiffin 
H Weigel 

Royal Holloway College, 

University of London, 

Englofteld Green 
Surrey 

'Ridttr. J A. -SUrch and it* Dfrivatlvt* 1 225 (Chftpmsn and 
IUJ 1 1053 ) 

'Bohn E. T private communication to Sugar Research Foundation 

Inc. December 0 1055 

‘ Owenwood, 0 T and Robcrtaon J B IL J Chtm Soc 5700 
( 1 PM) 


Influence of X-Rays on the Activity of 
Carbonic Anhydrase in Erythrocytes and on 
their Haamolytic Resistance 

Since sioldo cell on re mi a is possibly related to the 
activity of carbonic anhydrase 1 , it is of interest to 
Had somo way of mliibiting the onxymo without 
altering the resistance of tho coll mombrane Carbonic 
anhydraso is very stablo* but its activity can easily 
bo changed experimental!} by adjusting tho pH and 
temperature, or by adding sulphonamidos or certain 
^^erganio ions All theso factors, however, liavo a 
eaarLxl mfluenco on licemolysiB, whereas erythrooytes 
®oeni to bo rather resistant to X rays* We therefore 
decided to oxamino whether carbonic anhydrase could 
b® inhibited by a dose of X rays which would ha\ o 
htUe or no affect on lircmolysis 
nor tho determination of the enzyme activity we 
designed an improved Warburg technique* This 
^tbod is based upon measuring the rate of evolution 
®f carbon dioxide when a bicarbonate solution is 
hoatod with a buffer and tho enzyme We calculated 
bo Enlmoloeular voloerty constant of the reaction, 
^nioh is also used os an index of activity by Hitch oil, 
iotzani and Fessenden- Tho standard error of our 

^ aeur nrnont« was 12 tier oent and for tiio non -catalysed 

‘OW.’tion 4 per cent As a moasuro of the luemolytio 
stance we ncod the hromolytic index tliis is, 
^conventional exporimontal conditions*, the highest 
r tttK m of lysin which produces 100 per cent hremo 
yjthm 2 hr The standard error of our hmmo 
/Jfc indices was 2 6 per cent Suspensions of 10 
£r, /crn ' in physiologloal sal mo solution ^mro 
felted in vWoiB of 2 cm-, dose 100,000 r, 
P^nent Phflips ‘Compacts , 210 kV , hvl ~ 
°f aluminium, dose rate 0,700/mim 
JSi non Eradiated blood wo found tho following 
anhydrase activities, calculated per cubic 
of full blood ox blood, 1 80 Mitoholl 
frj* human blood, 14j ohiokon blood 
ft**". of four samples of ox blood two sample* 
blood and two samples of chicken blood 
ofTcct on tho octivitv Repeating this dose 
Z? 24 hr yielded no inhibition Solutions of 
hSu? tta mo (Seller mg s ‘Cartoso , 0 1 per cent) 
c7V « tho came way, showed on inactivation 
B0 per cent respectively Tho faot that 
otw high doscfl of x do affect erjiliroeytes m 
^ re *pect* was shown by thorr hnemolytio mdox 


m our controls this was 13,300 with sapomnum album 
(Merck) , after irradiation the index wa? increased 
by 10 pea* oent and after tho second doso of 100,000 r 
the increase was 17 per cent 

Our experiments confirm the great stability of 
carbomo anhydraeo, and indioate that this stability 
is still groator inside tho red blood coll wo found 
no docroaso in activity of tho carbomo anhydrase 
of orytlirocytes after irradiation with 200 000 r The 
haraolytio resistance of tlio colls was cloorly dimin 
ished by this doso, so that it is possiblo that irradiation 
by X raw will permit us to modify the structure of 
tho coll mombrane without altering its carbomo 
anhydrase activity 

"We wish to thank Prof R Ruyssen for advice and 
encouragement and Prof Van Vaerenborg, who pro 
vidod tho necessary X ray ©quipmont 

This work was subsidized by tho Bolgian Inter 
um\ ersitair Instiluut \oor Kemwe tense! uippon. 

A Lauwkrb 
J Van Bavtnoiiove 

Pharmaceutisch Instituut, 

W Dierick 

Instituut voor ROntgen on Curiethorapio, 

Umvarsity of Ghent, 

Belgium 
March 11 
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A Method for distinguishing between 
a- and p-GlycosIdes by tho use of Plant 
Hemagglutinins (Lectins) 

Sbvebax, plant soods contain proteins that ngglu 
tinnto red blood collet* an do mnnj antibodies 
For those protoins tho nnmo ‘lootms' lias boon 
suggested* Thoj con bo ns epooitlo oa anbnal anti 
bodies in that they react only with OTythrocytos of 
certain blood groups Tlio ABO blood group spociflc 
lootms— as woll ns tlio ABO specific antibodies— nro 
inhibited by eomo simple sugars, nwbdy components 
of blood group polysaccimrldoe 1 * 4 Sovorni 'im 
spodfio lootms are also mhibltod by Bimplo sugars, 
hut thaso sugars ore not nocossarilj components of 
blood group polysacclmrides' * Tho o-cplnnat ion of 
this phenomenon is Hint tho sugars tho structure or 
Vlnch most closely resembles the specific (sugar) 
Soup of tho rod cofi receptor attach themselves to 
tho nctivo sito(s) of tho loctln rooleculo thus blocking 

^rmonosncoharido ns a rule retains Its inhibiting 
poWVicn when Imbed to other sugars through tho 
gfXoxyl group or tho that <m koto**. ho second) 
carbon atom * Tho tvpe of huh, whether a or fi, 
booiS to ho significant. In order to throw dUrfit ,<m 
this problem, I made plant ,mU 

by a method described in 

Tho following sugars re ^cctj IglucoSZT" 
d glucose P £j' l00r ~ 
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glucuronic acid, d - gluconic acid, d - xylose, d - mannose, 
D-fructose, L-sorbose, d - galactose, D-galactosammc, 
N* -acetyl-D -galactosamme, D-fucoso, L-arabmoso, d- 
talose, L-galactose, L-fucose, D-arabmose, D-nboso, 
D-digitoxose, L-rhamnose, maltose, sucrose, turanose, 
trehalose, cellobiose, gentiobiose, mohbiose, raffinoso, 
and lactose 

Seeds of Pisum sativum L , Cytisus scssilifoliits L , 
Bandeiraea simplicifoha Benth , and Crotalaria 
jimeea L -were used The lectin solutions -wore pre- 
pared by inculiating a mixture of seed powder (1 part) 
and physiological saline (9 parts) for 2 hr at 37° C 
After centrifugation the supernatant was used 
0 05 ml of seed extract containing 2-4 agglutinating 
doses of lectin and 0 05 ml of sugar solution (pH 7 0) 
in saline were mixed, and after 30 mm incubation 
at 20° C 0 05 ml of a suspension containing 3 per 
cent human red cells in saline was added After 
2 hr further incubation at 20° C the tubes wore 
read for agglutination Tho quantitative inhibiting 
power of the sugars was measured by proparing two- 
fold serial dilutions of them 

The results are shown in Tables 1 and 2 Tho 
figures give the final concentration of sugar Of tho 
sugars tested (see above) only thoso which inhibit 
either Pisum sativum or Cyhsus sessilifolnis loctm 
at a concentration of 0 08 M are included in Tablo 1 
The Pisum lectin is strongly inhibited by n -glucose, 
p-mannose, D-fructose and weakly by L-sorboso 
The structural differences between the first throo 
sugars are confined to carbon atoms 1 and 2 L-Sorboso 
differs from d -fructose only with regard to carbon 
atom 6, but its inhibiting activity is far lower 
D -Glucuronic acid and d - gluconic acid are not 
inhibitory 


CHO 

hAoh 

hoAh 

hAoh 

hAoh 

Ah.OH 

d-GIucoso 


CELOH 

A=0 

hoAh 
hAoh 
hAoh 
Ah,oh 

d -M annose d -F ructose 


CHO 

hoAh 

hoAh 

HCOH 

hAoh 
Ah. oh 


CELOH 

< 1=0 

hoAh 

hAoh 

I 

HOCH 

Ah.oh 

l Sorbose 


It will be seen from the second part of Table 1 
that a-glucosides inhibit agglutination by Pisum 
extract as effectively as d - glucose, while p-glucosides 
are not inhibitory Sucrose is not only an a-glucoside 
but a p-fructoside as well , however, tho fructose 


Table 1 



Minimum amount of sugar 
(m moles/l ) Inhibiting the 
action of 

Puum Cvhtus 

talivum etstihfoUut 

lectin lectin 


©-Glucose 
D Glucosamine 
X-Acetvi D- 
glucosamine 
D-Sfannose 
D-Frnctose 
L-Soiboae 



lliAXUC-u.-. 

Shot any of it is so ntT 
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Tabic 2 



Minimum amount of sugar 
(in moles/1 ) Inhibiting tho 


action of 


Bawtexrarn 

Crotalaria 


nmplictfoha 

lectin 

juncta 

lectin 

a Galactose 

0 0 

& 

U Golnctosaruinc 
X-Acctjl D 

6 

>80 

Ealnctosamlne 

0 4 


I)-l ucoso 

2 5 

20 

n-Arab!nosc 

5 

20 

D-TfliOSC 

20 


r-iUianuiOHc 

40 

>80 

n GalnctoMdcs jfUnnosc 

0 3 

0 3 

6 

20 

/7-Galactosldo Lncto»e 

20 

1-25 


part is not probably responsible for tho inhibition, 
smeo another (3-fructosulo, raffinoso, has no effect on 
Pisum lectm An agglutination by Cyhsus oxtract, 
on tho other hand, is inhibited by p-glucosides but 
not by a-glucosides Tho fniluro of glucose itsolf to 
inhibit tho Cytisus lectin is difficult to oxplain unless 
it is duo to tho lioxoso molecule being too small 

It scorns possible, on tho basis of tho abovo results, 
to ascortain tho typo of tho glycosidic link (a or p) 
of D-glueoso, perhaps also of glucosammo, acotyl- 
glucosammo, D-maimoso, m disacthnrides and other 
oligosaccharides tho structure of which is only 
partially Icnown 

There nro other lectins {Bandeiraea simplicifoha 
and Crotalaria juncca) by means of which it seems 
possible to obtain information of tho typo of tho 
D-galactosidic (and perhaps n-fucosidic, L-arabmo- 
sidic, etc ) link, oven though tho differences between 
a- and (3-galactosidos nro loss definite (Table 2) than 
differences between a- and p-glucosides (Tablo 1) 
Unfortunately tho number of galactosidos tested is 
small 

If need bo, tho determinations can bo made with 
0 01-1 mgm of sugar, and tho solution neod not bo 
puro , many amino-acids and other sugars, for ex- 
ample, do not interfere Thcro aro other methods 
of studying tho nature of tho glycosidic link, but tho 
amount of sugar noedod for enzymatic or polarimetno 
studios is greater Tho information obtained by 
chromatographic or infra-rod spectrograpluc studios 
is limited unless an adoquato stock of reference 
compounds is available 

Of tho seeds quoted abovo only thoso of Bandeiraea 
simplicifoha may be difficult to got Tho rost aro 
obtainable from many soed shops, and can ovon be 
replaced by other related species 1 Tlio Bandeiraea 
lectm is blood group B specific — it can bo used with 
B erythrocytes only , and Cytisus loctm is 0(H) 
specific — it should be usod with O colls Tho other 
lectins can bo used with rod colls of any blood group 

The ability of lectins to differentiate between 
a- and p-glycosides supports J. Lederborg’s (personal 
communication) suggestion that there is some con- 
nexion between them and plant glycosidasos Lectins 
are not, howovor, likely to be true glucosidasos because 
(a) they aro present m ungerrrunated seeds and their 
amount does not increase appreciably after germina- 
tion 7 , (6) there is no correlation m occurrence be- 
tween lectins and glycosidases m plant species’, and 
(c) soveral purified lectm preparations havo beon 
found not to hydrolyse tho disaecliarides which 
inhibit agglutination* 

Tho monosaccharide specificity of lectins sooms to 
be less definite than that of glycosidoses, though 
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glycosidases arc not strictly specific , tlio members 
of a certain homomorplious sugar sorioe (sugars with 
an identical pyronoso or furanoso ring) boha\ e moro 
or lees aliko as substrates of glycosidases*, but mam 
lectins are inhibited by members of two homo 
morphous senes Theso series can differ with regard 
to tho substituents of carbon atom 2 Thus Pisum 
loctin is mlubitod by x> glucose and d mannose 
Band cn rata lectm by d galactose, d fucoso, l arabuiose 
and d taloae (see abovo) and Lotus tetragonolobus 
lectin by n-galactoso, L-fuco&o, n arabmoso and G 
deoxy L-taloso 4 Tho substituonts m carbon atoms 3 
and 4 seem to bo of the greatest importance to the 
capacity of monosaccharides to inhibit lectins, a view 
■which wag oxpressod six years ago by Morgan and 
Watkins 4 with regard to Lotus tetragonolobus lectm 
X wish to tliank Mr E R Vaughan, curator, 
Botanical Garden, University College of Ghana, who 
kwdly sent me several samples of Ba rule i rata 
tunphafoha soods 

0 MakeuX. 

X^partmont of Serology and Bacteriology 
University of Helsinki 
April 1 
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1 Kurd W a and Bhaplelgh E. 110 419 (1054) 

T J,»nd Watkln* W K. 1 ML J Exp BoiA 34 94 

*^*(19^* ^ Leakowltx S J Amtr Cktvt Soc* 77 6169 

•Viieli O irakela r and LehtOYiara It. Ann. Med. Exp Bid 
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«Xhil5 o and Lehtovaara B. (unpuWlahrd work) 

Eagnher A. Err D*d Ed Ort 71 040 (IBM) 
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Reactivity and Interrelationship of 
intermediates in the Hydrolysis of p-Nitro- 
phenyl Acetate Catalysed by Chymotrypsin 

Kinetic studies by Gutf round and Sturtevant 1 
that p mtrophenyl acetate reacts with 
^hyrootrypain popxdly at a pH greater than 0 5 to 


form monoacetyl chymotrypsin (4(7-1) and that 
AC - I is then deaoylated slowly The kinetic obserr 
ations oro consistent with the esterification of a single 
serine hydroxy 1 of the enzyme 3 In contrast, spectro 
scopio studies* of the deacylation of monoaceti 1 
chymotrypsin formed at pH 6 0 and isolated according 
to the procedure of Balls and Wood 1 {AC -A) show 
that when AC- A is brought to pH fi 0, a rapid 
increase m absorption at 246 mp occurs which is 
followed by slow decay of the absorption peak Since 
both the absorption peak and its rate of docay 
appeared characteristic for N acetyl imidazole Dixon 
and Nouralh* suggested that tho deacylation of 
monoacetyl chymotrypsin proceeds bv a rapid 
intramolecular shift of the acetyl group from a serine 
oxygen to an imidazole nitrogen of the enzyme 
(<4(7-II) and that tho rate limiting slop of the 
enzymatic reaction is tho base-catalysed hydrolysis 
of N acetyl imidazole Recently however wo have 
observed* that AC - 1 and AC -A are deacvlated at 
different rates os measured by the liberation of 
p-mtrophonol from p- mtrophenyl acetate catalysed 
by AC-1 and A C-A and that AG-1 is converted to 
AC-A under tho conditions used in the isolation 
procedure 4 

Tho result of investigations reported below further 
delineate the differences between AC-A and AO - 1 
and suggest an interrelationship between AC-A, 
AC-1 and AO~H a a well as a structure for AC-A 
The experiments illustrated m Fig 1 inch cat o tliat 
AO- A (salt free a-chymotrypsm, rocrystallized tliroo 
timos , gift of tho bigma Chemical Co , St Louis, 
Missouri) cannot bo deocylated via a single inter 
mediate which decomposes with a single rate 
constant identical with the rate of decay (1 7 x 10-» 
Bee - 1 )* of the 246 rap absorption peak Curve 1 
represents a-chymotrypsm pro acotylated for 10 mm 
at pH 6 0 with 100 equivalents of p nitrophenyl 
acetate and mixed at zero time with buffer such tliat 
the final pH was 8 0 Zero-order steady state libera- 
tion of p nitrophenol is observed within 16 sec The 
rate of deacylation (£,) of this onzymo (AC- 1) 
calculated from the observed rato of liberation of 


p nitrophenol is 1 



0 x 10 - * see -l at 10 0" C Curve 2 
represents an experiment m 
winch AC-A was mixed at 
zero time with p mtrophenyl 
Bcotato at pH 8 0 Tho rato of 
liberation of p nitrophenol dur 
mg tho first 30 roc is only about 
70 per cent of tho rate observed 
m curve 1 (AC-1) and csson 
tially tho same ns AC-1 after 
300 see Tho deviation from 
zero -order kinetics observed 
during tho first 300 sec of the 
reaction of AO— A with p 
mtropheny 1 ace Into is inter 
preted as mdicativo of the 
rntos of reactions involved in 
tho conversion of AC~A to 
AC-1 Theso reactions are 
presumably tho deacvlation of 
AC-A and its rency lotion at 
pH 8 0 to form AC-1 How 
over, tlio rato of conversion 
of kC-A to <40-1 is incom 
pntiblo with tho complete ^ 

fmMnzoIo i WmrB . 
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Activation of Staphylococcal-free 
Coagulase by Purified Human 
Prothrombin 

Free coagulase 1 is an extracellular protein produced 
by pathogenic staphylococci 5 , which reacts with 
coagulase activator 5 , present in the plasma of certain 
animal species, to yield an active material capable of 
clotting any fibrinogen 1 Tho active material has 
been called activated coagulase 4 and has been shown 
recently, by a study of the kinetics of the reaction 
between purified freo coagulase 6 and an impure 
preparation of coagulase activator, to be produced 
during the enzymic degradation of the former by tho 
latter This work, however, shed no light on the 
vexed problem of the nature of coagulase activator 3 
owing to tho inhomogeneity of tho coagulase activatoi 
preparation employed 

Through the kindness of Dr F Duckert of the 
Mediziniselie Universitatsklimk, Zurich, we have been 
able to repeat some of those exponments, using, a? tho 
source of coagulase activator, a highly purified sample 
of human protlirombin prepared by chromatography 
on barium sulphate and ‘Hyfiosupercel’ by a slight 
modification of the method used by Duckert, Koller 
and Matter 10 This material contained about 1,000 
units of prothrombin and 160 units of coagulase 
activator per mgm protein, and was thus enriched 
between 600 and 700 tunes (Dr Duckert, private 
communication ) 

Solutions of prothrombin m phosphate buffer 
(0 07 M disodium hydrogen phosphate-potassium 
dihydrogen phosphate, pH 6 8) were incubated at 
37° C with various concentrations of free coaguloso 
and activated coagulase was assayed in the mixtures 
as already described 4 The results, which are sum- 
marized m Table 1, are essentially similar to those 
obtained previously 4 and demonstrate tho instability 
of activated coagulase under these conditions The 
concentration of activated coagulase produced and 
the length of time before its exhaustion are directly 
dependent upon the initial concentration of freo 
coagulase in the mixture These facts, together with 
the finding that the exhausted mixtures still contain 
coagulase activator but no free coagulase, confirm 
that free coagulase is enzymically degradod by 
coagulase activator 

Tabic 1 Formation and Destruction or Actuated CoagulasF in 

MIXTURES CONTAINING A CONSTANT AMOUNT OF PURIFIED HUHAN 

Prothrombin and Various amounts of Free Coagulase 
Values given are for the concentration of activated coagulase (unltsfml ) 


1 

1 

Incubation 
time of 
mixture at 
37’ C (hr ) 

Concentration of coagulase (unltg/ml ) added to 
an equal \olnme of purified human protlirombin 
(250 /igm /ml ) 

0t 

10 

5 

2 

0 

3 3 

1 9 

1 2 

0 5 

1 

4 3 

2 8 

I 4 

0 0 

2 

4 0 

2 8 

1 4 

0 0 

3 

4 0 

2 4 

1 4 

0 5 

j 

3 8 

2 4 

0 9 

0 3 

5 

4 3 

1 5 

08 

0 25 

0 

4 0 

1 4 

0 0 

0 23 

8 

3 0 

0 8 

0 5 

0 17 

22 

1 5 

00 

0 34 

0 08 


After Incubation for 22 hr the mixtures were divided Into threo 
Portions and to (a) was added an equal volume of protlirombin 
JW ngm./ml , to (6) an equal volume of coagulase 25 unlts/ml and to 
w an equal volume or buITor They were then Incubated for 10 min 
a ud the activated coagulase content measured os before 


a 

0 6 

0 12 

<0 1 

<0 1 

b 

3 1 

2 7 

2 0 

2*0 

c 

0 5 

0 13 

<0 1 

<01 


In view of tho highly purified nature of the human 
prothrombin used as a Bource of coagulase activator, 
it seems likely that the two are identical Tins 
suggestion is supported by the observation that tho 
ratio of protlirombin to coagulase aotivator m normal 
human plasma is identical with that in tho present 
highly purified preparation of prothrombin 

G Haughton* 

E S Derr hie 

Royal South Hants Hospital, 

Southampton March 20 

* Present address Microbiological Research Establishment, Tort on, 
Jfr Salisbury 
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» Smith, V , and Hale, J IT , Bnt J Exp Path , 25, 101 (1044) 

‘ Haughton, Q , and Duthlc, E S , Jhoehem J , 71, 348 (1059) 

‘ Duthlc, E S , and Haughton, G , Ihochem J , 70, 125 (1059) 

* Duthlc, E S , and Loren*, L L , J Gen Mxnotnol , 6, 05 (1952) 

’ Tager, M , Tale J Ihol Med , 20, SCO (1048) 

* Tager, M , J Ixp Med , 104, 075 (1050) 

* Haughton, G , Ph D thesis, Unlicrslty of Southampton (1058) 

>• Duckert,! Roller, F , and Matter, M , Froc Soe Exp Ihol Med, 
82. 250 (1053) 

CHEMISTRY 

Separation of Polyvinyl Chloride and 
Polyvinyl Acetate by Chromatographic 
Methods 

The matorial used in this work was known to 
contam at least two co-pol ymors A method of 
separation wns sought which would not require a 
complex chemical procedure Tho separation of 
high polymers by chromatographic means was earned 
out by Claesson 1 , wlulo separations on columns 
packed with carbon black were attempted by 
handler 5 

It was found that absorption decreased with in- 
creased molecular weight A column of activated 
charcoal w T as packed and saturated with methyl 
wtf-bufcyl ketone The mixture containing the two 
co-polymers in this solvont was added to tlio top of 
the column and washed with the solvont After a 
few' minutes, tho olutant was giving a positive test 
for chloride After I hr washing tho fractions began 
to give positive acetate results 

In order to attempt some form of confirmation, a 
method of separation was devised by paper chromato- 
graphy 

Tho mixed co -polymers m solution wero spotted on 
to a strip of Whatman's No 4 filter paper and air- 
dried Tins strip was then allowed to run at room 
temperature for 46 mm , using once again methyl 
?so -butyl ketone as a solvent The strip was then 
air-dried and sprayed with a solution of one part 
BDH Universal indicator and one part distilled 
w ater The whole strip was then wasbod in distilled 
w r ater and dried The acetate spot remained station- 
ary, while the chloride moved wath the solvent front 
Jip values wero for clilorido 0 986 and 0 0 for the 
acotato Both spots wero eluted, yielding positive 
tests for acotato and chloride, respectively 

To determine the accuracy of tho separation, two 
pure polymers of acetate and chloride were mixed 
in the solvent These were thon spotted on to a 
No 4 filter paper and rim as a control Identical 
results were obtained as w ith the mixed co-polymors 
This method is not suggested as an analytical 
procedure but as a rapid means of separating mixed 
polymors 
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Further details of tlus work will be published else 
■where 

W J La n ay ord 
D J* VAUaHAN 

Tufnol, Ltd , 

Perry Barr, 

Birmingham 
May 5 

‘CUttton.L.and CUeMOn 6 Arhiv Ktou.Min Gcai 10»A No 5 
(1944) Oaftton 3 Jht Farad Sac 7 321 (1010) 

' L*ndlfr CJi Acad Sci Parti 2£5 234 (101?) 


A New Method for working up Processing 
Mixtures containing Anhydrous A!u*t inlum 
Chloride 

On working up tho mixture in order to isolato the 
products of reactions catalysed by onhjdrous 
aluminium chi on do, tho first step is usual!} docom 
position with an ico acid mixture 1 However, 
difficulties are often encountered in the separation of 
the oquoouB phase containing tho aluminium salts, 
duo to tho formation of stable emulsions This makes 
the repeated washing of tho orgamo phase necessary 
to ensure complete extraction of tho aluminium salts, 
a rather tedious operation 
In our experiments wo found tlint a solution of 
sodium fluondo could bo used with advantage at tlus 
*tage, and also to eliminate interference during later 
•legos Tho favourable effect is due to the formation 
of the complex Na^AlF* win oh is soluble m water 
The advantages of tho method may be summarized 
ss follows 

1 Tho aqueous solution, when it contains sodium 
Q luminium fluoride, is readily and quickly separable 
from tho organic phase, in our experiments, mtro 
benxeno 

2 When tho second step of working up the roaotion 
ndxture is steam distillation of an alkaline solution 
Oo separation of the oquoous phase is necessary 
Further as the aqueous phase is already alkalino, 
110 addition of alkali Is required to secure tho alkaline 
re ^f tK m of the medium. 

3 When & neutral solution is wanted during 
P roc ^mg, a Blightly acidified solution of sodium 
thwnde can be used The exact amount of hydro- 
7^ 0110 acid necessary can be determined by blank 

4 u. 0n R ®°toto<w. of anhydrous aluminium chloride 
*5 the saroo concentration as the roaotion mixture 
Plonks are of great importance os the quantity 

Kd 10(5111X6(1 on t* 10 of the 90(11(1111 

t Since the inothod faoilrtates the working up and 
of very small quantities, it is particular!} 
T* bI ° for nucropreporation and kinetic studies 
Btoichiometncally 6 moles of sodium 

5 are required for each mole of alburn 
^ find it best to use at least 7 moles of 

^ ^ent 

^ an oxample, part of an unpublished kinetic 

6 be' VvThero, rvhoro n qunntdetho 

of tho kotono -woa carried out on tto 
obtamod bj the Fries rearrangement ol 
. R ectate in nitrobenzene in the proaenco 
elaorldo 

O" °f Oiymyl methyl ketone 2 4031 

! twLrS 0 ! 085 of 03 14 per cent thvmyl wartoto ww 
1 « a <olnt.cn of 4 17 gm (31 ! \ mJ "° 

j alummmm cldondo (BDH) in m * 


benzene, and the mixture i\aa mado up to 20 ml 
with nitrobenzene The mixture wan allowed to 
stand for 5 hr m a thermostat of 40° C , and then 
an ah quo t of 2 ml was transferred by pipette into 
an equal volume of ethanol This mixture was 
refluxed for 30 nun with 30 ml of a solution of 
sodium fluondo (containing 35 gm sodium fluonde) 

3 ml of 1 N sodium hydroxide and 24 ml of ethanol 
After ooolrag the solution was mado up at room 
temperature to 100 ml with water and allowed to 
stand overnight in a glass cylinder, 2 5 cm in 
diameter when nitrobenzene separated A portion 
of 50 ml was withdrawn from the clear supernatant 
with a pipette treated with 3 ml of 1 N hydrochloric 
acid and distilled until tho temperature of \apour 
reached 98° C (approximately 5 min.) Tho residue 
was allowed to stand for 2 hr manico box, then 
the precipitated crystals were filtered through a 
glass filter, dried at 110 C for an hour and weighed 
together with the filter Thyrayl meth\ l ketone was 
then separated from inorganic contaminants b} 
treating the filter with 3 < 5 ml of hot othanol 
After drying the filter for 20 nun. at llO 0 C , it was 
again woighed Tho differonoo was 0 0881 gm Tho 
almost white crystalline product obtained by 
evaporating the ethonoho solution had a molting 
point of 122 fr-126* C For C lt H lt O t , molecular 
weight 192 25 calculated (per cent) C 74 07 
H, 8 39 found (per cent) : C 74 95 H, 8 07 
Tho ketone obtained by the classic^ Rosenmund 
method* was nearly block nip 116-122° C 

Tho correction for the solubility of tho ketone gives 
a gross yield of 0 092 gm. , thus by tlio Fnes re 

arrangement * yield of 04 6 per cent was obtained 
With suitable modifications tho quantity of uncon 
verted ester can also be determined b} titration 
We wish to thank the Hungarian Academy of 
Sciences for a grant and the Microonalytical Lahore 
torv of tho Institute of Organic Chemistry of tho TJm 
rJtnty of Szeged for carrying out the mlmmnalyses 
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physical sciences 

calculation of a 'Cosmic Ray A^e’ for the 
Iron Meteorite ‘Carbo 1 

tho notion of cosmic rove Stoermer 
fola llmt the concentration of 

nnd Aanringr -nnmdomblv within an iron 

potassium m«J ™7L, lulso d nn li.rdctoclion 

nietcorrto Tltoir niudyBCS " e r0 Umt t j,„ jaJ 
of jxitnraium 41 and Uie ijition ns tenvurud 

gium hftd tho *»mj> r ‘'if 0-031 p pjn 
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of potassium from one sample is typical of ‘Carbo’ 
and is corrected to 0 012 ppm m order to fit the 
new isotopic analysis, the potassium produced by 
spallation is at least 4 0 X 10 -11 molo/gm Tho 
total ion beam in the Voshage and Hmtenborgor 
analysis indicated that the concentration of potas- 
sium-40 alone is oven greater than 1 8 X 10~” 
mole/gm The amount of potassium produced by 
spallation is probably about 10 -u molo/gm Tins 
figure is quite compatible with that of 1 1 x 10 -10 
mole/gm for tho helium-3 content 5 because the cross- 
section for the formation of potassium, including 
the contribution from argon-39 and calcium-41, 
seems to be* about 40 mb , and tho measured cross- 
section for the production of helium-3 (with hydro- 
gen-3) by means of 3 BeV. protons on iron is approxi- 
mately 1 340 mb The neon also formed by spallation 
has a concentration* of 5 8 x 10 _1 * mole/gm , which 
is comparable with that indicated for the potassium 
Radioactive species formed by spallation liavo been 
used to estimate the production rate of stable isotopes 
by cosmic rays Radiation ages havo been calculated 
in this way for meteorites from their helium -3 and 
argon-38 contents 0 The combination of stable 
isotopes of potassium with tho relatively long-lived 
potassium-40 may also bo used to calculate a ‘cosmic 
ray ago’, A t in the following equation 

1 - e-’M (ct „ - i?g 41 ) 

At = a 40 (K” - JffKV) 

The relative abundances of the potassium isotopes 
used are K” = 0 795, K‘„° = 0 048, and K* n ' = 0 157, 
as reported by Voshage and Hmtenborgor 1 for tho 
meteorite ‘Carbo’ Tho total decay constant, is 
taken as 0 529 X 10*' yr - 1 R is tho ratio of K?’/K‘° 
in ordinary potassium 

In addition to tho usual assumption regarding a 
constant cosmic ray flux, some knowledge of tho 
cross -sections for the formation of tho potassium 
isotopes is roquired The cross-soction versus mass 
curves for argon formed by high-energy protons on 
iron and copper are woll defined experimentally (refs 
3 and 4 and Bieri, R H , porsonal commimi cation) 
The curves are similar and are skewed towards the 
side of the neutron-rich isotopes The known isotopos 
of potassium suggest that the spallation curve of 
this element is similarly asymmetrical and that tho 
production cross-sections for potassium-40 and -41 
are rather large and approximately tho same 

Barr* has estimated the approximate production 
cross-sections for the isotopes potassium-39, -40 and 
-41 for 5 7 BeV protons on copper These cross- 
sections are 5 2, 9 4 and 9 2 mb , respectively Ho 
inferred them from his measurements of the yields 
of more than fifty radioactivo isotopos produced by 
the spallation of copper The observed cross-sections 
for potassium-42 and -43 were 5 4 and 1 1 mb , 
respectively Other spallation products such as 
argon-39 and calcium-41 contribute significantly to 
the formation of potassium The cross-sections for 
tho formation of potassium estimated from Barr’s 
work then become a s , = 14 8, o 40 = 9 4, and cr 41 = 
14 7 mb 

The radiation age calculated from the preceding 
values is 0 6 ( x 10* yr It is obvious m the above 
equation that the value for a aa is comparatively 
insignificant Tins figure may bo incorrect by a factor 
of 2 without influencing the value of the right side 
of the equation by more than 10 per cent The 
relative values for o 40 and <r 41 are important A 
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difference of even 20 per cent in their ratio affects tho 
radiation age by 1 x 10 s years This 6oems to bo 
approximately the uncertainty in this radiation ago 
of ‘Carbo’ , but the relative ages of iron meteorites 
may bo determined with much greater precision 
For the radiation ago from tho potassium to bo 
4 6x10“ years, or the same as the load-load age’-* 
and tho rubidium-strontium age*- 10 of stone mete- 
orites, cr 41 would have to bo about ono-half tho value 
for o 40 It should bo noted that contamination will 
have a noghgible effect on the radiation ago as long 
as the observed abundance of potassium-40 is much 
greater tlian tho potassium-40 in ordinary potassium 

The cosmic ray ago calculated horo for ‘Carbo’ is 
essentially tho same as its estimated cosmic ray 
helium age of 0 85 x 10“ years 11 Tho potassium- 
argon ages of several stone meteorites aro also quite 
similar Tho chondrites ‘Kunashak’ (groy variety) 
and ‘Porvomaiskn Posolok’ (grey variety) liavo ages 
of 0 70 x 10“ and 0 64 x 10“ years, respectively 11 
Tho two shergotitoa ‘Padvarmnka’ and ‘Shergotty’ 
have ages of 1 0 x 10’ years 1 * and 0 50 x 10* years”, 
respectively It seems that tho stone meteorites 
belong to two groups, one with radiogenic helium 
ages of 4 x 10* j’ears, tho other with ages of about 
0 5 x 10’ to 1 x 10* years” Helium probably 1ms 
been lost from tho metooritos of tho latter group 
Tho potassium-argon ages for tho same motoorites 
clearly mdicato some loss of argon 1 * 

Tho accuracy of tho cosmic ray ago calculated from 
tho potassium produced by spallation doponds prin- 
cipally upon how woll tho ratio of the formation 
cross-sections for potassium-40 and -41 is known and 
tho constancy of the cosmic ray flux. Nevertheless, 
this ago of 0 6, x 10* years agreos romarkably woll 
with independent ago determinations for this moto- 
onto and for other meteorites Evidonco is rapidly 
accumulating for tho break-up of solid bodies and for 
the presumably related honting of at loast some of 
tho metooritos botwoon 0 6 to 10 X 10’ years ago 
Tho comparison of potassium analyses from other 
iron meteorites may help to answer the question of 
whether those processes occurrod throughout approxi- 
mately half a thousand million years or during a 
much shorter interval 

I wish to tliank Dr. R H Bion and Dr J Geiss 
of this Institute for many discussions This study 
was supported by a grant from tho IT S National 
Science Foundation 

Royaij R Marshall 
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Refraction of Very High Frequency 

Radio Signafs at Ionospheric Heights 

People engaged in radio tracking of space vehicles 
are ivoll aware of the foot- that tho Earth’s atmosphere 
may causo eorious refractive orrors m the olov alien 
angle determination It is also gonoralh accepted 
that refractive errors rapidly decrease with an increaso 
m the deration angle, and bocomo virtually negligible 
above 10 or 16 dogrecs In tho case of radio natron 
omy, this is quite true Howovor, m tho cose of 
Bpace*rahielee which travel m tho immodmto v lcimty 
of the Earth, this is not the case Tho refractive 
errors duo to tho troposphere rapidly docreaso with 
the elevation angle, while those duo to the ionosphere 
initially increaso with the olcvntion onglo, and then 
gradually fall off This behaviour of lonosphono 
refraction is n necessary conuoquenco of tho spherical 
geometry Tho valuo of tho elovation onglo at which 
tho maximum lonosphono rofraotivo error occurs bo* 
typically betweon 100 and 200 mi Hi radians Tho exact 
expressions are rathor in\ olvod, but it can be shown 
that tho valuo of this angle is roughly proportional 
to the square root of the height of tho laver Tho 
maximum value of tho lonosphoric rofmetivo error is 
about 10-16 per cent highor than its valuo for a 
tangentially’ doparting ruy 

Fig 1 Bhows a plot of the elevation angle error o 
for realistic models of the ionosphoro and troposphere 
tropospheric calculations were based on radio 
sonde data Tho lonosphono calculations wore based 
011 a model of electron density profile which was 
P^bolio bolow the region of tho maximum donsity 



and was represented by the hyperboho secant above 
the maximum The constants of the hyperbolic 
secant were adjusted so that the profile and its 
dom atn e were continuous everywhere, and the total 
electron content above the maximum was three times 
as large os below it Tins is in accord with expenmen 
tal data based on Faraday rotation measurements 1 
Details of the computational toolmigues are described 
olv' where* 

For tho purpose of tho accompanying illustration, 
tho ionospheric constants were adjusted as follows 
height of the hose 300 km half thickness 100 km , 
entical frequency 14 mo signal frequencies 60 and 
100 mo The target height for which the refractive 
errors were computed was 300 nautical miles 

Examination of Fig 1 shows that at very low 
angles of elovation a„ the tropospheric refraction 
contributes appreciably to the refrnctn e error while 
at higher angles, the ionospheric factors predominate 
Tho peculiar behaviour of the ionospheric refraction 
manifests itself by tho presence of tho shouldor which 
is especially prominent at 60 me , and also by tho 
fact that the refractive error decreases more slowly 
with the olovation onglo than might have been ex 
nected from the study of the refraction of radio stars 
1 S WeikbboP 


Smyth Research Associates, 
3666 Aero Court, 

San Diego, II, 
California 


L Conn. 


GrdTIss Air Forco Base 
Romo New York 
Juno 10 
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WeUbrod S 
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Near Infra-Rod System of Nitrogen 

Tn the course of studying tho molecular spoctrum 

■ nitrogen under various exoitntion conditions 
irroll and Sayors* discoi erred a non triplet transition 

the near infra red Only one bond was observed 
the spectral region of interest was dominated bj 

■ ndfl of tho first positivo system A spoctrogram of 
in new band wsgnon together with measurements 

thefour strongest bonds at 8206 5 8283 8, 8293 3 
d 8310 6 A Tho structure of the band was 
Inoualv complex, and it was suggostod b> Carroll 
,d Savers tiint tlio transition might bo *11 - •£ 
Moro recently Kjstlnkowskj and Wnmock* Imi'e 
sorted bands ormtrogon in the infra rod, and those 
iervotions h“' e 1,0011 ovton dod by LoBlnno 
^ha and Jurpa 1 , who studied tho omission from 
lorelows in argon-mtrogen mixtures at low tern 
" „ Thm also mndo a prebtninary xibrotional 
^Jjwis and showed that tho lower state was roost 

^ore^/no doubt that the now sj stem Is the smno 
M dint report od bj Carroll raid Sayre 
onsition 1 close aimdorit} in structure 

Ism BA band on Carroll and -torn* 
and tlio baml* m tlio spectrogram gnen 
^Jddmic Tanaka and Jursa, and (6) the agree 
V Y bitwwn tho measuroinonts of eorTcpaniljnp 
mTo 8286 5 A band and the (a + D - J 
and of LoBlanc, Tanaka .and ^ (hwW(IC(lI , ^ 
As tho near on ! . n (J sn.i JO- t«md htnnxvntb, 

strophj-sicnl* interest disporsicn It lra , 

een inv cetignt^ 
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photographed in the second order of the 21 -ft 
grating in the Physics Department of University 
College, Dublin, and despite the weakness of tho band 
and the presence of the first positive system, a 
rotational analysis proved possible Three components 
were found, each consisting of a fairly strong P, Q 
and R branch together with a number of weaker 
satellite branches A detailed examination of tho re- 
sults shows unambiguously that tho uppor state is of 
species 3 h~ u A preliminary value of Bn+i determined 
from the Q branches alone gives 1 38 0 cm -1 Tho 
analysis also verified beyond doubt that the Ion or 
state of the 8205 5 A band is the level v «=■ 1 of 
B s Llff This is shown by the excellent agreement 
between the combination differences derived from 
the present analysis and those formod from tho data 
on the 1-0 band of the first positive system* 

The vibrational numbering of tho lovels m the 
state is not known with certainty at present 
However, one can say that tho v — 0 level cannot 
lie abov e about 71,700 cm -1 and that it vory probably 
lies within a few vibrational quanta of this v alue 
Now Hulliken 4 , in Ins theoretical work on nitrogen, 
has predicted that a 3 S - « state, with a B value of 
approximately 1 47 cm - 1 , should occur at about 
70,700 cm -1 It is seen that tho results of tho presont 
v ork are in satisfactory agreement with Mulliken’s 
theoretical predictions 

A full account of tho above work will bo published 
elsewhere in the near future 

P K Carroll 

Physics Department, 

H E Rubalcava 

Chemistry Department, 

University College, 

Dublin Juno 11 

1 Carroll, F K .and Snjere.N D ,Proc Phut Soc , A, 66, 1138 (1053) 

1 Klstlnkoirshy G B , nnd Wnrncck, P , J Chcm Ph\jt , 27, 1417 
(1057) 

’ LeBlanc, F , Tanaka, 5. , and Jursa, A , J Chcm Ph ys , 28 , 070 
(1053) 

4 Mulllken R S ' The Threshold of Space' , ICO (Fcrgnmon Press 
New York, 1050) 

* Khvostlkov, I A , and Mcgrellshvlll, T G , Salute, 183, 811 (1050) 

• Carroll, P K , Prot Roy Irish Acad , A, 54, 300 (1052) 


Luminous Spots on Electrodes in Insulating 
Oil Gaps 

In 1955 we reported tho observation of luminous 
spots on electrodes in transformer oil 1 Tho spots 
were detected by a photographic plate m the oil 
between the electrodes with application of a c and 
d c voltage stresses for 2-30 nun Tho oil was usually 
degassed but not filtered The luminous spots occurred 
at random on tho surface of a plane electrode and w ore 
more concentrated at sharp edges One of tho 
electrode systems used was an American Socioty 
foi Testing Materials oil-breakdown test-cup Tho 
threshold average electric stress seemed to bo of tho 
order of 50 kV /cm minimum At the time of those 
experiments it was not known whether these luminous 
spots were due to discharges in tiny bubbles or to 
another cause 

Since those preliminary experiments, more rofined 
and efficient techniques have been used m the investi- 
gation of these luminous spots, whoroby the electrodes 
aro observed face on through a glass window' coated 

tm OXI< 3° Micro- 
occur Bomotimon *vt rI^owji tnat, while bubbles do 

under low hydro- 


static piessuros, or with fibres presont, bubbles are 
nob responsible for tho luminous spots observed on 
electrodes in w oil-filtered, degassed oil Tho luminous 
spots have been shown to occur only at tho negativo 
electrode with d c stresses and are thoroforo attributed 
to fiuoresconco of tho oil molecules excited by fiekl- 
omitted electrons from points of high locahzod oloetric 
stross on the electrodos They havo boon dotected by 
10-min exposures with Ansco Super Hypan Film 
(ASA 500) m a camera having an /2 lens openmg at a 
distanco of about 5 m It is behoved tliat theso 
luminous spots aro similar to tho luminosity reported 
soon bv Darv cniza 3 at 000 kV /cm , hut detected here 
at much low er n\ erago electric Btresses The threshold 
voltago stress scorns to bo of tho order of 60-250 
kV /cin , deponding on tho degreo of polish of the 
electrodes and filtering of tho oil Tho local olectnc 
stress is v cry likely 10 or moro times highor 

M Waclitel (Westmghouso Research Laboratories, 
private communication) nnd Llewellyn- Jones 3 have 
reported electron field emission into a vacuum or low- 
pressure gas at average electric stresses of tho same 
order ns used hero 

Tho occurrence of luminous spots is not significantly 
affected by applied In drostatic pressure from 10 mm 
mcrcurv to 2 atmospheres Thoy also occur with a c 
voltages hot ween glass surfaces, indicating tliat field 
emission occurs from glass surfaces Tho luminosity 
is not affected bv an ofiiciont additive, bonzil, reported 
by Bassechcs and McLean 4 to prov ont gassing 

It is believed that observation of theso luminous 
spots assists m explaining tho statistical effect of 
electrodo area (and volume) on breakdown, par- 
ticularly in commercial tests, and tho dopondenee of 
long timo ac electric strength on tnno of voltage 
application It also suggosts tho origin of tho dev elop- 
ment of gas (hydrogen) in stressed oils, sinco tho 
electrons exciting fluorescence (requiring about 3 oV ) 
may also havo or gam by aocoloration sufficient 
energy' to docomposo tho hy'drocarbon oil moleculos 
(requiring about 4 oV ) 

T W Dakin 
Daniel Behg 

Insulation Doportmont, 

WcBtinghouso Rosoarcli Laboratories, 

Pittsburgh, 35, Pennsylvania 
May 19 

* Dakin, T W , nml Berg, D , Conlcronro raper. Winter General 

Meeting, Amcr Innt tied End (let) 1055) 

* Dancnlra, M , A aturc 183,743 (1050) lf . 

* LTcwclIyn-Jones, 1 , "Iontrntlon and Breakdown In Gases , 

(John VVilev nnd Sons, Inc , Ncir York, 1057) 

4 Bnssechcs, JT , nnd McLean, D A , Indttsl hag Chcm ,47, ■ 

(1055) 


Compaction of Briquettes 

When a powder is compacted by a simplo nppl’™ 
tion of pressure, tho density nnd strength ot 
compact so formod (measured after the pressure i 
been reloased) aro determined by tho pressure u 1 > 

but ultimately they approach limitmg v r alues vr 
are not exceeded by further increasing the j- 

Tlio limiting density of tho compact falls b jo 
the density' of the material of tho powder > 
appreciable margm, say' 4-20 por cent, depc 

on the material used (Fig 1) nnses 

This failure to achieve complete compaction ^ 
in two ways First, as tho briquetting P re w( ]er 
applied it is opposed by forces sot up in the p 
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Fit. 1 BflU«nh» Offer coal reUilonthlp botween briquetting 

pre**ure and density of briquette 


QImI upon the walls of the mould, which resist the 
movement of tho particles and which resist the 
Reformation of individual particles , these forces 
pnnont intimate contact betwocn tho particle sur 
faces Secondly, an the external pressure is remo\ ed 
the deformed particles recover their shape elastically 
to part at least, and the compaot expands and the 
voids within it increase A large elastic recovers is 
associated with a weak compact 
It has been found that if tho powder compact, 
*hile still under load, is subjected to shear strain, 
(as for example in a rotary shearbox as sketched in 
*•§ 2) thore is a further compaction without any 
further increase in pressure being required Also, 
the elastic recovers of the compaot when constraints 
,re removed is reduced Tho compaot made in this 
^ stronger than ono mndo by simple pressing at 
the same pressure, and may possess greater density 
strength than the limiting \ allies obtained by 
pressing Whother the compact is made by 
pressing or bv introducing additional shear 


Compacting Um»t 



strain under load, the strengths and densities ore still 
related by the same single curve The gam in 
strength nmj bo substantial, and with coal powders 
a five fold increase has been attained The full 
benefit is obtained only if the shear strain is introduced 
under maximum load (Fig 3) 

The response to the introduction of additional 
shear strain under load varies with tho material 
In a material such as Plasticine', which deforms 
plastically very readily and which has negligible 
elastic recovery, the process offers no advantage 
Natural graphite powder also compacts readily, 
and reduces to a compact of about 4 per cent porositj 
by simple pressing , here again there is littlo advan 
tago in applying extra shear strain which mav do 
more harm by disrupt mg the bnquotto than good by 
compacting it At the other extreme anthracite 
powdor which shows an olostic recovery of 30 per 
cent while still m tho die in which it has been pressed 
forms no compact at all with or without extra shear 
strain The advantage of the process is found with 
materials lying between these extremes The coal, 
the properties of which are illustrated in Fig 3, is 
an example , the introduction of extra shear strain 
iraprotee tho compaction of the final briquette bj 
about 10 per cent porositj and tho Btrongth by a 
factor of 3-5 



The adhesion of particles m tlieso non metallic 
•ompacts is not >et full} understood nor is tho action 
understood wliorob} shear strain improves tho ad 
on Tho fact that a smglo strength-density 
yint.onship applies to all compacts made fron. a 
powder, with or without extra shear suggests 
j, nl n o now mechanism of adhesion is introduced In 

'’mTwork described in this paper " os rarried out as 
rrnrt of the research progranuno of tho Scientific 
EkWmcnt of the Ilnt.onnl Coni Board and is 
published b> portmwon of tho Director General of 
Research ^ 

D 
J 

Kntional Coni Board, . 

Coal Research Establishment 

Stoke Oreb-n;, 30 
Cholten'"*'" 
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BIOLOGY 

Association between Colour of the Iris of 
the Eye and Reaction to Dental Pain 

An association has been found to exist, in Australians 
of European stock, between the colour of the eyes and 
the reaction to pam resulting from dental cavity 
preparation 

At the present stage of this study, examination lias 
beon made of 403 consecutive subjects whoso tooth 
were being prepared for filling, the cavities being cut 
by means of the Borden high-speed air-rotor 
apparatus Their agos ranged from threo years to 
more than fifty years 

The pam reaction of each subject was assessed, 
four classes bemg used subjects that showed (a) no 
pam reaction during tho preparation of the cavity, 
(b) a slight reaction, (c) a marked reaction and {d) those 
v hose reaction was so great as to require the injection 
of a local analgesic After having recorded tho pam 
leaction of a subject, the colour of the iris was 
observed, nine categories, ranging from blue to dark 
brown, borng recorded The pam-reaction classes 
were given arbitrary values of 0-3, and tho colours of 
the iris, values of 1-9 

The association betweon these factors is highly 
significant, but, of course, is considered to bo duo to 
thou joint association with other factors Tho 
accompanying graph (Fig 1) of moan values displays 
the association between pam reaction and colour of 
iris 

Each point of tho graph is based on more than 40 
observations, with the exception of tho last threo, 
for only 11 subjects were seen with light brown eyos, 
23 with brown and 28 whoso irises were dark brown 

Judgement of tho reaction to pain is based on 
12 months use of tins now apparatus (Borden high- 
speed air-rotor), and on moro than twenty years 
clinical experience , nevertheless, it is acknowledged 
that both types of observation aro open to criticism 
owing to then subjective nature However, a test to 
establish the reproducibility of the results was 
satisfactory, for out of 13G subjects that were 
re-assessed betweon one and four weeks after the 
original examination, the same valuos were obtained 
for the colour of the eyos m 115 cases, and for the 
pam reaction in 114 subjects Both for colour of iris 
and for pam reaction, the mean of tho discrepancies 
between each pau of results was non-sigmficant , tho 
mean discrepancies wore, pam reaction 0 02, iris 
colour 0 04 

Approximately 13 per cent of the total number of 
subjects required the injection of a local analgesic for 
cavity preparation, a similar percentage being found 
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m tho group of subjects formed by adding the results 
of thoso whose eyes wore greyish-green, green or 
hazel However, this aid was not required by any 
blue-oyod subjects, and was used for only 2 per cent 
of thoso with grayish-blue or greenish-grey eyes , but 
it was required by 30 per cent of tho subjects with 
light brown or brown eyes, and by more than 53 per 
cent of those whoso oyos wore dark brown 
My thanks are duo to Sir Arthur Amies, and to tho 
University of Melbourne Research Fund 

Philip R N Sutton 

Dontal School, 

University of Melbourne 
March 10 


Development of the Aplacophorous Mollusc 
Neomenia carinata Tullberg 

Present-day authorities agree that, witlun tho 
Mollusca, tho clntons (or Polyplacophora) aro closely 
related to tho solonogastros (or Aplacophora) An 
important item influencing this \ low is the description, 
by Pruvot 1 , of tho dovolopmont of sot on overlapping, 
dorsal, plato-Jikc spicules m tho metamorphosing 
larva of tho solonogastro, Nematomcma banyulensis 
Tho appearance of thoso spieulos has beon considered 
to bo a romirmconco of a chiton-like ancestor and, 
no doubt, lias influenced many authors m coming to 
tho conclusion that tho solcnogastres aro degenerate 
clntons Pruvot’s description was based on obser- 
vations on a single larva, but nonetheless tho figure 
ho gave of this developmental stago has beon widely 
reproduced in general works 

Tho purpose of tho present communication is to 
describe some observations on tlio dovolopment of 
Neomenia carinata Tullberg 1875 , togothor with the 
work of Baba* on Epxmema verrucosa, they show 
clearly that, while tho larva of Ncmatomema may 
develop overlapping dorsal plates m tho manner 
described by Pruvot, this is by no moans tho rule m 
tho Aplacophora 

Tho embryos of Neomenia carinata hatch three 
days after oviposition (at 10° C ) as trochophores with 
tho blastopore still open abapically, but wntli no 
stomodaoum yot devoloped (Fig 1 A) Thoso larval 
swim over tho bottom of tlio culture vossel, propelled 
by the strong cilia of tlio prototroch As the lame 
proceed, they spiral m the same direction as the 
metachronal waves travel around the prototroch 
(clockwise when viewed from tho anterior) At 
7-8 days metamorphosis bogms , a caudal bud bogins 
to protrude through what was formerly tho blastopore 
(Fig IB) Tho tip of this bud boars a minuto pore, 
tho anus, and is ciliated The rest of tho bud, as it 
grows out, is uncihatod but bears largo numbers of 
pointed spicules (Fig 1 G) The ‘fcrochophoro’ part 
of the larva remains ciliated, but becomes reduced 
in size, while the prototroch and apical tuft degenerate 
The caudal bud comes to form by for the greater 
proportion of tho larva (Fig ID) Tho last remains of 
the ciliated trochophore-mass are ingested through 
tho mouth as tho larva completes metamorphosis 
(Fig IE and F) and abandons pelagic life At no 
time is there any trace of segmentation, nor of any 
dorsal shell-plates When metamorphosis is complete 
tho external surfaco of the body (except perhaps for tlio 
pedal groove) is uncibated, and the form is like that 
of the adult Neomenia 

This description is based on observations on large 
numbers of larvce of Neomenia cannata reared 
through metamorphosis m the laboratory, and the 
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Jufl* 1 McUmorphwU of Veommia tarinala (camera luddft 
Uvt Urr*) A Trochophoro at 3 (Ur» Ji trocho 
I*}®™ »t 0 dayi rentral rupee t O trochophoro nt 10 days right 
D trochophoro at 11 dayi rlnht lateral **poct 
P n>etajnarpho*cd *Ugo (12 daj»). rlflit lateral wpect . 
HWv~ tral aapeet In E and F tlio iplculci are not 
“wrated. The arreir shovs tho antero-poitexlor axil of tho 
animals 

2*°^ 80 far obtainod plainly show tho nood for a 
investigation of tho development of Ncmalovienta 
present, the indications are that tho nearest 
of the Aplacophora within tho Mollusca maj 
in |S ^ P runi tivo Lamollibranchia rather tlian 
jo^-^ypfacophom. Tho resemblances m develop 
B mr>Y , t>c ^ reen the eolenogastres and members of tho 
v ^T'~°P <)< fa, Archiannelida and Nemertca (to which 
'authors have directed attention) are probably 
^ profound significance Tho work on Neomcnia 
j^^B^oatmaod and is financed bj a grant from tho 

ir T E Thomtson 

5 ™ ®!° lo g>cal Station, 

*<« Erin, Me of Man 
A Pnl 8 

' ta». l r ° , C,/L dcof. Bet Pont S 680(1800) 

• *“ J Srpt, Aerte. Kruru Untp 6 21 (1038) 


^*£ger Nematodes associated with a 
j. Clover Sickness 

nematodes (Xt iphtnema epp ) are nove 
Anw ** important crop pests m many North 
and occur widoly m tropical 
B^cauip. r,r clow> association with plant roots 

Ik. . . _ tholr Tnimml „«nwioilin llflhlt tllO' 


Boldom 


tho\ 

and 


ihoir migratory octoparositio habit 
*Wg dbservod foodmg on the host plant, ana 
^PPear to bo associated with crop damage 
I 18 difficult to prove , . 

^fer * n oarl 3 Fobruary of sioklj white 

^ (Wi Um ftpena L ) plants from a clover le> 
rjT ? 4 imm 1 /™°’ Somerset showed no pathogen c 
large munbore of doggor nomfltodo» 
twT 1 ^ fror n tho soil around the roots 
“ k »S''® l»n> minute lesions compatible 
Trixie feeding and many young rootlets 


woro brown and slimellod at the tip Tho field, a 
sandy loam, had been sown to grass and clover leys 
in so von out of tho post ton 3 oars and had a similar 
earl} history 

Tho area was again sampled at the end of April, 
b> which limn tho clover was dying off m patches 
Many dogger nomatodes were again recovered but 
fungal damage was also evident and email sclerotia 
behoved to bo those of Sderolima infohorum Erikas 
■acre seen tho stem oohvorm DityhncJius dipsaci 
Kill in also occurred in numbers sufficient to constitute 


a possiblo oauso of disease 

Tho exact role of dagger namatodoa in this complex 
is thus uncertain , this is tho first record of the 
genus Xiphincma in Great Britain, and observations 
and measurements suggest that tho spoc miens 
recovered represent a now species, which will be 
described elsowhere 

F C Pea 00 ok 


Imperial Chemical Industries Ltd 
Joacott s Hill Research Station, 
Bracknell, Berks 
April 28 


* Chrfitlo J R- Pkvtopalkdon « 205 (1053) 

• \dwna R. E Phptopalkolon 45 477 (1055) 

•Schindler A F A crMldofiea fl 25 (lk>7) 

• Lonlello LE O Pnx II dm. boe WatM £2 16 (1055) 
» W Ntmatobtfca 8 57 (1053) 


5 ollen of Acacia from Tufaceous Limestone 
near Udaipur 

t have undertaken the investigation of fossil 
ruoroflora from a tufaceous limestone near Udoiprn- 
SusfossiliferouB locality is about three quartern of a 
n nnrtli west of the tenth milestone on the Udaipur- 
SfC ™ wos tot detcribed bjMurtV, 
^ta>d suggested a tarttnrj ago to these bods , 
A few pieces of fossil woro macoratod with Schulte s 
oiutZ and clear dehydrated mounts wore pro 
ared bv petals the matonal through various grades 
fXoholCd —106 to Cauada b— Some of 
L vLumition* woro stained with snfromn Tlio 
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slides so prepared showed many 
angiospermic pollen grams, some 
of which belong to the Legnmmosae 
and the Gramineae Also a 
few pteridophytic spores were ob- 
served 

One well-preserved pollen gram 
resembles very closely that of 
Acacia lortgifoha It is a smooth 
compound 16-eelled gram , eight 
cells are centrally placed, forming 
a sort of cubical block with the 
others arranged in a rectangular 
fashion The central group is 
surrounded by eight peripheral 
cells all in a plane at right angles 
to, and bisecting, the central group 
The peripheral cells are so placed 
that their eight contacts with each 
other are alternately opposite and 
midway betweon the four contacts 
of the central group The group 
as a whole is flattened, with a more 
or less rounded outlmo, and tho 
intersecting lines between the in- 
dividual grains cross each other at 
right angles 



The exine is tlnck and its comers are rounded 


Tabic l 


The individual grains measure about 24 fig m dia- 
meter and the whole compound grain is 09 5p in 
diameter 

It is significant to note tliat fossil pollen grains 
of the Acacia typo have been recently described from 
the Victorian Tertiary deposits, Australia, by Cook- 
son* 

I thank Dr Chitloy for her guidance in tins work 

T Tkivedi 

Government College of Science, 

Nagpur 

1 Sturt}- T V , Proc Forty-second Ind Sc! Congr Assoc (1055) 

* Cookson, C I , Auttral J Sol , 2 (1), 52 (1054) 
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Description 

Dimensions 

No 

Polished hand axes, tig 1 

Approx 32 x C x 2J cm 

5 

Fragments 

Average width 0 cm 

10 

W ell-formed blfnccd hand axe. 
Fig 2 

H x 9| / 5 cm 

1 

TJntfnecd hand nxc, Fig 3 

23 x 121 x 4} cm 

1 

Polished clcaser-llke stono, 

Fig 4 

’Points’, Fig 5 

7\ x 7 y 31 cm 

1 

Approx. 13 x 0 x 2} cm 

2 

Tanged untfnecd blnde. Fig 0 

11 x 0 x 2 cm 

1 

Hand held polishing or grinding 
stones. Fig 7 

Approx 7 x 0 X 6 cm 

3 

Blfnclnl discoid stones 
(scripcrs ?) Fig 8 

Approx 4 x 0 x 2 cm 

2 

Anvil stones Indented both sur- 
faces. Fig 9 

Approx. 0 X 7 x 4 cm 

4 

BaUs 

5-8 cm din 

15 

Eccentrically perforated stono. 
Fig 10 

Width, 8 cm , perf ,2 cm 

0 cm din 

i 

i 

Tinctured stone c>llndcr 


Stone Implements from Western Nigeria 

Recently a number of stone implements hate 
been uncovered by labourers m sand quarries at 
Green Springs near Ibadan, Western Nigeria These 
implements are associated with deposits of river sand 
and clay The workmen wash tho sand, discarding 
the clay and stones, usually placing the latter in 
heaps or scattering them about the ground Thus it 
has not been possible to determine the level at which 
they were lying before excavation Generally, 
however, the layers containing stono are between one 
and seven feet below tho mam surface-level 

Table 1 lists the definite artefacts found Tho 
material is mainly quartz from the basement complex 
Polished stone axes are common m Nigeria, where 
they are often used as protective charms against 
thieves and thunder, in the behef tliat they are fallen 
thunderbolts Flaked and tanged implements. 



nnploments fall into two groups (a) neolithic types, 
represented by st one balls, polished axes, anvils and 
grinding stones , and (6) palaeolithic types, represented 
by the points, tho flaked axes and the tanged blade 
The latter are suggestivo of tho Atorian cultures of 
North Africa 3 4 

Wo are of the opinion that systematic excavation 
in the area may bo of advantage to pro-history We 
w ish to acknowledge tho kind help of Mr R Hockey, 
geologist-, Geological Survey Department, Federal 
Government of Nigeria 

E L Kostick 
C N Williams 
S A Williams 


University College, 
Ibadan 
March 31 


1 Brnunholtz, H I , "Stono Implements of Pataollfhfo and of Neo- 
lithic Types from Nigeria", Geological Sunoy of Nigeria, Occa- 
sional Paper No 4 (1020) 

•Jeffreys M I) W .Pan-African Congress on Prc History, Livingstone, 
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government and the public All that he writes, 
however, about the futility of the pathological 
secretiveness of the British Government, matched in 
Europe only m Spam and Portugal, applies oven 
more forcefully where science is concerned These 
attempts at secrecy merely hinder scientific or tech- 
nical advance without promoting security and, more 
serious, impede the mformed public discussion and 
understanding of what both science and Government 
are doing which is essential if soience is to bo wisely 
used 

This is even more important now that wo stand at 
the cross-roads, as Sir Solly reminds us Hitherto, 
we could claim that the applications of science have 
increased the sum total of human happiness Idle 
process of applying scientific knowledge is as endless 
as is the prospect of gettmg new knowledge, and v, o 
can Vie reasonably certain, that norther the backward 
and under-developed nor the rich nations will allow 
the process of applying the fruits of scientific know- 
ledge to stop, either m the national or the inter- 
national framework In this process, however, melons 
become ends, because as new ways of domg things 
are discovered, they transform the things done, and 
so their purpose In fact, weapons may end by 
determining strategy and even the purpose belund 
the strategy 

Here, in Sir Solly's view, arises the real clash 
to-day between the scientist and the humanist, and 
this form of scientific application could indeed can- 
strain our democratic liberties and oven, if wo ceaped 
to be vigilant, the liberty of science itself That 
would seem to imply a special responsibility for the 
scientist, though Sir Solly does not agree that siich 
a responsibility means more than that the scientist 
is better able to appreciate scientific facts It is iiot 
reasonable, he points out, to expect the scientist na 
such, who is not responsible for the application, to 
accept the responsibility for predicting some vast 
social transformation which might result from a 
seemingly innocent observation 

Nor is that all, for it has to be remembered that 
the process of government involves much more than 
taking account of scientific and technical factors and 
their implications Even if the problem is essentially 
a scientific one, the statesman or minister who lias 
to take a decision and formulate a policy must have 
regard to public acceptability, and accordingly to 
tho pubbe understanding Normally there will be 
mamStOtliei factors to bo considered, and it is the 
cor of tho application of science that are 

o' sinco they aro most readily appro - 

^ki-cand most relovant politically 

m tins connexion Sir Solly 
conclusion ns to the 
Xfl Di Chapman and 
^k^ocont b,r:" 


constituting to-day an essential part of an education 
m the humanities An. understanding of social and 
political purpose can no longer bo realized through 
the liberal arts, unless their scope is widened to 
embrace a proper understanding of the scientific 
knowledge the apphcation of which is so rapidly 
transforming our intellectual and material environ- 
ment 

It is with realism and not arrogance that Sir Solly 
places science, teclmology and humanism m that 
order of importance m determining our affairs , and 
in the same spirit that ho suggests that, to continue 
os a polont educational discipline, the humanities 
must encompass an understanding of the social forces 
which arise from tho apphcation of the natural 
sciences Nor does ho suggest that higher education 
necessarily guarantees higher virtuo or higher 
ywAvivieA vjy&Acct. , natives -we- kc likely to axoi'A 
decisions if we realize that decisions taken m major 
scientific matters to day may determine the course 
of the future Dr Chapman comments that no other 
European country has emphasized to tho same 
extent as Britain tho strange division between 
science and tho humanities, with tho result that tho 
common difficulty of finding adequate numbers of 
Civil servants with sufficient specialized training is 
accentuated , nevertheless, lie recognizes that all 
branches of the public service, ministries as w'ell as 
industrial public enterprises, need n proper balance 
between administrator, manager and feclmieian, and 
that ministries often lack technical competence m 
scientific, industrial and economic fields 

Apart, however, from referring to tho way m which 
Franco has been able to meet some 90 per cent of 
her requirements for first-class engineers and tech- 
nologists with administrative oxporionco, Dr Chap- 
man does not discuss tho place of tho scientist or tech- 
nologist m administration Ho stresses the importance 
of education and recognizes that this means the educa- 
tion of the genoral public as well as of tho adminis 
trator, and tho politician and minister Ho makes 
tho significant comment that a menial mind should 
not bo a qualification for high administrative office , 
but his constructive criticism is rather on the structure 
of tho Civil Service itself, whore it points to the fresh 
thinking that is required m order that" the pubhc 
services may bo able to fulfil the needs of the modem 
State 

Nor are his suggestions for tho Civil servant or 
tho minister alone thoj aro no loss worthy of 
tho attention of professional organizations, for 
they point to ways m which not merely could tho 
pubhc services be absorbed more effectively into the 
structure of the modem State, but also, and no less 
important, the professional scientist or teclinologist 
could sorve tho Stale under conditions less likely to 
constrain professional ideas and tradition Mr C H 
L »,m^T r ho Spirit of British Administration”, is 
. ns to the possibility of a general 
“ he - behoves just as firmly as Sir 
Dr Cha.'gTO.en. tliiYu IYic survival 
aod general education is 
1 of parliamentary 
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,-cmmcnt or indeed of any government basod on 

0 discussion , with this goes tlie survival of 
mime* rat ora who are not daunted by specialist** 
t tako it for granted that tho practical implications 
all their work can bo explored and explained 
a sufficiently agile lay mind 

The defence of freedom is a central problom of our 
no, and it is not simply ono of dofonco agnmet 
from totalitarian systems outside Sir 
% Zackorman shows clearly how it arises from 
* nature of science itself, and from tho impact of 
lence on socioty Any scientist or technologist who 
concerned about those changes and how they can 
b beet avoided or minimized will be lod inevitably 
) think not simply about the association of scientist 
r technologist with govommont but about tho pro 
wi of government itself To such thinking both 
be books mentioned above offor somo contribution 

1 different ways i they can assist m the under 
tiding of tho nature of administration and tho 
mititions within which tho administrator works 
bey mdicato also tho mind of the administrator and 

it is trained or formod, and they point to some 
if tho ways in wluoh reform or developments are 
tipircd if the task of government is to bo discharged 
id?quatoly to-day But, liko Sir Solly Zuokerman a 
they aro primarily a challengo to tho scientist 
» technologist to accept such responsibility to da\ , 
cd a stimulus to the creativo thought by which 
J Voe that responsibility can bo discharged 


THE NEED FOR MARINE 
RESEARCH 

Resources of the Sea 

^Pportunitios for Research and Expansion Bv Dr 
A. Wolford (A Conservation Foundation 
tJUf) xv+321 (New York The Ronald 

^pany, 16G8 ) 0 dollars 
n/® t ? 0rt5 than sixty years since the foundation of 
'thfeR-— ^t^national Council for the Exploration of 
teifu avcnv °d purposo of which is the accumula 
oiknowlodge necessary for tho rational oxploita 
^ resources m northern waters There 

ttT _T* T a dozen or moro oounoils or commissions 
otlier areas of the world including commis 
to certain animals, such as halibut, 
rWi^ tuna and whales The fear of over fish mg, 
spur to the activity of the Inter 
the Halibut Commission and other 
tfQ ^ orrae d organizations, has olwayB boen 

tbj * orB ^ ^ho minds of thoso concerned with 
con” 0 ^ 10 The necessary research lias 

to* on tlie mam northern fisheries, but 

hn r^-nd to feed the under nourished millions 
bHtthbfT* 1 a t tent ion on tho sea as a whole as a 
AtuJ 0 ?? ° r protoin 

br . r ^9 U0 ®b of the Conservation Foundation 
tf tho U js A Y®Uord t chiof of the Biology Branch 
ftpkts tlu,^ Wddlifo Servico, was asked to 
from t S! Cmt,on “What scientific researches, 
tribute urmin* 6 Tvhioh aro in progress would con 
U* riddkfr ^ OTPar ^ learning how to enlarge 

\n from tho sea in answer to human 

bas resulted in a useful book in which 


-^ r Walford considers the problem from human and 
biological angles Tho major conclusion is that 
research must bo extended into those areas where the 
need is groatoet, and whore there is the most possibility 
of increasing the food supply where it is most lacking 
A number of interesting charts are inoluded indicating 
the existing intensity of fishing and research m 
different parts of the world, those areas of tho sea 
which might be expected to bo productive, and thoso 
on land where the need for food is greatest This 
survey impresses on us that where the fisheries aro at 
present most developed and exploited there lies the 
major effort of research Tho number of pertinent 
marine laboratories is now about 240 Nearly 00 
per oent of these are in the northern hemisphere and 
85 per oent north of latitude 20° N Thus, those cocas 
in winch the need for research is now greatest have 
least facilities to do so both m material equipment 
and trained personnel The problem is one both of 
research and development, and it is not easy to do 
tho former without the latter unless exploration for 
fishing grounds is subsidized by governments 

It is thus both humanoly and politically advisablo 
that the countries moet advanced in marine research 
should do their utmost to help the undor-developcd 
areas Since tho Second World War fisheries research 
under the auspiocs of Her Majesty's Colonial Office 
lias added significantly to knowledge m certain aroas, 
tho U S Fish and Wildlife Service has oxtendod its 
investigations into the oceanic pelagic fisheries, and 
tho United Nations Food and Agriculture Organize 
tion has helped m supplying exports and supervising 
training But this effort should if possiblo bo much 
increased, and every encouragement given to those 
who wish to do research that will odd to our know 
ledge of conditions in tropical seas 

Dr Wolford’s book is not a text-book , it attempts 
to show where be the gaps in knowledge, and those aro 
both large and numerous As a single example 
what do we know of the probably enormous fowl 
potentialities available in pelagic 
£luch now constitute 60 per cent of tho Japan oso 

"li' resources are also not necaaonh nil of 
value os food somo may have raodico lvalue On 
our own planet there hos a whole world which m 
have only recently begun to study ext wish oly H is 
to“'£od tba/Alford a £ooh ^ 
us to greater efforts ■* 


ANOTHER DEBT TO DARWIN 
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We might at this moment remember that the work 
was started under the supervision of Darwin’s great 
friend, J D Hooker, and has smce been supervised 
by subsequent directors of Kew and cairied out by 
numeious able, but often anonymous, helpers 

“Index Kewensis” is taken so much for granted by 
plant taxonomists working with angiosperms that it 
is often not fully appreciated To anyone who has 
struggled, even briefly, with taxonomic and nomon- 
clatural problems in groups such as algae, whore no 
such index exists, the lack of it is keenly felt and the 
value of a catalogue of names with places of pub- 
lication is soon fully realized It is interesfing to 
note in this connexion that an “Index Muscorum” is 
due to be published shortly — another descendant of 
the original Darwinian idea 

“Index Kewensis”, the twelfth quinquennial sup- 
plement to which lias now been published under the 
direction of Dr G Taylor, supplies far moie informa- 
tion about flowormg plants and papers concerning 
them than might at first sight appear 

For example, in the five-year period between 1951 
and 1955 approximately 12,000 species of flowering 
plants have been described Tins, after more than 
two centuries of taxonomic work in the post-Linnean 
period, is a staggering total and gives some measuro 
of the imperfection of our knowledge of the dominant 
gioup of plants 

It is also easy to obtain from these Supplements 
references to important monographs and information 
about the geographical areas and the plant groups 
which have been the subject of special attention in 
the recent past, as well as the names of the workers 
concerned 

In conclusion, I may perhaps be allow od to repeat 
what has so often been said before “Index Kow ensis” 
is indispensable T G Tutin 


OPTICS: CLASSICAL AND 
MODERN 

Concepts of Classical Optics 
By Dr J ohn Strong Pp xxn + 692 (San Francisco 
W H Freeman and Company , London Bailey 
Bros and Swnnfen, Ltd , 1968 ) 9 50 dollars , 80s 

T HIS is a very good book, and one of its best 
features is the care taken by the author to ensure 
that the student understands what is going on 
Mathematical treatment is kept to a minimum, but 
where it is necessary we are not left to flounder , the 
author explains what he is doing by means of a sort 
of running commentary, and even reassures us that 
although the solution we are aftor is buried m com- 
plication at the moment it is going to emerge safely 
m a minute The only criticism here is that some 
simplification of the symbols used would load to even 
greater clarity , for example, why was it necessary 
to use the symbol X for mass early in Chapter 1, only 
to announce, a few pages later, that “we now abandon 
this for its customary use, symbolizing wave- 
length” 1 

The author also takes the trouble to expose and 
explain theoretical difficulties which are too often 
ignored A good example of this is the section on 
“No Diffraction, by Cornu’s Spiral”, m wluch the 
limitations of this construction are pointed out, with 
the conclusion that “it affords the student an 
example of a typical theory in physics wluch lias an 
impressive neatness, inspiring awe,, which makes 

/ ' 
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necessary compromises, icquuing prudence, whfe 
is blonnslied by a lack of complete \ alidity, requmn 
understanding” 

At first glance the most distinctive feature of lii 
book is the character of tho illustrations These at 
in tho stylo one associates with tho author’s wet 
Icnown book on laboratory practice They have ’ 
freehand appearance, are pleasant to look at and ai 
exti omoly clear , for oxamplo, tho drawings in th 
section on doublo refraction, which is inherently ; 
difficult subject to illustrato, are models of clantj 
Whnt is oven more important is that the drawi.™ 
showing apparatus give one a good idea as to howi 
is actually constructed — too ofton ono’s first sight <j 
tho actual equipment comes as a shock after havm 
scon only text-book illustrations It is only in som 
of tho attempts to reproduce optical images by meru 
of sketches that actual photographs might hav 
boon bettor 

Tho book is dcscubcd m the preface as boa 
intended for an intermediate course in optics, tnkir 
one or two terms Tins is a considerable under-stati 
ment of the ground covered and tho book should 1 
\aluablo for much moro advanced students and a If 
for general reference purposes It m fact covei 
most of the physical optics required for an lionoui 
degreo m physics 

Tho only real ndvorso criticism of this book concert 
tho prieo — £4 — which is snroly at least twice ns muc 
ns most students would -willingly pay for a singlo bool 
Tins is to some extent offset by the seventeen si 
called appendixes, which occupy nearly half the bool 
and are in offect a sones of short monographs b 
specialists To quote tho preface “these are intende 
to give the student tho flavour of curront actiwtn 
and interests in our field” The topics covered i 
this way mcludo, among other things, interferometer 
npodization, Fourier transformations and interfon 
metric spectroscopy, radiation detectors, micro-wai 
optics, wave theory of nnago formation, lens desig 
fibre optics and filters One of tho appendixes suj 
plies somo of tho mathematical background assume 
m the rest of the book Tins is w oil done, and include 
frequent attempts to make tho student think — bot 
by formal examples and by interjected questioi 
such as “(why ?)” or “(how do wo know ?)” aft< 
mathematical stops in the text J E Geake 

BLOOD GROUP METHODS AND 
TECHNIQUES 

Practical Blood Grouping 

By Dr F Stratton and Dr P H Ronton Pi 
xxiv -f 331 +10 plates (Oxford Blackwell Seientifi 
Publications , Springfield, HI Charles C Thomai 
Publisher, 1958 ) 42s net 

O VER the past fifteen years mass grouping c 
blood donors and ante-natal cases has grow' 
enormously, and of necessity special methods an 
tecliniques have been evolved to meet an entirel 
new situation 

The authors of this book, faced with tho alternative 
of describing a multiplicity of methods, or confinin 
themselves to those known and well tried m thoi 
own laboratory, have wisely chosen the latter 
Not all wmuld agree that the papain slide tes 
offers substantial advantages ovor existing (an 
equally woll-tned) teolmiques, for example, tub 
testing Even if some small advantage could b 
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demonstrated, tho disorganization which would 
follow a drastic change to a new techmquo would 
carry inhorent dangers, probably outweighing any 
benefits likely to result 

Nevertheless it is always of value to study methods 
which havo proved satisfactory over a number of 
years, and many pathologists engaged m this work 
will be most interested in a method which bus satisfied 
such critical observers as the writers 

In tho section dealing with ante natal grouping, 
tho possible alternative to the current practico of 
ABO and Rh(D) screening with tho customary 
follow up of the Rh(D) negatives is attractive from 
the point of view of economy in laboratory working 
It might, however, be difficult to convince clinicians, 
and particularly obstetricians, that this economy at 
the expenso of their advance knowledge of their 
patients’ groups would bo justified It is certain that 
they would argue as is foreseen by the authors, that 
obstetric emergencies would not be so well cohered 
It would seem that the writers themselves have 
not adopted this posaiblo alternative in their own 
pnictioo, having doubtless explored tho possibilities 
and the difficulties which it would entail 

An interesting and mformotrvo chapter on cross 
matching difficulties encounterod in their own 
laboratory (p 337) was found to be slightly con 
fusing For example, of the 2,967 cases involved the 
donor’s blood was not of tho ABO group as stated 
on the bottle m two cases 

Without knowing the total number from which the 

3 907 aro selected the two wrongly labelled bottles 
may or may not represent a much higher proportion 
of error than is considered unavoidable in an oarlier 
chapter 

In any event somo explanation of how these two 
bottles escaped the rigid checks and cross-chocks, 
described in detail in Chapter 7 where tho combined 
manipulative and serological sources of error are 
calculated at 1 m 43,090, would be holpful 

Two mistakes of this nature, picked up on cross 
match might represent n total of four such errors m 
tho series, since bottles wrongly labelled O would 
escape dotoction by this final cross matching chock 
Minor points, such as these, and tho confusion m 
tho description of the anti U antibody (p 281) must 
not bo allowed to detract from tho vatuo of this 
book The subsequent editions, which will assuredly 
bo demanded, will provide opportunity for olaoidation 
and correction 

Tho bibliography Is comprohenslvo and indicates 
tho degree of care that has been taken m providing 
a manual which should appeal to pathologists, tech 
molans and Indoed to all engaged in blood transfusion 
work R A Zeitliv 

SCIENCE AND THE HUMANITIES 

History and Philosophy of Science 
An Introduction L W H Hull Pp xi+340 + 
10 plates (London and Now York Longmans, 
Groon and Co , Ltd , 1059 ) 26s not 

4 r I " A H1S is not a detailed hist on of science It 

1 trios to bridge tho gap between scionco and 
tho humanities bj considering scientific ideas m a 
contort of history and philosophj ” Jn these words 
tho nutlwr describes tho object of his work Few will 
dtn\ 1 1 10 existence of tho gap, or tho nootl to lmdgn 
^ it and a book of this nature should 1>o welcomed, on 


ono hand bv those whoso training and background 
have led to an omphosns on technology and on tho 
othar, by students of tho humanities who sooh to 
understand the vital contribution of science to 
human thought Tho general reader also will find 
the author’s approach both interesting and stunu 
Iatmg ho anticipates tho criticism that “most 
readers will, no doubt, find too httlo about some topics 
and too much about others ’ He points out that 
beforo tho spread of evolutionary ideas tho influence 
of biology scorns scarcely comparablo with that of 
mathematics and the physical sciences 

Tire book opens with a review of anciont soionco 
covering tliroo periods the first from tho beginnings 
of science until tho riso of Athens nflor tho Persian 
wars , the second until tho Macedonian conquests 
of tho fourth century n o , tho third period tnhrw 
tho Alexandrians as its thomo This re\ iow is com 
prehensive in relation to tho hundred pages allotted 
to it, and makes interesting and instructive reading 
Chapter 4 comes tho 8 tom tlirough tho period of 
the Middlo Ages with eomo reference to Arabic 
contributions 

In tho two following chapters coles t ml goo mot r\ 
and coleetial mechanics aro vory adequately annoyed 
from tho time of Copernicus to that of Newton \\ ith 
such fundamental elumges m uloas concerning the 
uruvorso it is appropriate that a clmptcr ih denoted 
to Cliongoe of Outlook and Method and this con 
statutes ono of tho most valuable parts of tho book 
A eoparaio clmptcr deals with other scientific de- 
velopments in the sixtoonth and seventeenth con 
turios, such ns tho phenomenon of light and nttontion 
is diroctod to tho philosoplilcol thought of Berkolov 
and Hurao 

Tho chapter ‘ Tiio Ninoteonth Century and Evoiu 
tion” introduces tho reader not onl> to Darwinian 
theory and its implications but also to its significance 
m tho de\olopmont of thought In an Epilogue' 
wluoh includes tho thomo of twentioth century trends 
tho author gives a warning which it is to bo hoped 
in tho interests of both science and the humanities 
will not fall on deaf oars ' It is urgently necessary 
to restore tho unity of intellectual life Unless wo 
do so wo shall soon lose what is best in Western 
civilization H D Avmov\ 


INDIAN PREHISTORY 

The Pre-hlstorlc Background of Indian Culture 
B> I) H Gonlon (Sponsored by Bhulabhai Memorial 
Institute) I*p vi-t- 190 4-32 plates (Bombay JLD 
Desal 1968 Distributed by N M Tripnth! (Private) 
Ltd, 1068 ) Rs 20 

U NTIL recent years tho studv of tho aroliroologv 
of tho Indian peninsula lias woefully lagged 
behind that of somo othor parts of the world 
Especially w this so m tho case of its prolusion, It 
is tnto that isolated finds of stone implements liaxe 
boon mado from time to time during the past ono 
hundred jeers — and in this connexion tho name of 
Bruce Foote in Madras has an honoured plow —but 
it is onlv recently that it lias l>ocomo possible to 
piece togetlier an overall picture of the mice«nivo 
cultural phases in India and even now the gaps in 
our knowledge are more than numerous Tho suhjo t 
is complicated since India seldom presented a uniform 
picture Tv on m verj enrlj times tho Madras area 
forenod pari of tho vast Chelleo AeJiculenn complex 
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while the northern regions bolonged to another and 
distinct province which included tho oarlv stone- 
age cultures of Burma and south-east Asia Most of 
the worthwlule investigations have, until rocontly, 
been undertaken by non-Indians, but nowadays 
highly trained investigators like Dr Sankalia and 
his colleagues have come into tho hold and aio making 
important explorations But thoro is so much to 
be done m the field that there is little opportunity 
for these investigators to stand back, as it wore, and 
give a general report of what has so far beon piocod 
together of the ancient lustory of tlioir fascinating 
land It is here that Colonel Goidon stops m 

Gordon has served, travollod and explorod m 
India for thirty -two years and himself has undertaken 
not a few investigations, and ho knows as much 
about the rock-shelter paintings of the Central 
Provinces as any man ahve But m tho volumo under 
review he has set himself the task of attempting to 
see the archceology of India as a whole and to make 
available for students the latest ideas on tho subject 
Geogiaphieally, India is a large and varied country, 
and just as the cultures are not, and never liavo boon, 
uniform throughout, so the climato differs m different 
areas and has differed greatly in past ages A brief 
study of climate changes must nocessanly bo con- 
sidered first, and then tho earliost stono ago cultures 
can come under roview Tho later stono ago cultures 
aio next dealt with, and here it must not lx> forgotton 
that in some regions these seom to havo contmued 
until quite a lato date , indeed some of tho Megalithio 
tombs and polished stono axes liavo been dated as 
late as tho third century B o A chapter on the poasant 
potters of Makran, Baluchistan and Smd follows, 
and this naturally leads on to a discussion of tho 
civilization of the Indus valloy Thanks to Sir John 
Marshall's work and tho excavations at Mohonjo-Daro 
and other sites, a great doal has como to light of 
recent years, and this fascinating civilization has 
become comparatively woll known Tho poriod of 
invasions and tho lock paintings and engravings are 
then dealt with, and m conclusion thoro are chapters 
on the ‘Dark Age’ stono and copper cultures, loading 
to a chapter which carries on tho story to tlio threshold 
of history and to tho uso of iron 

Colonel Gordon lias done his job v. ell It must not 
be expected that in one small volume tho studont 
will find detailed studies of tho archeology of tho 
whole of India But the selections made arc judicious 
and the result does give a connected picturo of tho 
past Thoro are a number of full-page illustrations 
at the end of the volume and plenty of maps, tablos 
and text figures M C Bubkitt 

FLUID SYSTEMS 

Chemical Engineering Practice 
Edited by Herbert W Cremer and Trefor Dames 
Vol 6 Fluid Systems II Pp vu + COO + xx 
(London Butterworths Scientific Publications , 
New York Academic Press, Ino , 1958 ) 95s 

13 30 dollars 

T HE latest volume in this senes covers a very 
wide range of chemical engmeenng operations, 
although for convenience the editors have labelled 
the volume “Fluid Systems IP’ There are fifteen 
chapters covering gas absorption, fluidization, lique- 
faction and fractionation of gases, adsorption, leach- 
ing, crystallization, colloids, filtration, sublimation 
and tho practice of evaporation Dr Norman and Ins 
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colleagues from Manchester have written tv o chapters 
on tho punciples of gns absorption and tho character- 
istics of packed -column absorption towors Tho first 
chapter is oxcellont, not only for those m universities 
and technical colleges but also for all who are con- 
cerned with gas absorption Tho second chapter, 
though good, lacks a littlo of tho practical touch 
ono would have liked Tho chapter on evaporation 
practice by Mr Watkins from King’s Collcgo, London, 
assisted by Mr Macmurray from Scott and Son and 
Mr Forkor from tho Dupont Company, is very read- 
able and covets tho usual types of units More atten- 
tion might havo been given to tlio actual size of units 
and some of tho practical problems associated with 
operating ovaporntors would havo been appreciated 

The chapters on fluidization by Dr Bottorell from 
Birmingham and Mr Tumor from British Petroleum 
are oxeellent, and will bo looked at very much as 
indicating tho position with tins relatively now 
technique, which offers so much promise of further 
development In tho same way tho chapters by 
Dr Gardner of British Oxygen Co , Ltd , and by Mr 
Pastour of J and E Hall are welcomed ns showing 
the real probloms and successes of low-tomperaturo 
technology Low-tomperaturo gas separation is 
still a now technique but most challenging as a techni- 
cal process 

Prof Donald has given an interesting account of 
leaching, including ono or two roforoncos to history 
which are lacking from tho other chapters Ono is 
left with tho idea that operations of such long standing 
are not yet carried out with very elegant equipment 
and there must ho room for improvement hero Tho 
chapter on tho principles of filtration is also written 
by Prof Donald 

Dr Mulhn from University College, London, has 
written the chapters on crystallization, centrifuges, 
and colloid science These are all difficult subjects 
and ono would certainly havo liked more on tho practi- 
cal difficulties of continuous crystalbzors Wo cannot 
learn from these chapters tho physical sizo of units 
for definite capacities and there aro many unresolved 
problems in tho production of true regular crystals 

Mr Salter, from Dorr-Ohvor, and Mr Hoslong, from 
L A Mitchell, havo given a clear statement of tho 
variety of filters and tho method of selection of equip- 
ment Their section on accessories such as pumps 
and blouers for vacuum filters is a real attempt to 
sizo up tlieso important auxiliaries Ono cannot 
help feclmg that somo of those units have had their 
day and aro a bit crudo , somo pruning of variety 
might have beon suggosted by those specialized 
authors 

Tins book onahlos ono to seo tho rango of processmg 
probloms which are nott regarded as the province of 
the chemical engineer It is not surprising that in 
his rolativoly short history thero are many untidy 
edges to his work Apart from solectmg tho right 
type of unit there is a definite degree of uncertainty 
as to the ability of the engineer to scale-up suoh 
plant satisfactorily 

Tho book will bo welcomed particularly as it pro- 
vides a discussion of tho work m quito a number of 
fields tthicli havo not beon adequately covered boforo 
m tho British literature 

Mr Cremer lias ttTittcn a foreword to tho volumo 
in which ho refers to tho untimely death of tho formor 
managing editor, Mr Trovor Davies Mr S B 
Watkins, head of tho Chonncal Engineering Depart- 
ment at King’s College, London, has taken up the 
■work j M Coctlsox 



NO 408 l 


NATURE 


133 


July 18, 1959 

Basic Electricity 
(A Course of Training Devolopod for tho Urutod 
States Navy by Van VaTkonburgh, Noogor and 
Novillo, Ino Adapted to British and Commonwealth 
Usago by a Special Eloctromcs Training Investigation 
Team of the Royal Electrical and Mechanical Engm 
eors ) Part 1 i Pp vi + 127 Port 2 Pp \i + 121 
Part 3 Pp vi -f 122 Part 4 Pp vi 4-104 Parts 
Pp vi + 117 (Now York Tho Brolot Proas 

London Tecluucal Proas, Ltd , 1959 ) 12* 0d not 
por part 55-* not tho set 

T HIS five port courso, aimed at training tech 
melons rntlior than, electrical engineers is dia 
tinguished by tho simple langnngo of its tort and its 
concentration on essentials It is illuatrntod to an 
extent that makes it (or at least tho first two parts of 
it) qualify as a visual aid as woll as a text- book. Tho 
cartoon liko artistry is a ltttlo florid — the sort of thing 
ono might associate with * Jano * but not with "Fight 
mg Ships’ and tho going seems slow, by ordinary 
fccacl dng standards, m tho early stages It soon 
becomes evident what tho authors aro up to — using 
tho same technique as tho creators of tho LiT Abners 
and tho purveyors of branded goods, to sot up an 
imago and attract a loyalty to it , tho imago bo mg 
that of tho electron. I have no doubt that the early 
parte would bo highly successful in bringing poople 
who would not normally gam a great deal from the 
printed word to a really Bound understanding of tho 
fundamental principles, and simple circuits and 
motors Tho lost throe parts uso tho artist in a much 
moro quantitative kmd of wav The usual work on 
alternating ourront, a c circuits and electrical 
machinery Is dono with tho minimum of algebra j 
but over)’ important result is oxplainod and illus 
tratod with the holp of vector diagrams and graphs 
Those parte, m fact aro a very well-conceived text- 
book of tho orthodox typo, and contain eomo now 
ideas for oxpounding the moro diffloult points, which 
are nevor shirked Instructions for experiments are 
given, with a list of apparatus noodod to work through 
them. Tho really oxacting port of instruction at tins 
lovel is in making the initial contact with tho pupil 
Tho originality and skill that hnvo boon lavished on 
tho early stages of the course should ensuro for it a 
very high contact potential G R No . arcs 

The Strategy of Chemotherapy 
Eighth Symposium of tho Socioty for General Micro 
biology, hold at tho Royal Institution, London 
April, 1958 Edited by 8 T Cowan and E. Rowntt 
Pp ix + 300 (Cambridge At tho Univorsitv Press, 
1058 Publishod for tho Socioty for Gonoral Micro- 
biolog} ) 35* not 

T HIS symposium bIiowb what a complex flold of 
roeearch lias developed from dirhchB pioneer 
work on tlie uso of spoclflo substances to attack 
micro -organ i Fans in tho tissues wifhout damage to tho 
host Tho organ tx ot invited contributors to suggest 
fresh mothodfl of attook and tho result was a scries 
of papers of ovtromo div ormty m approach, techniques 
and objectives They wore gnon by tho micro 
biologist, tho pharmacologist, tlio biochemist and 
physical chomist, and include such fundamental 
conceptions ns mombrnno ponot ration, bacterial coll 
wall synthesis and energy supplying reactions 
whorom tho research worker is endeavouring to 
discov or some eubfclo difference in tho components of 
host and paraph o which mav bo exploited to tho 
dotnmont of tho latter At tho other ond oF tho scale 


aro tho frankly empirical moss methods usod so 
successfully In the production of tho antibiotics and 
otlior synthetic drugs, but without any fundamental 
explanation Those random methods still offer 
probably tho greatest chonco for further production 
of now compounds and therefore liavo thoir place m 
tho field of chomotliorapy, but tho symposium doos 
emphnsizo the necessity for tho combined operations 
of each typo of research worker if chemotherapy is to 
havo a logical basis of development and not be, as 
one worker defined it dependent upon intelligent 
guesswork H Betuw 

The Native Plnewoods of Scotland 
By Prof H. M Stoven and A. Carhslo Rp wi + 
308+20 plates (Edinburgh and London Oliver 
and Boyd, Ltd , 1959 ) 03* not 

T HIS beautifully produced book will bo a wolcomo 
occupant of tho booksholv os of many studonts of 
Scottish history and natural history Tho subject- 
matter is both broader and narrower than tho tit lo 
might suggest — broader in so far ns tho authors 
discuss much relating to tho general history of Scottish 
forests and to the relationships of pinowoods to 
woodland of other species, narrower m so far os some 
features of tho pinowoods rocervo particularly detailed 
troatmont 

The authors trace tho history of Scottish woodlands 
from the Pleistoceno period onward through historic 
tunes collating and munmanxing an immense amount 
of cvidonco from geological, pnlynologicnl and arolueo 
logical sources which has never before boon brought 
together They pass on via a very gonoral ecological 
account of tho pmewoods lo a systematic description 
of all the known surviving examples of woods which 
aro with reasonable certainty oomposod of natural 1\ 
regenerated indigenous pino Carefully prepared 
maps accompany tho descriptions, and show tho exact 
distribution of pino nnd of otlior species of trees in 
tho neighbourhood of tho pincnvoods This portion 
of tho book is noteworthy for copious historical 
information which has boon gathered together from 
ostate records early maps accounts by travellers 
oto An account of Hr Carlisle fl study of tbo mor 
phologicnl variation of pino in Scotland concludes 
tho book. 

A fino series of pbotograplis illustrate tbo book I 
havo noticed only ono trivial misprint Tho book 
should form a \olunblo foundation for further 
ecological work in our western outposts of tho 
European boreal oonifer forest which havo so long 
attracted British naturalists h \V Joxcs 

South African Animal Life 

Results of tho Lund TJnivoraitv Fxpedition m 1050- 
1951, Vol 5 Edited by Bortil Hnnstrdm For Bnnok 
and Gustaf Rudobcck Pp 520 (Stockholm 
Almqvist and 'Wihsoll 1958) 75 Sw kr 

V OLUME 6 of Hus aeries of publications contains 
accounts on Ponfora, Crustacea Dlplopodo, 
Diptoro TTomiptoro and Col cop tern Six chapter* 

each on the Honuptom and Colooptcm mnl o up tho 
bulk of this volumo As in earlier volumes tho 
taxonomic treatment is amplified bv zoogeograph i cal 
accounts, and froquenttv tho general accounts arc not 
restricted to tho description of tho Lund collections, 
but bring them into relationship with otlior material 
For an assessment of tho scope nnd general merit of 
this senes tho render is referred to on harbor nrtlolo 
in this journal (Nature 180, 50 , 11)AT)[ 
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I nside the Living Cell 

Some Secrets of Life By Dr J A V Butler Pp 
174+16 plates (London George Allen and 
Unwin, Ltd , 1969 ) 21s net 

D R J A Y BUTLER’S former book, “Man is a 
Microcosm”, was renewed enthusiastically in 
these pages some years ago The scope of the present 
work is much wider, quite apart from the fact that 
many parts of the subject have advanced radically 
m the past few years 

The author describes in straightforward language 
many of the great advances which have been mado 
durmg the past ten years in our know ledge of the 
mechanisms which operate within living colls These 
mclude not only the ways in which food materials are 
taken and transformed into proteins, nucleic acids 
and other constituents, but also the nay m which the 
ability to make all these is transmitted from genera- 
tion to generation In these processes wo come very 
near to the basic mechanisms of life itself In addition 
to his excellent account of the normal behaviour of 
cells the author discusses neoplasms and other abnor- 
malities caused by lomzmg radiations, those which 
seem to occur spontaneously and those which are 
caused by chemical carcinogens 

Later m the book some abilities of specialized cells, 
such as those which form muscles and nerves, are 
dealt with, and an account is given of tho immense 
structures which living cells achieve m the highor 
animals and finally in man 

Altogether the reader is given somo idea of what life 
has achieved, first, in reaching the level of tho coll, 
and secondly, in elaborating great assemblies of cells 
m the lugher forms of life Finally, the author 
discusses the causes and significances of agoing and 
death, and tho meaning of life in the world of atoms 
Throughout, the work is informed by the original 
work and thought of the author Tho book is beauti- 
fully produced m every way Tho illustrations are 
particularly good and mclude photomicrographs 
such as those by D A Sholl of nerve colls in the visual 
cortex, and by R W G Wyckoff of bacteriophage 
The book can be recommended warmly to many 
classes of reader Most of it should appeal to the 
educated adult and it will bo mvaluablo for the general 
reading of a good science sixth former, or university 
undergraduate W L Sumner 


Organic Syntheses 

An Annual publication of Satisfactory Methods for the 
Preparation of Organic Chemicals, Yol 37, 1957 
Edited by James Cason Pp vn + 109 Vol 38, 
1958 Edited by John C Sheehan Pp vn + 120 
(New York John Wiley and Sons, Inc , London 
Chapman and Hall, Ltd ) Each 32s not 


A MONG the 32 compounds for which preparative 
methods are described in Yol 37 are benzofurazan 
oxide, <rans-2-dodecenoic acid, glutanc acid and 
glutarimide, norbomylene, parabanic acid, and ar- 
tetrahydro-a-naphthol , and the 31 preparations of 
Vol 38 mclude diphenylacetaldehyde, hendccane- 
dioic acid and several related compounds, monobenzal- 
and monobromo-pentaerythritol, monovmylacotylene, 
trans-etilbono oxide, and 2-vinylthiophen Each 
volume has a cumulative mdex extending back to 
Vol 30 Four enclosed leaflets direct attention to 
explosions that have been experienced in proparing 
o t r, ozodicarboxylate, mothoxyacotyleno, and o- 

_,A 1 ® TOlde ' anc * m storing ji-tolylsulphonylmethyl- 
mtrosamido John Real 
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Trends in Birth Rates in the United States since 
1870 

By Bernard Olrun (Tho Johns Hopkins University 
Studies in Historical and Political Science, Soncs 
76, No 1 ) Pp 203 (Baltimoio, Md Tho Johns 
Hopkins Press , London Oxford University Pross, 
1958 ) 3 50 dollars , 28s 

T HIS monograph consists of threo essnys Tho 
first two discuss tho secular trend of tho declin- 
ing birth-rate m tho 1X11110 and Negro population 
of tho United States, respectively Tho motliod usod 
is an analysis of fertility indices (tho ratio of children 
to tho total population, and the ratio of children to 
women of reproductive age) in different States of tho 
USA The discussion will bo of interest mainly to 
tho specialist m demography, and adds little to what 
is already available in the monograph by Grnbill, 
Kiser and Whelpton, who have surveyed the material 
in much greater detail Tho third essay, however, is 
of more general interest Hero Dr Okun surveys the 
hypothosos and approaches usod m explaining birth- 
rato tronds, and attempts a classification and an 
assessment of tho methods that can bo used to test the 
hypotheses No very definite conclusions emergo, but 
tho essay is a useful summary 

The Structure of Glass 

Proceedings of a Conforonco hold at Leningrad, 
November 23-27, 1953 Translated from tho Russian 
by E B Uvaroc Pp n + 295, (Now York Con- 
sultants Bureau, Inc , 1958 ) 20 dollars 

T HIS translation was sponsored by tho Glass 
Division of tho Amorican Ceramic Socioty and tho 
National Scienco Foundation with tho exprc&sed 
object of providing a gonoral look at tho status of 
glass scienco m tho USSR, and admirably does it 
fulfil its purposo Tho fact that this conference was 
attended by more than 500 delegates from twonty- 
eight towns of tho Soviet Union is itsolf improssive, 
and convoyB immediately an idea of tho largo scale 
on w'hich research in this field is being conducted 
As a roport of a conforonco tho -volume is oxcollont , 
tho printed discussion is particularly lively, and 
occupies 70 pages, 42 papers woro communicated 
to tho conforonco and theso account for 228 pages of 
the volume Romomboring that tho conforonco took 
place five years ago it would appear that at tliat time 
there was no great difference botwoon tho topics being 
discussod m tho USSR and m Western circles 
It would bo easy to dismiss the discussion as boing 
concerned too much with semantics and to criticize 
somo of tho ideas put forward How over, examples 
of similar ideas and arguments are well sprinkled 
through the literature The great argument of the 
conference was on tho rival merits of tho ‘random 
notwork’ theory of gloss structure and the ‘crystallito’ 
theory The proponents of the crystallite theory 
attacked their opponents on tho ground that the 
landomness w r as not complete, while their own 
definition of ‘crystallite’ was hedged by sufficient 
qualifications to make it cloar that tho majority of 
them did not mean that term to imply anything 
that could properly bo described as a crystal 

Perhaps the fairest summing-up is that lioro there 
is realization that tho netw ork theory of glass is only 
a first approximation — a viow which is recoivmg 
increasing emphasis at tho presont timo 

The translation was well werth whilo, and all 
interested in tho physics and chemistry of glasses wall 
enjoy reading tho book R W Douglas 
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LIBERTY IN AN AGE OF SCIENCE* 

By Sm SOLLY ZUCKER.MAN, CB, F R. S 


Department of Anatomy University of 

I F, two or threo decadee ago, ono had spoken of 
science and liberty m the same breath, the 
emphasis would have been different from my present 
theme That period was the era In which the social 
function of science was a central issue of dobate and 
it culminated m the almost total mobilization of tho 
scientific forces of our two countries during tho 
Second World II nr Tins War was the turning point 
Whore previously scientists were soon according to 
tho interests of the observer either as dedicated 
scholars, or aa the source of u\\ ontion or ns the 
technical guardians of tho social eorvacce on which 
an urban ci\ filiation deponds to-day they also 
appear in a number of now guinea— as tho backbone 
of national defence , as plonoera of outer space , and 
even ns the counsellors of presidents and prune 
ministers 

The world liaa como not only to recognize but also 
to insist that scienoo has a social fanotion , hut, not 
all the world There have always been, those who 
have quoetionod whothor tho democratic way of life, 
and a life of liberty can survive the stresses of rapid 
economic growth , and aa the Inwards of our contuiy 
mount, their numbers aro being reinforced b} others 
who aro fearful lest all society becomes a victim of 
tho forces that lrnve been unleashed In our present 
sclentifio age “The scientists think tho> aro God ” 
one exclaims “they want to romako tho universe 
and we po} the price for their mad ambition * 

This is no lonely voice, and it is one that has been 
heard before Long bofora tho days of artificial Earth 
eatelUtoB, long before the ora of nuclear weapons 
Goorgo Gissmg wroto “I hate and fear science 
because of m\ conviction tliat for a long tuno to 
como if not for ever it v\ ill bo tho remorsoloas onemj 
of mankind I see it bringing a tune of vast 

conflicts, which wall palo into insignificance the 
thousand wars of old and os hkolj os not, will over 
wholm all tho laborious advances of mankind in 
blood-dronohod chaos ’ 

But what science is tins tliat is tho enomj of 
mankind 7 Suroh not tho pure thought or thoor} 
which enhances man’s understanding 7 It is woll to 
consider out of what confusion it Is tliat scionco 
presents this ominous look 

The cultivation of eoicnco, bv which wo moon tho 
quoet for now natural knowledge through controlled 
and reproduclblo observation, can be treated os an 
endeavour which is olthor personal and pnv ato, or 
social and public But however pure or personal may 
bo tho object of acquiring a scientific understanding 
of tho universo in which wo liavo our borng, scionco 
Inovitablv bocomos social or public not only bocausc 
there can bo no awareness of tho existence of a now 
scientific idea until it is comrmuucatod from ono per 
son to another, but also bocaueo pure science fro 
qucntly turns out to bo basic to somo practical 
dovolopmont — to somo pioco of applied scionco— or 
to some convention of thought which then starts 

* flubiUfwe of tbe sAArtw dellreml at tlin SUty fifth Oomtnfrrc? 
ment Eurdxi of tbs C%Ufoml* ImtUute of Twt*w>U*rr on June it 
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transforming tho environment within which it was 
distilled So it is that pure scionco and oppjjod soioneo 
havo progressed hand m hand over tho years, the 
pure fertilizing tho applied with ideas and tho 
applied often providing tho pure with the physical 
apparatus to help in tho next intolloctua] loop 
forward 

This process baa been a major factor in tho pro 
groceive replacement of superstition b> rational 
thoorv And ns Condorcet — that groat French scion 
tist of tho latter half of tho eighteenth conturv who 
was so powerful a protagonist of human dignity and 
froodom — wroto “Tho progress of tho science* 
ensures the progross of tho art of education winch 
In turn advances tliat of tho sciences ’ — a reciprocal 
operation whioh ho did not exaggerate b} describing 
“as ono of tho most powerful and aoti\o causes 
working for tho perfection of mankind ’ 

Man’s o\olution has also meant tho continuous 
transformation of his social institutions through the 
directed application of puro scientific knowledgo Wo 
talk to-daj of living m o new ago or science of a 
world in tho throes or a nevv scientific revolution 
but thero is nothing now about this revolution except 
its speed and its greater hazards Sclotico has always 
revolutionized sooioty over smeo somo basic dfs 
cover ice in animal husbandry and crop cultivation 
made it posalblo for nomadio life to givo wa> — ten to 
twenty thousand years ago— to permanent village 
settlements, and so to tho diversification of labour 
and tho beginning of trodo 

Tho transformation of sociot} bj scientific dm 
co\or> and application has continued over since, 
somotimos so slow!} tliat decodes pass before tho 
historical record reveals much change, eomotimes as 
at present with over mounting force WhlJo it could 
bo argued that tho technical advances of the past 
ton to twenty years transcend fhoeo of tho rest of 
human histor} that the speed with which now 
dlscovenoe are dissominnlod and applied is now un 
precodontod that tho political and economic con 
sequences of all this sciontifio activity will prevo far 
more profound than thoeo which resulted from post 
epochs of discovery , there is nov ortlioloss no lmmc 
diato reason to suppose that tho social process which 
is rnvoh od in to-day's scientific revolution is different 
m kind from wlmt was ontoilod m previous phases 
of rapid chango 

If wo are to understand tho confused position in 
which tho layman and tho scientist now stand in 
relation to each other, wo neod therefore to examine 
certain features which cluiractertzo tho growth of 
scientific knowledge, and also somo which relnto to 
its prorent Impact on social affatr* 

Wlint, first do wo mean bv tho need for acock mm 
freedom as it applies to tho pure seientfet 7 On« 
means not onlv the freedom to inv M lyrvto those 
jirohloms whleh one seek* unucJf, the feet 

tlmt significant advance® in ‘<re 

not bo ordered bv iki*S4- 
requires its special 
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thermodynamics, of relativity, or of natural selection, 
undoubtedly had their antecedent relations, no ono 
could have predicted, before it actually occurrod, if, 
and how, and when any of those major advances in 
our scientific understanding was to have taken plneo 
Nor would it be possible to force a scientist to mako 
this or that specified discovery For example, genius 
though he was, no one could have prevailed upon 
Charles Darwin, say, in 1830 w hen. ho was twenty 
years old, to anticipate the basic genetic law rovoaled 
by Gregor Mendel thirty-five years later Ono can 
employ special measures to encourage tlus or that 
branch of science Ono can provide the conditions 
m which pure science flomislies, by multiplying the 
opportunities which make it possible — the univer- 
sities, the laboratories, the freedom from other 
responsibilities But having done these things, one 
can only then wait to see what omergos Ono 
cannot in advance specify the shape and content, 
or determine the possible impact of wliat is not jot 
known 

Being unpredictable, it follows that the un- 
trammelled emergence of now scientific ideas is not 
compatible with any restraint on fcho liberty of tho 
scientist to roam where Ins fancy leads Indood, 
once the growth of any set of scientific ideas bocomcs 
constrained, it stands m danger of becoming obstruc- 
tive dogma A valid scientific hypothesis is novel more 
than the best statement which, for the moment, can 
be made of the relations of tho matters to which it 
refers, and should bo swept away as soon as a bettor 
one emerges 

The growth of science thus necessitates freodom, 
even the freedom to bo revolutionary How then is 
stability to be achieved m a world in which science 
has so great an impact ? How does science become, 
as it has often been described, the servant and tho 
handmaiden of freedom ? 

One’s immediate answer is that sinco economic and 
military power are to-day proportional to tho degree 
with which scientific knowledge is exploited, science 
is the defender of the ideal of freedom on which 
Western democracy rests In a more particular sense, 
as many have pointed out before, tho applications 
of scienco have also provided the apparatus which 
has mado central government powerful 

But surely science is m these respects no more t.lio 
servant of the democracies than of tho authoritarian 
regimes poisod against them, and of the philosophical 
and political concepts on which they, in turn, are 
based In a world of conflicting power, scienco is 
both tho arsenal and instrument of power — but 
science qua science is always a neutral arsonal and a 
neutral instrument 

We cannot invest pure scientific knowledge with 
any inherent moral direction That is imparted by 
the way science is used, and we can be certain, there- 
fore, that all sides m the present world struggle will 
use science and technology m the achievement of 
their respective national aims , and also m w'hatover 
efforts they may make to narrow tho over-widomng 
gap between the developed and under-developed 
territories of the world 

My first mam point, therefore, is that while tho 
growth of fundamental scientific knowledge necessi- 
tates complete freedom from restraint, science is not 
uniquely associated with the preservation of freedom 
either m the personal or social sphere 

But there is a deeper issue underlying the relation 
of science and freedom Let me first defino the sense 
that I propose attaching to the concept of freedom 
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oi liboitv, which both in isolation, and as tho ideal 
which animates democracy, has always boon a nmjoi 
concern of philosophical discussion 

By freodom I moan hero tho liberty an individual 
enjoys after tho infinito nuniboi of dogroes of freedom 
which aro opon to him in tho abstract have boon 
reduced bj , say, tho givo-and-tako of social lifo, still 
loavrng a vast aroa of choice within which ho could 
either ongago in, or desist from, any particular 
activity It was essentially in this sonso that tho groat 
utilitarians of the industrial revolution — Bonlham, 
John Stuart Mill and otliors who joinod thorn m tho 
battlo for justice — concoivcd of freedom m tho ideal 
society — a socioty which is governed by common 
consont foi tho common good , in which tho groatost 
numb or onjoy tho groatost happiness , m which thoio 
is equality of suffrage, and in theory, at least, in 
educational and economic opportunity , and m winch 
laws and institutions, regulating tho behaviour of 
individuals, nio there bocauso tho unlimited oxorciso 
of ono man’s liberty would movitably imposo re- 
strictions on tlint of his follows 

It is essentially in this social sonso, however 
‘nogativo’ it may bo, that liberty is implied m tho 
proposition that scionco is its liandmnidon Scionco 
may, of course, well bo tho hnndinnidon of equalitv 
m tho economic sphere, given, of course, tho right 
political institutions But is tho proposition truo m 
tho philosophical sonso of tho term ‘liberty’, whether 
m rolation to tho concept to which I am directing 
my observations or to any other idea of liborty w hich 
philosophers havo examined ? Can it bo truo of tho 
actual environment within which wo oxorciso our 
freodom — an envnonmont which is not some un- 
real stratosphere peopled either by abstract shadows 
of human beings or of social groups 7 Surely our social 
environment is a real ono which is constantly being 
transformed by now scientific ideas, and by tho 
application and practical dovolopmont of these ideas 
Tlus transformation constitutes moro than a process 
whereby men aro conditioned m thoir thoughts and 
actions Whenever somo major dovolopmont is 
pursued, for example, tho dovolopmont of machmos 
based on Bteam, it moans that somo other path that 
potentially might havo boon followed was not 
followod A material civilization of motor cars, of 
radio, of synthetic fibres, of nuclear power is not 
nocossarily tho only form a material civilization 
might have taken But now that it has taken 
that shape, it helps define for us tho content and 
boundaries of tho area within which wo exorcise our 
freedom 

Liborty, in tho sonso I am using tho term (and I 
boliovo to most political philosophers), moans tlio 
power to act freely within tho compass of tho institu- 
tions winch a people may sot up m tho oxeroiso of 
their sovereign power, winch implies tlioir right to 
act os they think host as a collective body and 
which, according to legal theory, “is not restrained in 
any way except by tho limitations mhoiont in human 
nature” It is nTolovant hero that tho oxorciso of 
democracy may not infrequently depart from its 
ideals , or that tho institutions which had to bo sot up 
to preserve tho hard-w r on freedom of modom times 
may themselves have orodod the principles they w ore 
meant to preserve Tho point I wish to mako is that 
scienco, through its practical impact, is to an in- 
creasing extent, almost to a dominant extent, determ- 
ining the wny tho presumedly uninhibited sovereign 
powoi expresses itself Bocauso of its achievements 
in eliminating disoaso and alloviatmg pam, through 



NO 466 t 


137 


July 18, 1959 NAT 

the food and wealth it has brought, most people to-day 
prefer to regulate thoir lives in accordance) with 
scientific discovery rather than m any other way In 
that sense they are prepared to constrain their 
abstract liberties in accordance with what science 
unfolds and the nchos it brings Is the choieo, we 
may oak conscious T Can wo know for what it is 
wo are opting ? Hobbes, like other philosophers 
found Liberty consistent with necoesity Is liberty 
truly consistent with necessity, wkon nocessitv is 
determined by science T Is the so\ o reign power 
consciously dooiding to devolop this or that scientific 
discovery, and so to determine social development 
in this or that direction ? Or is it moroly adapting 
itself as bost it can to what comes out of Pandora's 
scientific boy T 

The answer to am of theso questions is inevitably 
bound up both with tho constraints and unpredict- 
ability of any now major scientific odvanco Of course, 
there ore always certain fields of acionco which are 
more popular and bettor supjiortod than others 
Scientific knowledge never develops ov only o\er the 
whole potential field of knowledge But in bo far as 
scientific activity is in general confined by past dis 
co very to certain areas, bo is our abstract liberty, 
in offoct, constrained Furthermore) in any field of 
science several alternative courses of action might be 
pursued in search for a solution to a problem In 
choosing any ono of them the research worker may 
deny lumsolf, and others tho opportunity of pursuing 
another Thcrro is also tho increasing complexity of 
tho BCiontifio knowledge which is now being irons 
formed into new remedies now chemicals weapons 
systems, and so on Tho facts which those da\s 
transform our lives become more and moro difficult 
to comprehend and on occasion aro still not full} 
decided when they are applied If tins worn not so 
would there still he donate— I chooso tho most 
urgent oxaraplo of all — about tho liazards associated 
with radioactive foil -out T 

Abovo all is tho fact that tho nature and magnitude 
of potential discovery cannot be do fined in advance 
any moro than can its unpact on our social lives As 
do TocquoviHo wroto ' Wo entrust oursolvoe to tho 
future, an onhghtoned and impartial judge — but ono 
who s»ta, alas always too Into ' 

Faraday, Hertz, Curio — what could they linvo 
known of tho ultimate uses to which their discoveries 
would bo put m the Hold of eloctrio power radio 
and nuclear energy , or of tho social and political 
consequences of thoir uses Wo oursoh on, years later, 
cannot toll wlint these oonsoquoncea will bo Can 
we to refer to just ono more \ ital question out of 
mom now ones this scientific ago is generating, com 
mlt oursoh os now to more than arbitrary views of 
tho po^ihlo political consequences of tho elimination 
of disease and of its complementary change, tho 
oxplosivo growth of population jn bo many areas of 
tho globe t 

Science hoe created vvcaltli , it has holpod in tlio 
strugglo for freedom from oconomlo exploitation 
It Has redistributed power But m doing those thmgs 
as it widoruj the area of material choice, it oircum 
scribes and determines tho environment In which 
wo cxorciso our abstract liberties Tlmt. is m\ 
second point Itself demanding freedom and rov olu 
tionary in its ways scionco Is now determining m nn 
increasingly unpredictable wn\ , tlio mam issues about 
wluch wo as citizens, ox ere iso our freodom of choice 
Con there be much more than a fictional vordv to 
tho abstract idea that an area exists within winch 
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mon can enjoy the capacity of unconditioned or 
imtra mmol led choice ? 

Democracy was man’s answer to tyranny and 
exploitation Tho only form of exploitation it Will 
ne\or holp o\ orcomo js tho coercion of now know 
ledge, which by giudrng our social lives into cert am 
channels, limits advance m other directions , tho 
now knoy lodge which focuses tho interests of human 
ity on goals wluch cannot he properly charted until 
they hnvo been aclnoved To tho philosopher, as I 
ha\o said ultimate limitations on tho freodom of 
tlio mdiv idual are sot by the inoxorablo laws of 
Nature To tho scientist, tho limitations are set hv 
tho particular laws of Nature man himself discovers, 
out of a potential infinity of such laws and from tlio 
use to wlfich ho puts these laws 

Up to now v\e have been nblo to claim that the 
applications of BCioneo have increased tho sum total 
of human Imppiness But to-dav wo stand at n 
cross road The process of applv ing scientific know 
ledge j3 o« endless as is tho prospect of gathering 
now knowledge, and the basic scientist is responsible 
for only tho beginning oF the cvclo of nctnitv wlurli 
creates a demand for tho application of Ins discoveries 
Industrialization lias established ltsolf ns tho one mire 
cure for pov erty in a world the bulk of tho jiopulntion 
of winch still lives bv subsistence fanning and 
history as \ ot gives no oxampl© of any but small com 
mumt ics which hav o v ohuitordy turned their hnckR on 
higher material standards or living Instead a uni 
formity of dowro and demand is generated for tlio so 
eallod good things of life os the ono world discovers 
liow tho other lives and what it ltsolflocks Ohwounly 
we cannot say tlmt tho economic historv of tho W ost 
vullho recapitulated as industrialization spreads and 
as tlio clvaim of tho past nro Irrokon in didant parts 
of tho world* But wo can bo all but certain tlmt 
noithor tho needy nor tho rich will allow tlio irroccw* 
of app^ng tho fruits of scientific knowledge to stop, 
either in the national or tho international frame In 
tlus process means become endn, because ns new 
ways of doing things are discovered thov transform 
tho things bomg dono and so their purposo In tlieso 
days it is only in theory that ono chore** weapons 
and tactics to nclfiovo a etmtcgv In fact weapons 
often end In determining strategy — and sometimes 
tho purposo behind tho strategy 

In my view it is against this foreo of scientific 
application that tho Oissings of to-dav rail — not 
against science as such and it is this foreo which 
could constrain our democratic hbertira and which 
if wo ceased lieing vigilant could ov on constrain tho 
liberty of pure and basio science — and by so doing 
paradoxically dcstrov itself 

Ideally wo think that domoernov to-day means 
government bv tho representatives of tlio pcoplo by 
consent or tho pcoplo But many to-dav also feel 
that tho sovereign power, tho people, has ihrourh a 
process of negative domoernoy , abrogated ita rights 
to a ]>owor ilitc, to a bureaucracy to what vou will 
which is consciouslv determining tho directions v>o 
follow This it seems to me, is again too simple 
Tim olemont of tlio unknown in government increascH 
with ovtm r step we are now taking to applv tho Inuta 
of ficioneo Jf sovereign power w being abrogated 
it is loss to »omo governing hotly however formed 
and more and more to a process or applv ing Rciontific 
knowledge without any real prewibihtv of determining 
its fmnl consequences Neither the voice of the 
majority, nor those tJirough which it is oxpre**ed 
can proclaim tho preci**© Iitv*« of the future 
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Where do scientists stand, as ordinary citizens, m 
this process whereby the application of tho fruits of 
their discoveries can become a potential prison for 
our abstract liberties ? It is arguod that because 
of their special knowledge scientists can bo aware of 
tho danger and promise arising from their discoveries, 
and that therefore they have a special responsibility 
in relation to tho most pressing problems of our time 
I should agree with this, if it meant no moro than that 
scientists are better able to appreciate tho scientific 
facts For how can the scientist as such, who is not 
responsible for its application, accept tho responsi- 
bility for predicting some vast social transformation 
that might result from what sooms an mnocont 
observation at the time it is mado ? 

But I should agree all the more if ono coupled with 
this view of the scientist’s responsibdity tho thought 
that m the problem of preserving our liberties lies 
the most important reason for regarding an educa- 
tion in science as constituting to-day an essontial 
part of an education in tho luunamties For if an 
understanding of social and political purpose is one 
of the aims of the liberal arts, then that aim cannot 
be realized until tlieir scope is widonod to ombrace 
a proper understanding of the scientific knowledge 
the apphcation of which is now so rapidly transform- 
ing our intellectual and material onvironmont 
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Scionco, technology and humanism scorn to havo 
assumod that oidor of importance in tho determina- 
tion of our affairs I do not know how it is in the 
United States , but ovor tho post-war years tho 
changes which tho tacit application of scionco and 
technology havo occasioned in Great Britain seom far 
more profound than any that havo boon brought about 
through tho ovort discussion of social values or Bocinl 
goalB If this kind of tlung is happomng, can tho 
humanities continue ns a potent educational dis- 
cipline without encompassing an understanding of tho 
social forces which donvo from tho application of 
tho natural sciences * Scientific literacy, wo nro t-old 
in a rccontly issued roport on education, will noed to 
bo far more widespread than it is “if wo are to solvo 
tho problems of this ago” Undoubtedly this is 
needod, but alone it is not a sufficient condition to 
ensure tho solution of our probloms — for lioro I agroo 
with Aldous Huxley that “higher education is not 
necessarily a guarantoo of higher \irtuo or higher 
political wisdom” What wo most noed to loam is 
that, in tho major scientific matters which now 
affect human destiny, ono cannot safely tako decisions 
for to-day unless wo realize that thoso samo decisions 
determine tho futuro This realization may not load 
to tho right decisions , but it might help obviate 
somo of tho worso 


SATELLITE OBSERVATIONS OF SOLAR COSMIC RAYS 
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O N three occasions during August 1958, largo 
mcreases m the intensity of charged particles 
outside the Van Allen radiation zones were detected 
by the Explorer IV satellite 1958 epsilon, at high 
magnetic latitudes and rather low satellite altitudes 
(270-650 km ), where the Geiger tubes carried in the 
satellite normally count only cosmic rays Figs 1, 2 
and 3 show that the charged particle intensity in both 
counters increased sharply with magnetic latitude, 
above about 60°, on August 16-17, August 23-24 
and August 26-27 (We have defined ‘magnetic 
latitude’, >dip from tho magnetic dip angle S at the 
point of observation, through the dipole relation 2 tan 
)dip = tan 8 ) Different symbols have been used 
for each satellite pass on any one day, recorded at 
the microlock station m Van Buren, Marne, m the 
geographical longitude range (95° W -45° W ) The 


timo-intorval for each pass (usually about 5 mm 
duration) is given, and each point has boon charac- 
terized by tho altitudo m kilometres at which the 
observation was made Tho charged particle detectors 
in the satellite have been described m detail else- 
where by Von Allen ct al 1 Tho two Geiger counters 
(ono shielded with 1 6 gm /cm * lead, and the other 
unshielded except by the satellite hull) could deteot 
protons of energies greater than 40 MoV and 30 MeV , 
respectively, and electrons of energies greater than 
about 5 MoV and 3 MoV The omnidirectional geo- 
metric factors ranged from 0 140 cm 1 to 0 823 cm * 
m the shielded counter, and from 0 140 cm a to 
0 705 cm 2 m tho unshielded counter Table 1 gives 
tho upper and lower limits to tho omnidirectional 
fluxes of particles which would produce the highest 
observed counting rates m (a) the unshielded coimtor 


Tablo 1 


Date 

August 1956 

Time of 
satellite pass 

(ct) 

(a) 

Flux through 
unshlolded Gclgor 
counter 

(partlclc'/cm V sec ) 

Flux fhrough 
shielded counter 
(pnrtlclcs/cm '/sec ) 

(c) 

Jlatlo of 
counting rates 
unshielded/ 
shielded 

W) 

Fmln 

(MoV) 

(«) 

E mil. 
(JIoV ) 

Elnpsoi time 
after 3 + 
solar flnres 
(hr ) 

10 

11 17-11 19 

80 > J.u > 17 

78 > J,, > 13 

11 ±03 

~0O 

~ 200 


10 

13 11-13 15 

193 > J,u > 38 

170 > J, i > 30 

1 1 ±02 

~ 00 

~ 200 


17 

11 01-11-06 

240 > > 48 

80 > J , i > 14 

2 8 ± 0 3 

~ 90 

~ 200 


17 

12 50-13-00 

121 > > 24 

43 > J,, > 7 

2 8 ± 0 5 

~ 00 

~ 200 

32 4 

23 

09 22-09 30 

577 > J ,« > 115 

103 > J. i > 33 

3 0 ± 0 2 

~ 90 

~ 250 

19 1 

23 

11 14-11 23 

445 > J' U > 88 

150 > Jo, >25 

2 9 ± 0 2 

~35 

~ 250 

21 0 

24 

10 59-11-05 

140 > J,u > 28 

37 > J,, > 0 

3 S ± 0 5 

~ 35 

~ 250 

43 S 


08 20-08 34 

7,010 > J, u > 200 

405 > J„ > 70 

2 2 ± 0 1 

~85 

350 

8 4 


10 22-10 28 

1,800 > J lU > 205 

515 > J„ >83 

2 5 ± 0 1 

~ 55 

~ 360 

10 3 


08 00-08 15 

143 > J, u > 28 

40 > J., > 7 

3 1 ±0 5 

~ 85 

— 

32 0 


10-04-10 08 

132 > J„, > 26 

60 > J„> 8 

2 0 ± 0 5 

~ 55 

~ 350 

34 0 
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Intensity rerttu m*ffnetlc latitude 
Altitude range 270-150 km 



56 60 6t 68 56 60 6i 69 X*t? 

□ 11 17-11 10 V T □ 11 01-1L.06 V T 

O 18.11-13 16 UT O 15LS6-13 00UT 


Ooimlo ray counting mte 

Fig 1 


Intent! ty yertni magnetic latitude 
Altitude range 100-670 km. 



5S 62 66 TO 68 02 66 70 


O 09.12-09.60 D T □. 10 50-11.05 V T 

D. 11 17-11.53 vs 


• Cosmic ray counting rate 


Fig 2 


Intend ty rerni magnetic latitude 
Altitude ranee 800-650 km. 



68 62 66 TO 69 62 69 70 *1*. 

O 03.26-03.34 tr T O 03 06-09 16 V T 

D 10.22-10.23 U T 0. 10 04-10 03 u T 

Cotmlo ray counting rate 

Fig- 3 

(J.h), (6) tho shielded counter ( J *,), and (c) the ratio 
of theso counting rates (unshieldod/shielded) at each 
eatollito parts on which on increase in intensity was 
observod The out off cncrpc* for protons, at ( d ) the 
highest magnetic latitudo on each pass (-^min.) and 
(e) the lowest latitude at which counting rates in 
excess of the cosmic ray rato woro recorded [Emxx ). 
arc cstimaiod from the local vnlues of tho Earths 
magnotio field* 

The partiole fluxes arc at least one or two ordors 
of magnitude greater than tho normal cosmic ray 
flux It soo ms unliholy that these intensity increases 
aro duo to soft particles from tho outer Van Allen 
radiation zone, because 

(а) Explorer IV outs through tho outer zono (os 
obsorved with the Goigor counters) at about CO* 
magnetic latitude, that is, farther south than tho 
intensity increases reported horo 

(б) Tho ratio of counting rates betwoen the un 
shielded and Bhioldcd Goigor counters in the outer 
zone is typicollv, about 30 or 40 to one, m contrast 
to the comparable counting rates observed in both 
counters at the higher latitudes 

The ratios unshicldod/shiolded aro rensonnbK con 
aistont with the hypothesis thnt tho charged partioloe 
aro protons tho energies of which ho botwcon F nin. 
and E mxx Tho wido limits placed on tho estimated 
fluxes are duo to tho uncertainty in tho nbsoluto 
gcometrio factor for tho counters in tho proton 
onorgy range 30-100 MoV 

We suggest that tho intensity Increases aro in fact 
duo to solar protons, associated with the large solar 
flares which occurred at 0432 tr*r on August Id, 
1417 itt on August 22 and 0005 ut on August 20 * 
Strong support for this suggestion is provided b} 
•measurements mado from balloons and with rio 
motors during this period 
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(1) Anderson* and Wmckler et al 1 measured an 
increase in charged particle intensity at balloon 
altitudes above Churchill, Canada (magnetic latitudo 
77°), and Fairbanks, Alaska (magnetic latitude 04°), 
on August 22 and 23, and have identified the particles 
as solar protons of energies up to a few hundred MoV 
It is almost certain that the satellite has recorded tho 
same event (The increased intensity w as not 
observed until August 23 because there was no pass 
over Van Buren after 1100 ct on August 22) 
Anderson et al 8 deduce a differential number energy 
spectrum n(E)dE = K(t)E(-& ± 0 2 )$E (where t is the 
elapsed time after the solar flare) for the solar protons 
m the energy-range 100-400 MoV At 1115 ut on 
August 23 they estimate that the flux of particles 
with energies greater than 100 MeV was about 
1 5/cm 1 /sec Intensities observed from the satellite 
at that time suggest that a spectrum of this form 
may well extend down to about 30 MeV 

(2) Leinbaeh and Reid 7 have suggested recently 
that the absorption of cosmic radio noise, measured 
with riometers following large solar flares, is due to 
ionization of the upper atmosphere by solar protons 
H Leinbaeh (private communication) and Hultquist 
and Ortner 8 have observed three such events, com- 
mencing August 16, August 22 and August 26, m the 
riometers at Thule (Greenland), Fairbanks (Alaska) 
and Kiruna (Sweden) Absorption effects of this type 
occurred on twelve other occasions, between July 1, 
1957, and September 30, 1958 (H Leinbaeh, private 
communication) 

During the period August 16-27 no mcrease m 
intensity was observed m the Canadian cosmic-ray 
neutron monitors at Resolute, Churchill, Sulphur 
Mountain and Deep River” at magnetic latitudes of 
88°, 77°, 61° and 62°, respectively, but it is not 
surprising that protons with a steep number-energy 
spectrum and maximum energies of a few hundred 
MeV produced no detectablo effects near sea- 
level 

The ratio of the maximum counting rates in the 
two counters increased significantly during each 
event This suggests that either (a) the shape of 
the energy spectrum of the solar protons changes, 
and relatively more low-energy particles arrive at 
later times , or (6) that some particles with energies 
below the usual magnetic cut-off energy can arrive at 
a given location later in the event 


Freier ct al 10 have, m fact, reported that protons 
with energies bolow tho usual measured cut-off were 
found at balloon altitudes ovor Minnesota on March 
26, 1958, three days after a large solar flare, and at 
tho time of a magnetic storm When tho Earth’s 
field is disturbed, some charged particles can prob- 
ably bo admitted to regions normally ‘forbidden’ to 
them, and particles with eneigies below tho normal 
cut-off may arrivo at a given latitude during, and 
perhaps for some time after, the disturbance During 
tho period August 16-27 ‘sudden commencements’ 
occurred at 0622 August 17, 0228 August 22, 0140 
August 24, and 0303 August 27 11 Tho lowest 
ratios unslnolded/shielded occurred on August 16 
before this ponod of magnotic activity 

There is now ovidenco from several sourcos which 
strongly suggests that solar protons with energies up 
to a fow hundred MeV quite frequently bombard the 
upper atmosphere at high latitudes for some days 
follow ing a largo solar flare The fivo widely obscrv ed, 
extraordinary increases in cosmic-rny intensity near 
sea-level which havo oceurrod during tho pnst twenty 
years of continuous observation aro probably un- 
usually energetic examples of a common solar 
phenomenon, namely, tho acceleration and ejection 
of protons with energies approaching those of galactic 
cosmic -ray particles 

Wo should hko to thank Prof J A Van Allen and 
Dr K A Anderson for many interesting discussions 
Tins work has boon assisted by tho U S International 
Geophysical Year project 32 1 of tho National 
Academy of Sciences, tho U S Army Ordnanco 
Department, tho Oflico of Na\nl Rcsenrch, and tho 
Atomic Energy Commission 

1 Van Allen. T A , Jlcllwnln, C , and Ludwig, 0 , J Gcophyt Bet , 
64, 271 (1959) 

* Botlmoll, P , Pint Mag , 3, No 33, 901 (195S) 

* “Solar-Gcoplijulcnl Data’ , National Bureau or Standards Pub- 

lication 0 K P L —F 170 (1058) 

' Andenon, E A , Phyt Rev Lftltri, 1, 335 (1053) 

* Wlncklcr, J B. , Peterson, L E , HofTmnn, It , Arnoldy, It , and 

Anderson, K A , Bull Amer Phyt Soc , 4, No 4 238 (1059) 

* Anderson, K A , Arnoldy, E , HofTman, It , Peterson, L E , nnd 

Winckler, J It , Bull Amrr Phyt Soc , 4, No 4, 23S (1069) 

7 Leinbaeh, H , and Held, G 0 , Phyt Rev LeUcrt, 2 01 (1059) 

* Hultquist, B , nnd Ortner, J , A alurc, 183, 1170 (10 50) 

•I GY cosmic raj data, supplied bj National Jtesenrch Council of 
Canada 

*• Freier, P S , Nov, E P , and Wlncklcr, J It , Bull Amer Phyt 
Soc , 4, No 4, 237 (1950) 

71 "Geomagnetic and Solar Data”, J Geophyt Bet , 83, 831 (1058) 


A BORE-HOLE TO THE EARTH'S MANTLE : AMSOC’S MOHOLE 

By GORDON LILL and WILLARD BASCOM 

AMSOC Committee, National Academy of Sciences — National Research Council, Washington, D C. 


M AN’S knowledge of the interior of the Earth has 
been largely obtained by indirect methods, 
and although a great deal is now known about the 
qualities that subterranean materials must possess, 
numerous uncertainties remain There is now a 
project under way, sponsored by the AMSOC Com- 
mittee of the U S National Academy of Sciences to 
obtain corroborative evidence about the nature of 
the interior of the Earth by the direct method of 
drilling a hole completely through the oceanic crust 
to obtain samples of the mantle Since the boundary 
between the crust and mantle is known as the ‘Moho’ 


(after Prof A Mohorovitid of Yugoslavia, who first 
described the seismic discontinuity tliero) it seemed 
reasonable to contract the project name to ‘Mohole’ 

The American Miscellaneous Society, founded in 
1952 as a whimsical reproof of scientific societies 
which are somotimes too specific for their own good, 
uses its cable address, AMSOC, in tho alphabetical 
world of Washington It lias no formal mombers, 
officers, by-laws or publications , and theie is a bent 
townrds geophysics 

On the subjoet of drilling through the crust of the 
Earth, however, the AMSOC group has been formally 
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organized bo that it can. rocoi\ o 
fun do from tho T7 S National 
Science Foundation. Tho original 
mom hors of tho Committee were 
Gordon Lill (chairman). Prof 
Maurice Ewing, Dr William Horoy, 

Prof Harry Hess, Dr Horry Ladd 
Dr Arthur Maxwell, Prof Walter 
Munk Prof Roger Bovollo, Dr 
William Rubey, Dr Joshua Tracoy 
and | Willard Bascom (technical 
director) 

Tlio Mohole project in more or 
less its present form was born at 
a breakfast at Prof Munk 8 house 
in California, at which ho Jed the 
conversation, on tho need for a 
geophysical analogue) for the space 
exploration programme The sug 
gestion of Dr Frank Eastabrook, 
ruado in Science (Octohor 1060) for 
tho digging of a “Geophysical 
research shaft", liad eot forth tho 
prmoipal scientific advantages of 
direct sampling But AMSOC, 
unaware at the tamo of that eug 
goetlon, proposed a deep drilling 
jiroject 

The following September in 
Toronto, at tho mooting of tho 
International Union of Goodosy 
and Geophysics, a resolution was 
passed ‘urging the nations of 
tho world to Btudy tho feasibility 
and cost of an attempt to drill 
to the Mohorovi6i6 discontinuity 
at a place where it approaches 
the surface" A holo 10-16 km 
deep on an ocoomo island was 
suggested Tho sponsors were 
Harry Hess, Roger Rovello and 
T F Goskell 

Tho question of tho structure 
and material of tho Interior of tho 
Earth is a puzzle which has long 
challenged tho mind of man. In all major aapocta the 
most acceptable present hypothesis holds together 
very well This is remarkable, for it requires that 
there bo reasonable a groom ant between at looet eight 
sub -sciences, all of wliich make indirect measurements 
Studies of astronomy, meteorites, volcanoes, geological 
structure, gravity, seismic waves the magnet 10 
Hold, and heat flow oach contribute to tho total 
knowledge 

If one assuinos that motoorites are the wrockago 
of a planot similar to the Earth and that tho rocks 
spewed out by \ ol canoes (tho eolsmio precursors of 
which begin woll below tho MolioroviSi6 discon 
tmuity) contain samples of mantlo material, then wo 
already havo samples of tho deop rocks Moreover, 
Horry Hoss boluwos that mantlo rock actually out- 
crops (ot St Paul’s Bocks in tho mid Atlantic, in 
Japan and in California) Astronomical observations 
gi\o the total mass, tho average density and tho 
moment of inertia of the Earth 

But in tho main o\ idenco about tho interior of tho 
Earth lias como from earthquake waves By tho 
combination of tedious computation and great skill, 
seismologists hnvo worked out characteristics of tho 
planot which koop within tho limits sot by tho otlior 
ovidonce 


c-'ovhci m>* wwa hmu 
Fig 1 Th« Inttrlor or the £»rtb 

Tho bypath os i» of inner and outer cores surrounded 
by a thick mantlo and cappod with o thin crust has 
stood tho teats of many years now the problem is 
to re fine tho information and to obtain evidence 
which cannot como from further advances In so is 
rnology Tho composition of tho mantle which ropro 
sonts about 86 per cent of tlio voluroo of tho Earth, 
is tho principal problom of geophysics to-day, for 
although a lot is known about it, uncertainties remain 

(Fig 1) , , , 

Tho exact minernlogicnl and rock composition tho 
density, strength, temperature, tho amount of radio 
activity, tho thermal and electrical conducts itv — 
all tlioee will contribute immeasurably to tho under 
standing of tlio Earth and its origin Moreover thov 
will son e to onhanco tho valuo of the indirect goo 
physical measurements Finally somo now and 
entirely unoxpootod piece of evidence may bo 
unearth od that will cause science to reviso substantially 
its concept of tho Earth 

Tho crust is closer and oaalor to study than tho 
interior but men bo it is more controversial 
Generali V it- Is agreed that continents represent 
relatively thick blocks of andesitio recks, and that 
ocean basins are composed of much thinner bn*|k»< 
rocks—tho average thicknesses being about 30 Hn 
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AMSOC believes that this senes of holes which w r ill 
eventually sample the mantle of the Earth is likely to 
produce the greatest advances in man’s knowledge of 
the Earth in our time 
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ASYMMETRICAL DELIVERY IN RABBITS 

By Dr. LU!Z MACEDO COSTA* and Dr ARPAD CSAPO 
The Rockefeller Institute, New York, 21 


T HE experiments of Comer and Allen 1 and Allen 
and Reynolds 1 , performed on rabbits, promised 
an understanding of the mechanism by "which preg- 
nancy is maintained and terminated in ma mm als 
They also provided us with a key substance which 
controls these processes, the ovarian steroid pro- 
gesterone 

The thirty years which followed these discoveries, 
however, brought disappointments The different 
consequences in different species of ovariectomy or 
oxytocin infusion upon pregnancy , tho lack of cor- 
relation between uterine activity and tho concen- 
tration of progestational compounds m body fluids , 
and the lack of success in predicting effective pro- 
gesterone therapy in women led many investigators 
to believe that either progestational compounds do 
not have a key role m the control of the pregnant 
uterus, or else a variety of mechanisms operate m 
different species 

These conclusions are cliallengod by a striking 
experiment of Nature which strongly implies that 
the maintenance of pregnancy is more a local than 
a systemic affair, thus allowing an explanation of the 

* Grantee of the Rockefeller Foundation Present address Depart- 
ment of Physiology, "University of Bahia, Salvador, Brazil 


differences cited abovo Whon a woman who has a 
duplex or bicomato uterus bears twins, one in each 
horn, tho infants may bo bom several weeks apart, 
showing that m tho same woman at the same 
instant conditions can bo appropriate for tho main- 
tenance, as woll as for tho termination, of pregnancy 3 

Classical endocrinology limits our thinking to a 
systemic hormonal control of tho uterus by winch tho 
glandular product is distributed uniformly m tho 
target organs Tins simple experiment of Naturo, 
however, suggests to us that such a systemic control 
may not operate in all instances A ‘local’ effect 
may bo considered instead, whon tho organ of 
secretion and its target are in direct contact, allowing 
diffusion of an active compound from one cell to 
the next Thus the local effect of placental pro- 
gesterone has beon postulated and described 4 ns an 
alternate mechanism 

The existence of Buch a local mechanism could 
explain present controversial issues concerning the 
mechanism of tho maintenance of prognnncy Species 
differences could bo looked upon not as differences 
m basic principles, but, for example, as differences m 
timing and m magnitude of the shift from ovarian 
(systemic) to placental (local) progesterone effect , or 


















Fig 1 Schematic illustration of the type of operations used In the present study (upper row) Crosses over tho ovaries represent 
ovariectomy, crosses over the conceptuses, placental dislocation Arrows indicate intraamniotlc injection of 2 mgm progesterono In 
0 04 ml olL The lower row represents tho effect on delivery of tho operation or treatment 
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[ Tig 2, AtymmetrlcaJ delivery In rabbit# Induced on the twenty-fifth day of pregnancy 
The number* on the left represent the typo of operation a* 1 1 In* t rated jchemattcally In 
Fig- 1 The lint picture on the loft li taken Immediately after the operation the 
i*cond {■ made on repeated laparotomy alter delivery 1* completed (n one horn and 
the third after the u ml ell re red horn is opened and the fentaae* and placenta* examined 


ns differences in tho metabolism and elimination of 
progoatcrono, dopondont on tho oxpoeuro of pro 
gestational compounds to tho systoraio circulation, 
pnor to thohr uptako b> target organs Tho con 
contention of progestational compounds and their 
changes in concentration in body fluids would not bo 
ox poet od to rofloct quantitativolj tho on doer mo con 
dition. of tho uterus bocauso mudi higher conccn 
t rations tlmu occur m tho blood or m tho urine could 
bo present In key positions at the mj ometrml coll , 
in. fact, bodj fluids may contain onlj tho flookago' of 
a local arrangement or what is loft from dostructivo 
and eliminating processes Tho lack of conclusivo 
o\Idonco for tho effective uso of~ progesterone fn 
tlicrapy would become a challenge thundis 

appomtment because an cffooti A ‘■‘Of 


1 placental progesterone could bo 
therapeutically initiated only by 
a similar local application, or 
by forms of progesterone not sub 
ject to sjstemio destruction 
To domonstrato a local effect 
of placental progestcrono on the 
myometrium, wo studied thirty 
fivo pregnant rabbits in ibo present 
experiments It is generally be 
Iieved that prognancj m rabbits 
is entirely maintained by ovarian 
progesterone not supported by 
plrtcontnl contribution Wo sub 
peotod, howovor, that ovon m 
rabbit b thoro maj bo progestcrono 
production or effect ivo motabol 
ism, m tho placenta m lato preg 
nanoy^M In women on tho 
other hand, during tho last six 
months of pregnancy tho placenta 
scorns to substitute complotolj 
for tho ondomno flmction of tho 
Ovanes 1 

In our colony of Now Zealand 
uhito rabbits labour can bo m 
ducod with 1 iu Fitocin (Parke 
Davis), intramuscularly, in 94 per 
cent of tho animals 31 days after 
mating Onlj 7 per cent of tho 
animals deliver after similar treat 
mont (evon if ropeatcdlr applied) 
if tho animal is lew* than 30 
days pregnant 

Wo ovnncctomjicd rabbits bi 
Intcmllj (op No 1) on tho twentv 
fifth daj of gestation (duration of 
pregnonej «=■ 32 davs) and found 
that. 13 lir after tho opemtion 
I iu of ‘Pifocm’ successful!} in 
du cod delivery 

If tho ovaries wore not removed 
(op No 2), but all tho placentas 
in both utonno horns wore dia 
located (by gontly pressing tho 
utermo horn at tho placental m? 
plantation eito) placental function 
coasod and dolivcrv was success 
fnllj induced by ‘Pitocin’ 20 hr 
later This is evidence that tho rob 
bit placenta is indispensable for 
tho mnintcnnnco of pregnancy 
If tho two procedures ovnrl 
ectomv and placental dislocation, 
arc combined (op No 3) labour can 
bo induced 0 hr later Thoso observations suggest 
tiiat m tho rabbit both tho ovaries and tho placentas 
contribute to tho maintenance of pregnane \ When 
both tlicso posailflo boutccb of progestational com 
pounds are removed tho myometrium has enough 
stored material to defond prognanev for 9 hr against 
tho labour inducing offoct of 1 iu ‘Pitocm’ Tho 
placontas can prolong this period for four additional 
hours and tho ovaries for 11 hr Tins suggests tliat 
tho ovarian contribution is tbreo times as great as 
tho placental 

If nftcr any of thoso operations ‘Fitocin is not 
administered , sporitaneous ueHvpTy ultimntelv occurs 
but tho timo botWx»on operation and deliver) , ni vnll 
as tho time needed for delivery, is greall> prolong^ 
Also, the mother maj destroy or partly «vt Ux\ 
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uterine contents, which makes accurate tuning and 
observations difficult For this reason wo induced 
labour with ‘Pitocin’ 

It may be argued that the rabbit placenta only 
stores, but does not produce, an active progostational 
compound The following experiment, however, 
suggests that the placental contribution is not only 
storage, but also synthesis or effective metabolism 
If ovariectomy is combined with tho dislocation of 
one set of placentas, in one horn only (op No 4), 
this horn alone delivers 9 hr later on ‘Pitocin’ 
administration, whereas pregnancv is maintained in 
the other horn This asymmetrical delivery, resulting 
from the presence of a set of functional and another 
set of non-functional placentas m two horns, respec- 
tively, is indication of the production of an active 
compound as well as evidence of tho local effect of 
the placenta 

It might be said, however, that the active com- 
pound of the placenta is not Idee progesterono, but is 
an entirely different compound This is unlikely, 
smee the local effect of tho dislocated placentas can 
be substituted for by tho injection of 1-2 mgm pro- 
gesterone into the ammotic sac If only one horn is 
treated with progesterone m the ovariectomized 
animal, delivery is always asymmetrical The un- 
treated horn delivers first, irrespective of whether 
the placentas in one horn are dislocated or not 
(op Nos 6-8) Tho time when delivery occurs 
reflects a functional or non-functional set of placentas, 
but the phenomenon is the same, that is, delivery is 
asymmetrical if tho distribution of progosterone is 
asymmetrical Whether tho litter is alive or not does 
not alter the picture, nor does tho mechanical 
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irritation of tho utcrino horn during tho opera- 
tion 

These observations aro host explained as follows 
Piognancy m rabbits is maintained by a joint con 
tribution of an active progostational compound by 
tho ovaries (systemic) and placentas (local) Tho 
placental contribution is loss than that of tho ovaries , 
but both organs nro needed to maintain an effective 
concentration of tho active compound in the myo- 
motrial coll When tho dofcnco is effoctivo, labour 
cannot bo induced by ‘Pitocin’ , if it becomes 
inoffectiio, labour can bo induced When tho sys- 
temic effect of tho o\ ancs is suspended by ovari- 
ectomy tho local offect of tho placenta controls tho 
uterus and if tltis local offcct is nsymmotrical, labour 
is asymmetrical 

In women, an early and comploto shift from 
ovarian to placental hormono production could rosult 
m a dominant local progesterono offoct early m 
pregnancy Tins would lead to an ‘ondoenno asym- 
metry resulting m asymmetrical function Such an 
asymmetry is exaggerated in a bicomato uterus when 
endocrine function in one placenta fails earlier than 
m tho other Functional asjmmotry of tho human 
uterus offers attractive explanations of puzzling 
problems concerning normal and abnormal pregnancy 
and delivery 

1 Comor, 0 W T , and Allen, W M , Amer J Phuito! , 88, 320 (1020) 
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WARREN SPRING LABORATORY, 
STEVENAGE 


I N setting up Warren Spring Laboratory at 
Stevenage “to carry out process research and 
development over a wide field not limited to par- 
ticular areas of technology”, the Research Councd 
for the Department of Scientific and Industrial 
Research expressed its conviction that, when neces- 
sary, the Department’s research stations should 
change m function and objective to meet the needs 
of changing situations The Councd considered that 
tho Fuel Research Station had largely fulfilled the 
aims m view when it was set up, emd that current 
needs were eatisfactordy catered for by researches 
going on elsewhere , it decided, therefore, to close 
down the Fuel Research Station, and to transfer the 
staff to a new Laboratory m Stevenage, with new 
programmes To ensure that there should bo no 
likelihood of an impression being gamed that the 
Fuel Research Station was being continued at 
Stevenage, or that the title of the new Laboratory 
might appear to restrict the field of activity, it is 
named after a lane which used to run across the 
site 

Of the work earned out at the Fuel Research 
Station only two programmes have been transferred 
e now Station, namely, research on the abate- 
men oi atmospheric pollution, and on the synthesis 
oi and chemicals by the Fischer— Tropsch process 


There had been a number of substantial indications 
of need for research in the field of mineral processing, 
and it was decided that this should form one of the 
new projects to be undertaken , there had also been 
indications of need for work on a pilot scale in 
various fields which tho Department had not been 
able to meet With these pointers, it was decided to 
build a laboratory m a modem industrial style, to be 
as flexible as possible, to house m the first place a 
staff about the size of that of tho Fuel Resoarcli 
Station, and with facilities for both laboratory 
research and pilot-scale work 

The mam three-story laboratory building is 372 ft 
long and 37 ft 6 in wude (Fig 1) It is based on a 
4-ft module, which is expressed elevationally by 
vertical posts supportmg floors and roof, and by 
internal posts centrally along tho length Tho mam 
spme corridor is set to one side of tho central sup- 
ports The only solid internal walls are those of the 
corridor and tho secondary staircases , all other 
partitioning is of light, demountable, prefabricated 
construction, which can be placed in any desired 
position between the outer walls and the inner 
corridor walls, subject only to the basio 4-ft module 
Gas, water, electricity, compressed air are avail- 
able at every third modulo (12 ft ) along a perimeter 
distribution system 




Ftg 1 The Yfarran Spring laboratory Department of Scientific and Inda*trt*l B»e*rch 


The building i a heatod by panel typo radiators ; 
m&doAip dummy panels matching thorn arc inserted 
between the radiators to give the appearance of a 
continuous radiator panel along each wall beta-eon 
the concrete columns at 12 ft centres The radiators 
and the dummy panels conceal the services winch 
run around the penmoter of the building Tho 
dummy panels can lie readily removed when service 
connexions are required Fume cupboards are rongod 
along tho inner, corridor walls, each cupboard having 
its own extract duot winch discharges at roof level. 

Tho finishes are simple, self-coloured, fair faced 
brickwork borng used throughout, ovoept in labor 
atones with special functions With the exception 
of laboratories which are adapted for wet procefisoe, 
floor finish oe are in linoleum 

A three-story administration block runs at n^ht 
angloa to the main laboratory building , it is similar 
in aonstruotion and domgn except that there is a 
lower co fling height 

There are three pilot-scale buildings, each 00 ft 
long by 65 ft wulo by 37 ft ft in maximum height 
In two of thorn, a 20 ft wide section is 20 ft high 
only Those buildings are linked to tho mam labor 
atory block by a corridor with small ecalc laboratory 
units on oach mde Tho buildings have folding doors 
to tho side bays to permit the introduction of heavy 
plant at any point The structure is carried by pro 
cast concrete posts Vortical cladding nbovo a brick 
protective walling, consists of asbestos-cement sheet- 
ing and patent glazing , tho roofs are of asbestos- 
comcnt dooking overlaid with bituminous folt 

Tho workshops and ongmoormg stores occupy a 
largo stool framed building comprising six oast light 
bays oach 00 ft by 30 ft minimum headroom 

Since steam is required mght and day for process 
purposes, two fully automatic, oil fired, high cUloicno> 
boilers nro used with a nominal pressure of 120 lb /aq 
in ono is rated at 10,000 lb and ono at 5,000 lb of 
steam per hour Tho front of tho boiler house is fully 
glared with a patent system permitting read} 
removal in sections when boiler tube replacements 
are nocosanry, so that it is possible to reduce tho 
dimensions from front to roar A high level water 
reservoir, in reinforcod concrete, has been designed 
integral!} with tho boiler fluo (sco Fig 1) 


Service mains run in open, splay sided trenches to 
avoid tho oxpenso of underground ducta or tho 
unsightliness of overhead guntrios 

Tho total coet of the establishment including 
buddings services fixed, laboratory fittings library 
bookshelves, and all site works was approxunatoh 
£620,000 

Research Programmes 

Atmospheric pollution Purely by coincidence tho 
closing of the Fuol Keecarch Station occurred fumtil 
taneously with the introduction of tho Clean Air 
Aot , it waa therefore particularly opposite to review 
the programme in starting at tho now station The 
work now being undertaken follows naturally from 
that begun at tho Fuol Research 8tatlon and is 
designed to moet tho requirement* of tho Ministry of 
Housing and Local Government 

Tho principles of smoke elimination tlrnt havo 
proved successful in reducing smoko from hand fired 
boilers on land are being applied to marine boiler* 
Tho possibility of developing after humors to burn 
smoko in \ anous situations is borng investigated 
Tho properties of smokes from different sources 
are being examined with special reference to tho con 
stituonta that might bo injurious to health Tho 
occurrenoo of oxides of nitrogen in the atmosphoro 
under different conditions is being studied 
In tbo now investigations of air pollution there w a 
need for greater accuracy than has been possible in 
Bomo of tho measurements mado in tho past. As a 
matter of urgonay a roviow is being mado of tho 
principal instruments at present in uso this work is 
being undertaken bj the Soottudi Branch of tho 
Laboratory at Thomtonhall 

Micro-sun oys are m progress to examine tho con 
centration of various typos of pollution at different 
types of site in a limited area Tbo results of such 
investigations will bo important, for example in 
helping to dotormmo tho valuo of amoko-contro! 
areas, and m assisting thoso responsible for deciding 
tho height of fitting of largo Industrial ch.ranopi 
Process development Synthesis of oils and chemicals 
from carbon monoxide and hjdrogen is being studied 
aa port of a project to develop, if possible an coon 
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omio process for producing oil from coal The 
development of oils from coal is a two -stage process 
the first stage involves the complete gasification of 
the coal to yield a mixture of carbon monoxide and 
hydrogen, and the second the catalytic conversion of 
the gas mixture into the desired ond-products The 
work at Warren Spring Laboratory is concerned only 
with the second of these stages Economic con- 
siderations indicate that the most promising version 
of the Fischer-Tropsch process for use under British 
conditions is the slurry process, m wluch the gas 
mixture is passed through a suspension of powdered 
catalyst in molten wax at temperatures of 250-300° 
C , and at pressures between 5 and 30 atmospheres 

The objectives of the programme are (1) to 
develop an iron catalyst of longer life and higher 
activity than those at present available and one that 
will yield a high proportion of desired ond-products , 

(2) to select operating conditions (gas composition, 
temperature, pressure) to combine a high reaction 
velocity with a given distribution of end-products , 

(3) to obtain data necessary to design a full-scale 
reaction vessel. 

Synthesis gas is produced on the site at a rate of 
4,600 std cu ft per hr m a standard, water-gas 
generator operated by the Engineering Services 
Division There are arrangements for feeding carbon 
dioxide with the steam so as to vary the hydrogen 
carbon monoxide ratio between 1 16 and 0 0 Tho 
gas is purified from hydrogen sulphide m Gastechnik 
towers and washed with caustic soda to control the 
carbon dioxide content It is then compressed to 
16 atmospheres pressure m the first two stages of a 
four-stage compressor, passed through tho active 
carbon scrubbers to remove organic sulphur com- 
pounds, and then further compressed m the third 
and fourth stages to a pressure of 120 atmospheres 

Tho study of catalysis, which has been proceeding 
over a number of years at the Fuel Research Station, 
has brought to the team concerned considerable 
experience which should prove of value in some of 
the new programmes which it is hoped to undertake 
in the future 

Mineral processing research and development Dr 
M G Fleming, of the Bessemer Laboratory of the 
Royal School of Mines, has been appointed con- 
sultant to this Division 

It seems probable that for some time a fair pro- 
portion of the effort of this Division will be engaged 
on sponsored work on particular ores , but it is 
hoped that basic investigations mil include (1) a 
study of grinding m the presence of additives such 
as surface -active agents , (2) the kinetics of bubble 
attachments to mineral surfaces, as a contribution 
to the knowledge in the field of froth flotation , and 
(3) a study of the behaviour of mineral particles m a 
high-tension field, and the modification of this 
behaviour by various surface treatments 

The laboratories are equipped to handle most 
lahoratoiy-scale mineral-dressing operations such as 
flotation, jigging, tabling, heavy-media separation, 
wet and dry magnetic separation, and high-voltage 
separation In the hydrometallurgical field, facilities 
are available for atmospheric and pressure leaching, 
for fluidized-bed roasting, chlorine metallurgy, and 
solvent extraction Pilot-plant facilities enable 
primary crushing operations to be carried out on a 
scale up to 2J tons per hour, and flotation plant is 
available for treating up to 1,000 lb per hr It is 
possible to carry out full-scale tests with radioactive 
tracers The Division has a Mmeralogical Section, 
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but relics on tho Physical and Chemical Services 
Division for its analytical work 

Many of tho problems on which work is likely to 
bo necessary concern overseas deposits Already a 
number of requests for investigations havo been 
received from overseas territories, and an Ovorseas 
Mineral Processing Advisory Committeo has been sot 
up to adviso on tho solection and priorities of tho 
programmes of interest to theso territories 
Chemical engineering It mil he apparent that 
chemical engineering must play a largo part in prac- 
tically all the major activities of tho Laboratory, 
and tho decision of tho Research Council to transfer 
“the work on Chemical Engineering . . carried out 
at tho National Chemical Laboratory to Warren 
Spring Laboratory” will readily bo understood 
Tho Division has three functions (1) to carry out 
research on physical operations which play an im- 
portant part both m processes which oro under 
development m tho Laboratory, and those m more 
general use m industry ; (2) to undertako research 
in tho field of chemical engineering sponsored by 
industry or by Government departments , (3) as a 
result of those functions to accumulate basic informa- 
tion m chomieal engmeormg for use by other sections 
of tho Laboratory and industry. 

Bearing in mind work that is already gomg on 
elsewhere m tho Department on heat transfer and on 
fluid flow, it is proposed in tho first instance to con- 
centrate on tho field of mass-transfer, and m par- 
ticular to obtain results which mil permit moro 
accurate prediction of the performance of gas-liquid 
contacting equipment, and thus to facilitate tho 
design of distillation columns, gas-absorption towers 
and reactors of tho liquid-phase typo, of which the 
Fischer-Tropsch slurry reactor is a particular 
example 

Four mam Imes of study nre being followed, 
namely, bubble dynamics, gas-liquid mass transfer 
rates, fluid mixing, and specific problems m gas 
absorption with chemical roaction 

The National Engmeormg Laboratory of tho 
Department has sponsored work at Queen Mnrv 
Collcgo, London, on tho synthesis of organic com- 
pounds for use os drop-wiso condensation promoters 
and has ovaluated their effectiveness Tho proposed 
work at the Warren Spring Laboratory is bomg 
planned m consultation with tho National Engin- 
eering Laboratory and is intended as a study of 
the mode of action of those promoters m order to 
facilitate the development of compounds which mil 
be effective for prolonged periods with a wide range 
of metal surfaces It is proposed to study tho mech- 
anism of attachment of synthetic promoters to metal 
surfaces by methods of radiochemical labelling and 
to observe the subsequent history of these sub- 
stances under conditions of uso m heat exchangers 
Physical and Chemical Services Dmston This 
provides a comprehensive central service in tho fields 
of analysis, both by chemical and physical methods, 
instrument development, physical measurement, and 
photography Special equipment includes gas 
chromatography, quartz and infra-red spectrometers, 
and equipment for X-ray diffraction and fluorescence 
Bpectrometry 

Engineering Services This Division has a draw ing 
offieo which undertakes design of pilot-scale plant 
for tho Laboratory , it has an industrial staff of 
approximately 120, and well-equipped "workshops 
Intelligence In addition to the library and editorial 
services which are essential to any resenroh estab- 
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bailment, the Intelligence Division is setting out to 
provide an information and project appraisal eervioe 
A start has been made, for example, in budding up a 
centre of information in mineral processing, by 
assembling data from a wide variety of sources in 
euoh a way that they can be used m research and 
industry 

From what has boon described it will be apparent 
that there is a wido choioe of field before Warren 
Spring Laboratory, and that at the moment the 
mam problem is that of aeleotion and of allocation 
of priorities In addition to the factors which govern 
the work of other laboratories of the Department of 
Scientific and Industrial Research, there is the task 


of undertaking sponsored work to a greater extent 
and on a larger scale Such work may be corned out 
for Go\ eminent departments or for industry, and it 
may be on a fully confidential basis The special 
facilities of the Laboratory will also bo available far 
use, in certain circumstances, by teams from industry, 
which can work in collaboration with tho research 
staff of the Laboratory 

The programme is regularly considered by a 
Steering Committee, appointed bj the Research 
Council, the present members of which are Sir 
Harry Jophcott (chairman). Sir Harry Mol vibe, 
Dr R Holroyd, Mr D A Oliver and Mr S H 
Clarke 


OBITUARIES 


Hr T L Eckersley F R S 

The death of T L Eokeraloy on February 16 
removed another of the rapidly dwindling band of 
pioneers in the field of radio research, among whom 
ho was notable both for his theoretical and practical 
work. His interest in oloctromagnetic waves was 
aroused while* ho was still at school at Bedaloa but 
it was during tho First World War, after studying at 
University College, London, and Trinity College, 
Cambridge, with somo years at the National Physical 
Laboratory in between, that he mode his first big 
contributions to radio wave propagation These were 
his explanation of 'night-effect in direction finding 
obsorvod in Egypt and Salonika, in which he invoked 
tho existonoo of an upper ionized layer giving nso to 
a reflected wove with variable polarization charao 
teri sties, and his observation of coastal refraction 
whloli he sought to account for In terms of tho 
properties of Zenneck snrfaco waves 

Ho was thus among tho first to obtain ovidonco of 
tho presence of tho lonosphore by the reflexion of 
radio waves and so began a life-long interest in the 
magnoto ionic theory of propagation His first work, 
however, on joining tho Marconi Co after tho War 
was a classical research into tho properties of earth 
screens for increasing the radiation efficiency of long 
wave aerials, followed by hia analysis of the results 
of observations made on vory long wavo transmitters 
by Iv W Tremollon and C M Allnutt during a 
round the- world expedition For more than twenty 
yoars Tremellon was EcLorsloy b personal assistant, 
and his patient observational work for mod tho boats 
of tho succession of papers which Eckersloy wrote on 
short- wavo radio transmission 

Tho last of these was on scattering from ’clouds’ 
m tho ionosphere, a subject which has since bocomo 
of groat practical unjiartanco in tho development of 
tho lonospherio 'forward scatter communication 
syBtom Not only did all this work lay tho foundation 
of much of our knowledge of the part played by tho 
ionosphere in long-distanco propagation, but it also 
led to many advances m technique, for oxamplo, in 
tho fiold of accurato direction finding and in. the 
measurement of field strength and polarisation 
characteristics 

Although he would not hmo daimod to bo a pure 
mathematician, ho liad a consummate nbilitv to applj 
mathematics to physical problems Indeed mnn\ of 
his oxpcnmentnl researches were preceded or sup 


ported by elegant analyaia He had a great interest 
in modern physics, especially in its quantum and 
relativistic aspects, and it wns the knowledge so 
acquired that inspired somo of his finest work in 
radio It wna the phase intogrol treatmont of potential 
barriers in atomic theory that led him to lus brilliant 
applications to lonosphonc and ground wa\ o propn 
gatkm, while m tho scattering of a particles ho found 
an analog} for the scattering of radio waves as n 
function of wa\ e-length cloud bizo and scattering angle 

Eckersloy had Bomo thing of the absent-mindedness 
associated with gonius, which was refloctod in tho 
stylo of lus writing and made some of Ids papers 
difficult for others to read Ho wns thuR not ns woll 
known in the world at largo as he dosenod to bo 
but m due course full recognition among scientists 
came with Ida oloction to fellowship of tho Royal 
Society in 1938 and the award of tlio Fonulay Modal 
of the Institution of Eloctncal Engineers in 1951 Ho 
was also a woll known figure at international radio 
conferences especial!} at tho C C Lit and U.R.8 I 
assemblies 

Ho was proud of tho fact that ho was a grandson 
of T H. Huxloj and ho was most hnpp> m bus famfl} 
life, his wifo boing Eva tho daughtor of Barry Pain, 
tho Viotorian novelist, who Burvnos lum with a son 
and two daughters 8ho is on ahlo pianist and com- 
poser, and tlioir homo at Danbury, Essex, was often 
visited by distinguished musical friends Ho was 
a dolightful host, for ho combined great courtesy 
with a delicate senso of humour, and though ho did 
not play himself ho had a groat lo\o of music 

At tho timo ho died ho hod bocomo nlmost com 
plotel} lielploes from multiplo sclerosis tho first 
8} mptoroB of which hod appeared more than twenty 
years ago In «plto of increasing disability, ho 
remninod at work tliroughout tho Second 1\ orld War 
aa Bciontifio advisor to tho Inter Services Ionosphere 
Bureau at the Marconi Research Laboratories, and 
after his retirement m 1940 ho continued to work at 
homo for sovoral more years 

During tins period ho published a number of 
papers, hia do\otod ■wife acting as Ins nmnnuon«is 
There ift no doubt that It was her amazing courage 
and cheerfulness that maintained his lifo for so long 
and indeed it was to pneumonia d urine tho infiuonzi 
opiderruc Hint ho finally succumbed Tho loving can 
which mtrroundod him during those lost wars w t 
source of inspiration to all who witnessed it , 

O MmUMJTOK , 
,*K 
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Prof A O R Windaus 

On June 9 it was reported from Gottingen that 
Adolf Windaus had died m his eighty -third year Ho 
had retired as professor and director of the Umversity 
Chemical Laboratory at GQttingen m 1938, and was 
made emeritus professor and director m 1944 

Windaus was bom m Berlin in 187G, educated at 
the Universities of Berlin and Froiburg-im-Bresgau 
and became Pnvatdozent in 1903 After a short 
period at Innsbruck, he was elected to Gottingen m 
1915 He was awarded the Nobel Pnze for Chemistry 
m 1928, and also received the Bacyer, Pasteur and 
Goethe Medals 

To those interested in steroids, Windaus’s name 
will stand with that of the late Heinrich Wioland as 
the greatest in the period of German pre-eminence in 
discovery about the chemistry and physiology of 
these substances Most of his publications between 
1903 and 1928 were about cholesterol and described, 
inter aha, the preparation of complexes with digitonm, 
sol emn, etc (1909, 1918), the nature of the side- 
chain (1913) and the relationship to coprosterol 
(1910) and to the bde acids (1919) Papers also 
appeared on stigmasterol (190G, 1924), sitosterol 
(1918, 1924), hydrodeoxycholic acid (1923, 192G), 
chenodeoxychohc acid (1924, 1925, 1926) and on 
‘p’-phooffichohc acid (1928) All this work and much 
more, including some on heart poisons and saponins, 
was done without modem knowledge of steroid 
formula; , yet Wmdaus’s fundamental discoveries 
stand largely unchallenged to-day His work on 
scymnol (with W Bergmann and G Komg, Hoppe 
Seyl Z , 189, 148 , 1930) was the first on the 

chemistry of this substance The paper with Alfred 
Hess, of Columbia University, New York, entitled 
“Sterine und antirachitisches Vitamin” and pub- 
lished at the session of the Gesollschaft dor Wissen- 
schaften zu GGttingen on January 28, 1927, clearly 
recognized that both ergosterol and an impurity 
separable from cholesterol acquired antirachitic 
activity on irradiation with ultra-violet light Parallel 
work had already begun in England (for example, 
I M Hedbron, E D Kamm and R A Morton , 
O Rosenheim and T A Webster, Ghem and Indusl , 
46, 932 , 1926) , it was energetically pursued there, 
and also by Windaus and his colleagues untd, m 
1931, success m isolating a pure vitamin D was 
announced almost simultaneously from G6ttingen and 
Hampstead, London From irradiated ergosterol, 
F A Askew, H M Bruce, R K Callow, J St L 
Phdpot and T A Webster (Nature, 128, 758 , 1931) 
obtained calciferol, and Wmdaus and O Linsort 
(Liebigs Ann , 489, 2G9 , 1931) vitamin Dj these 
substances were later found to be identical, although 
the separate names were retamed 

‘Vitamin D,’, originally reported as pure by the 
German workers (Liebigs Ann , 489, 252 , 1931), was 
later proved (ibid , 493, 259 , 1932) to be a molecular 
compound of vitamin D* and lumisterol 

For Wmdaus, this was by no means the end of the 
vitamm D problem Doubts as to the identity of 
calciferol (vitamm Dj) and the antirachitic vitamm 
of fish-liver oils persisted, and C E Bills ( Physiol 
Rev , 15, 1 , 1935) summarized evidence that the 
antirachitic vitamm in irradiated (impure) cholesterol 
and m cod liver oil (as measured m *rat units ) is 
more potent for chicks than the vitamm (calciferol) 
m irradiated ergosterlly 

Wmdaus br illian tly recalled that J Mauthner and 
W Suida m 1896 (Mh Ghem, 17, 679) had oxidized 
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cholesterol with chromic acid to 7-kotocholostcrol, 
and, with H Lottrc and Fr Schonck (Liebigs Ann , 
520, 98 , 1935), ho reported the conversion of thi6 
substance into 7-dohydrocholestoiol Irradiation of 
this gave a mixture from which v, as isolated (Wmdaus, 
Ft Sehenck and F von Worder Hoppe Seyl Z , 
241, 100 , 193G) vitamm D„ identical with tbo 

natural vitamm obtained from tunny Iner oil b\ 
H Brockmann (Hoppe Seyl Z , 241, 104, 1930) at 
Gottingen Wmdaus’s later papers wore about the 
chemical nature of natural forms of vitamm D and 
the chemistry of irradiation products of ergosterol 
and 7-dehydrocholesterol 

Wmdaus’s publications, which ceased m 1944, 
remain as an inspiring example of what a great 
intellect can still accomplish in scientific discovery 

GAD Hasleu ood 

Dr F Busemann 

Dr Felix Busemann, who died on April 30 at 
the untimoly age of fifty-ono, was an outstanding 
authority m Ins chosen subject, electrical transmission, 
as is lus brothor, Adolf Busemann, one of the leading 
German aerodynamicists now m America Tramod 
at the Institute of Technology, Darmstadt, ho became 
later assistant to the professor of electrical machine 
design there, and in 1934 joined the firm of Siomons 
Schuckort m Berlin, becoming one of a team con- 
cerned "with future developments m electrical trans- 
mission ThiB team hnd as one of its assignments that 
of lugh-voltago direct current transmission Starting 
with a pilot scheme between Cliarlottonburg and 
Moabit, it followed by planning the Siemens Schuckert 
half of the major Elbo-Borlm project After the 
Second World War, Dr Busemann was chosen by 
the Darwin Panel and came to Britain in 194G to 
report on the Gorman work m this field 

Busemann found the social climate in Britain so 
akin to his temperament that he shortly accoptod an 
offer to join tho staff of the Electrical Research 
Association and continue lus studies on d c trans- 
mission These resulted m a masterly series of four- 
teen reports covering all aspects of tho subject with 
the exception of valves, for the study of which 
facilities were lacking Ho plaved a major part m 
tho planning of a pilot scheme which, had it matured, 
would have placed Great Britain m the von of 
development He was without doubt tho foremost 
authority on high-voltage direct-current transmission 
m Britain, and his loss will be greatly felt 

With the temporary cessation of interest in direct- 
current transmission, Busemann turned Ins versatile 
mind to other aspects of transmission Among those 
he devised, jointly with W Casson, a classic pro 
gramme of full-scale experiments on power-system 
stability (Cliff Quay), described m a paper be- 
fore the Institution of Electrical Engineers last 
year More recently, ho had been concerned with 
mechanical and thermal properties of soil and 
utilization of power cables To all these he brought 
quick appreciation of decisive factors and great 
facility m analysis and exposition 

Behind a natural modesty Busemann hnd great 
personal charm and humour as well as perception 
He was a musician of almost professional attainment 
and gave much service to his church and tho social 
activities of the Electrical Research Association Ho 
will be remembered by all who know him for a long 
time to come He leaves a widow and two daughters 

L Gosland 
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Miss Grace M Sickles 

Grace M Sickles, associate research scientist m 
tlio Division of Laboratories and Research of the 
York State Departrnont of Health died on 
June 29 at Troy, New York An eminent bactcrio 
logiflt and virologist Miss Sickles had boon a member 
of tho Health Department since 1918 with a two 
joar period of service (1919-20) in the Communicable 
Diseaso Laboratories of tho "United States Amu 
She was a graduate of the New York State College 
for Teachers and a member of tho principal scientific 
soofeties in her fields of research 

Mias Sickles v\oa associated with Dr Augustus B 
Wadsworth in an extensive series of investigations 
on the production and standardization of anti 
pnoitmococcus, antimemngoooocus and antistrepto 
coccus sora, studying, as early as 1038 tho action of 
immune serum in conjunction with chemotherapy m 
experimental streptococcus infections Some of Miss 
Sickles’s studies of diphtheria toxin and on the anti 
biotio activity of micro 'Organisms from tho soil were 
carried out at the Marino Biological Laboratory 
Woods Hole, Massachusetts 

Miss Sickles was the discoverer with Dr Gilbert 
Dulldorf in 1947 of the coxsaokio virus Tho virus 
was identified during a study of outbreaks of polio 
myelitis in Now York State It was named after the 


village m winch tho first two recognized human 
infections occurred Tho coxsackie group now 
includes more than a dozen viruses which are common 
smtroes of infection in man 


Mr W E Perry 

The suddon death on June 5 of Mr W E Perry 
a senior principal scientific officer at tho National 
Physical Laboratory, Toddmgton, removes one of 
tlie loading flguroa m tho field of radioactive and 
radiation standardization Bora in 1003 Perrv took 
Jus degree from Nottingham and joinod the Labored or \ 
in 1928 He was responsible for re measurement of 
the National Radium Standards m 1034 and for the 
subsequent development of radioisotope measure 
ments Later os head of tho Radiology Soot ion at 
the Laboratory , he liad chargo of tho work on radio 
isotopes, X rs\ domino try noutron standardization 
and radiocarbon dating and hod an international 
reputation for lus scientific integrity and wide 
knowledgo in these subjects At tho time of his 
death, ho was pro paring material for tho ninth 
International Congress on Radiology at Munich in 
his capacity’ as chairman of Committee I of tho 
International Commission on Radiological Units and 
Measurements 


NEWS and VIEWS 


The British Association New President 

Sm George Thomson, master of Corpus Chnsti 
College, Cambridge, has been elected president for 
1000 of tho British Association for tho Advancement 
of Soienoe in succession to Sir James Gray Sir 
George haa had a distinguished career as a physicist 
as a man who gave outstanding service to the Atomic 
Energy Project m its oorly day's and os master of 
Corpus Chnsti College The son of the late Sir J J 
Thomson, J jo was educated at Trinity Coll ego Cam 
bridge, obtaining a first-class degree both in tho 
Mathematical and in the Natural Sciences Tripos 
Aftor service in Franco with tho Army , followed by' 
reeeoroh on aeronautical probloms, ho was nppointod 
to the choir of phyBics at Abordoon in 1022, whore 
ho carried out tho epoch making work on tho de 
fraction of electron beams by thm motal foils, thereby 
establishing boyond doubt the wove naturo of tho 
electron For this work he was awarded tho Nobel 
Prize for Physics in 1937 Between 1030 and 1052 
ho was professor of physics in tho Imperial Collego of 
Science and Technology, London, and was clmlnnan 
of the first. British Committee on Atomic Energy, tho 
Maud Committee, appointed in 1040 Ho has played 
n considerable port in the development of tho subject 
ever smeo, being interested not loss in Us social ns 
woll as in its scientific aspects Since lus appoint mont 
to the mastership of Corpus Chnsti College his 
interest in physics lias continued and ho lias pub 
lishc-d work on gas discharges and has been chairman 
of Section A (Mathematics and Physics) of tho 
British Association Both on account of tho great 
distinction of his aclentifio work and his interest m 
the wider implications of scientific advnnco ho wall 
be a most welcome president of the Bntish Associa 
lion 


Director of the Royal Aircraft Establishment 

Prof M J Llghthlll F R2> 
Prof M J Liairmiix, Boy er professor of applied 
mathematics at tho Uni\eTmty of Manchester since 
1950, has been appointed director of the Rovnl Air 
craft Establishment, Famborough in succession to 
Sir George Gordnor who is succeeding Air Chief 
Marshal Sir Claude Polly as controller of aircraft at 
tho Ministry of Supply in October 

Prof LighthQl has mndo outstanding contributions 
in many fields of fluid dynamics as woll as m more 
general spheres of pure and applied mathematics 
His applications of tho fundamentals of mathematics 
to various aeronautical problems have boon eig 
mficant and widespread Ho is particularly well 
known for his theoretical work on jot noise this 
work, which has been largely substantiated b\ 
experiment, relates tho noise to tho turbulence in 
the jet Ho 1ms always displayed a continuing 
interest in tho practical application of his theories 
and has been for a number of years n member of tho 
Aeronautical Research Council Prof Lighthil! wa* 
educated at IVin Chester and Cambridge, and was 
oloctod to the fellowship of tho Royal Socioty in 
1953 at the oarl\ age of twenty nine 

Royal College of Science and Technology, Glasgow 
Sir David Anderson 
Sm David Anderson, who is to retire from il»* 
IHwt of director of tho Rovnl College of Science and 
Technology in December 1950 was api>omtod 
principal of Derby Tochmcftl College in 1020 «t tht 
ago of 31 In 1030, he become prinnpal of tlie 
Central Toclmicnl Collego Birmmglmm and tn a 
period of 10 yean* winch spanned the nnltiom 
wnr vears ho Ink! tho foundationa of .the College of 

\ 
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Advanced Technology, designated as such by the 
Minister of Education in I960 In this period, too, 
he became increasingly concerned with the problems 
of technical education at national level This was 
especially true of his work as a member of the Percy 
Committee which reported in 1946, and greatly 
influenced the development of post-war technical 
education He was president of the Association of 
Principals of Technical Institutions in 1932, and 
chairman of Councd of Association of Technical 
Institutions in 1951 He was a member of Council 
of the Institution of Mechanical Engineers during 
1941-42, 1948-50 First and foremost a Glasgow 
man, he was educated at Whitehill School, then at the 
then Royal Technical College, and served his appren- 
ticeship with the North British Locomotive Company 
He returned to the College as director m 1946, and 
the new engineering block, the recently opened 
students union, the Residential School of Management 
Studies at Bearaden, and the new students residences 
aro visible signs of bis vigorous leadership Ho has 
continued to serve on a large number of bodies at 
national level, and was knighted in 1957 After 
the manner of present times, we may hope that Sir 
David will not retire from all public work, otherwise 
the constructive contributions of his incisive mmd 
will bo greatly missed 

Dr S C Curran, F R S 
The Governors of the Royal Collego of Scionco 
and Technology, Glasgow, have announced tho 
appointment of Dr S C Curran as principal m 
successionto Sir David Anderson, tho retiring director 
Dr Curran studied at the Universities of Glasgow 
and Cambridge, graduating SLA., B Sc , Ph D 
(Glas ), and Ph D (Cantab ) His early researches 
were concerned with radiation phenomena and new 
methods of detection While at St John’s Collogo, 
Cambridge, and the Cavendish Laboratory, he 
pioneered in investigations of proton capture 

During the Second World War he shared m the 
successful work of the Royal Aircraft Establishment 
on proximity fuses and of the Telecommunications 
Research Establishment on the research and develop- 
ment of centimetre radar, having charge of one of the 
groups responsible for HAS and ASV , thereafter he 
joined the British Mission on Atomic Weapons in the 
United States At Berkeley he discovered the original 
form of the scintillation counter and the vacuum 
carbon arc Later at the University of Glasgow he 
introduced the modem form of proportional counter, 
determining with it the form of novel beta-spectra 
such as that of tritium An active research group 
soon grew up under his leadership 

In early 1955 he joined the Atomic Weapons 
Research Establishment, where he later became a chief 
scientist and member of the Management Board 
responsible for tho divisions of Nuclear Research and 
Electronics He also served as visiting member on 
tho Harwell Management Board A considerable 
growth of nuclear research has taken place at Aldor- 
maston during his years there 

Dr Curran was awarded the D Sc and Kelvin 
Prize of Glasgow in 1950 and elected to fellowship 
of the Royal Society in 1953 

Jean Senebier (1742-1809) 

Jean Senbbeee, who died of “uno cruello malache” 
at Geneva 150 years ago on July 22, 1809, is an 
anomalous figure m the history of botany A clergy- 
man untrained in the scientific method, yet possessing 
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the truo scientific spirit, ondowed with curiosity, 
intelligence, and industry', ho hod many interests 
theology', botany, microscopy, physics, chomistry, 
meteorology, library classification His tiresome 
rhetoric prevented his being appreciated by his 
generation Tlio son of a protestant tradesman of 
French origin, he was horn on May 6, 1742, at Genova, 
where he bocamo pastor m 1705 and chiof librarian in 
1773 In 1792 political unrest banished him from tho 
city for seven years Sonobior is romombored cluofly 
For lus studies on tho influence of light on vegetation 
Jan Ingonhousz, an ongmoor of Dutch extraction, in 
1779, introduced tho concept of balunco of animal 
and vegetable life by showing that plants generate 
dophlogisticatcd air TIhb activity' was demonstrated 
by' Sonebior beta con 1782-88 to bo confinod to tho 
green parts of plants winch, under tho influence of 
sunlight, convert fixed air (carbon dioxide) into 
dephlogisticated avr (oxygen) His “M&noiros physico- 
chimiques sur l’mfluonce do la lumiore solaire pour 
modifier les ctres des trois rfegnos do la nature" m 
tliroo volumes were published in 1782 Tho first to 
formulate a theory', m strictly chemical terms, of 
\ogotablo nutrition m his ‘tediously prolix’ (Sachs) 
fivo-\olumo “Physiologio v<5g<5tnlo” (1800), he stimu- 
lated his fellow Genevan, Nicholas Thdodoro de 
Saussuxe, to write his “Rocherches chimiques sur 
la vdg£tation" (1804), vhich was to eclipse his own 
work He was a corosponding member of tho Instiiut 
do France and of tho Roy v al Acndomy of Turin 

International Commission on Higher Education in 
Nigeria 

Sib. Eric Ashby (vice-chancellor of tho Queen's 
University of Bolfast and master-elect of Clare 
Collogo, Cambridge) returned from Lagos on May 7, 
aftor attending tho inaugural mooting of tho Inter- 
national Commission on Higher Education in Nigeria 
The Commission ( Nature , 183, 1231 , 1959), with Sir 
Eric Ashby os chairman, consists of two other United 
Kingdom momhors. Dr J Lockwood (master of 
Birkbock Collogo) and Dr G E Watts (principal of 
Brighton Technical Collogo) , and throe American 
mombers, Dr Frank Koppol (dean of tho Graduate 
School at Harvard University), Dr Eric Walk or 
(president of Pennsylvania State Umvorsity) and 
Prof H W Hannah (associate dean of agriculture. 
University of Illinois) The Nigerian mombers aro 
Shettima Kashim (formerly Federal Minister of Social 
Services, chairman of Nigerian College of Tech- 
nology'), Prof K O Dike (vice-principal and pro- 
fessor of history, Umvorsity College, Ibadan) and 
Dr S D Onabamiro (senior research follow m 
parasitology, University College, Ibadan) 

Sir Enc Ashby, speaking at tho inauguration 
meeting m Lagos on May 4, described tho decision 
to set up a Joint Nigerian-United States-Umted 
Kingdom Commission as a “Landmark in educational 
history” as this was the first time that such an 
international group hod been appointed to study' 
Ingher education in Nigeria Ho assured tho mooting 
that tho Commission would be able to recommend 
somo of the educational needs of tho first twenty 
years of Nigerian independence could be met, and 
that it would do its best to prepare for Nigeria some- 
thing which could be turned into action 

'Procinyl’ Dyes 

Imperial Chemical Industries, Ltd , has introduced 
‘Procinyl’ dyes, a new class of disperse dyes It is 
claimed that the initial four ‘Procinyl’ dyes display 
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on nylon, and other polyarrudo flbree the desirable 
attributes of tho established disperse dyes — good 
levelling, good coverage of lrreguinr-dyorng yarns, 
good compatibility in admixture, good temperature 
rango properties and good penetration They are 
applied in a similar manner Tho essential difference 
is that the ‘Procmyl’ dyee are applied initially under 
slightly acid instead of neutral conditions, and that 
dyeing is completed by an alkaline fixation stage 
during which certain reactive groups m tho Procmyl 
dye molecules react chemically and irreversibly with 
the ammo or omido groups in the polvomide fibre 
and so produco dyeings of high wot-fastnese All 
forms of nvhxi and other polyamide fibres of both 
the staple/ fibre and continuous filament types and 
induihiugwovon piece goods, kruttod piece goods and 
hosiery/ can be dyed satisfactorily with the now dyes, 
whipr may bo appliod, as necessary, on the jig 
(p/vorod jigs for preference) on winches, in pad&e 
^uyomg machines and in circulating liquor maclunoe 
Tho initial four Proemv 1* dyes — a yellow an orange 
a scarlet and a blue — permit on extensive range of 
shades to bo produced bocauso of tho wido mtor 
compatibility of the new dyes 

Only alight or negbgible reaction takes place 
botwoen TTrocinyl* dyes and acetate and triacetate 
rayons, for which tho now dyos aro not expocted to 
bo of much immediate interest although tho wet 
foatnoes ncluovod is gonorally hotter than with normal 
disperse dyes With the exception of ‘Procmyl 
Yellow G*, tho dyos are of minor importance on 
‘Torylono and other polyoetur fibres On ‘Acrfian* 
polyacrylonitrile fibre, although ‘Prociny 1’ dyes build 
up well to give heavy shades of very high wot fastness 
which results from the roootion botwoen the dy o and 
tho basio groupe m tho fibro, only tlie vellow in of 
particular into rest, the remaining dv es giving shades 
of low’ light fastnoss On acrylic fibres not modified 
by the Incorporation of basic substance#? thov display 
only limited build up 

British Ceramic Research Association 

Mellor Library 

The now library of tho British Caramio Research 
Association — tho Mol lor Library — wan opened at 
Stoke-on Trent on June 16 by Mr Prank West, vice 
president of tho Association and a kfolong friend of 
the lato Dr J W Mollor, in whoso honour tho library 
baa boon named Dr Mollor, tho well known physical 
chemist, turned his mind to problems of tbo ceramic 
industry Wodgwood, a contury and a half previously 
hod transformed a craft into an industry , Mollor 
during tho first throe docados of tho proeont contury 
did outstanding service to that industry by giving 
it tho basis of scionce tliat had liithorto boon largolv 
wanting Afl head of the Pottory Department of tho 
North Staffordshire Toohmcal Collogo Mellor taught 
a generation of pottory managers , os first director 
of research of tho British Refractories Research 
Association (tho forerunner of the British Ceramic 
Reooarch Association) Mollor initiated research at a 
time when industrial rosoarch was a novoltv But 
perl iaps he is boat known as Hie author of tho 
‘'Coinprohon.-uv o Treatise on Inorganic and Theoretical 
Chemistry” 

Educational Research 

The third lmio of Educational Rzstarch, tho journal 
of tho National Foundation for Educational Research 
in England and Wales, contains articles on tho teach 
mg of mathematics, tho ability'' to teach tho offoot 
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of environment on intelligence, school guidance 
Bervices and a comparison of attainments in different 
typos of primary school There is also a selected and 
annotated bibliography of works on tho curriculum 
of the secondary school (Newness Educational Publish 
mg Co , Tower House, Southampton 8t , Strand, 
London, W 0 2 Gs (W ) In tho article on tho teach 
mg of mathematics, Air J B Biggs discussoo tho 
distaste for school mathematics so commonly reported. 
His conclusions evaluate the relative o ffcct of basic 
personality and specific likes and dislikes part icu 
iarly in tbo case of the maladjusted cliiJd Many 
so-called lazy cluldren are seen to hovo found an 
initial block to their number learning because of their 
temperament This is heightened by accusations of 
laxmoss and consequent unimaginntivo driving by 
some teachers The implications of this and the 
other stimulating conclusions are important to tho 
teacher who might well ask himself why there is no 
similar anxiety concerning English 

A New Geological Documentation Service 
The wealth of information available constitutes a 
serious problem, for tbo future of tho research in tho 
Earth soioncos Before 1939, published work could 
Ixi covered by giving about ono thousand references 
a month At present, tho Sorvico d Information 
G6ologique of tho Bureau do Rochcrclioe Gdologiquoe, 
G6ophyaiquo* ot Mini&ros indexes monthly more than 
3,000 references, and it is estimated tliat 5 000 refer 
oncoe should be given to ensure coraploto coverage of 
tho field Tho situation is complicated by the number 
of works now appearing m little- known languages 
and by tbo launching of now periodical* and special 
publications Incod with this problom, tho Sorvico 
d Information G6ologiquo of tho Bureau do Roeherches 
GiSoIogiques, GiSophysiquos ot Muudres, which has 
taken over and oxpandod tho work of tho Centro 
d fitudes et do Documentation Faltfontologiquos, boa 
set itself the task of providing an oxtondod and rapid 
Borneo of basio geological information Tho Sorv ico 
d ’Information G^ologiquo scans oven, wcok about 
3,500 periodicals, more than 200 of which are pub 
lishod in Russian, Tho reforonccs aro typed m tho 
original languago or if thoy are not in Latin charnc 
tors, aro translatod, usually mto French , thm aro 
thon classified in 1,200 soctions under twolvo main 
hoadings (mlnoralogy, petrography , stratigraphy , 
tectonics, geophysics, geological activities, geological 
phenomena, applied g oology, gonoral paleontology 
biology, botany and zoology) Tho work is of course 
earned out under the supervision of scientists Each 
reference is indexed by titlo and b\ content Tho 
nvorago numb or of indexes to oachnlwtrort card is five 

Centra! Advijory Water Committee 
Os. tho expiry of tho first ponod of appointrnont, 
tho Minister of Housing and Local Government Mr 
Henry Brooke 1ms reviewed tlvo composition of tho 
Control Advisory Wat or Committee and rondo v anoint 
ro -appointments and now appointments Tlio mom 
borship of tlio Commit too is drawn from tho major 
interests concerned with water, for oxamplo, writer 
supply, industry, scientist a, agriculture, river board* 

Tho Atimstor ifl chairman of tho Committee and tbn 
vico -chairman is tho Parhamenfan Secretary, Mr 
J R Bovina. Srnco its reconstitution in 1955 tho 
Committee has published reports on tlio demand for 
wntor in England and Wales on information on water ' 
resources and on the law dealing with the disposal 
of trade eflluent* 
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Selsmological Association Meeting in Toronto 
The leport of the meetings of the Section for 
Seismology and the Physics of tho Earth’s Interim, 
prepared by the associate secretary. Dr Markus 
B&th, of Sweden, has recently been published (pp 
448 Strasbourg Bureau Central International do 
Sthstnologie, 1958) Most of the subdivisions into 
which this subject may be divided w ore discussod in 
the twenty-two sessions Detailed reports of these 
meetings, the presidential address by Prof Ii E 
Bullen, of the University of Sydney, tho leport of tho 
meeting of tho European Seismological Commission 
the Committee of the International Seismological 
Summary and the Committee for the International 
Geophysical Year are included In addition, thero 
are seismological reports from thirty -four countries, 
and the resolutions adopted at tho assombly Tho 
whole covers some 455 quarto pages At tho con- 
ference, ten sessions weio devoted to seismology 
alone, six to joint meetings with tho Association of 
Volcanology and two to jomt meetings with tho 
Association of Geodesy It was at an extra session 
at Toronto that Prof K E Bullen announced that 
the U S Atomic Energy Commission had released 
information concerning the time and place of a 
future underground nuclear dotonntion in Nevada, 
so that seismologists could preparo to participate m 
the recording The International Geophysical Yeai 
Committee discussed particularly the recording of 
earthquakes with epicentres in tho arctic and 
antarctic regions , and it is noteworthy that M E 
Guyot is proceeding ruth the preparation of a sois- 
mological dictionary which it is hoped will ho 
published without delay 

Soil Survey of Great Britain 
The soil survey of Great Britain, with hcodquartors 
at Rothamsted, will occupy many years, and reports 
are to be published as each county is completed 
The magnitude of tho task can bo realised from the 
memoir on Anglesey (Agricultural Research Council 
Memoirs of the Roil Survey of Great Britain — 
England and Wales The County of Anglesey 
Soils and Agriculture By E Roberts Pp vm + 
116 + 11 plates London H M Stationery Office, 1958, 
10s net), which includes also a small proportion of 
Caernarvonshire , nearly fifty soil sones, which are the 
mapping units, are identified and described Anglesey 
is relatively flat, but there are considerable variations 
in the land surface due to tho rugged outcrops of the 
Mona complex, the sharp escarpment of the Carbon- 
iferous limestones, the igneous rocks, wind-blown 
sands and glacial features The varying thickness of 
the boulder clay has contributed to the irregular 
undulations of most of the fields 

Classification and mapping of the soils aie based 
on the soil profile, since it reflects the action and 
balance of the many piocesses that have led to its 
formation , drainage has a profound effect, and is 
taken into account m the classification Although 
familiar to soil scientists and to many advisory 
officers, tho subject is new to workers m related 
subjects, and to farmers The Soil Survoy of Great 
Britain will be tho foundation for a planned approach 
to fertilizer and cropping problems for many years, 
and such reports will have to be studied, and the maps 
referred to frequently The one inch, to the mile 
sod map that is provided may prove too small for 
leforenco to some individual farms on oi near tho 
margins of the soil areas, but a 6 in map is available 
for refereneo at Rothamsted 
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Grassland Productivity 

“Tho Measurement of Grassland Productivity” uas 
tho subject of tho sixth Easter School m Agricultural 
Science. which was hold at Iho University of Notting- 
ham School of Agriculture, Sutton Bonington, during 
April 13-16, and was organized by Piof .T D Irons 
Twonty papers were read, primarily concerned willi 
techniques of grassland evaluation Assessment of 
productivity from the botanical point of view, m 
toims of animal production, tho consumption of 
herbage by grazing livestock and grassland pro- 
ductivity on a farm scale wore considered Now 
variotios of herbago plants havo been produced and 
then loquiroments havo been explored to a great 
oxtent New teelmiques have boon developed which 
havo resulted m vast increases m the production 
from grassland, but a constant problem and hindrance 
to development has boon — and still is — the lack of 
methods which may bo used with validity to measuro 
and comparo grassland productivity Some 140 
members from Britain and overseas exchanged 
experiences and ideas and discussod the limitations 
and applications of techniques of measuring tho 
productivity of grassland The proceedings vull be 
published 

Safety in Mines Research 

The thirty-Bixth annual report on Safety in Mines 
Research (pp 81+4platos London HM Station- 
ery Office, 1958 5s not) is a gonoral roviow of pro- 
gress in tho year 1957 of tho Safoty in Mines Research 
Establislimont of tho Ministry of Power Tho roport 
describes research undertaken m tho general fiolds of 
oxploBives and blasting dovicos, ox plosion hazards, 
breathing apparatus, tiro hazards, engineering anil 
metallurgy, dust control and pneumoconiosis hazards, 
and m certain other fields, together with a record of 
testing services, earned out by tho Establislimont 
A significant feature of some aspects of tho work is 
the active co-operation and mtorchango of rosults 
with kindred establishments m France, Germany 
and Poland More than ninety topics are discussed , 
it is difficult to soleet individual topics for special 
mention, but perhaps attention may bo directed to 
the work reported on the fluid mochaiucs of coal dust 
explosions, a subject of interest to all concerned with 
fires and explosions duo to organic dusts There are, 
m fact, many topics reported which are of interest 
and importance to scvoral industries m addition 
to the mining industry, including breathing apparatus, 
engineering and metallurgical problems of importance 
m convoying, winding and supports, and tlio study 
of dusts and of pneumoconiosis 

Morbidity Statistics from General Practitioners 

Ik the series of Studies on Medical and Population 
Subjects, tho first volume of morbidity statistics 
collected from gonoral practitionoi s lias recently 
appeared (General Rogistor Office Studies on 
Medical and Population Subjects No 14 Morbidity 
Statistics from Gonoral Practice, Yol 1 (General) By 
Dr W P D Logan and A A Cushion Pp IV + 
174 London HM Stationery Office, 1958 15s c d 
net) A number of practitioners agreed to keep 
records of all consultations with patients on tlioir 
list, and tho General Register Office wont to con- 
siderable troublo to obtain tho correct population at 
risk to which these consultations could bo related 
Yliilo the practices wore not chosen ns a repre- 
sentative sample of the total population, this is the 
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finst time that a survey has been taken, and that 
data showing the load on genera] practitioners have 
become available on this bcoIo Tlio present pub 
k cation shows consultation rates and rotes of 
patients consulting for difforent age and sex groups 
and difforent diseases It is oxpectod that a further 
volume which will contain figures on occupational 
morbidity will bo issued in the future 

Mammals of the Belgian Congo 
A PATEh by J Vor&ohuren on tho ecology and 
biology of tho larger mammals of tho Garamba 
National Park in tho north-east of the Belgian Congo 
forma the ninth, fasoiolo of tho results of H de Saoger s 
expedition for the exploration of the park (Explore 
tion du Pare National de la Garamba Mission H do 
Saoger Fascicule 9 ficologio et Biologio dee Grands 
Mammif&ree (Primates, Carnivores Ongul^s) Par 
Jacques Vorschuren Pp 226 + 2pIancho8 Bruxelles 
last ltut doa Parcs Nationoux do Congo Beige 1968) 
In tho region studied the larger mammals are much 
more difficult to observe tlian m Bast Africa owing to 
the much denser vegetation in which they seok 
refuge, but the author has made good uso of the 
two years that he was in tho field and has collected 
much valunblo information about thorr biology 
After a short introduction describing tho country and 
tho methods employ od the work is arranged system 
ntically, and each species ib dealt with under the 
headings particulars of specimens examined local 
names, geographical distribution, systematica and 
morphology and ecology and biology For most 
species the last Beet ion. is by far the largest and is full 
of carefully recorded observations of tho greatest, 
interest Fifty -ono species are dealt with, distributed 
among the Primates, Phohdota, Carnivora, Tubuli 
dentate, Proboecfdea, Byracoidea, Ponssodactyla 
and Artiodaotyla. Tlie author adds tlrnt his lengthy 
experience of mammals in the wild lias convinced 
bun of tho invalidity of many of tho mnumerablo 
forms, subspecies, and races that have been so 
profusely described by some writers — a remark that 
wjll bo heartily endorsed by other field zoologists 
Tho value of the paper is enhanced by a largo number 
of photographic illustrations Including two platoa in 
colour 

Coiftsfon Broadening of Spectral Liner 

Collision broadening is an important process m 
the formation of stellar absorption lines ami collision 
shifts have boon discussed as a posaiblo explanation 
of tlmt part of tho red shift of solar linos -which is 
unaccounted for by the Einstein gravitational shift 
IV R Bmdmarsh (Mon Noi Roy Astron iSoc,lI9, 

11 , 1060) has recently reported tho results of tho 
first of a sones of measures of collision effect* in 
atomic spectra Tho collision shift and broadening 
of tho noutral calcium Uue ? 4227 A* duo to an 


between calcium and helium atoms as well ns the 
long range van der Waals forces Hindmareh also 
shows that the collision shift of the calcium line is a 
negligible component of the solar rod shift and cannot 
account for the difference between observed and 
predicted solar red shifts. In the second paper fo] 
lowing the abov e \V R Hindmareh and K A 
Thomas show that for two argon lines the collision 
shifts are in reasonable agreement with tho Lindhohn 
thorny 

Hot Laboratory Equipment 

Hot Laboratory Equipment’ is a revised and 
enlarged second edition of tho “Hot Laboratory 
Cataloguo , which constituted the nmjor portion of 
Chemical Processing and Equipment' {T1D 6279) 
publish od by tho TJ 8 Alormo Energy Commission as 
one of the sovornl volumes for the 1966 Infom/Ukwd 
Conference on the Peaceful Uses of Atomic Encrpv 
The new edition (pp \ ill +420 ’Washington DC 
Government Printing Office 1068 2 60 dollars) 

which is fully illustrated contains descriptions of 
facilities oquipment and accessories for handling 
inodoreto to largo amounts of radioactlvo materials 
It bats 229 items compared with 120 in the first 
edition, and inoludes newly do\oloj>cd itoms as well 
as items omitted for various reasons from tho first 
edition Acknowledgment is made -wherever possible 
to tlie organization responsible Tor tho development 
of the particular equipment described Most of tho 
eqiupmont listed was developed by notional labor 
atoriefl or contractors to tho Coinmiamon but somo 
wore dovelopcd bv private firms. The contents ik 
confined to hot laboratory equipment produced in 
the United States but tho render is referred in tho 
prefaco to two British publications ( Ranoto Hand 
ling Equipment by A Apporiv Atomic Encrpv 
Research Establishment l fR 1291, and Radio 
isotope Instrumentation and Accessories ‘ by D 
Taylor and A G Peacock, Scientific Instrument 
Manufacturers’ Association, 1965) for information on 
Rimflar equipment available in Great Britain 

Textiles and Dyes at the University of Leeds 
The eighty fourth report of tho Toxtfio Industries 
and Dyeing Advisory Committee on tho work of the 
Departments of Toxtilo Industries and Colour 
Chomistry and Dyomg m tho University of Leeds 
(pp 47 Leeds \ Tho “University 1969) covers the 
session 1957-68, in whloh applications for admission 
greatly exceeded places and \ on full programme* of 
tone king and research wore maintained In tho 
Toxtilo Industries Department, full time students 
numbered 351 and m that of Colour Chemist r\ and 
Dyomg 60 Lists of publications are included In 
tortile phvsics work continued in \ ntv diffraction 
electron inicroecopv, infrared absorption and sodi 
mentation In tho ultroeentnfuge A second electron 


external pressure of helium hn\o been measured 
Tho lino was formed in absorption by passing white 
light through calcium vapour in tho prceonco of 
helium at v arioua pressures less than ono atmosphere 
Tlio half intensity damping width of the hno was 
found to be 1 72 x Hh* Q cm ~ l per atom per cm 1 of 
hohum, and tho shift 0 05 x 10 ,0 cm,-’ per atom 
per cm • towards tho violot The ratio of broaden mg 
to shift on the Lindholm theory is 2 70, and tho shift 
is predicted to bo towards tho rod Tho observed 
ratio is much larger and the observed shift is m tho 
opposite direction Tills discrepancy must ho duo to 
tho involvement of tho short ran go repulsive forces 


microscope woh installed In text do chemistry a 
method of producing a permanent lustre on all wool 
fabrics haa been dovolopod and the chemical moch 
amsin of permanent set espcemllv that obtained 
with sidphito-hundphito solutions wna ro.evnmmed 
Work on tho effect of variations m the nature of thi 
keratin in tho assessment of vv ool qualit \ continued 
Tlio constitution of some smnt pigment* which max 
bo involved in tho staining of wool the wurfnoc 
activity of steroids and pyrolytic degradation of 
cholesterol are Imlng studied anti a brief examination 
of tho dielectric proi*rtiCfl of lanodernl indicated its 
sultabUitv for use in impregnated paper capacitor* 
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In textile engineering good progress is reported m 
the analytical study of loom noise and m a study of 
the drying of textiles In textile technology, work 
on the chemistry and practice of finishing fabrics 
mado from both wool and man-made fibres con- 
tinued and on the measurement of yam irregularity 
The chemical properties of pigmented wool, the 
action of concentrated sulphuric acid on wool, the 
removal of compounds of high molecular weight from 
textile materials and the degradation and yellowing 
of nylon were also studiod 

In the Department of Colour Chemistry and 
Dyeing the course of the changes which occur in 
the reaotion of aromatic carbonyl compounds with 
basic substances was examined, a study of stilbene- 
quinono and its derivatives was completed, and 
work on elimination of groups from vat dyes on 
reduction and on the reactions of sulphimc acids 
with azo compounds and azmes contmued A group 
of diazoruum salts soluble m benzene was prepared, 
and a study of the interaction of aminoantliro- 
qumones and aminofluoronanes with nitrobenzene 
and a-nitronaplithalene was completed, as well as 
work on the vapour pressure and absorption energies 
of some anthroqumone and azo dyes The influence 
of tho acetyl value of acetate rayon on the rate of 
dyeing and affinity for disperse dyes is being studied 

Journal of Nutrition 

Dr Richard H Barnes, dean of tho Cornell 
University Graduate School of Nutrition, Ithaca, 
New York, has been appointed editor of the Journal 
of Nutrition Ho succeeds Dr George R Cowgill of 
tho Yale Nutrition Laboratory, who has served as 
editor for twenty years Dr Cyril L Comar, director 
of the Laboratory of Radiation Biology, New York 
State Veterinary College, has been appointed associate 
editor Tho appointments became effective July 1, 
1959 Tho editorial offices of the Journal of Nutrition 
aro being moved from Yale University to tho Cornell 
Umvorsity campus Manuscripts should be sent to 
Dr Bamos at the Graduate School of Nutrition, 
Savage Hall, Cornoll Umvorsity, Ithaca, New York 

Nature Conservancy Awards for 1959 

The Nature Consorvancy announces the following 
awards of research studentslups for postgraduate 
training m ecology, tenable for periods up to three 
years at the umveisities shown Botany J K 
Marshall (Cambridge), D P Nicholas (Liverpool), 
W J Roff (Cambridge), J T R Sharroek (South- 
ampton), D T Streeter (London) , Zoology M L 
Clark (Leeds), E R Creed (Oxford), J M Edmgton 
(Durham), C J Henty (Oxford), J B Nelson 
(Oxford), G C Phillips (Oxford) , Geography I G 
Simmons (London) 

University News Edinburgh 

Prof A D Ritchie, professor of logic and meta- 
physics in tho University of Edinburgh, retires on 
September 30 , Ins long and distinguished career was 
mentioned m reviewing Ins recent book, “Studies in 
the History and Methods of the Sciences’ 1 ( Nature , 
July 4, p 4) Prof E E Harris, formerly professor 
of philosophy m the University of the Witwatersrand, 
has boon appointed acting hoad of Prof Ritchie’s 
Department foi one year 

Swansea 

The following appointments have been made in the 
University College of Swansea for the session 1959- 
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60 , Dr J R Cross, superintendent of the Chemistry 
Laboratories , Miss Glenys Thomas, map curator and 
cartographer m the Department of Geography , 
Sir P W Davies, assistant lecturer m metallurgy , 
Dr H E Evans, lecturer m engineering , Mr B W 
Preece, assistant lecturer in engineering 

Announcements 

Mr Waiter Garner, formerly chairman of the 
Yorkshire Section and at present chairman of the 
London and District Section of the Textile Institute, 
and Dr A R Urquhart, honorary secretary of the 
Institute and an assistant director of the British 
Cotton Industry Research Association, have been 
awarded the Service Medal of the Textile Institute 

Prof H Mark, director of the Polymer Research 
Institute of the Polytechnic Institute of Brooklyn, 
New York, will dehver the Fourth Baekeland 
Memorial Lecture under the title “Reoent Progress 
m Polymer Chemistry” The Lecture will be delivered 
on October 22 at the Royal Institution, Albemarle 
Street, London, W 1 

The International Commission on Zoological 
Nomenclature has been given accommodation m the 
British Museum (Natural History) This will greatly 
facilitate the work of the Commission by reason of 
the unique library facilities and wide range of specialist 
advice available Correspondence should m future be 
addressed to Mr N D Rdey (Honorary Secretary), 
International Commission on Zoological Nomen- 
clature, c/o British Museum (Natural History), 
London, S W 7 

The second session (1959-60) of the Welsh Soils 
Discussion Group will open with a meeting m the 
Department of Agricultural Chemistry, University 
College, Bangor, on October 28 The subjeot for 
discussion will be “Mmoralogical Aspects of Soil 
Science” , the introductory speakers will be Dr F 
Smithson and Mr R I Davies (Bangor) and Mr. 
D F Ball (Nature Conservancy, Bangor) Further 
information can be obtained from Mr J A Taylor, 
Geography Department, University College, Aberyst- 
wyth 

The Scottish Conference on “Relationships in 
Industry Some Changing Concepts of Manage- 
ment”, which is being organized jointly by the British 
Institute of Management and the Ministry of Labour, 
will be held at Gleneagles Hotel during October 
23-24 It will be opened by Sir Alexander Fleck, 
chairman of Imperial Chemical Industries, Ltd 
Further information can be obtained from the British 
Institute of Management, Management House, 80 
Fetter Lane, London, E C 4 

In November 1859 Charles Darwin published “The 
Origin of Species” and Queen Victoria granted the 
Royal Title to the Royal Society of Victoria To 
mark these two centenaries, the Society is organizing 
a symposium on the Evolution of Livmg Species, to 
be held m Melbourne during December 7-11 Dr 
Ernest Mayr of the United States will bo the guest 
speaker Further information can be obtained from 
the Honorary Secretary, Royal Society of Victoria, 

9 Victoria Street, Melbourne, C 1, Victoria 

Referring to the renew m Nature of June 27, 
p 1766, Messrs Chapman and Hall state that the 
present Am erican price of Cox’s “Planning of 
Experiments” is 7 50 dollars 
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MOLECULAR AND ATOMIC MOTIONS BY RADIO-FREQUENCY 

METHODS 

MAXWELL-A.M P E R.E CONFERENCE 


A JOINT mooting of the Colloque A.M P.E.R E 
(Atom* et Molecules par Etudes Radio Elec 
triques) and the British Radio Frequency Spoctro 
soopy Group was held during April 1-3 at Queen Mary 
College, University of London. The meeting was 
attended by more than two hundred scientists, mostly 
from tho British Isles but with strong representation 
from Franco, Holland, Switzerland and the Eastern 
European countries m particular Tho subject for cits 
mission at the Conference) was, ‘ Molecular and atoimo 
motions in liquids and solids b} radio froquenoy 
methods” In tho tradition of the AMP E JR E 
meetings tho subjects covered were, dielectrics, 
nuclear magnetic) resonance, quadrupole magnetic 
resonance and electron spin resonance However, tho 
tango of the papers was oonstrained somewhat more 
than lias boon usual at tho AJSt.PJ3.RJE conferences 
by the specification of a subject for discussion, albeit 
rather widely interpreted 

Tho forty four papers presented showed the power 
and rango of the radio-frequonoy mothods in studying 
molecular and atomic motion and tliero was an 
impressive consistency and simflanty in the informa 
tion produced by tho very different experimental 
methods It waa regrettablo that tune did not allow 
tho inclusion of mechanical and ultrasonic absorption 
measurements although those received mention in 
several of the papers 

8 moo many pooplo versed m one discipline attended 
lectures m another, the occasion, was a suitable one 
for having a general introductory lecture in each 
Bubjoot, and theso were given by Prof H FrOhllch 
(Liverpool) on “Dieleotno Theory”, Hr J G Powles 
(London) on “Motional Effect* in Huoloox Magnotic 
Resonance” and by Hr M Buylo Bo din (Grenoblo) 
on “Motional Effects in Pure Quodrupolo Rcaonanoe” 
Even so, many of tho discussions bocarno extremely 
teclinical and specialized and tho difficulty in having 
a mooting on a subject which outs across tho tradi 
tional interests and comportments of science was 
apparent This difficulty is a common ono in con 
ferences theso day* although highly specialized 
discussion is said to bo ovidonoe of ‘maturity of a 
subject It is regrettablo that tho cross fertilization 
winch should be brought about by conferences such as 
this one is so difficult to achieve It is therefor© very 
valuable to have organizations ‘d’informations 
mutuollcs such a* tho Colloque AJM.PJEJR.B and the 
British Radio Frequoncy Spootroscopy Groun the 
membership of winch cuts across tho traditional 
disciplines and contrasts with tho oxtromo special iza 
tion of mnn> organizations 

It was a source of great sorrow to all present, and 
particular!} to tho writer, that Prof Freymann (Paris), 
tho inspiration of tho Groupemont A3I P E RJE , was 
unablo to bo prosont owing to illness, and that this 
should bo tho first A M PH R E Conference ho has 
missed, 

Tho conference o\ ore am o in largo measure tho 
difficulties occasioned by tho fact that it was hold 
outsido France for the first tlroo (apart from a fora} 
to Geneva in 1057) and was well attonded b} French 
scientists Although some GO per cent of tho papers 


were presented in. French, tho British members 
appeared to survne tho ordeal without smere dis 
comfort, and it may bo tlrnt the tonclung of French m 
our grammar schools is not as meffoctivo ns is com 
monly supposed Tho language difficult} was lessened 
by tho provision of pro prints of most of tho jmpors 

It would obviously bo unpmcticablo to mention all 
of forty four papers and a bnef summary anJv D'jJJ ho 
presented in an attempt to gno some idea of tho 
scope of tho conference 

The conference was opened by Prof H Frflhlicb, 
who gave a masterly summary of tho present situation 
in tho theory of dielectrics, tho main point of which 
was that the wholo of tho gonorat theory lias boon 
worked out Tho continuing appearance of papers on 
‘general theory’ wo no more than mathematical 
exercises, and whether theso results are correct or not 
they are irrelevant TIus point of now was undoubt 
edly novol to nrnnj prosont Ho elaborated his 
position by discussing tho wholo flold of dielectric 
loss m which ho distinguished four types all but ono 
of which are well understood Ho was particular]} 
concerned with tho oxtont to which tho thcorv can bo 
dealt with macroscopicalh , which is of first impor 
txuico because of the long range nnturo of dipolar 
forces, and with the number of independent pArn 
meters required for an undmUmdxng of tho phenomena 
involved Ho did point out noxortliolcsa that a great 
deal of work remains to bo dono m tho thoor} of 
dioloc tries but that this should bo concerned with the 
detailed interpretation, using models nnd so forth 
and in the search for information about materials 
and processes. 

This lecturo led on naturally to tho more dot oiled 
discussion of a number of papers on diolootric loss in 
liquids nnd solutions, which depends in laTgo measure 
on molecular properties and in which tho ‘mode! 
aapoct was very ovidont 

J B Hoffman (National Bureau of Standards 
Washington) introduced a session on solids with an 
account of his work on systems having mnltiplo 
relaxation times leading to bhnodal, or oven multi 
modal, loss cun.es winch ho explains m terms of 
multiplo minima in the energy as a function of tho 
onontation of a dipolo A paper by H. Griln ichor and 
C Joe card (Zurioli) summon rod tno present position 
in tho interpretation of tho dioloctrio properties of 
ico B Szlgoti (Li\ orpool) described his recent vroik 
on a bo far unobson cd Iibrotional absorption process 
which should bo found m crystalline long -chain 
substances 

Thor© were a number of jrnpora on the dielectric 
properties of systems in which water or a gas wan 
adsorbed on materials such ns silica gel 

The session on nuclear magnetic rceononeo was 
ojrvenedbyj G Powles (London) who gave a summary 
of motional effects which can bo Rtudicd b} nuolear 
magnetic resonance including numerous examples 
of the various type* of effect which maj occur Ho 
pointed out that examples of man} of those would bo 
found in tho following papers but gave a num!>or of 
extra ones m order lo provido a balanced picture or 
the potentialities of the method 
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two soils in pots Tho specific activity of calcium 
absorbod by barloy and ryegrass foil steadily during 
growth owing to a slow equilibration with forms of 
calcium othor than exchangeable calcium As 
roots locally depleted supplies of labile calcium, more 
calcium came into circulation Exchangeable and 
a% ailablo calcium can no longer be regarded as 
synonymous, and tho latter is affected by the activi- 
ties of plant roots 

I>r R Scott Russell (Agricultural Research Council 
Radiobiological Laboratory) directed attention to 
different steps in nutrient absorption by roots and 
strossod that tho effective area of absorption was 
restricted to a region near tho apices Tho avail- 
ability of a nutrient to a plant may bo influenced by 
interactions with other ions oithor by competition 
or by physiological changes Dr Scott Russell 
roferrod to work which suggested that the individual 
root-absorption characteristics of different crops 
mfluonced tho apparent availability of a nutrient such 
ns phosphorus m a soil 

Tho probable parts played by micro-organisms were 
described by Mr J S Waid (Lovington * Research 
Station, Ipswich), who stressed that much of tho 
ovidonco was circumstantial and required further 
substantiation Organisms are known to bo able 
to mcreaso tho water solubility of nutrients by 
oxidation or reduction, and by tho decomposition of 
organic matenals , the availability of nitrogen is 
intimately bound up with biological processes Sod 
organisms may compoto with roots for soluble 
nutrients especially when stimulated by supphos of 
organic matonnls, somo of which may bo provided 
by tho roots thomselvos , production of carbon 
dioxido or toxins may affect tho physiological activity 
of plant roots 

Dr G W C-ooko’s paper (Rothamstod Experi- 
mental Station) described the probloms of assessing 
tho nutuont status of a soil for advisory purposes 


here tho criterion is the probable economic responso 
of various crops to fertilizer dressings, and in this field 
soil analysis bas not made much progress The 
results generally distinguish between the broad levels 
of nutrient status for phosphorus and potassium, but 
m order to avoid crop failure m the exceptional cases 
the overall application of these fertilizers is about 
doublo the amount that is economically justified 
The assessment of the nitrogen status of soils is even 
more uncertain, and there is an acute need for the 
development of fresh analytical toclmiques tested 
against field trials Dr Cooke suggested that a 
more successful approach might he m tho use of soil 
analysis for ‘fertility control’ whereby a record was 
maintained of the fertility status of a soil so that 
yarning was given of abnormalities before they 
became acute 

In the open discussion which followed these papors 
tho following pomts wore among those made 

Correlation between soil analyses and field responses 
is poorer m tropical and other under-developed 
areas than it is in Britain, yet tho need for reliable 
soil tests is even greater Different speakers stressed 
tho importance of studying the anomalous soils in 
order to discover which factors affecting the avail- 
ability of nutrients have been neglected Analysis 
should not be divorcod from examination of profiles 
since often these showed some physical property 
which meant that, while nutrients might be available 
m the chomical sense, they were inaccessible to plant 
roots 

The value of plant analysis m relation to fruit crops 
and forestry was mentioned , by this means it 
may be easier to recognize an interaction effect which 
is not revealed by soil analysis Some progress was 
also reported on tho development of techniques for 
determining tho nitrogen status of soils this seems 
to bo greatly affected by re-wettmg of air-dry 
samples D V Crawford 


AHMEDABAD MILLOWNERS’ TEXTILE INDUSTRY’S RESEARCH 

ASSOCIATION 


A TEXTILE research laboratory, created and sus- 
tained by tho co-operative effort of the industry 
and tho Go\cmmont of India, was envisaged by the 
Ahmcdnbnd Millownors’ Association as early as 1944 
In 1947, tho AJimedabnd Textilo Industry’s Research 
Association uas registered with a membership of 
sovonty-ono mills AJimcdabad thus became the 
proud pioneer in establishing a co-oporativo research 
cent to for tho cotton toxtilo industry in Lidia 
Tho Association started functioning m 1949, and its 
impact was soon felt by the industry in and around 
-Vhmcdabnd It liecamo clear to the original members 
that tho benefits accruing from research could with 
adiantngo bo placed at tho disposal of the industry 
on a nation -wide basis With tins object m view, tho 
constitution of tho Association was suitably amended 
so that nulls outside Alimodahad could become mem- 
bers and enjoy tho same research benefits as tho 
original founders Tho prosont strength of mombors 
including all categories stands at eighty-eight mills 
and allied concerns, comprising thirty lakhs of spindles 
and sixty -tlireo thousand looms — roughly one-third 
of tho Indian cotton toxtilo industry 

Tho policies of tho Association aro decided by an 
autonomous body known as tho Council of Adminis- 


tration At present, tho ti\ enty -member Council is 
made up of representatives of management, nominees 
of the Govommont of India, tho director and secre- 
tary of the Association os well as directors of other 
research organizations, and co-opted scientists Tho 
Textilo Commissioner is one of the nominees of the 
Government of India Shn Kasturbhai Lalbhai has 
been the chairman of the Council from its incep- 
tion 

The composition of the Council ensures a balanced 
and co-ordinated research policy winch takes into 
account similar efforts by other textile research 
institutions and national laboratories Further links 
with Government and with national research m 
related spheres have been established through 
the Ministry of Scientific Research and Cultural ( 
Affairs 

The Association began modestly m 1949 m three 
rooms in the Mafatlal Gazalbliai Science Institute 
Tho foundation stone of tho present building, which is 
housod on a 50-acro campus to tho west of Gujarat 
University, was laid by Sardar Ynllabhbhai Patel in 
November 1950 The building was completed towards 
the end of 1953 and formally declared open by Shri 
Jawaharlal Nehru m April 1954 
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Tho laboratories of tho Association are equipped 
•with instruments for research m textiles and all tod 
fields Some of these instruments have been designed 
and fabricated there The physics laboratory has 
oquipmemt for studying the struoturo and physical 
and mechanical properties of fibres, yams and fabrics 
The chomistry laboratory has, in addition to the 
usual facilities for analysis of textile materials, a 
unit processing section equipped for the treatment of 
samples of yams and fabrics through processes such 
as bleaching, dyeing, printing and finishing Tho 
pilot mill is a versatile unit and its machinery offers 
a wide rang© of processing sequences in spinning, 
weaving and chomioal processing The w orkahops are 
©quipped for the dual purpose of servicing mill 
machinery and of designing, fabricating and servicing 
laboratory instruments 

The Association owes its success m large measure 
to tho enthusiasm of its workers Most of thoso 
■workers have boon recruited from universities 
and, initiated into specialised fields of industrial 
research When necessary, tram mg has been supple 
merited by periods of study m overseas institutions 
Technical assistance schemes such as the Pomt Four 
Programme, the Colombo Plan and the Imperial 
Cl i cm l cal Industries Fellowships have been of groat 
/vttluo From a small group of about twenty five 
j workers in 1040, tho Association has dovoloped into 
'i an organization with a total strength of 200, which is 
'made up of 75 scientists and technologists, 25 adtnims 
trative workers, 40 skilled oporativ os and 00 service 
personnel 


GLASSHOUSE CROPS 

T HE annual report of tho Glasahouso Crops Be 
search Institute for 1057* shows that, although 
full facilities ore not yet available, tho physical do* 
velopmcmt of tho Institute has mode good progress 
and Bomo of the major problems associated with com 
mcrcial glasshouse practice have boon investigated 
Physiological studios of tho growth of tomatoes have 
continued, and practical problems of plant spacing 
and pruning have rocorved attention. Previous 
studios at Chofihunt and tho Institute liavn shown 
that retention of lateral branches bo low tho first 
truss, on widely spaced plants, of tho varioty 
‘Potentate gave a yield nearly three timoa as great 
as on single stemmed plants It was of importance to 
disco v or whether this constituted an increase in yield 
per unit area of glasshouse spaco, the factor of most 
concern to tho grower This has boon investigated in 
preliminary experiment a by comparing tho yields 
from plants having no side shoots and plants in 
which side Shoots below tho first truss had been 
allowed to develop Tlireo different epacings between 
the rows wore ueod The greatest yiold per unit area 
was obtained from single stommod plants at tho two 
closest spacing®, namely, 2 ft and 3 ft , although 
multistcmrood plants at 3 ft and 4 ft spaoings liad 
the greatest mean weight of indn iduol fruit No 
treatment had any offoct on weight per unit area of 
early fruit 

A review of the literature on b pacing of tomato 
/ jlanta in commercial cultivation, includod in tho 
* report, bIiowb that there is no simple answer to tho 

• GlMboute Crop* ttewarcli Institute Anmul Beport 1057 Bp 

Ifll (Utllehaaptoci G am Crop* EeK*reh In* U lute 
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The services of a number of foreign specialists have 
been socurod from tune to time with tho assistance 
of organizations like Unoeoo and the International 
Labour Organization , in 1050 tho Association was 
recognized by Gujarat University as a teaching centre 
for postgraduate research At'preeont most of tho 
reeoarch students ore awarded scholarships or fellow 
ships by the Government of India, the Council 
of Scientific and Industrial Research, Gujarat 
University and tho Association. 

In a technologically undor-developed country, it is 
often the path of least resistance to apply to ono's 
own use the findings of more advanced countnoe 
Luring the eorlj days, the Association ompliatnxod 
the application of scientific and technical knowledge 
already available to the problems of the industry 
This praotioe of holprng the industry to implement the 
findings of research has paid rich dividends and con 
Btitutoe one of the mam activities of tho Association 
at present In tho process, industry has bocomo wido 
awake to the potentialities of original research and 
has cordially welcomed the Association t ofForts 

"While being primarily a research organization the 
Association trios to kolp industry in other wavs Tram 
mg in various skills, such aa management and super 
vision, statistical mothodology and testing procedures, 
is given to the staffs of member mills Such trained 
personnel not only been in o better equipped for their 
work, but also help in securing moro effective unplo 
montation of the Association s programmes Often, 
they form the nucleus of roaoarch and training 
groups in thoir own organizations 


RESEARCH INSTITUTE 

question of optimal planting density for maximum 
yield It is thought that this may bo boenuso in 
sufficient attention has boon gnon to possible inter 
actions botweon planting density and watering and 
manuring Tho study of tho composition of the 
tomato fruit has been continued bj tho Chemist rj 
Department, especially in rolation to varioty and 
state of nponoss of tho fruit, with special reference 
to fruit qunhtj and n pornng disorders It was con 
cludod that tlie latter, evident bj thoir effects on tho 
outer fruit wnll, were also related to tho composition 
of tho inner portion of tho fruit Further invosti 
gations wore made of the changoe during ripening 
Tho acidity in tho wall increased from tho green 
stage to tho first appoaranco of yellow pigmentation, 
but thoro was no consistent trend as ripening pro 
coedod This was in contrast to tho situation in tho 
inner portion of tho fruit, whore acidity decreased 
and sugars (mainly glucose and fructose) increased 
Tho concentration of eolublo solids in tho expressed 
sap of tho tomato varies considerably in rolation to 
fruit quality and varioty These investigations will 
bo facfiitatod bj the demonstration that measure 
ment of rofraoth o index b> a simple hand refract o 
motor gives a rohablo indication of total dissolved 
solids 

Work on urea-formal d ohy d o compounds as slow 
acting nitrogenous fertilizers has boon concluded and 
a report gives tho relative merits of tho several 
compounds tested. Liquid feeding of tomatoes ih of 
considerable topical interest, oupocudlj m connexion 
with automatic irrigation and rwoarch on tins 
problem has boon resumed Magnesium deficienov 
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in glasshouse tomatoes is common, and preliminary 
results indicate that foliar sprays containing mag- 
nosium are more effective than soil treatments in 
maintaining normal loaf colour The plant-breeding 
programme is concerned mainly with improvements 
of tomato, cucumber and lettuce 

Tlio investigations on Didymdla stem rot of tomato 
liave boon continued by the Plant Pathology Depart- 
ment, which is also concerned with powdory mildew 
of cucumbor and wilt diseaso of carnation as well as 
mushroom diseases Somo experiments were carried 
out on chemotherapeutic control of tobacco mosaic 
virus m the tomato, but it was concluded that tlus 
approach is not promising Although insecticides 
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properly applied should give adequate control of 
white fly, there are sometimes risks of chemical 
injury to plants, and for this reason interest has been 
revived m the method of biological control by wasp 
parasites The Entomology Department has begun 
a series of studies on the effects of environmental 
factors on the fecundity and development of white 
fly and on tho host/parasite balance Other investi- 
gations by tins Department mclude mushroom posts 
and the red spider mite The Crop Protection 
Department is concerned with the control of mildew 
of chrysanthemums and aphids on lettuce and with 
the residual toxicity of certain sprays 

E C Humphries 


RADIOLOGICAL HAZARDS TO PATIENTS 


A T tho end of I960, tho Secrotary of State for 
Scotland and the Minister of Health appomted a 
committeo “to roview tho present practice in diagnos- 
tic radiology and tho use of radiothorapy in non- 
malignant conditions, having regard to the report 
of tho Committeo on the Hazards to Man of Nuclear 
and Allied Radiations” 

This committeo, under tho chairmanship of Lord 
Adrian, has now producod an interim report (Ministry 
of Health , Department of Health for Scotland 
Radiological Hazards to Patients Interim Report 
of tho Committee Pp 22 London H M Stationery 
Offico, 1959 Is 3d net) for the ono completed part 
of its survov, namely, tho use of X-rays for mass 
inmiaturo radiography Tho conclusion is drawn that, 
vhon properly conducted, examinations by this 
motliod make a negligible contribution to the total 
radiation to which tho population is daily oxposed 
Evon on tho most pessimistic assumptions, tho 
uidoflnito continuation of mass miniature radiography 
at tho presont rato could add no more than 20 cases 
of loukrcmin to tho annual mcidenco of 2,500 cases m 
Great Britain , it is also possible that it would pro- 
duce no additional cases at all Tho gonad doses, 
which dotormmo the long-range gonetical damage, 
lin\ o boon found to bo oven smallor than previously 
estimated These very small somatic and gonetical 
risks have to bo considered in rolation to the undoubt- 
edlv largo bonofits of mass mimaturo radiography to 
tho health of tho population In 1957, these examina- 
tions led to tho discovery of nearly 18,000 cases of 
pulmonary tuberculosis and somo 63,000 other 
abnormalities, which included lung cancor, heart 
cbsonsQ and pneumoconiosis For children and 
pregnant women, mass mimaturo radiography is not 
recommended and should be replaced by normal 
radiographic procedures with strict limitation of tho 


field to tho chest Some general principles aro also 
given for roduemg unnecessary exposure m other 
forms of diagnostic radiology, in particular fluoro- 
scopy , but the survey of this area is not yot com- 
pleted 

There is one statement in the introduction (para- 
graph 10) which may give use to serious misunder- 
standings It is stated, correctly, that a dose of 
radiation which would double the present mutation- 
rate would cause perceptible damage to the popula- 
tion, and tliat this dose is estimated to he between 
10 and 100 r per generation It is also correct to 
say that at present the dose due to medical radiology 
does not exceed 3 rads per generation But it is only 
for tho sake of convenience that genotical damage is 
usually estimated in terms of the ‘doubling dose’ 
There is no lower threshold to the genetical effects of 
ionizing radiation, and serious genetical damage will 
be produced already by doses which are far bolow 
the doubling dose In fact, tho report of tho Medical 
Research Council came to tho conclusion that, from 
the point of view of gonetical hazards, “the upper 
limit, which future knowledge may set to tho total 
dose of extra radiation which may be received by the 
population as a whole, is not likely to be more than 
twice the dose which is already received from the 
natural background , tho recommended figure may 
indeed bo appreciably lower than this” On this 
evidence, the danger limit has already been reached 
or evon exceeded in countries where X-rays are used 
extensively for medical purposes Against this 
damage to future generations we must, however, set 
the benefit to the presont one and, although all moans 
must be used to cut down avoidable exposure to 
radiation, a high amount of exposure will remain 
unavoidable if the present standards of medical 
service are to bo maintained 


FEEDING THE HUNGRY 


T HE practical way to wage war on a ant was the 
tliomo of an outstanding address at St John’s 
College, Annapolis, Maryland, on April 9 by Mr 
Gerard Piel, publisher of The Scientific American 
Following an account of tho way in which science 
has given man unlimited power and opportunities to 
change the material conditions of life, Piel shows 
how it is now possible to bnng tho elimination of 
■cant within the reach not only of the present 


generation but also of all future generations Want 
is no longer a challenge to technology, but to econ- 
omics and politics , it is a social problem Thanks 
principally to the control of mortality, the under- 
privileged* peoples are living longer and feeling well 
enough to do something about their plight. These 
aroused people are still extracting tho irreplaceable 
resources of their lands to feed tho voracious appetite 
for raw materials of Western peoples At present the 
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United Statee imports from overseas iron ore, 
bauxite, oil and a host of commodities in greater 
volume than ever before In some American sectors 
tho technology is pordously dependent upon riches 
supplied bo cheaply Tho goodwill and compliance 
of the natives have immediate relevance to tho 
American price structure 

It ia impossible to stop at the churlish counsel 
that the Colonials Bhould reduce thoir numbers 
Thoir population is rising because the modicum of 
sanitation introduced to protect white Colonials in 
their midst has reduced their rate of mortality as 
weli Their numbers are increasing, according to 
United Nations studies, at a rate that oxceods 1 per 
cent per annum Sinoo the end of the Second World 
War thoir material condition has been in corre 
spending doclmo , their calorie intake has actually 
fallen 

To offset the claim of population growth and 
reverse the doclmo in thoir condition, they must 
increase their production at a rato greater than their 
population growth Tho larger the differential, the 
faster will their lot improve Such an objective is 
not only technologically but also political!} and econ 
omically feafliblo American industrial growth has 
avoragod 5 per cent over long periods it has reached 
8 per cent under intense pressure The growth of 
agricultural output has correspondingly proceeded at 
the rate of 2 per cent in normal tunes In responso 
to tho economic cyole and to controlled prices and 
other regulatory devices, it fluctuates over an oven 
widor range Tho present curtailment of grain pro 
duction in the United States represents 200 000 tons, 
which upproximntee to the calorie deficit for the 
underfed portion of the world population. 

About 500 billion dollars over tho next fifty yoars 
would aecure an average gam per annum of 2 per 
cent in industrial production and a corresponding 
increase in agricultural output in non Western areas 
Not all the 600 billion dollars would have to be 
supplied from outride At about the halfway point 
tho new industrial centres would begin to generate 
some additional capacity of their own 

Bed rook investments, however, are not particu 
Iarlv attractive to the world's capital market These 


involve such elementary public utilities ns com 
mumcntion systems, inoladmg highways as woll as 
railroads, and dams for flood control and irrigation 
Investments in such projeote call for tho land of 
funds now written off on armaments A long rango 
view should be taken in looking for return on 
investment 

Western technology is specially qualified to con 
tribute to tho soaring demand for electrical energy 
which will attend industrialization programmes But 
the demand for hugo volumes of energy, heavy 
equipment and big investment would not como at 
tho outset First, there is need for planning and, 
then, engineering Many of tho early gains in those 
areas would be aohioved with very little expenditure 
on capital goods Tho first requirement is for brains 
and knowledge 

An example of what can be accomplished is fur 
mshod by Mexico For the past t wen tv yoars tho 
Rockefeller Foundation has been working with tho 
Ministry of Agriculture and Animal Husbandry of 
Mexico At a cost of loss than 2 million dollars a 
year, American agronomists have been supplied to 
Mexico, and young Mexicans have been trained m 
the agricultural sciences In this period, tho food 
production of tho country has men 80 per cent 
Tho gams have been achieved by improved yields of 
Mexico's own staplo crops, tho de\olopmont of now 
varieties of wheat and potatoes and the establish 
ment of Bomothing I tho the American county ngont 
system for farmer education Not a single tractor or 
fertilizer plant is in tho expense account tho monoy 
has boon spent on the mtnngiblea of information, 
education and export consultation Tho 4 per cent 
per annum gam safely exceeds tho 3 per cent increase 
in population and has brought an improvement m 
tho people's diet which w already showing up m vital 
statistics 

Somewhere in American material and mtollcctual 
resources the capacity to expand on this precedent 
could be found If a beginning oould ho mado it 
would soon be possiblo to bavo additional wealth 
and brains avniinblo for the task as a result of tho 
attenuation of the arms raco on which prospcnlv 
now rests to heavily and insecurely 


SYMPATHETIC POSTGANGLIONIC MECHANISM 

By Prof J H BURN, FRS, and M J RAND 
Department of Pharmacology University of Oxford 


D URING recent years it has boon demonstrated 
that acetylcholine exerts an action m various 
organa similar to that of sympathetic stimulation 
Smco this action is seen in tho presence of atropine 
and is also ovorted by nicotlno it follows that tho 
action is not a muscarinic but is a nicotinic action 
An exaraplo of tins action Is tho contraction of tho 
nrroctoros plli muscles in tho akin of tho cat's tail 
Tina was first dcscribod by BrOcko 1 for acotyloholino, 
and a few years later by Coon and Rothman* for 
nicotine Most of tho hair was removed from tho 
cat’s taO oxcopt for a few tufts, and ncotylchohno 
or nicotine was injected into tho skin at the base of 
the tufts Pilo crootion was then observed Normally 
tho pilomotor muscles are caused to contract bv 
sympathetic stimulation, and they also contract 


after tho intravenous injection of adrennhno or nor 
adrenaline Othor examples of sympathomimetic 
effeots caused by acotyloholino or b} nicotine in the 
presence of atropine are the relaxation of tho isolated 
intestine of tho kitten by nicotmo* tho acceleration 
of tho isolatod atna of tho rabbit 4 and the constriction 
of tho vends of tho porfused rabbit ear bv ncotyl 
choline and b> mcotino * the contraction of tho 
isolatod nictitating membrane of tho cat b\ nicotmo* 
do Burgh Dal} ami Scott (unpublished work) hn\o 
oboorvod that acetylcholine injected into tho splenic 
artery during perfusion of tho spleen with blood 
caused contraction of tho spleen. Wo nro grateful 
to them for allowing us to quote this result 

There nicotmo like offocts of acctjlchoHnc, exert od 
nt sites peripheral to sympathetic ganglia thu« 
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5 the effects of sympathetic stimulation , 
■e not seen, m preparations from animals 
•with xeserpme Tissues innervated by 
hebic nerves -were found by Schmiterlow 7 
Euler and Purkhold* to contain noradrenaline 
ir with a much smaller amount of adrenaline 
ireatment of rabbits with reserpme, the nor- 
hne which can be extracted from the heart 
ears 9 Similarly after treatment with reserpme, 
iradrenalme disappears from the aorta of the 
id of the rabbit, from the skin of the rabbit’s 
id from the skin of the cat’s tail, from the cat’s 
i and from the iris of the cat’s eye 10 
3 nicotme-like actions of acetylcholine are also 
/hen the sympathetic fibres degenerate, and this 
leration is also accompanied by a loss of the 
irenaline winch can be extracted from the 

a B,106 

le conclusion may therefore be drawn that the 
fcme-like actions of acetylcholine which have 
1 described are due to the release of nor- 
snalme (possibly with adrenaline also) from the 
in 

d present we are uncertain of the location of the 
adrenaline in the organ v Euler 11 believes that 
is contained within the postganglionic fibres, 
culating that the amount may be 3-30 mgm /gm 
is is one thousand times more than that m post- 
nghomc fibres before they reach the organ This 
nount is only of the order of 15 pgm /gm The 
sappearance of the noradrenaline after degeneration 
the nerves is readily explained if it is present in 
ie nerves 

There is some evidence, which as yet is only sug- 
estive, that the noradrenaline and adrenaline in the 
irgans might be present in cells containing chromaffin 
granules Such cells have been described in human 
jlan by Adams-Bay and Nordenstam 11 , and also by 
Burch and Phillips 11 They have been found m the 
skin of the rabbit’s ear, m the skin of the cat’s tail 
and m the nictitating membrane The chromaffin 
granules are greatly reduced or disappear in the tissues 
of animals treated with reserpme, or m tissues in 
which the sympathetic fibres have degenerated 10 ' 1 - 6 
Thus it is possible that the nicotine-like actions of 
acetylcholine are due to the release of noradrenaline 
and adrenaline from cells containing chromaffin 
granules However, Museholl and Vogt“ have 
found that reserpme depletes the noradrenaline stores 
in the sympathetic neurones more readily than those 
m chromaffin cells 

Tyramine is a sympathomimetic amine which 
ceases to act after degeneration of the sympathetic 
fibres 10 Its pressor action is also absent m the cat 
previously treated with reserpme 14 The conclusion 
may he drawn that tyramine exerts its action by 
liberating noradrenaline and adrenaline from the 
Btore m the organ Since an infusion of noradrenaline 
into the vein of a cat or into the blood perfusing the 
hind-leg of a dog increases the pressor and constrictor 
action of tyramme, or restores it when it is absent 
due to previous treatment with reserpme, it appears 
that the store of noradrenaline m the organ can be 
increased by taking up noradrenaline from the 
blood stream 17 

The effect of sympathetic stimulation also is in- 
creased as a result of an infusion of noradrenaline 
If the volume of one limd-leg of a dog is recorded in 
experiments in which the lumbar sympathetic chain 
is stimulated, then, atropine having been given, the 
threshold strength of stimulus for causing vaso- 
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constriction in the hind-leg can be determined 
Following an infusion of noradrenaline, the total 
amount given to the dog being 0 2-1 0 mgm m the 
course of 20 mm , the threshold has been observed 
to fall to a mean of 40 per cent of its previous value. 
In experiments in which the dog’s hind-leg has been 
perfused it has been observed that the effect of a 
given sympathetic stimulus was greatly increased 
These observations indicate that the efficiency of 
sympathetic stimulation depends on the amount of 
noradrenaline m the neighbourhood of the nerve 
endings This may be taken up from the blood into 
the nerve endings themselves or into ohromaffln 
cells , one of the functions of the noradrenaline 
secreted by the adrenal medulla may be to fill up this 
store 

We have now considered evidence that the mcotine- 
hke actions of acetylcholine are due to the release of 
noradrenaline from a store near the sympathetic 
nerve endings , we have seen that this store can 
take up noradrenaline which is circulating m the 
blood, and we have Been that the effect of sympathetic 
stimulation depends on the size of this store We 
now turn to the sympathetic impulses themselves 

When a cat is treated with reserpme with the result 
that the stores of noradrenaline and of adrenaline 
are depleted, the effect of tyramme on the nictitating 
membrane is completely absent, but stimulation of 
the postgangliomo sympathetic fibres still causes a 
contraction The threshold strength for this effect 
is greater than the threshold m the normal cat We 
have found that the contraction produced is aug- 
mented by eserme and is abolished by atropine, and 
the contraction must therefore be due to the release 
of acetylcholine from the sympathetic fibres The 
presence of cholinergic fibres m the sympathetic 
supply to the nictitating membrane was suggested 
by Bacq and Fredencq 18 Becent work shows that 
the presence of cholinergic fibres is still more wide- 
spread Thus Gillespie and Mackexma 1 * have found 
that when a rabbit is treated with reserpme, the 
isolated colon is caused to contract by sympathetic 
stimulation instead of to relax, and that the contrac- 
tion is abolished by atropine They concluded that 
cholinergic fibres are present in the sympathetic 
supply 

HukoviS 10 , working m tins Department, has made 
an isolated preparation of rabbit atria with the 
sympathetic nerves attached , when the sympathetic 
fibres from the stellate ganglion were stimulated the 
rate and amplitude of the atrial beat increased If 
the rabbit was treated beforehand with reserpme 
some preparations responded to sympathetic stimula- 
tion by inhibition, the inhibitor effect being increased 
by esenne and abolished by atropine This result 
suggests that cholinergic fibres are present m the 
sympathetic supply from the stellate ganglion to the 
atria 

Observations have also been made on the cat spleen, 
recording the changes in volume of the spleen by a 
plethysmograpb The nerves were separated from 
the splenic artery near the beginning of the artery 
Stimulation caused contraction of the spleen which was 
unaffected by atropine When the cat was treated 
beforehand with' reserpme, it was found that in some 
preparations acetylcholine caused a dilatation of the 
spleen, and that stimulation of the nerves was also 
followed by dilatation This dilatation was increased 
m the presence of eserme and abolished by atropine 
Thus the splenic nerves also contain cholmergio 
fibres Observations have also been made on the 
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virgin cat uterus, recording ite contractions in situ 
under chloralom awmtlieam ROien the hypogastric 
nerves wore stimulated, inhibition followed When 
the cat was treated beforehand with reserpino, 
stunulation of the hypogastric nerves caused a small 
contraction which was greater m tho presence of 
esonne and which was abolished by atropine Tho 
evidence suggests that tho hypogastric nerves contain 
cholinergic fibres 

The observations that tho nicotine liko effects of 
acetylcholine resemble those of sympathetic Rtimula 
tion, and that these effects are exerted by the release 
of noradrenaline (or adrenalino) must now be put 
side by sido with tho evidonce of the existence of 
oholmorgfo fibres m postganglionic sympathetic 
fibres in various places whore thoy wore not suspected 
It then appears that such cholinergic fibres may be 
adrenergic in tliolr effect, because tho acetylcholine 
which they liberate will cause tho discharge of nor 
adrenaline or of adrenaline from tho ponpheral store 
Tho stimulation of such fibres can m theory ha\o two 
effects, one, normally muoh tho smaller duo to the 
direct action of the acetylcholine released an action 
wluoh is sensitive to atropine and tho other normalh 
much tho greater, due to tho released acotv Icholmo 
causing a discharge of noradrenaline from tho storo 
a nicotine like action not affected by atropine This 
doublo effeot may actually bo present m tho nictitating 
membrane whero tho response to postganglionic 
stimulation in the normal cat is slightly diminished 
by atropine, for example to about 80 per cent of its 
initial eixo 

Suoh a doublo effect might explain the response to 
stimulation of tho sympathetic supply to tho muscles 
of the dog * hind leg, whore Bum 114 ohserv od that a 
stimulus for 3 see caused dilatation, vhxlo the same 
stimulus appliod for 30 sec caused in the mam 
constriction A double effoct is possible only whon 
acetyloliolme lias a direct musennnio action of its 
own. Thus in tho cat treated with roserplne, stunula 
tion of tho sympathetic fibres has no pilomotor effect 


in the tail The accumulated e\ idenco thus requires 
consideration of a new possibility The ndrenergio 
sympathotio fibro has been thought of as h berating 
noradrenaline in the same way as cholinergic fibres 
liberate acetylcholine Howorcr cholinergic fibres, 
" Jl, °h widespread in tho postganglionic sympa 
tbotio supply, may liberate noradrenaline from the 
storo at tho nervo endings and thus bo adrenergic 
m effect 

In this account ue have kept open the j>ossibihty 
tliat noradrenalino niay not nlwavs ho tho mam 
component of tho peripheral storo and tlrnt around 
somo sympathetic nerve endings in tlio virgin cat 
uterus for oxamplo adrenaline may- bo more impor 
tant We have no ovidonco on tliis as y et Wo mnv 
also recall that Pines* 1 has described the chromaffin 
cells m sympathetic ganglia and has given a di tailed 
account of his findings that tbei are innervated 
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PROTEIN BIOSYNTHESIS AND OXIDATIVE PHOSPHORYLATION 
IN ISOLATED RAT LIVER MITOCHONDRIA 

By P J REIS, J L COOTE and T S WORK 

National Institute for Medical Research Mill Hill London NW7 


E LECTRON microscopy combined with differential 
centrifugation of sucrose homogenatos has shown 
that liver parenchymal colls have a complex evto 
plasmlc structure 1 After intravenous injection of 
amino acids labollod with carbon 14 the proteins of 
tho subcollukir cytoplomnic structures of those cells 
becomo labolled at different rates In both rats and 
guinea pigs the livor microsomal fraction is labelled 
considerably more rapidly than tbo mitochondrial 
material Lnbollmg is particularly rapid m the 
nbonuclooprotom fraction of the rmcroaomcs 1 Tlie 
suggestion 1ms l>eon mndo that protein synthesis 
fakes placo mainly in tho microsomal nbonueloopro 
tom fraction and that mitochondria acquire radio 
net Ho protein from tho microsomal fraction Tho 
present results and fhoso of Bates et al * Indicate that 
rat livor mitochondria arc capoblo of independent 
protoln synthesis 


Mitoohondna wero isolates! from rot liver In 
differential centrifugation of n 1 4 sucrose homo 
genntc Best results wore obtained with a mixture 
containing sucrose (0 3 M), verseno (0 002 Jl/ ) and 
nicotinamide (0 03 3J) this mixture will bo rvflrrod 
to as SVN Tho fraction collector! lietwecn 1 000 
and 0 000? was washed by four succcssnc cvele* of 
re suspension m and precipitation from SVN W ashed 
mitochondria m a mixture of sucrose (0 Ifi If) 
phosphate (0 01 M), tns buffer (0 02 V) MgSO, 
(0 008 M) and sufficient KCI to maintain tonieitv 
shoved negligible incorporation of labelled ammo 
acids into mitochondrial protein during aerobic 
incubations. The mitochondrial protein wo* obtained 
b> precipitation with tnchlorontx tic acid and treat- 
ment to remow ndsorbed amino acids ribonucleio 
acid and lipids Incorporation wn* stimulated hv the 
addition of either succinate or * ketoglutaratc 
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Ordinates left, per cent of Initial rate of oxidative phosphoryla- 
tion , right, counts per min. 

Fig 1 Dependence of Incorporation of amino-acid Into mito- 
chondrial protein upon oxidative phosphorylation Washed 
mitochondria from about 8 gm rat liver -were suspended in 
6 6 ml of medium of the following composition tru bufTer 
(0-05 AD, potassium phosphate (0 01 AO, potassium succinate 
(0 01 Af), magnesium sulphate (0 008 AO, potassium chloride 
(0 005 AO, versene (0-0013 AT), nicotinamide (0 02 AO. “C -Chlor- 
ella protein hydrolysate (5 pc ), sucrose (0 11 AO , added ns 2 -0 ml 
boiled cell sap Incubations were at 30°, In an atmosphere of 
oxygen Oxidative phosphorylation was measured essentially as 
described by Slater (ref 10) , glucose-6-phosphate was estimated 
by the method of Kornberg and Horecker (ref 11) 


together with cell sap At an early stage in the investi- 
gation it was found that, contrary to the report of 
Greengard 4 , boiled cell sap was just as effective as 
whole cell sap Both the rate and the duration of 
amino-acid incorporation into mitochondrial protein 
could be increased by addmg progressively larger 
quantities of boiled cell sap The incorporation 
reaction was stimulated by mcuhation m oxygen 
instead of air and almost completely inhibited by 
incubation m nitrogen or by the addition of dinitro- 
phenol or cyamde The behaviour of the incorpora- 
tion reaction towards inhibitors indicated that 
incorporation was probably linked to oxidative 
phosphorylation , ammo-acid incorporation and 
oxidative phosphorylation were accordingly measured 
m the same mitochondrial preparation The results 
(Fig 1) showed that as the rate of oxidative phos- 
phorylation declined, the rate of incorporation 
declined in a similar maimer 

The duration of oxidative phosphorylation m 
isolated rat hver mitochondria is notoriously sensitive 
to conditions of incubation 6 Calculation of the 
amount of adenine nucleotide m boiled cell sap 
indicated that the final concentration of nucleotides 
m the mcuhation mixture was below that usually 
required to maintain mitochondrial structure and 
oxidative phosphorylation Accordingly, the boiled 
cell sap was supplemented with 0 004 M adenosme 
monophosphate and 0 0005 M diphosphopyndine 
nucleotide Mitochondria incubated under these 
conditions were able to maintain oxidative phos- 
phorylation and incorporation of labelled ammo-acids 
for 2 hr at 30°, although the rate of incorporation 
was fallin g off after 1 hr The work of Siekevitz 
and Potter 6 and of Pressman* indicates that the 
balance of nucleotides and of inorganic phosphate 
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inside the mitochondrial membrane is best maintained 
when an acceptor for energy -rich phosphate bonds is 
present m the medium Thus when the system was 
further supplemented with hexokmase and glucose, 
incorporation of ammo-acids into mitochondrial 
protein could he maintained at, or near, a linear rate 
for 2 hr at 30° Incubations have not been earned 
beyond 2 hr 

Mitochondria are composed of a structurally com- 
plex double membrane wit hin which are disposed 
various soluble but rather firmly hound enzymes 
It was found that m the presence of adenosme mono- 
phosphate and diphosphopyndine nucleotide, both 
with and without hexokmase, the msoluble proteins 
of the mitochondria were effectively labelled either 
by a mixture of ammo-acids labelled with carbon-14 
or by a single labelled ammo-acid (phenylalanine) 
Soluble protein was not, however, significantly 
labelled even after 2 hr at 30° (soluble protein was 
released either by the butanol method of Morton 7 or 
by the extraction of an acetone-dried powder of 
mitochondria with phosphate buffer) Increase m 
the amount of boiled cell sap, with maintenance 
of the adenosme monophosphate and diphosphopyri- 
dine nucleotide concentration at the level given above, 
resulted m a substantial improvement m the efficiency 
of labelling of the msoluble protein and produced 
shght activity m the soluble protein Boiled cell sap 
contains substantial quantities of ammo-acids (80 
Jigm amino-nitrogen/ml ) and it was found that these 
could be replaced by a complete mixture of 20 
ammo-acids It was found that, as the concentration 
of these ammo-acids m the mcuhation medium was 
progressively increased, the incorporation into msol- 
uble protein rose to a maximum at an ammo -acid 
concentration of 30-40 gilf/ml The incorporation 
into soluble protein was initially low , but as ammo- 
acid concentration was increased, the radioactivity 
of the soluble protein continued to rise m an approxim- 
ately linear manner Thus the incorporation into 
soluble protein of the mitochondria progressively 
becomes a greater proportion of the total incorpora- 
tion, as ammo-acid concentration is increased The 
most likely explanation of these results is that there 
are relatively few sites of protein synthesis m mito- 
chondria (templates ?) When these sites become 
saturated with incoming radioactive ammo-acid 
further mcrease m ammo-acid concentration (of fixed 
specific radioactivity) will not result m any further 
mcrease m radioactivity of msoluble protein In- 
creased ammo -acid concentration will result, however, 
m a progressively greater tendency for newly syn- 
thesized protein to be displaced from the sites of 
synthesis into the mtracistemal spaces so that there 
will contmue to bo a progressive mcrease in the rate 
of accumulation of radioactivity in soluble protom 

There is no doubt that the ammo -acid incorporation 
reaction measured m these experiments is truly 
intramitochondnal and is not due to adherent micro- 
somes First, incorporation is not abolished by 
thorough washing of the mitochondria as described 
previously (this washing procedure has been shown 
to remove at least 95 per cent of microsomes labelled 
with carbon-14 added to the sedimented mito- 
chondria) , secondly, the incorporation reaction 
does not require fresh cell sap with its supply of 
soluble ribonucleic acid* and ‘ammo-acid activating’ 
enzymes , thirdly, the incorporation is much 
more prolonged than that obtained with micro- 
somes in intro , and fourthly, the incorporation 
is quite unaffected by addition of ribonuclease to 
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the mcubation mixture This does not, bowover, 
prove that ribonucleic acud plays no part m amino * 
aoid incorporation since we have found that, ©von 
after 2 hr at 30* in the presence of ribonucleos©, 
mitochondria retain about 70 per cent of their 
ribonucleic aoid (originally 17 [igm /mgm raito 
ohondnal protom) Indood, the incorporation reaction 
in mitochondria may have cloeelv similar characters? 
tics to that occurring in microsomes since -wo hav© 
found that an extract of mitochondria will catalyse 
an ammo ooid-d ©pendent exchange between adenosine 
tn phosphate and radloaotive pyrophosphate (Table 1) 


Table j A u n*o A cm ActtTAiTOV ix Bat Urn Mreomioimau 


Eitnct of mltochondri* 
IircparM from 

e.pjri per/rnioleAdADoitnetrlpboAphAte 

Mo 

Amino-acid* 

l»lu* 

Amino-add* 

Increment 
doe to 
aid Ido-* rid* 

0-6 gm, Liver 

1 -2 gtn Liver 

ijio 

3 ©00 

2 400 

4 250 

580 

1,220 


Jlltochondrl* iror* isolated *nd WMhed four time* *n aoetcxoe 
povrier w*n prepAred jjad citracted with 0 1 if trii buffer pJX 7-6 
Thl* lohible extract xa* lncub*tml with trli buffer «II 7 -<5. 100 
/rnwlfti nuRneelum chloride. 2 ^mole* adeno*lne mpJuwphate 
5 smole* a mixture of 12 *mla©-Add* 2 /anolea of nch **P ptto 
pbo*ph*t« about 2 utcoIm 150 000 e.p m vol 1 ml Incubated 
for 16 min 37* 


Before one con be convinced that tho ammo acid 
incorporation obsened m these experiments repro 
»entn true synthesis of protein, it would be nocesaarj 
to domonotrat© synthesis of a apeci/ia protein In 
this regard the synthesis of cytochrome c has already 
been demonstrated in isolated mitochondria from rat 
Ii\ or* and calf heart* Tho presence of numerous 
enzymes within mitochondria, suggests that this 
%n vitro system should bo a valuable tool m further 
studies on protein biosynthesis Work has alreadv 
been initiated along theso lines 
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STRUCTURE OF A MELANOCYTE-STIMULATING HORMONE FROM 
THE HUMAN PITUITARY GLAND 

By Dr. J IEUAN HARRIS* 

Department of Biochemistry University of Cambridge and the Biological Laboratories Harvard University 


A ilELANOCOTE^IMUI^TINO substance 
from human pituitarv glands has recently boon 
isolated in pur© form by ion -ex change chroma to 
graph} * It has been, shown to bo a slightly bamo 
polypeptido which migrates as a singlo substance 
when submitted to fonophoresis on papor in pyridvno 
acetlo acid buffers at pH s of 3 0 and 0 5 

Tli© ammo acid sequence of til© polypeptide 
hormono has been investigated by methods similar 
to those described* • for the elucidation of the struo 
ture of a molanocyto- stimu 1 a 1 1 ng hormono from pig 
pituitary glands. The particular mothods which 
have boon used w©ro to a groat extent determined 
by tho limited amount of tho substance (4-5 mgm.) 
which was available for study 

Specific colour tests* carried out on tho intact poly 
peptide showed that it contained tryptophan, tvr osme, 
histidino and arginine j and when a total acid h} dro 
lysate was eubmittod to qualitative chromatographio 
analysis on paper the following amino acids were 
shown to bo present alanine arginine, aspartic 
acid, glatamio acid, glycino histidino, lysrno, methio 
nine, phenylalanine, prolmo, Bonn© and tyrosine 
A sample of tho hormono (2 6 mgm ) was allowed 
to react with ohvmotrvpsin (0 1 mgm ) In 0 05 Af 
ammonium bicarbonate (2 ml ) at pH 8 0-8 5 and 
37* for 10 hr When tho product was fmotionntcd hy 
lonoplioroaia on popor m pyridine acetic acid (pH 
0 C) at 40 volts/cm for 2 hr it was rosolv od into fivo 
peptide fragments 

• Member of tbfl Seleotfflo 8 <a 1T of (hs Medical Reawt* Counril 
(At pwnl lUACarch Fellow lo Biology Marram Unlrmlly C*m 
bridite Mam ) 1 - 


Table 1 Amxq i.cu> Cowesmox akp c-tidoosaz Axtxo-acid* 
or PCTTIDE3 rBOnccic bv cmnvoTATrno Htpcoltsis or Minus 

^iEDAXOOlTr-STTXmUTtSO HOlUfOST 


IYptlde 

Am loo-arid oompo«Ulon 

C-twnlnaJ group 

c, 

S'. 

Ala^tip OIo oijr LT* Fro Tyr 

Tyr 

Arc^up Oly Lr* ITo.Scr Try 
Arg OltjJIlA Met J’be 

A*p 

The 

0, 

Up (Hy Lj * ITo 6<r 

A«> 

c. 

Arg Try 

Try 


The ammo acid compositions of these fho peptidos 
(Ci, Op C, 0 4 and O*) wore dotomunod bv moans of 
specific colour tests 4 , and by paper chromatographio 
analysis of their total acid hydrolvsatos , tho corro 
spondmg C-terminal ammo-acids were dotomunod bj 
moans of carboxjqxiptidAse* Tho results, summarized 
in Tnblo 1, showed that tho humnn melanocyte 
stimulating hormono was of tho *fl melanocyte 
stimulating hormono type, and that it was closol} 
related m terms of chemical structure to p melono 
cyto- stimulating hormono* T from pig pituitary glands 
TIius, peptidos C, C 3 , C, and C, wore found to hmo 
tho same oloctrophorctic mobilities at pH 3 5 and 
pH 0 5, and tho samo quolitatho ornino acid com 
positions (with tho exception of C t , whicli contamed 
nrginmo instead of lj'sino), os the corrt«)>ondinR 
poptido fragments* domed from pig $- melanocyte 
stimulating hormono b\ digestion witli chymotn’pflin 
Pcptido C, on tho otlirr hand differed from the 
corroeponding peptido fragment from pig P mrinno 
cyto-etimulatmg hormone both m ofcctrophorotie 
and chromatographic behaviour, and m amino-nrid 
composition, although tlw C-frnmnttl nmlno-ncl d,b 
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tyrosine, and four of the other constituent amino- 
acids — aspartic acid, glutamic acid, glycine and prohne 
— were common to both peptide fragments 

The presence of lysme suggested that C x -would be 
susceptible to the action of trypsin It -was therefore 
allowed to react with trypsin for 4 hr at 37° , when 
the product of reaction was fractionated by lono- 
phoresis at pH 6 5 it was resolved into two major 
(CjTAj, C 1 TB 1 ) and two minor (C/TA., ChTB.) 
components Their qualitative ammo -acid composi- 
tions were determined and are given m Table 2 


Table 2 Amino-acid Composition and C-terhinal Amino- acids 
of Peptides produced by Tryptic Hydrolysis of Peptide C, 
(Table 1) 


Peptide 

Amlno-acld composition 

C-termtnal group 

C, TA, 

Asp.Glu.Gly.Lvs.Pro.Tyr 

Tyr 

TB, 

Ala.Glu.Lva 

Lys 

TA, 

Asp,Gln,Gly,Pro,Tyr 

Tyr 

TB, 

Lys 

■ 


One of the minor peptide components, CjTA,, 
appeared to he identical with the IT- terminal peptide, 
Asp Glu Gly Pro Tyr , in pig p -melanocyte -stimulat- 
ing hormone®, as judged by its electrophoretic mobility 
at pH 6 5, Rf m butanol-acetic acid-water (4 1 5), 
ammo-acid composition, and C-termmal group The 
two major peptide components, CjTAi and CiTBj, 
were both found to contain lysine , and the fact that 
a significant amount of free lysme (CjTBj) was also 
formed m the tryptic reaction suggested that the 
parent molecule, C x , contained a Lys Lys bond, and 
that it was the N-termmal peptide (Ala, Glu ) Lys Lys 
(Asp Glu Gly Pro) Tyr m the human p -melano elde- 
st imulating hormone molecule 

After their homogeneity had been established 
both by electrophoretic and chromatographic analysis, 
peptides TA 1; TA-, TB X and C 5 were submitted to 
partial acid hydrolysis (12 N hydrochloric acid, for 
3-6 days at 37°) , peptide C 3 was hydrolysed 
with subtilisin 8 (12 hr at 37°) The respective 
products of reaction were fractionated by lonophoresis 
on paper and were characterized by the procedures 
which have been described previously 3 -® The 
results are summarized m Table 3 

Peptide C 2 was shown to give additional amounts 
of C B and C e when it was redigested with chymo tryp- 
sin, showing that C 5 and C« formed contiguous 
sequences in the molecule By means of carboxy- 
peptidase, C e was shown to be a dipeptide containing 
arg inin e and tryptophan , m a similar manner aspar- 
tic acid was shown to he the C-terminal ammo -acid 
in both C. and C 5 , showing that these two peptides 
formed the C-terminal sequence, Arg Try (Gly,Ser,Pro, 
Lys)Asp, in human (3 -melano eyte -stimulating hor- 
mone (cf ref 6) 

Although it was not found possible to undertake 
quantitative ammo -acid and end-group analyses on 
the parent molecule, the results which have been 
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Table 3 Peptides Identified in Partial Acid* (12 N Hydro 
chloric Acid, 37°) and StmnLisiNt Hydrolysates 


Peptide 

Products of partial hydrolysis 

*0,TB, 

Ala Glu, Glu.Lys 

*C,TA, 

Lys Asp, LyB.Asp Glu, Glu Gly, Gly Pro Tyr 

Ser Pro, Ser Pro Pro, Ser Pro Pro Lys, Pro Pro Lys, 
Pro Lys, Lys Asp 

*c. 

tc. 

Arg Met, Arg Met Glu, Glu His, Glu His Phe 


obtained with peptide fragments derived from it by 
hydrolysis with chymo trypsin and tiypsm neverthe- 
less appear to be sufficient to establish that human 
(3-melanocyte-stimulatmg hormone contains twenty- 
two ammo-acid residues, and that they occui in the 
following sequence 

123456789 10 11 

H — Ala Glu Lys Lys Asp Glu Gly Pro Tyr Aig Met 

12 13 14 15 16 17 18 19 20 21 22 

Glu His Phe Arg Try Gly Ser Pro Pro Lys Asp — OH 

This appears to be the first of the polypeptide 
hormones from the human pituitary to be isolated m 
pure form and to be characterized m terms of its 
complete chemical structure The ammo -acid 
sequences of human, pig® 7 and ox 9 (i-melanocyte- 
stimulatmg hormones and pig a-melanocyte- 
stimulating hormone* 3 are compared m Fig 1 

Although human (3-melanocyte-stimulating hor- 
mone manifests a structural ‘species’ difference of the 
‘classical’ type, namely, the replacement of a lysme 
residue (position 6 m pig and ox (3-melanocyte- 
stimulatmg hormone) by arginine (position 10 m 
human p -melanocyte-stimulating hormone) m struc- 
turally related positions, the presence of the additional 
N-termmal tetrapeptide, Ala Glu Lys Lys, represents 
a hitherto unprecedented structural species variation 
among naturally occurring biologically active poly- 
peptide and protein molecules of relatively low 
molecular weight (for example, vasopressins 1011 , 
corticotropins 15 , insulins 13 and hypertensins 14 - 16 ) 

Ox p -melanocyte -stimulating hormone® is found 
to differ from pig (3-melanocyte-stimulatmg hormone 
only m position 2 (Fig 1), where the glutamic acid 
residue m the pig hormone is replaced by a serine 
residue m the ox hormone It is perhaps significant 
that the replacement of one ammo-acid by another 
which is structurally unrelated to it occurs m a part 
of the molecule which does not appear to he specifically 
essential for its biological activity 3 (cf corticotro- 
pins 11 ) Presumably genetical alterations which 
produce structural modifications of this type m 
essential parts of the molecule would result m the 
formation of molecules m which biological specificity 
was either modified or destroyed Consequently the 
fact that a lysme residue m the pig and ox hormones 
is replaced by the structurally related amino-acid, 
arginine, m the human hormone, and that the 
structural features common to all known (3-melano- 
cyte-stimulating hormones and corticotropins 15 13 


a-MSH (pig) 
/3-MSH (ox) 
/3-MSH (pig) 
0-MSH (human) 


J, 


2 3 


1 

2 

Tyr 

3 

4 6 6 7 8 0 10 

11 

12 

13 

CH,CO Ser 

Ser 

Met Glu His Phe. Arg Try Gly 

Lys 

Pro 

Val—NH, 

1 1 2 1 3 4 

5 

6 

7 8 9 10 11 12 13 

14 

16 

16 17 18 

-iAsp |Scr ]Gly Pro 

Tyr Lvs Met Glu.HIs.Phe Arg Try Gly 

Ser Pro 

ProXys-Asp 

j 1 2 3 4 

5 

6 

7 8 9 10 11 12 18 

14 

16 

16 17 18 

-jAsp Glu Gly .Pro 

Tyr LyB. Met Glu-Hls Phe Arg Try Gly 

Ser Pro 

Pro Lys. Asp 

15 6 7 8 

[Asp Glu Gly Pro 

0 

10 

11 12 13 14 16 16 17 

18 

10 

20 21 22 

Tyr 

Arg 

Met Glu His Phe Arg.Try Gly 

Ser Pro 

Pro.Lys.Asp 


— OH 


Fig 1 Amino-acid sequences of melanocyte stimulating hormones from pig, ox and human pituitary glands 

MSH, melanocyte-stimulating hormone 
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remain intact, suggests that tho amino acids which 
occupy those key positions in p melanocyto-stimulal 
ing hormone are directlj associated with its hiologi 
cal activity m tlio tn tnvo environment in -winch it 
has been designed to funotion as a hormone 
In a melanocyte stimulating hormone, on tho other 
hand, there is an tnUrtJtangc of lysine and serine 
residues betweon positions 3 and 11 (Fig 1), which 
correspond to positions 0 and 14 in pig and ox 
p molanocyte stimulating hormones and to positions 
10 and 18 m human p melanocyte stimulating hor 
mono This would suggest that factors other than 
the linear arrangement of ammo acid residues must 
be token into consideration in relating struoture to 
biological function in the living ooll e\on in com 
pamtnelv small peptide molecules which do not 
appear to possess any ordered secondary or tertmrj 
structure in aqueous solution 
lam indebted to Hr BLB F Dixon for his generous 
gift of tho samplo of pure human melon ocyto-etimulat 
mg hormone Most of the experimental work was 
carried out in the Dmsion of Biochemistry of tho 
Massachusetts Institute of Tool mo logy, and I am 
mdobtod to Dr Vomon Ingram for his kindness 
in placing the facilities of his laboratory at m\ dis 
posal. [Slav 0 
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GROWTH PATTERNS IN NEUR0SP0RA 


A Biological Clock in Neurospora 

M ANY fungi produce alternating zones of different 
growth typo in response to diurnal llght*c\ oles 
and temperature cycles, and in some cases tho 
donation will oontmuo to bo produced for a timo m 
continuous darkness and at a constant temperature 
In 1963 Brandt 1 report od observation of zonation m 
tho growth and coni d la formation of Neurospora 
crus so mj celm in standard glass race tubos mam 
tamed m constant darkness, humiditv and tern 
perature Inspection of Brandts photographs 
suggested to us tliat tho zones wero formed with a 
frequency of approximate] \ ono a dav and we 
irnvo tested tho implication that there does occur in 
Neurospora a typical biological dolly clock — that is, 
a rhytlinnc svstom with an innate circadian (‘about 
a day’) period which j* relativoh independent of tho 
temperature (Wo are horo adopting tho suggestion 
(personal communication) of Prof F Halberg tliat 
the word circadian* obv into* all the long standing 
confusion inherent in tho words diurnal, dailj 24 hr , 
as adjectives to describe the rhythms with which wo 
nro concerned ) 

Brandt reported that I 10 obtained zonation in onlj 
ono (No 21803, prolinoloss) strain of several that ho 
examined , and that tho zonation occurred on onl> 
ono of tho supplemented media ( Orav s’) that would 
support growth of this strain Zonation occurred at 
constant tempomture either in a 24 hr light-dark 
cv cio or m continuous darkness after a brief period 
of initial growth in whito light Zonation docs not 
develop if tho mycolium is maintained in continuous 
whito light t but wo ha\o found that it can develop 
in continuous rod (carbon) light 

In tho experiments reported horo tho same strain 
and media as thoso used by Brandt wore also used 
Fresh k inoculated race tubes wero placed in a tem 


pora turo-co ntrol] od cabinet containing a 14 watt cool 
whito fluorescent lamp About 40 hr later when 
tlio nm cohum was growing well, tho whito light m 
discontinued and a rod lamp was tumod on At this 
timo and at 24 hr intervals thereafter tho advance 
of tho myccluil front was obsorvwl (m tho red light) 
and marked on tho rnco tube Wlion tho growth hail 
reached tlio end of tho agar, tho tubo was removed 
from tho growth cabinet and n donsunotor tlovico 
was used to moasuru rolativo density of tho m> cehum 
along it a entire length Tlio olworvod plienomonon 
consists of alternating tones of spareo and dense 
m> ccUvun Prolimmary oxpemnonts fuilcd to reveal 
on> Bigniflcont differonco in tlio linear growtli mere 
monts m tho 4 hr intervals tliroughout on> 24 hr 
interval Tlio distribution of m> cohnt density lias 
accordinglj boon conwri od from its obsorvod spatial 
scalo to a temporal BCftlo Regions of donso growth 
show up as minima on the donsimeter graplis 

Fig 1 illustrates tho results so obtatnod from two 
typical race- tubes one maintained at 31°C and the 
othor at 24* C Tablo 1 summarizes more oxtcmnvo 
data on the timo interval botvoon successive minima 
on tho donsimetor graphs Tins interval, which is 
tho period of tho rhythm, is about 22 hr and is tho 
sfuno at tlio two temperatures 

Tlio zonation of N eras an thu* is regulated b\ a 
rhythmic phenomenon -which manifests tho cvM.ntinl 
features of a biological clock* Tlio rhvthm has an 
innate free running period which ia clo^c to 24 hr 
relatively indoi>oudont of iho tempemturo Tlio 
rhythm can bo ontramed bj a 24 hr light rj cio In 
addition to possessing those functional preroquiflUoi 
of a good clironomotcr tlio rhythm also possesses 
other features of typical circadian aystern* (1) Tlio 
phaso of tho rh>ihm can bo established liv a single 
transition from light to dark ; (2) aa with mam other 
plant rliv'thms tho mnniftwtation of the rhvthm 1 * 
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tyrosine, and four of the other constituent amino - 
acids — aspartic acid, glutamic acid, glycine and prolrne 
— were common to both peptide fragments 

The presence of lysine suggested that C x would he 
susceptible to the action of trypsin It was therefore 
allowed to react with trypsin for 4 hr at 37° , when 
the product of reaction was fractionated by lono- 
plioresis at pH 6 5 it was resolved mto two major 
(CjTAj, CjTBi) and two minor (C/TA., CjTB.) 
components Their qualitative amino-acid composi- 
tions were determined and are given m Table 2 


Table 2 Amino acid Composition and C-terminal Amino acids 
of Peptides produced by Tryptic Hydrolysis of Peptide C, 
(Table 1) 


Peptide 

Amlno-add composition 

C-termlnal group 

C, TA, 

Asp,GIu,Gly,Lys,Pro,Tyr 

Tyr 

TB, 

Ald,Glu,LyB 

Lys 

TA, 

Agp,Glu,Gly,Pro ,Tyr 

Tyr 

TB, 

Lys 



One of the mmor peptide components, C^TAj, 
appeared to be identical with the N-terminal peptide. 
Asp Glu Gly Pro Tyr , in pig p-melanocyte-stimulat- 
mg hormone 8 , as judged by its electrophoretic mobility 
at pH 6 5, Rf in butanol-acetic acid-water (4 1 5), 
ammo-acid composition, and C-termmal group The 
two major peptide components, C^A! and C^TBj, 
were both found to contam lysine , and the fact that 
a significant amount of free lysine (C ,TB t ) was also 
formed m the tryptic reaction suggested that the 
parent molecule, C lf contained a Lys Lys bond, and 
that it was the N -terminal peptide (Ala, Glu ) Lys Lys 
(Asp Glu Gly Pro) Tyr m the human p-melanocyte- 
stimulatmg hormone molecule 

After their homogeneity had been established 
both by electrophoretic and chromatographic analysis, 
peptides TAj, TA I( TB t and C s were submitted to 
partial acid hydrolysis (12 N hydrochloric acid, for 
3-6 days at 37°) , peptide C, was hydrolysed 
with subtil is in 8 (12 hr at 37°) The respective 
products of reaction were fractionated by lonophoresis 
on paper and were characterized by the procedures 
winch have been described previously 3 8 The 
results are summarized m Table 3 

Peptide C a was shown to give additional amounts 
of C 5 and C c when it was redigested with chymotryp- 
sin, showing that C t and C« formed contiguous 
sequences m the molecule By means of carboxy- 
peptidase, C 6 was shown to be a dipeptide containing 
arg inin e and tryptophan , in a similar manner aspar- 
tic acid was shown to be the C-termmal ammo -acid 
in both Ci and C E , showing that these two peptides 
formed the C-termmal sequence, Arg Try (Gly,Ser,Pro, 
Lys) Asp, in human (3-melanocyte-stimulating hor- 
mone (cf ref 6) 

Although it was not found possible to undertake 
quantitative ammo-acid and end-group analyses on 
the parent molecule, the results which have been 


July 18, 1959 


Table 3 Peptides Identified in Partial Acid* (12 N Hydro 
ohlorio Acid, 37°) and SubtilisinI Hydrolysates 


Peptide 

Products of partial hvdrolysls 

♦C.TB, 

*CiTAi 

*0, 

tc, 

Ala Glu, Glu Lys 

Lys Asp, Lys Asp Glu, Glu Gly, Gly Pro Tjr 

Ser Pro, Ser Pro Pro, Ser Pro Pro Lys, Pro Pro Lys, 
Pro Lys, Lys Asp 

Arg Met, Ars Met Glu, Glu His, Glu His Phe 


obtamed with peptide fragments derived fiom it by 
hydrolysis with chymotrypsin and trypsin neverthe- 
less appear to be sufficient to establish that human 
P-melanocyte stimulating hormone contains twenty- 
two amino-acid lesidues, and that they occur in the 
following sequence 

123466789 10 11 

H — Ala Glu Lys Lys Asp Glu Gly Pro Tyr Arg Met 

12 13 14 15 16 17 18 19 20 21 22 

Glu Hi s Phe Arg Try Gly Ser Pro Pro Lys Asp — OH 

This appears to be the first of the polypeptide 
hormones from the human pituitary to be isolated m 
pure form and to be characterized m terms of its 
complete chemical structure The ammo -acid 
sequences of human, pig 8 7 and ox 0 p-melanocyte- 
stimulating hormones and pig a-melanocyte- 
stimulatmg hormone* 3 are compared m Fig 1 

Although human p -meiano cyto -stimulating hor- 
mone manifests a structural ‘species’ difference of the 
‘classical’ type, namely, the replacement of a lysine 
residue (position 6 m pig and ox p-melanocyto- 
stimulatmg hormone) by argmme (position 10 m 
human p-melanocyte-stimulatmg hormone) in struc- 
turally related positions, the presence of the additional 
Is -terminal tetrapeptide, Ala Glu Lys Lys, represents 
a hitherto unprecedented structural species variation 
among naturally occurring biologically active poly- 
peptide and protem molecules of relatively low 
molecular weight (for example, vasopressins 1011 , 
corticotropins 11 , insulins 13 and hypertensms 14 16 ) 

Ox p-melanocyte-stimulatmg hormone' is found 
to differ from pig p-molanocyte-stimulatmg hormone 
only m position 2 (Fig 1), where tho glutamic acid 
residue m the pig hormone is replaced by a serine 
residue m tho ox hormone It is perhaps significant 
that the replacement of one ammo-acid by another 
which is structurally unrelated to it occurs m a part 
of the molecule which does not appear to be specifically 
essential for its biological activity 3 (cf corticotro- 
pins 13 ) Presumably genetical alterations which 
produce structural modifications of this typo in 
essential parts of the molecule would result in the 
formation of molecules m which biological specificity 
was either modified or destroyed Consequently the 
fact that a lysme residue m the pig and ox hormones 
is replaced by the structurally related ammo-acid, 
argmme, m the human hormone, and that the 
structural features common to all known p-melano- 
cyte-stimulating hormones and corticotropins 11 18 


a MSH (pig) 
jS-JISH (ox) 
/3-5ISH (pis) 
/5-MSH (human) 
Fig 1 
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Amlno-acid sequences of melanocyte-stimulating hormones from pis, ox and human pituitary glands 
■ 4 HSH, melanocyte-stimulating hormone 
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Table 1 74 A (wttD-TXTE) x 118034 (proi pel) 

Genoin** Of 

\o ofucl ordered fpore pair* 

4 pntf-f pat+ A 

prol-f J*d+ A 

proi pat a 
pTOl pet a 


prrA+ pat a 
prot+ pal m 
proi pet-b A 
pro! pet -f A 


2 pnrf+ pat+ A 

pro* pat+ A 
proi+ pal a 
proi pat a 


Totals 

No of 

•pore pains Oe do type 


Growth on 
Gray’* medium 


10 

10 

6 

0 


pnjJ+ pal+A 
proi pal a 
proi+ pal a 
proi pat-1- A 


no lag 
no lag 
no lag 
3 day lag 


tfote Different pattern* of *eoond division aecregatlon lave been 
t rouped together for brevity 


■with prolino) and. in complete medium 1 wore carried 
out m race tubes m tho same light and temperature 
conditions, but not all tho pat sogroganta gave clear 
out cyclic growth patterns 

Normally, growth began quickly on Gray’s medium 
and extended 1—4 om down the length of tho race 


Yo or 

a* cl 

Tablo B. 

Genotype* or 
ordered *pore pair* 

ptl a x * n(N 

SlmpWt crom- aver emit* required 
ajuuuilna following order of loci 

i n in 

A a p at centromere n nit 

4 

a pet n-nit + 

* pat K-irIl + 
A p<rf + n nit 

A pal+ * nit 

no crowing over 


4 

a pat n + 

« P*t » nit 

A pat+ n mU + 
A pat-i- H nil 

•ln*Io ertHiorer In III 

2 

n pat n-nit + 

A pet -f *-#« + 
a pat n-nit 

A pat-\- * 

•Indie crowover in II 


1 

0 pet * nil+ 

1 pel *-afl + 

« pet + n-wll 

A pet+ n nit 

•Ingle crossover In I 


1 

a pat n-wll-P 

A pat + n nit 

0 pat n nlt + 
A pat+ n-nit 

2-*trand doable In II 

III 

1 

a pet n nit + 
A pat + r^nit 
n pet n-nit 

A pot+ n *tt + 

3-etrand double In II 

in 


\oU DllTbrani patterns of *eoond dlrUlon wgrenation have been 
trooped together for brevity 


tube after 24 hr However, six of the cultures had a 
lag period of about three days beforo am growth 
appeared These were tho six prolino requiring pat + 
segrogants of the first cross (Tablo I) Thore is thus 
a physiological interaction which might bo described 
oa partial suppression of pro 1 b\ pat (though it could 
also be suppression by mating typo gono o) Whcthor 
tlus interaction is related, to tho function of tho 
biological clock is unknown. (The lag period occurred 
only on Gray s medium none of the cultures lagged 
on minimal medium plus pro] me or on completo 
medium ) 

The tests for prolino requirement wore mado on 
plates containing the sugar sorbose this causes 
growth to remain restricted to tho spot of the 
inoculum, rathor than spreading over the plate Tho 
use of sorbose medium allows as many as taentj five 
growth teats to bo performed on a singlo plato It 
was observed that eomo of tho test colonies did not 
remain confined on the sorbose plafcos, but wore 
expanding radially 6-10 mm per day The ‘sorbose 
oscapo’ condition turned out to bo cliaractonstio of 
tho patch BogrogantB This was a consistent cor 
rolation all 42 pat progeny from tho two crosses 
escaped on sorbose while all 42 pat + progonj 
remained confined on sorbose Thoro was no ovidonce 
of anj cyclic pattern in the sorbose escapo colonies 
Sorbose-oscape was achieved even on plates hold in 
constant light a condition m which tlie c\chc growth 
pattom is not observed on Gray s roednun 

The sorbose -escapo classification demonstrates that 
the presence of the patch gone can bo dot oc tod in a 
situation in whioh it is not visibly related to a bio 
logical dock. It is possible that tho patch gono is not 
directly involved m the function of tho biological 
dock but, rather effects a growth habit uhich 
roveala an underlying clock Howovor this could 
only bo determined concltisnelj bj a demonstration 
of clock activity in a pat -f strain 

Tlus work was supported bv a grant from tho 
National 8cienco Foundation I am gratoful to 
Dr C S Pittcndngh and Dr V G Bruco, of 
Pnncoton University, for providing tho strain 21803a 
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PROTHORACIC GLAND STIMULATION BY JUVENILE HORMONE 
EXTRACTS OF INSECTS 

By Dr LAWRENCE I GILBERT* and Dr. HOWARD A SCHNEIDERMAN 

Department of Zoology Cornel) University Ithaca, New York 


T HE juvonilo horrnono was first rocognitod aa the 
agent which provonts maturation of ret mg 
insects 1 A second rolo for this honnono, discovered 
shortly thereafter, was in egg dovdopmont whore, 

• Present addrea* Department or Biological Mwm North 
western Ualrmlty Evanston Illinois. 


in man) insects it is noceswm for soil* deposition* 
Tho present article describes what appears to bo a 
third role for tho juvenile horrnono namd\ stimula 
tion of the prothorocic glands This tropic action 
lias hitherto boon assigned either to a iKmnono 
secreted by the insect 8 bnun* or occamonnllj to low 
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Evoked responses to flash were displayed on an 
oscilloscope and filmed while the cat was resting 
facing the stroboscope The flash, delivered once in 
approximately 2 sec , was of 1-m sec duration with 
an intensity of approximately 1 lambert A mouse 
was introduced between stroboscope and cat, separ- 
ated from the latter by a transparent plastic sheet 
During the first few presentations of the mouse, the 
cat usually was intensely excited , but later it sat 
still, intently watching the mouse with little or no 
pilo-erection, or unsheathing of the claws At this 
time 20 evoked responses to flash were recorded Ten 
of these experimental responses were selected at 
random from the 20, together with 10 control evoked 
responses from the resting animal, recorded immedi- 
ately before mtroduction of the mouse The mean of 
each of these sets of results was calculated These 
means for each annual were tabulated and the 
significance of any differences between experimental 
and control conditions obtained by applying a paired 
t test It was found that when the cat was watching 
the mouse the electrocorticograph was flattened 
The surface positive component of the primary wave 
of the evoked potential was decreased by 27 per cent 
(-P < 0 001), and its duration reduced by 20 per cent 
(P < 0 01) The amphtude of the surface negative 
component was decreased by 21 per cent (P < 0 02) 
The excursion of the second wave of the response was 
reduced by 19 per cent (P < 0 02) and waves of the 
later components by 61 per cent (P < 0 001) 

In order to orientate the cat’s behaviour to a non- 
visual modality, the animal was conditioned to receive 
a slight shock to the fore-limbs after several tones, 
each delivered in the interval between consecutive 
flashes The number of tones delivered prior to the 
shock was varied between 2 and 10 in any trial 
After the first few trials, shocks were only occasionally 
apphed During the early stages of conditioning, at 
the onset of the tones, the cat looked intently around 
the box At this time the electrocorticograph was 
reduced in amphtude The surface positive com- 
ponent of the primary wave was reduced by 21 per 
cent (P < 0 02) and its duration by 19 per cent 
(P < 0 02) the amplitude of the second wave of 
the response was attenuated by 34 per cent (P <0 01) 
and the later oscillations by 40 per cent (P < 0 02) 
At a later stage of conditioning, the cat did not 
look around the box during the tones, but remained 
stdl except for some slight shifting of the fore-limbs, 
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twitching of the facial muscles and flicking of the ears 
Occasionally at this stage the cat got up during the 
tones and settled in another part of the cage Measure- 
ment of records taken when the animal showed 
minimal movement and when its response to the 
acoustic stimulus was accompanied by little or no 
visual searching' component showed that the ampli- 
tude of the electrocorticograph was diminished 
The amphtude and duration of the evoked responses 
were not, however, significantly different from those 
recorded under control conditions 

From the above results it appears that photically 
evoked responses m the visual cortex are not attenu- 
ated when a cat’s behaviour is orientated to an 
acoustic stimulus, so long as there is no visual search- 
ing component m the animal’s behavioural response 
On the other hand, when the animal’s behaviour is 
directed to a stimulus m the visual field, or shows 
some visual searching component m its response to a 
non-visual stimulus, evoked potentials are reduced in 
amphtude It might bo argued that when the cat was 
looking at a mouse the information contained in the 
flash was irrelevant and so attenuated However, 
when the animal’s behaviour was directed to the 
acoustic stimulus, in the absence of visual searching 
activity, the information from the flash was likewise 
irrelevant The evoked potentials in these two 
situations should therefore have been treated 
similarly They were not 

Reduction m amplitude of an evoked response to a 
given photic input may be brought about m one or 
more ways (for example, inhibition, reduction of 
facilitation, occlusion) Whatever the mechanism, 
one of the effects of Buch activity may be, in some 
circumstances, to increase sensory contrast and so 
improve the sharpness of input boundaries Absence 
of such input attenuating activity m the visual system, 
as when behaviour is directed to an acoustic stimulus, 
could give a greater absolute sensitivity in the visual 
pathway The animal would thus monitor its environ- 
ment more sensitively so providing central mechanisms 
with a maximum of information on which to act 
One of us (G H ) wishes to thank the Wellcome 
Trust and the National Research Council of Canada for 
grants toward the cost of travel expenses Thanks are 
also due to Prof H Jasper for his interest in this work 

1 Hern&ndM-Pepn, R , Guzm&n-Flores, C , Alcarez, )[. , and FernJndcr- 
Gimrdlola, A , Acta Kcurol Lahnoamer , 3, 1 (1967) 

* Hem£ndez-Pe6n , K , Scherror, H , and Jonvet, Jr , Science, 123 
331 (1956) 


INFLUENCE OF UNBALANCED GROWTH ON SUBSEQUENT X-RAY- 
1NDUCED INHIBITION OF DEOXYRIBONUCLEIC ACID 
SYNTHESIS IN ESCHERICHIA COLI I5 T _ 


By DANIEL B1LLEN 

Department of Biology, Section of Microbiology, University of Texas, M D Anderson Hospital 

and Tumor Institute, Houston, Texas 


I N an earhei report 1 it was demonstrated that the 
number of survivors among X-irradiated Escheri- 
chia coh strains Bjr and 15r- (thymine-less) was 
increased when log -phase cells were incubated in the 
presence of chloramphenicol prior to X-ray exposure 
In the case of E coll 15r_ deoxyribonucleic acid 
synthesis was necessary for the development of 
radioresistant cells, smee when deoxyribonucleic 


acid synthesis was prevented by the removal of 
thy min e from the pre- irradiation incubation medium, 
radioresistance was not enhanced by chlorampheni- 
col One interpretation of these results was that 
‘surplus’ deoxyribonucleic acid formed m the presence 
of chloramphenicol (higher ratio of deoxyribonucleic 
acid/protein than in non-treated cells) was biologically 
active and increased the number of sensitive sites 

/ 
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in tlio Imctmuin’ .An additional possibility con 
fiidorcd wfts tliftt prot rested/ cells, imbalanced in 
macromolecular constituents, were in special phyaiolo 
^ical slot os such that the probability of overcoming 
X ray induced Jealous was increased Using cells in 
the se\ oral unbalanced states with regard to pro tom, 
doovyribonncleio acid, and ribonucleic acid levels 
we hate studied deoxyribonuoloio acid synthesis 
after X raj exposure of such coll* In the present 
Mork results are presented which show (1) An 
inhibition by ciiioramphorucol of phasing or 'syn 
ohronization of the deoxyribonucleic ao id -synth eaiz 
ing system and (2) that the radiosensltunty of the 
synthesizing mechanism is altered by preMous 
chloramphenicol oxjiomtre 

Tlio conditions for obtaining log phase as well as 
establishing' Sinbalanoed phase growth were thoeo 
prOviouslv described 1 Following the xanous treat 
monlfl to bo described for obtaining imbalanced 
growth the cells wore cooled m on ioc bath, harvested, 
washed and resuspended in oold minimal salta-glucoee 
modium to give a final concentration of about 20 
tunes the original number (1-2 x 10 l * colia/ml ) in 
order to obtain satisfactory levels of material for 
thomical analysis The concentration of cells during 
exposure has higher than the level used in tho 
earlier studies by a factor of approximately 100 , 
as a result the number of colony formers found after 
a doso of 10,000 r was 1 uglier in the experiments 
reported here** Following X ray exposure at ice 
bftth temperature tho colls wore addod to twice the 
original culture volume of pro- warmed minimal 
medium supplemented with 20 pgm./ml thymine 
and re meubatod with aeration at §7° 0 Aliquots of 
this culture were ramoiod at intervals for analysis 
fis dotailod earlier 1 

Prior to treatment with 10 000 r of X rays, log 
phase K colt 15 r- colls were incubated m minimal 
medium at 37° C for 1 hr under tho following 
conditional (A) incubation in tho prosonco of thynuno 
(normal log phaso colls) , (C) incubation in tho 

presence of 10 ggm /ml ddoramphomool and (1) 
plus thynuno (mcroasod nbonuoloio and dooxyribo 
nucloic ocid/protom oontont), or (2) without thymine 
(increased ribonucloic aoid/dooxyrfbonuclcio acid and 
protein content) , (U) incubation in the obsonoo of 
thvrmno (increased ribonucloic acid and protein/ 
(koxvfribonuclefo aold content) 

In normal log pliaso E coli IGr- (condition A) 
exposed to 10,000 r of X rav* dooxynbonuclcic acid 
synthesis proceeded rapidly for 30-00 min (Fig 1) 
•put was followed by a porlod in which no net avntho 
n vas detectable In other axpenmants In which 
pjrmal was higher than that found in tlio experiment 
frotu which tho data of >ig 1 wore taken, renewed 
lYntboai* was somot imos seen by 90 min Tlio 
timber of colony forming colls in tho irradiAtod 
^yrensions (10-25 per cent of tho controls) remained 
or showed a slight decline during tho first 
$ ciln 4 rapid increase thon occurred that probabU 
(psgunted for tlio renowod synthesis observed In 
Una. expenraonts 

I vdtcu chlorampbomcol wxui added to log phase 
flif (condition 271) nbonucloio and deoxyTibonucloic 
I ^ 5 continued to accumulato whilo protom synthesis 
jn largely inhibited* Suoh colls washed froo of the 
|tibiot'0 nnd ro-ineubatodmn lhymbio supplemented 
Inimftl medium showed a delay of approximate!! 

0 mm before not dooxynbomioloiO acid synthesis 
as resumed (big 1) When tho washed colls treated 
ath chloramphenicol wor© exposed to 10,000 r of 
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F1« I Ti* Influence ot prior cUanunpkcnlral treatment on 
tUMemtcal droxyribonuciete «dd tjTUhwU. IYtor to (reatmeot 
wtt/i 10,000 r or \-r*yi Jo? pJme K eo/i Jfir cell* *rre In 
nitAlfd for 2 hr Boder the folknrJnR condition* • • bmbuI 

leaf phsie cells (condition A ot text) O O condition A *nd 

thro expotureto 10 000r • #,e*r>o»cd to ddorarapltctilcoj 

(condition Jtl ) O O condition D 1 thro exposure to 

10,000 r 

X rayro and thon resuspended m thvmino-supplo 
men tod medium no not increase in dooxyTibonucloic 
acid oontont was obeor\ ed during tho 2 lir tho cultures 
wero studiod (only tho first. 90 nun aro shown in Fig 
1) A similar result was found for colls washed 
free of thymine prior to incubation in thvmino free 
minimal medium to which chloramphenicol 1ms been 
addod (condition 272) During such incubation only 
nbonuoloio acid was observed to acoumulato in 
largo amounts during tho 1 hr exposure to thu 
antibiotio 1 As soon in Fig 2 dooxyTibonucloic acid 
synthesis in suoh cells was eoroplotoh suppressed 
after X ru\ exposure 

Log pliaso colls washed freo of thvrmno and then 
ro meubatod for 1 hr at 37* C In thvmino free 
minimal modium (condition C), shoved a marked 
increase In ribonuoloic acid and protein nitrogen 
whilo dooxynbonuclojc arid synthesis was essentially 
ml* This was the 'unbalanced growth' reported 
for this strain of E colt by Bamer and Coben 4 
Following thro treatment tlio cells after harvesting 
and was! ling at ice bath tomjxrftturfs, appeared to 
be synchronized* with respect to dooxyTibonucloic 
acid synthesis (Fig 2) Tho dcoxvribo nucleic acid 
ncarl\ doubled In 30 min This was followed by a 
period of reduced deoxvrilmnuclelc ocul evn thesis 
beforo a new rate of deoxyribonucleic acid oecumula 
tion was seen X irradiation dkl not greatly alter 
tho svnthoais during tho imtlal doubling period 
(Fig 2) Hmrovor, after this initial burst no further 
mcremont was lound during J20 min of observation 
The loss of ncid Insoluble deoxyribonucleic arid 
observed in tho irradiated o* 11 culture after 00 nun 
wos duo to Ivsis of a jiortion of the rflls ns n fleeted 
In a docrensed turbidity of the ciUtimn t* mllj 
a reduction m tlio 1mm anted cell vwM ft"**' 

Tlio surviving ♦'ells did not grow *• J 
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JFJg. 2 The effect of thymine starvation during chloramphenicol 
exposure on subsequent deoxyribonucleic acid synthesis Prior 
to treatment with 10,000 r of X-rayB, log-phase E eoh 16r- cells 

were Incubated fori hr under the following conditions • •, 

Incubation In tho absence of thymine (condition C of text) , 

O O , condition C, and then exposure to 10,000 r , • — • , 

exposed to chloramphonlcol In the absence of thymine (condition 
j fe), O---O. condition JB2, and then exposure to 10,000 r 


rapid rate to be reflected m the analysis during 
these 2 hr It required more than 2 hr for dividing 
survivors to reach tho initial level of umrradiated 
cells of the controls 

Thus, during the incubation in the absence of 
thymine (condition O), a radioresistant synchroniza- 
tion of deoxyribonucleic acid appeared to have 
occurred Similar treatment did not synchronize 
ribonucleic acid or protein synthesis' 1 The addition 
of chloramphenicol to such cells prevented the 
development of the radioresistant system synthesiz- 
ing deoxyribonucleic acid It is also apparent that 
the addition of chloramphenicol to log-phase E coli 
15r_ incubated m the presence of thymine resulted 
m a physiological state such that deoxyribonucleic 
acid synthesis did not occur immediately after 
removal of the antibiotic Cells m this physiological 
state could not synthesize deoxyribonucleic acid 
until a radiosensitive process had been initiated 
Although the mechanism whereby chloramphenicol 
brings about this effect is unknown, it is tempting 
to speculate that the antibiotic-mduced inhibition 
of protein synthesis was involved The protein 
(and (or ribonucleic acid) synthesized m a given time 
period (in the presence or absence of net deoxyribo- 
nucleic synthesis) may be a necessary prerequisite 
for subsequent deoxyribonucleic acid synthesis 
One may envisage this protein as being involved in 
the formation of a template’- 10 or as specific enzymes 
perhaps similar to the polymerases described by 
Komberg and collaborators 11 which were found to 
be capable of in vitro deoxyribonucleic acid syxhliesis 
Additional experiments planned may provide flwther 
insight into the true nature of the radiosensitive 
pre inhibited by chi or amphemcol 

x alts with irradiated E coh 15r- correlate 
1 the findings of others in plant 1 - and 


animal 1514 studies -that there is a radiosensitive 
process involved in deoxyribonucleic acid synthesis^ 
which is not the deq^ryr lb onu cl o i c acid replication <-* 
system itself The radiosensitive process occurring 
prior to actual deoxyribonucleic acid synthesis may 
involve protein synthesis as suggested from the 
results presented hero Log- or stationary -phase cell * 
suspensions when exposed to X-rays contain organ- 
isms in various phases of their division cycle One 
may speculate that there occurs, m normal growth 
of individual cells, a phase such that the products 
of the radiosensitive process are exhausted and must 
be synthesized anew before deoxyribonucleic acid 
replication can proceed If most cells of an exposed 
population were m the active deoxyribonucleic acid 
synthesizing (radioresistant) phase they would con- / 
tinue to make deoxyribonucleic acid until a pre-/ 
determined level would have been reached There- 
fore at doses of X-rays in winch most of the popula- 
tion no longer were colony-forming cells a good 
amount of deoxyribonucleic acid as well os ribonucleic 
acid and protein synthesis would occur* The extent 
of deoxyribonucleic synthesis would be determined 
by the length of the deoxyribonucleic synthetic 
period relative to that of the sensitive pre-synthetic 
phase In a log-phase population most colls would 
he in the deoxyribonucleic acid synthesizing phase 
if this period occupied most of the division cycle of 
the cell Based on tins model our results would 
suggest that most log-phase cells are not m tho radio- 
sensitive period smee irradiated populations increased 
significantly their deoxyribonucleic acid-levels upon 
remcuhation The radiosensitive pre-synthetic pro- 
cess, having been inhibited by radiation exposure, 
would no longer function and thus deoxyribonucleic 
acid synthesis would come to a close if it is assumed 
that the radiosensitive process is permanently 
inhibited by irradiation ’When sufficient numbers 
of survivors were present these would grow at a rate 
reflecting then* physiological state prior to exposure 
and eventually produce measurable amounts of 
deoxyribonucleic acid If the number of survivors 
were high enough and exhibited little lag upon 
resuspension in a complete growth medium they 
would produce sufficient amounts of deoxyribonucleic 
acid to be measurable soon after exhaustion of ' 
deoxyribonucleic acid synthesis m dying cells Thus 
the termination of deoxyribonucleic acid synthesis in 
dying or dead cells would be masked by the dividing - 
viable cells At higher doses of X-irradiation 
deoxyribonucleic acid synthesis may be complete!) 
suppressed by the destruction of the radioresist- 
ant deoxyribonucleic acid synthesizing mechanism 
itself* 
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APPOINTMENTS VACANT 

APPUQATI05B art in riled for the following appointment* on or 
before the dote* mentioned 

Assututt LEtmjEEE ix Ounmir at the University of Canter 
bary Christchurch, Now Zealand — The Secretary, Association of 
UtUTenHIeu of tho British Commonwealth 30 (Jordon Square Lon- 
don W01 (Septmnber 30) 

Arai.Tri.HT LEOTDEEa (with an honour* degree In ecology nnd with 
ability to lecture In historical geology and micro- paleontology) In 
QROLOOT at the University or Canterbury, ChrJUchnrch New Zealand 
— The Secretary Association of Universities or the British Common 
wealth (Jordon Square London \\ 0 1 (September 30) 

Assistaht Lecturer im Social ADicnnrnuTiox— The Registrar 
The University Slanchejter 13 (September SO) 

Assist aht Lbcturim ih Botaht— T he Registrar The University 
3fanche*ter IS (September 80} 

Chaw or EDUCATION In the Unlverilty of the Wltwaterwand 
JohanneMrare Sooth Africa — The Secretary Association of Cnlrrr 
•Itiei of the BrltUh Commonwealth, 38 Gordon Squaw London WC1 
(September 30) 

Berios Lecturer ih the Domktxert or Ororimncs at tho 
Unlrenlty of the \\ Itwnterirand. Johannesburg, South Africa — The 
Secretary A**ool*tlon of Universities of the British Commonwealth 
30 (Jordon Square London W C 1 (September 30) 

8EXIOR Lvcmnuu or Lcctitrer (with an honour* decree In engineer 
Ing and preferably with *omeprofr**!onaI experience sJner pradnatlon) 
is KcanAHlOAL LHaiHEimtHO — The Registrar king's College New 
cc»tlo upon Tyne (8epteml>er 30) 

Header or Sfivion Lecturer (wtlh experience In experimental 
physic*. experience In lome aipccU of applied phyile* would be of 
particular value) IH the Dreaktheht or Phtsicv to help arrange 
and to take part In the tea china of physics to engineer* at all level* — 
Tlie Registrar The University, Manchester 13 (October 5) 

Director (with a wide scientific background) or the Cohpctatjoh 
O iRTXE— The Vice-Principal McGill University Montreal Que 
Canada 

Lecturer (with a good honour* degree and *oroe practical ex 
peri e nee iireferably In the Acid of structural steelwork tome teaching 
experience would be an advantage) in the Detarthert or Civil 
llHQnf ereihg — T he Registrar The Unlrenlty Bristol. 

Leoturer (with an honour* degre e In chemistry and po*tgradn*to 
experience of academic or Industrial research) in Irosoaxio Cher 
itt * r — The Secretory Sir John Com College Jewry Street London 
L.C.3 
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Electrical Research Association 1009) ^ (35 
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1059 Pp 24 (Reading The University. 1050 ) 1# (M 
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Of BlrJoiroh Bank* (1743-1820) By Averil Lysaght Pp 2*1-371 + 
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Royal Greenwich Observatory Ablnger In the year 1051 nnder the 
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Rrdhead Droseraccae. By J R Lanndon Pp fl (London Crown 
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Glass house Crope Research Institute Research Programme acd 
Guide to Experiments 1050 Pp 30 (Uttlehimpton Olisshonse 
Crop* Research Institute 1959 ) [226 

Borne Observation* on Gold Refining and the Standard* for Gold 
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LETTERS TO THE EDITORS 


GEOPHYSICS 

Great Earthquakes and the Astronomical 
Positions of Uranus 

Thankb to the oxoeUent collection of uniform 
data of earthquakes given by Gutenborg and 
Richter 1 , it fa now easily possible to study etatistio 
ally the influence of different factors on earthquakes 
In the course of a study of tidal offocts on cmrt.li 
quakes*, the astronomical positions of tho planets 
have also boon taken into account and a remarkable 
correlation betwoen tho positions of Uranus and the 
moment of great earthquakes has boon oeta Wished 
for a certain period Gutenborg and Richter’s data 
of all earthquakes equal or greater than magnitude 
7 1 hate been used. The investigations will bo pub 
Ufllied in dotail later, but here attention is directed 
to the results concerning tho position of Uranus 

A total of 134 earthquakes has been investigated 
In this a fairly significant amount of casos has boon 
found, where Uranus was very near its upper or lower 
transit of the meridian of tho epicentre in the time 
of groat earthquakes Closer investigation showed 
that this occurred ospeoially during tho years 1004 
where Gutonberg-Richter s data start, and also 
1005 and 1000 The results for this period are given 


in Tablo I, which contains tho data for tho earth 
quakes and also tho Right Ascension of the meridian 
of tho epicentre at tho time of tho oarthqunho and 
tho position and tlio raendionfll distance in Right 
Ascension of Uranus at that timo The latter data 
have hoen divided into two groups Group I con 
tarns all the cases wlion Uranus is within a distanoo 
of ± lh from upper or lower transit through tho 
meridian group II comprises all cases with greater 
meridional distances, that is, within ± lh to ± Cb 
The probability of Uranus being found in group I 
is ono Blxtli of tho total cases and tlrnt for group U is 
fivo-eixths of tho total, if tho distribution of the times 
of the earthquakes is entirely by chance As Uranus 
completes each day \ory approximately all tho 
possible meridian distances, thoro occurs witliin tho 
period of 1 000 days, represented in Table 1 a total 
of 2,180 transits (upper and lower) Therefore if 
the times of occurrence of earthquakes are distnouted 
by chance, a uniform distribution of tho positions of 
Uranus can bo ox pec tod This is corroborated by 
the foot that tho positions of tho Sim or tho Moon 
allow no significant donation from pure chance 
for example, in Tablo 1 tho Sun is found to be fi\o 
tunes near transit which ir very near tho expected 
value for chance distribution of group 1 But tho 
result for Uranus is quito different and unoxpoctcd 
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Of 23 cases, listed m Table 1, not less than 16 belong 
to group I and only 8 are in group II The expected 
number for group I would be 3 8 Application of the 
chi-square test gives x* = 41 , with Yates’s cor- 
rection y 2 = 37, that is, for one degree of freedom, 
a probability much less than 0 0001 for its being 
a chance distribution The deviation is therefore 
highly significant The fact should be stressed that 
Table 1 is complete, that is, it includes all the earth- 
quakes of magnitude equal to or greater than 7£ 
(including intermediate and deep shocks) which 
occurred during this period 

Two points must be cleared up First, for how 
long does the period extend with this marked correla- 
tion, and secondly, how far is it characteristic of 
Uranus ? Or does the period include some other 
cosmic direction which only accidentally comcides 
with the position of Uranus during this period of 
observation ? Regarding the first pomt, it can be 
stated that after 1906 the correlation becomes less 
significant, but it remains greater than average As 
an example. Table 2 shows the meridional distance 
of Uranus for three remarkable earthquakes of later 
years, when the position of Uranus had already 
greatly changed No 1 is the Tokyo earthquake m 
the course of which 100,000 people were killed and 
600,000 houses were destroyed No 2 is the second 
largest earthquake of the first half of this century 
(the greatest is No 17 in Table 1) and No 3 is the 
famous Assam earthquake ( Nature , 167, 128 , 1951) 
In each of these crises Uranus is near the meridian — 
not farther away than 30 mm from its lower transit 
There is a certain difficulty in extending the investiga- 
tion back to the years before 1904, as in many cases 
the epicentres are either not. known or only very 
inaccurately A collection of data has been given 
by Gutenberg* Using his data and limiting the 
investigations to all cases where the epicentres are 
known with an accuracy of at least ± 6° of their 
geographical position, their number is 23 for the 
years 1900-3 In eight cases the position of Uranus 
is m group I , the expected number is 3 8 There- 
fore, the correlation extends back to 1900, but with 
diminished significance 

It should be mentioned that the years 1904—6 
corresponded to a conspicuous maximum of energy 
release by the Earth through earthquakes Accord- 
ing to Gutenberg*, the annual release during each 
of these years is 10 6 , 22 2 and 34 1, against 6 in 
1903 and 4 9m 1907 (in units of 10 !1 ergs) 

So far as the role of Uranus is concerned, it may 
be noted that the planet was nearly symmetrically 
opposed, during these years, by Neptune and Pluto 
and went into direct opposition to Neptune in 1906 
The cases of 1906 are therefore also cases where 
Neptune was simultaneously near its transit at the 
times of the earthquakes An opposition of Sun, 
Venus and Mars to Uranus also occurred at the time 
of the Tokyo earthquake (Table 2) 

The correlation cannot be explamed by a tidal 
effect, since the statistical investigation for all the 
great earthquakes [M = 7{) during 1904-50 m regard 
to the absolute and relative positions of the Sun and 
the Moon give no indication of a significant deviation 
from chance distribution The tidal forces of the 
planets are extremely small compared with those of 
the Sun and the Moon That the accumulated stresses 
within the Earth’s crust are released at tunes which, 
at least for a period of several years, are strongly 
correlated with certain positions of Uranus may. 


therefore, not be a relationship of cause and effect 
m the usual mechanical sense 

R Tomas chek 

Breitbrunn /Chiemsee, 

Bavaria 
March 27 

•Gntenberg, B , and Richter, C F , “Seismicity of the Earth 2nd 
edit (Princeton Unh Press, 1954) 

* Tomaschek, R , “Hnndbuch der Physlk", 48, 843 (Springer, 1067) 

' Gutenberg, B , Trant Amer Geophys Union, 27, No 6, 608 (1006) 


Air Density in the Upper Atmosphere 
from Satellite Orbit Observations 

From the rate of change of period of a satellite, it 
is possible to derive the density of the atmosphere at 
the altitude of tho perigee of the orbit Now tliat 
some ton successful satellite launchings have taken 
place, giving orbits with various perigee heights, the 
variation of air density with height can bo derived 
over a considerable range of altitude Many perigee 
heights have been less than 230 km , the exceptions 
being Explorer IV (1958 £) at 260 km , Explorer I 
(1958 a) at 365 km. Vanguard I (1958 p 2) at 656 km , 
and the recently launched Vanguard II (1959 a) at 
558 km The air density at greater heights is there- 
fore less well established From an analysis of data 
from six different satellites, tho smoothed set of values 
m Table 1 has been derived The accuracy, estimated 
by fitting a quadratic variation with height to the 
logarithm of the density, is of the order of 20 por 
cent at the lower heights and 50 per cent at tho 
greater heights 


Table 1 Values op Air Density derived moil Observations 

ON SATELLITES 1057 a,, ft AND 1968 a, /?,, y AND « 


Height 
(km ) 

Air density 
(gm / c c ) 

Height 
(km ) 

Air donslty 
(gm / c .0 ) 

160 

1 2 x 10-“ 

460 

3 8 x 10"“ 

200 

3 8 x 10-» 

600 

1 9 x 10-“ 

250 

1 4 x ltr*’ 

560 

0 0 x 10~“ 

300 

6 0 x 10-“ 

000 

6 3 x 10*“ 

360 

2-0 x 10-“ 

060 

3 2 x 10-“ 

400 

8 4 x 10-“ 

700 

2 0 x 10'“ 


Above 300 km , the values of air density depend 
chiefly on the Explorer I and Vanguard I observations 
After this analysis had been earned out, tho rato of 
decrease of period for these two satellites increased 
comparatively rapidly to a new nearly constant value 
Tho increase amounted to a factor of 1 51 for Explorer 
I and to a factor of 2 52 for Vanguard I, showing 
the effect to mcrease with height For Vanguard I, 
the slope of the period - time curve has rocently 
returned to its original value , and the local time 
at perigee, while the slopo had tho greater value, 
ranged from about 12 00 hr to 18 30 hr For Explorer 
I, the slope has also returned to its original value 
and is at present about to change again, the greater 
value being maintained for approximately the same 
range of local time as Vanguard I If thiB change is 
attributed to a variation m air density, then the 
values m Table 1 need to be increased by the above 
factors when local time hes in the range 12 00-18 30 
hr 

The scale height of the atmosphere H is the height 
interval over which the density changes by an ex- 
ponential factor Values for H m the region of 200 km 
have been deduced in the following three ways 

(1) From the above density - height profile H is 
obtained 1 as 46 (i 5) at 200 km H increases with 
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height and valuoa of 62 61, 72 and 89 km aro 
obtained for 300, 400, 600 and 600 km altitude, but 
the observations aro too scanty to enable the accuracy 
of these values to bo estimated The gradient of the 
scale height at 200 km is obtained as 0 00 km (km 

(2) From the decrease in porigoo distance From 
Explorer HI H is obtained* os 39 (± 9) km at 180 
km , and from Atlas (1968 C) aa 30 km to within a 
few kilometres for the same altitudo 

(3) From tbo ohango in porigoo height due to the 
Earth’s equatorial bulge* This method is suitable 
for satolhtce at approximately tho inclination of the 
Russian artifioial satellites, whon tho perigee moves 
slowly around tho orbit and a significant part of tho 
ohango in perigee height arises from the Earth’s 
equatorial bulge From Sputnik U, H is obtained* as 
36 (± 16) km. For Sputnik HI rookot (1058 $j), 
methods 2 and 3 lead to inconsistent values 

A few rocket measurements of air density at the 
200 km. lovol onst for comparison with tho satellite 
values A valuo of 2 7 X ltH 1 gm./o c at 200 km 
has boon roportod 4 from a U-S S.R rookot firing at 
60° N Tho Viking 7 flight in August 1961 at Whito 
Sands, Now Mexico, gave* 1 4 X 1CH* gm /c c (to 
within a factor of 2) for tho density and 43 km. for 
tho scale lioight at 200 km. The latitudo of Wluto 
Sands Is 30° N , and most of tho observations upon 
which Tablo 1 is based refer to porigoo latitudes 
between 36° N and 33° S Tho agroomont between 
the scale heights is vory olose and that between the 
densities is just acceptable On the other hand, an 
Aerobes Hi fired m July 1957 at Fort Churchill, 
latitudo 69* N , gave* 7 0 X 10 -1 * gra /o.c ( ± 30 per 
cent) for density and 04 km for scale height at 200 km. 
altitudo A considerable latitude effect is therefore 
indicated at higher latitudes and there is clearly a 
need for satellites with orbital inclinations near 90°, 
bo that densities may bo determined at the highest 
latitudes Two further Fort Churchill firings have 
given* a winter day voluo of 3 6^J , x 10* 1 * gm /o o 
and a winter night vnluo of 1 3 ± 0 0 X KH* gra./o o 
at 202 km. 

At tho 200 km. altitudo, tho scalo height Booms 
to bo in the region of 40 km for equatorial and sub 
temperate latitudoe Tho corresponding tompornturo 
for an nssumod molooulnr weight of air of 25 would 
ho 1,100° K. 

Tho results given hero agree closoly with thoso of 
D G KingHolo* 

Acknow Jodgoraont is mado to tho Smitlisonian 
Institution tlio Naval Research Laboratory Wash 
ington, and tho Rojal Aircraft Establialiraont 
Fnmbo rough for their issuos of orbital data on 
which thoso calculations linvo boon baaod 

G V Groves 

Department of Physics, 

University College, 

London W C 1 
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PHYSICAL SCIENCES 

A Special Case of the Superposition of 
Crystal Plates between Crossed Polars 
and Its Bearing on the Microscopy of 
Celluloslc Fibres 

When monochromatic light ia passed at porpon 
dicular incidence through two superposed and 
differently oriontatod transparent crystal plates 
between crossed polars the intensity of tho light 
transmitted by tho onalyBor rolativo to tliat of tho 
light entering tlie plates ia given by the following 
expression, as was shown by I resncl 
I — —Bm2(4/ t — ii/ l )sin2^ 1 cos2t’i5Bin*(8 l /2) 

+Bin2(iii t — i 1 )co32^,8m24/ t Bm l (3 1 /2) (1) 

-f cos*^, — i(i J )ain2^j6m2^ 1 sin*(S,/2 -f tJ2) 

— Bin*(<]i, — ^,) am2 4'i ain 2 ( f» s in*(8,/2 — 8,/2) 
where J is the rolativo intensity as just defined, <J/„ 
are rcepocthelj , tho angles made by tho corros 
ponding vibration directions of tho plates (tliat is, 
oithor tho ‘elow or tho ‘fast’ directions) with the 
vibration direction of the polarizer and 3, 8 3 are the 
phase differences produced by tho plates (Tho 
expression ignores any reduction in tho intonsitj duo 
to absorption by tho analyser, such ns occurs m 
Polaroid, but for a given analyser this reduction is 
by a constant factor and does not affect tho nrgu 
monts which follow ) If tho plates aro of oqual 
thickness and birefringence, — 6, 6 and tho 

fourth term In tho oppression vanishes If nl«o wo 
put 20 for the angle between tho corresponding 
vibration directions say the 'slow directions of tho 
platos and a for tho anglo botweon tho bisectrix of 
20 and tho % ibration direction of tlio polarisor (Fig 1) 
tho expression can be reduced to tho form 
I - 4cos 4 (20)9m*(6/2)cos*(8/2)flin*(2») 

— 4sm*(20)cos*(20)sln , (5/2)cos’(6/2)cos , (2a) (2) 

+4sm*(20)cos t {20)sm , (S/2) 

(This involves making uso of tho following oquahtice 
— ^i) ~ 20 , ~ (a — 0) ijf, — (a + 0) sin 

2(a — 0) cos2(a 0) — cos2(a — 0) sm2(a -f 0) — 
-bui( 40) , Bin*3 -» sin*2{5/2) - 4*ln*(3/2) cos*(3/2) ) 

B> dijforontiating I with respect to 2a, and equating 
to zero it can be shown tliat in tho general case I has 
a minimum vnluo whon a — 0* 90°, otc , and a 
maximum vnluo when a 45° 135°, etc , tliat is 
that tho pair of platos ‘extinguishes whon tho 
bisectrix OB (Fig 1) is pnrallol or porpondicular to 
tho polarizer vibration direction OF, and fIiowb 
maximum brightness when in tlio 43* jiositions 
Three spec ml cases arise Two of thoso are familiar 
in ono 20 ** 90°, so tliat tho two plates exact 1> com 
pensato ono anothor and in tho oilier S — 0* f or 
n x 360° whore n is a wholo number In both those 
cases 7 — 0 for all vnluos of a Tlio third care is tlrnt 
m which 5 ■=* 180* or (a x 300*) + ISO* and tho 
purpose of this note Is to draw attention to it uinco 
its consoquences do not appear to bo general] v real 
ized In this enso tlio first two terms of equation (2) 
\anifth urn co they both contain co**($!2) winch is 
now zero Tlio mtonsitx Is given by the third term 
alono which docs not contain a, and which simplifies 
to 

I - 4 tnn*(20)caj , (20) ~ «m*{40) O) 

since ein*(S/2) — 1 The intcnsit\ of tho component 
wluch pnKres tho ana] \ rer therefore remain^ constant ^ 
oa a vorle#, that is ns tho platos are rotated in f 
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m their own plane between the polars, as for example 
on the stage of a polarizing microscope , there are 
no ‘extinction’ (minimum intensity) positions The 
reason for this is demonstrated geometrically in 
Fig 2 OPl-i and OPl t are the ‘slow’ vibration 
directions of the plates, the latter being that for the 
upper plate, that is the one nearer to the analyser 
OB is the bisectrix of the angle between these direc- 
tions OP is the vibration direction and amplitude 
of the light from the polarizer Since S = 180°, or 
(n x 360°) -f- 180°, the light emerging from each 
plate must be linearly polarized, and have the same 
amplitude as that coming from the polarizer By 
applying the or dm ary construction we find that the 
vibration vectors of the light emergmg from the lower 
and upper plates are OL and OH respectively, and 
OH — OL — OP It can readily be proved that the 
direction of OH is independent of the angle BOP (a), 
and dependent only on the angle Pl t OPlx (28) The 
amphtude of the component which passes the 
analyser, OA', therefore remains constant as the 
plates are rotated in unison 

If the plates be interchanged without changing 
the angle 20, so that OPl l now refers to the upper 
plate, the vibration direction and amplitude of the 
hght emergmg from this plate is found to be OH', 
which makes the same angle 9 with the analyser 
vibration direction as OH, and thus gives the same 
amphtude OA' for the component which passes 
the analyser (In conformity with this result, the 
expressions given above take no account of which 
plate is on top ) 

By rotatmg the analyser so that its vibration 
direction becomes perpendicular to that of the light 
emergmg from the upper plate extinction results, 
and this extinction is not relieved when the plates 
are rotated in unison Thus if OH is the vibration 
direction of the hght coming from the top plate, 
extraction is obtained by rotatmg the analyser 
through the angle (90 — 9 ) to OE This angle is 
related to 20 as follows 

sm(90 — 9 ) = COS 9 = OA'jOH = sm(40) (4) 

(The last step in this relationship follows from 
equation (3), which gives the relative intensity, that 
is ( OA'/OPy , as sm 3 (40) Thus OA'/OP = OA'jOH 
=sm(40) ) Equation (4) has two solutions, since 40 
can be either (90 — 9 ), or (90 + 9 ), the sines of which 
are equal 

Extinction can also be obtained by rotatmg the 
polarizer through the angle (90 — 9 ), but m the 
opposite direction, thus bringing OH perpendicular 
to the analyser vibration direction 

The above case can only apply exactly for one 
wave-length with any given pair of plates for which 
it applies at all, but if this wave-length (which we 
will now refer to as g lS0 ) is near to the middle of the 
spectrum, a good approximation to the characteristic 
effects which have been described is obtamed even 
when white hght is used This can be readily demon- 
strated by superposing cleavage strips of mica, for 
each of which (i „ 0 is in the yellow or yellow-green, 
on the stage of a polarizing microscope which is 
illuminated with white light On rotatmg the stage, 
no positions of minimum intensity can be distin- 
guished (at least with the -unaided eye) By turning 
either the analyser or the polarizer through a certain 
angle, extraction or near-extmction will be secured, 
and this will only be slightly relieved on rotatmg the 
stage The reason for this behaviour is that the 


vibration of the light emergmg from the upper plato 
follows a very narrow ellipse for any wave-length 
within a considerable range on either side of 
and the major axis of this ellipse corresponds to 
much the same vibration direction and amplitude as 
those of the linearly polarized hght of wave-length a 180 
The foregomg has a bearing on the polarization 
microscopy of eellulosic fibres, the spiral wall structure 
of which causes them to behave optically in a similar 
way to systems of superposed plates When hght is 
passed through a cylindrical fibre of this type, the 
angle between the ‘bIow’ directions for the front and 
back walls (20 m the above treatment) and the 
thickness presented to the hght beam are of course 
not constant across the fibre, so that each vertical 
longitudinal section shows different optical effects 
Flattened, ribbon-like fibres, such as those of dry 
cotton, however, approximate very closely to systems 
of two flat plates, except where they are twisted 
Taking cotton, m which the spiral angle is considerable 
(ca 30° with respect to the fibre axis), as an example, 
the following observations may be made In imma- 
ture fibres the walls are very thin and S is very much 
less than 180° Between crossed polars such a fibre 
shows well-defined minima of intensity when its axis 
is parallel to the vibration directions of the polars, 
and it also behaves towards compensators as though 
its axis were a ‘slow’ direction of vibration Among 
the tlncker fibres of mature cotton, however, some 
will he found which show all the properties described 
above for tho case S — 180°, or approach this beha- 
viour very nearly, at least along portions of their 
length The behaviour of such fibres towards 
compensators is quite ambiguous, because over a 
large part of the spectrum the emergent hght is 
approximately linearly polarized, with a vibration 
direction which is little affected by the position of 
rotation of the Btage, as explained above 


Analyses 



Plate 1 
(‘Slow) 

Polarizer 
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■ By moans of equation (4) It should bo possible to 
1 obtain at least approximate values of the spiral angle 
< from measurements of the angle (90 — 9 ) irmdo at 
J the ^vnvo length X lM This wave longtii can bo 
1 oetimated roughly with the aid of suitable filters, or 
i more oomirntoly by means of a monochromator, os 
^ borng that at whioh the closest ogroomont with the 

* theoretical behaviour for the case & *=* 180° is 

* obtained 

* This ca so and its consequences are not doalt with 
1 m any of the publications on fibre miorosoopy with 

* wlilch I am familiar 

J N H. Habtshobnk 

* .Department of Inorganic and 

Structural Chemistry, 

The Univorslt) , 

Leeds 
April 13 

Birefringence of Montmorlllonlte 
Complexes 

During a study of tho optical properties of raont 
monllonlto aggregates in salt solutions 1 , so mo interest 
ing preliminary observations wore modo on various 
aromatio coraploxos Those observations how now 
boon followed up with tho mow of extending tho use 
of optical data In chnmctonxtng clays 

Tho structures of various aromatic complexes of 
x montmorillomto have boon inferred from spacing 
a measurements and ono-dtmonsional Fourier syn 
thorns* Tho monolayer complexes could bo grouped 
into two classoe, those whore U 10 piano of tiio ring 
was porallol to tlint of tho elUcato sheofc (typo A) 
and those where it was perpendicular (typo B) 
Clearly, bocaueo the polarizability of tho aromatio 
ring is usually much greater in the plane of tlio ring 
than perpendicular to it*, tho preferred orientation 
of tho interlayer molecules m aromatio complexes 
should profoundly affect the apparent birefringence 
of tho mineral Thus m typo B complexes tho effect 
of the interlayer molecules would be expected to 
roduco tho strong negative btrofhngonco of tho siHcate 
or* and 0 von nuiko some aggregates optically 
pomfivo In contrast, typo A complexes would bo 


oxpected to bo strongly negative Those expectations 
wore strikingly confirmed whon the birefringence of 
the nitrobenzene complex (type B) was found to bo 

0 003 (negative) as compared with 0 020 (negative) 
for tho un expanded min oral An even larger effect 
was to bo expected with qumolmo which is more 
anisotropic than nitrobenzene*, and tho orientation 
of tho interlayer moloculcs is such as to increase 
greatly tho polarizability of tho complex perpendicular 
to tho silicate sheets* Measurement of its biro 
fringenoo showed it to bo 0 02 (poaitivo) In contrast 
type A complexes were found to be strong!) nogativo, 
for oxample, pyridimum montmorillomto (typo d) 
was 0 024 (nogntivo) 

These largo birefringence changes obtain <xl with 
montmoniJonite not only confirm tho proposod 
orientation of the interlayer molecules but could bo 
used t-o characterize clays m tho eamo wtv) as glycol 
and glycerol are used in X ra> diffraction analysis 
For example, rapid assessment of clays for mont 
morillonite minerals is possible by measuring tho 
changes in birefringence of aggregates on immersion 
m qumolmo solutions Whoro montmorillomto pro 
dominates, the optical sign is changed after treat 
men t Again, claj'S known to bo homogeneous, but 
partially expanding and giMng a complex \ ray 
diffraction pattern, have been mpidl> and sunplv 
ovaluatod m terms of tho porcontngo of oxpandmg 
la) erg, from the oliango m birofringonco in u fill rent 
solvents BTion evaluation has been possiblo from 
X ra> result r* tho agree mont botwoen tho two 
methods has boon oxcollont 

The prehrainary part of this work vns dono while 

1 hold a Royal Society Excliongo Fellowship 1057-GS, 
with tho Academy of Sciouccs U JS SJt 

Tt Grkune Kell\ 
Rotliamstod Experimental Station 
Hnrponden Herts 
May 12 
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Electron Paramagnetic Resonance at 
4 2° K. of ^-Irradiated Polymethyl 
Methacrylate and Polymethacryllc Acid 

Tire electron paramagnetic re notion co spectrum 
givon b> polymoth) 1 ruothacr) lato after high*energj 
irradiation at room tempomture comusts of fl\o linos, 
about 23 gauss apart, with intensities in npproxl 
ruatoly tho ratios 1 4 0 4 1, with a weaker 
intermediate pattern of four hues, both cloeoly 
centred on tho electron spin g factor of 2 00 1 * Since 
tins spectrum Is also gnen b> free radicals trapped 
during tlio addition polymerization of rnoth\l meth 
acrylate*-*, it baa been postulated tliat it arises from 
trapped propagating radicals of structure, '—Oil,- — 
C(CH,)CO,CH„ tho detailed explanations involving 
tho exact conformation of these radicnla* *»• Both 
of tho explanations put forward b) Symons* • reqiuro 
tliat tho moth)l group bonded to tho ‘radical' carbon 
atom rotates rapidly fco that (t* three protons inremcl 
equalK with tho unpaired elect ran. If one of 
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explanations is correct, the hyperfine structure of 
the spectrum should alter when the temperature is 
lowered sufficiently The rotation of the methyl 
group might change to a torsional oscillation, thus 
destroying the equivalence of the three methyl 
protons If however the rotation remains free, at a 
temperature where only the lowest rotational level 
is populated, symmetry conditions will govern the 
occupation of the nuclear spin levels 

Laboratory-prepared samples of polymethyl meth- 
acrylate and polymethacryhc acid were gamma - 
irradiated at room temperature with doses of about 
10 7 r using a cobalt source Their spectra were 
measured at 77° K and 4 2° K with a 3,000 Me /s 
spectrometer using low amphtude 100 c /s magnetic 
field modulation with phase detection to give the 
first derivative of the absorption spectrum 7 The 
samples were contained m Dewar vessels inserted 
into the microwave cavity At 77° K both polymers 
gave the well-known spectrum (Fig 1) The spectra 
at 4 2° K (Fig 2) also consist of nme lines with 
essentially the same spaoings, centred on g = 2 00 
However, a marked change m the relative intensities 
of the lines has occurred Polymethacryhc acid 
showed no power saturation at 4 2° K , but when 
the temperature was farther lowered, broadening of 
the individual hyperfine components occurred at high 
microwave power At 4 2° K the polymethyl 
methacrylate spectrum was considerably broadened 
at high microwave power, and the spectrum shown 
was obtained at very low microwave power Owing 
to overlap it is difficult to make accurate estimates 
of the relative intensities of the hyperfine components 
The absorption-curves obtained by graphical inte- 
gration were fitted by patterns with relative inten- 
sities of approximately 1234564532 1, 
for polymethyl methacrylate and 1 1 7 2 3 2 5 
25 25 23 17 1, for polymethacryhc acid The 
individual line widths are similar for all three spectra, 
and the decreased resolution at 4 2° K arises from 
the change m relative intensities 

The total wave function of the radical must be 
antisymmetric to exchange of nuclei, and if it were 
behaving as a free rotator with only the lowest level 
occupied, only antisymmetric nuclear spm functions 
would be allowed 8 Those states m which all nuclei 
are aligned either with or against the electron spm 
would be forbidden and the outermost hyperfine 
components would not be present It is clear that 
this effect is not operating here 



Fig 1 First derivative of eloctron paramagnetic resonance 
spectrum at 77° K of y-irradlated polymethyl methacrylate 



100 GAUSS 



H 100 GAUSS H 

Fig 2 First derivatives of electron paramagnetic resonance 
spectra at * 2“ K of v-imdiated polymethncrylic acid (upper 
curve) and y-irradlated polymethyl metliaorylate (lower carve) 


Explanations of these spectra based on non- 
rotation of the methyl group have been attempted 
Smce the total hyperfine splitting is unchanged, the 
sum of the coupling coefficients of the three methyl 
protons must be unchanged These coupling coeffi- 
cients must be multiples of the lino spacing (11 5 
gauss) There are two possible cases, corresponding 
to two positions of the methyl group which have one 
proton either m line with, or orthogonal to, the ‘radi- 
cal’ carbon atom p orbital When these are taken 
with either of Symons’s suggestions regarding the 
coupling of the methylene protons 4 ', nme line 
spectra with the observed spacings are predicted, but 
it is not possible to obtam even an approximate fit 
to the observed intensity ratios 

I am indebted to W H Jennings for technical 
assistance, and to Dr Walter Gordy for his interest 
This research was supported by the Office of Ordnance 
Research, Department of the Army 

Derick W Ovenael 

Department of Physics, 

Duke University, 

Durham, North Carolina 
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CHEMISTRY 

Electron Spin Resonance and Divalency 
of Some Dlthiocarbamates of the Coinage 
Metals (Cu, Ag, Au) 


In a previous paper 1 ono of us reported an im osti 
gation of the N,N dialkylditiuocarbomates of the 
univalent coinage metals, and in anothor* tho reaction 
of tho compounds in question with the corresponding 
thiuram disulphides Several of those compounds 
ore not only of significant thoorotlca! interest but 
they also play an important part m bov oral branches 
of practical chemistry (for example, as ultra acceler 
ft tors in rubber vulcanization, nntioxidantB m lubn 
cants, m medic mo for treatment of cliromo alcoholism, 
oto ) 

As divalent copper, silver and gold compounds all 
would be paramagnetic with electron configurations 
3 d % , 4 d*, 6d* respectively, it is possible to infer the 
existence of tins oxidation stato from a study of tho 
electron spin resonance absorption spectra This 
investigation gives, among other things, tho first 
proof of tho existence of the divalent oxidation state 
of gold 

X ray investigations by Iloeso* and Poyronol 4 
show that the copper compounds, (.ftjNCS^jCu, 
form equaro planar complexes It seems von, likely 
that tho correspond mg silver and gold complexes 
liavo on analogous structure 


RT 8 8 R 0 

%r— c 'o — ^ 

n / \ V \ 


Me 


Ca Ag Au 


Fig 1 sliows typical spectra obtained from solutions 
of copper, silver and gold complexes Tho spectra 
ofthoothyl isopropyl (Fig la) and mothyl phcn>l 
copper compounds are almost identical and liavo a 
g value of 2 040 Tho four hyperfino linos vary in 
width This is typical for copper complexes and 
arises from insufficient averaging of tho anisotropic 
resonance structure* Tho high Sold lino is so narrow 
(width about 4 gauss) that tho hyperfino structure of 
tho two copper Isotopes copper 03 and coppor 05 is 
resolvod Tho hyperfino separation of copper 03 
is 7 4 x 10”* om -1 



T Is. 1 IterWaUm of tledr<m *ptu monnoce *b«jrpllcm curve* 
rmmled at room temperature Microwave frequency about 
OjfiOO Me./*. The arrow* indicate llrt re*onance field for free 
electron* Solvent benzene (*) r(wo-C,l[,) NO,], Cu 

(*H (tw-0.II,), J'CSjJiAb (c) { (ho-C,lf f ),>C3,],Au 


If silvor(I) N,N-d lakvl d ilk locarbamates aro mixed 
witli tho corrceponding thiuram disulphides dissolved 
m benzene or chloroform, tho solution immediately 
turns bluo* Tlie colour Is most probably duo to a 
divalont silver compound , tlio reaction may then 
be wntton schomaticaUj as 

R 

ns As + i Rssn nsA S sn ns =. \cs, 


The electron spm resonance spoctra of these solu 
tions (Fig 16) definitely confirm tho divaloncv of 
silver In tho same environment tho general features 
of the electron spm rcsonanco spectra of divalent 
coppor and silver should be tho same, and tins was 
found to bo so m an investigation bj Bowers* Wo 
obtained a donblot duo to tho hyporflno interaction 
of the two naturally abundant isotopes of siU er both 
with nucloar spm of £ If tho spoctra ftro expanded 
it is just possible to boo the hyperfino structure of tho 
individual isolopos, silver 107 and silver 109 (nuclear 
magnetic moments — 0 113 and — 0 130 nuclear 
magnetons respectively) Tho lino width is approx 
imatoly 2 6 gauss Tho widtlis of tho two hyporfme 
lines differ slightly, and this can bo explained m tho 
same way oa tho lino width variation of thocoppor com 
pounds Tho g vnluo is 2 019 and the mean hyperfim 
separation is 2 7 y 10 * om' 1 Tho eimilantv of 
tho g values of these and tho corresponding copper 
compounds also indicates that tho structures of tho 
complexes aro tho same 

From chemical evidenco tho reaction between tho 
gold(l) N^N-dialkjldilhioearbftmates and tho corro 
h ponding thiuram disulphides maj l>o written 
schomatieallj as follows* 


RSAu 1 + USSR ** (RS), Au™ 


R6 


\CB, 


( 1 ) 


Tho reaction in rather slow In a typical oloctron 
spm resonanco oxpenmont RSA u 1 and USSR din 
solved in benzene sopamtolj sliowcd no oloctron 
spin resonance absorption, but on mixing four lines 
of oqual mtonsity appeared (Fig lc) Tho same spoc 
tnun was obtained by dissolving (RS)iAvJ u ( RS — 
(C,H,) t NCS, or (iso C,1I 1 ) t 'SCS t ) in bonzeno This 
resonance cannot bo duo to tcrvnlont gold for tho 
following reasons No complex of tho tcrvalont coin 
ago motals (except CuF,**) lias been found to bo 
pornmognotio Also we liavo mado prollmmnrj 
etatio susceptibility investigations of some gold (III) 
N^*diolk>ldith»ocarbamatea (both solid and in 
solution) which indicate that these compounds nro 
diamagnetic Furthermore, wo could not detect 
any electron spin resonnneo absorption of tho solid 
compounds Wo also found bj comparison with 
copper compounds that tho inionsitv of tho resonance 
absorption of tho goId(III) compounds dissolved 
with an excess of thiumrn disulphide (to proven! tbo 
reversal of reaction 1), was at most 1 per cent of wlmt 
ono would oxpoct if tho resononeo was due to t erv nlcnt 
gold Tlio oloctron spm resonance absorption of tho 
dissolved gold(HI) complexes decrca^l on ndding 
more disulphide which sliould liowev cr increase tho 
gold(III) concentration. Similarlv if disulpludo was 
added to n solution eontammg ft largo oxecr* of 
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gold(I) compound, the resonance signal stayed con- 
stant even though the gold(IH) concentration was at 
least doubled 

As it is impossible to explain the four equally 
intense lines m terms of hyperfine structure of free 
radicals we conclude that the resonanco lines originate 
from divalent gold The resonance data themselves 
give strong evidence for the existence of divalent 
gold compounds The g value of the gold(II) complex 
is 2 040 which is close to those of the copper and 
silver compounds, and the hyperfine structure is 
consistent with the nuclear spin of gold- 197 which is 
3/2 The hyperfine separation is 2 8 X 10 -s cm 
Further experiments including single crystal 
investigations are planned We also hope to be able 
to clarify why the resonance line-width of the gold 
compounds is greater than that of the copper and 
silver compounds 

We wish to thank Profs A Fredga and K Siegbahn 
for their interest m our work 

Tore Vanngard 
Stig Akerstrom 

Institutes of Physics and Or game Chemistry, 
University of Uppsala 
May 1 
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Phototautomerization of Cytosine Derivatives 
on Ultra-violet Irradiation 1 

Unstable products were formed from certain 
cytosine derivatives on ultra-violet irradiation 
These products had a new band at -~240 mg and 
lacked the characteristic ~270 mg maxima of cytosine 
derivatives The products were not only recon- 
stituted to their original compounds m the presence 
of acid and base but also spontaneously reconstituted 
themselves on standing, as indicated by the reversion 
of the ultra-violet spectra 1 Therefore, m these 
respects the cytosmes differ from the uracils 1 - 8 

Because of the phenomenon of reversibility, 
investigators had classified cytosine derivatives and 
uracd derivatives together as one group from the 
pomt of view of photochemical behaviour* However, 
the electronic configurations of the two types are 
distinctly different Smce m aqueous solution, 4-hyd- 
roxy groups exist predominantly m the ketonic 
form (II) and the 4-ammo group m the ammo form 
(I), the uracils have exocyclic double bonds (C=0) 
at C 4 while the cytosmes have endocychc double 
bonds (N=C) 3 Consequently, the photochemical 
pathway of cytosmes might be altogether different 
from that of uracils 


Indeed, Shugar et al 2 m their excellent study of 
cytosine derivatives have shown that irradiation, 
whether carried out m acid (pH 1-2), m alkaline 
(pH 9-11), or m neutral solutions produced similar 
photoproducts, which spontaneously reconstitute on 
standing Both Shugar et al and Smsheimer 1 
postulate the formation of photoproducts involving 
the addition of water Smce the photoproducts 
which they postulate are known to be stable only 
around neutrality, the existence of these molecules 
is most unlikely at either an extreme alkaline or acid 
pH during or after irradiation If these products 
were actually formed, the decrease of optical densities 
during irradiation should have been similar to that 
seen upon thymme irradiation 4 However, irradiation 
of cytosmes at either an extreme alkaline or acid pH 
still gave reversible products instead of irreversible 
products, thus loadmg us to the conclusion that the 
unstablo product probably is not a hydrated cytosine 
Irradiation of cytosine m buffered (pH 7) solution 
did not give a reversible product However, irra- 
diation m non-buffered solution gave a reversible 
product Similar reversible products were produced 
from cytidine and cytidyhc acid m either buffered or 
non-buffered solution This indicated that when 
N 1 H (N 3 H) is not substituted, the salt effect from tho 
buffer suppresses the formation of the reversible 
product Therefore, it suggested that DFfN 3 ) is 
probably involved m this photochemical change 
(Synthetic H 1 (N 3 ) substituted cytosine derivatives 
behave similarly to that of cytosine Using structural 
isomers we are now mvestigatmg the basis of this 
discrepancy ) 

The decrease of optical densities at 270 mg with a 
simultaneous increase at 240 mg does not necessarily 
indicate the formation of dihydro derivatives, 
because these reduced compounds do not exhibit 
emax at any wave-length longer than 230 mg * 

On close examination of the absorption spectrum 
at neutral pH there is apparently a shoulder at 
~240 mg besides the principal ~270 mg maxima 
Therefore, the so-called new maximum at 240 mg 
probably represents the increase of the optical donsity 
at the shoulder for that particular component 
structure 

From the above evidence, a tautomerization by 
irradiation seemed most likely to us Indeed such an 
unstable tautomer (I*) as shown mvolves N J (N 3 ) m 
the tautomerization It is not a dihydro derivative 
resulting from a hydration product of cytosmes The 
shift from 270 mg to 240 mg is probably due to the 
change of a straight conjugation to a cross conjugation 
of the chromophore The higher extinction at 240 mg 
is probably due to the separation of charges m a mole- 
cule Furthermore, barbital derivatives, which have 
chromophores similar to that of the tautomer, have 
the E max at 240 mg* In the dark the unstable 

tautomer should revert 
to their most stable 
form, having the original 
spectra 

In order to demonstrate 
tins tautomerization or 
isomerization, cytosine, 
cytidme and oytidylic 
acid were irradiated res- 
pectively both m buffered 
and non-buffered solu- 
tions It will be evident 
from Figs 1 and 2 that 
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isosbeatio points are present indicating that iso 
merization must haw occurred 7 Irradiation of 
cytosine m buffered solution did not give an 
isosbestic point thoreforo an irreversible product 
was f on nod The spontaneous isomerization rather 
than the reversibility of the compounds of spectra 
in acid and base was the most interesting phenomenon 
about these observations It indicates that an excited 
molocuio can result from the absorption of photic 
energy and that this energy can bo released slowly in 
another form, possibly available for chemical changes, 
without other influences, such as enzymes, heat, 
aoidity etc The apparent half life of the irradiated 
cytosine, oytidino and cytidylio acid are 50, 30 and 
200 nun , respectively 



210 £50 500 310 

War©- length (mp) 

Ft r 1 



Ware-length (to*) 
Fig 2 


Tlio above results raise tho question of tho possible 
part that tills phenomenon might play in biological 
systems 


This work was accomplished iuk °f the Common 
Contract AT{30-1)01\ of the Amorous gift of 
Commission with the Physiology DepanPiochemistry 
University School of Modicino I vnshl. for the 
II Apieella, L A. Johnson and M. Mouyos tv 
able assistanco T «in 

Sum Yi Wang 

Phymology Department, 

Tufts University School of Modicrae, 
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Isotopic Composition of Boron 

In a recent communication 1 it was concluded that 
a boron 11/boron 10 ratio of 4 00 approaches the truo 
natural abundance ratio much more closolv than tho 
presently acceplod value of 4 31 Tins valuo of 4 00 
had been, obtained from tho mass spectra of boron 
hydrides and other volatifo compounds 

Using a Metro vio mass spectromotor designod for 
the surfneo ionization of solids from a filament source 
and working with borax, wo havo obtained consistent 
results within tho rango 4 00-4 00 for tho boron 
11 /boron 10 abundance ratio 

D C Newton 
A C TvnncnL 
J Sand ran 

Tho Plossey Co , Ltd , 

Caswell, 

Towccstor, 

Nortlinnts 
Juno 3 

4 Lehmann W J and Shapiro I .Valwre 1M 1324 (10^0) 

Stoichiometry of Bismuth Telluride 
and Related Compounds 

Bihmtjtu tcllurido, bismuth sclemdo and antimony 
tellurido are being activ ely studied as semiconductors 
for thermoolectno cooling 1 After purification by 
zono molting thoso materials do not exhibit intrinsic 
properties 1 C B Battcrthwaito and R W Uro* liavo 
shown by elootncal measuromonte thnt in tho case of 
bismuth tellurido them Is a slight difference between 
tho composition corresponding to tho maximum of 
tho liquidus curve and tho stolchlomotrio composition 
Electrical properties arc sensitive to physical unper 
foctiona and thoir interpretation m terras of chomical 
composition is thus open to criticism* 

By using a sensitive method of different ini thermal 
analysis wo have found it possible to dotermino tho 
composition corresponding to tho maximum in tho 
liquidus curvo Tho principle of this method is tho 
use of tho fact that for this composition tho solid 
molts congruently whereas, for slightly different 
compositions it yields, after a suitable heat treatment 
n mixture of two solid phases having different iso 
thermal transition points 

Bismuth toll undo containing excoas tellurium forms 
an eutectic* melting at 413* C and excess bismuth 
gives rise to a pcntcctio rooeikm* at 540* C Bismuth 
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Bismuth (per cent) 

FIc 2 System Bl/Se O, Amplitudes of peritectlc signals; 
+, amplitudes of monofcctic signals , •, amplitudes of eutectic 
signals (quenched samples) 



39 8 40 2 40 6 41 0 

Antimony (per cent) 

Fig 3 System Sb/To +, Amplitudes of eutectic signals at 
400° C , O, amplitudes of eutectic signals at 545° 0 (quenched 
samples) 

present and may be used as a measure of then 1 con- 
centrations In the case of the eutectics, the samples 
are quenched from the liquid state in order to avoid 
the formation of a sohd solution , m the other case, 
the samples aTe carefully annealed at a suitable 
temperature m order to carry the reaction as nearly 
as possible to completion 

The results of the experiments are given in Figs 1, 
2 and 3 It is evident that the congruent compositions 
for these three systems is 

Bismuth telluride Bi 40 065/Te 59 935 ± 0 015 
Bismuth selemde Bi 40 02/Se 69 98 ± 0 02 
Antimony telluride Sb 40 40/Te 59 00 ± 0 05 
Financial support for this -work was provided by 
the Union Carbide Corporation, New York 

G Offer geld 
J VAN CaKENBEBGHE 
European Research Associates, 

95 rue Gatti de Gamond, 

Brussels 
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Determination of Magnesium in Blood 
Serum by Atomic Absorption 
Spectroscopy 

The present lack of detailed knowledge of the 
function of magnesium in the human body is due 
partly to the lack of rapid and reliable methods for 
its routine estimation in small quantities of biological 
materials Recently, Hunter 1 has devised a method 
for determining calcium and magnesium m blood 
serum by titration with murexide and with ‘Erio- 
ehrome T' It uses only 0 2 ml of serum, but has 
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the disadvantage* of requiring prior removal of protein 
by coagulation or asliing, and even then the magne- 
sium is estimated indirectly by tho difference of the 
tvro titrations Methods for determining magnesium 
directly normally require removal of calcium also*-* 
The flamo photometer method of Davis* requires 
removal of protein followed by precipitation of the 
magnesium by 8 hydroxy quinol mo 
It has boon pointed out* that atomic absorption 
spectroscopy’ con be used for the determination of 
mognoeium in the ash from blood serum, since 
interference by sodium, potassium, caloium and 
phosphate is negligible 


I have record ~ 
of magnet- 
ashing 
made dn 
about I j 
diumino t 

were most, * 

0 25 ml or ( 
solution is i 
higher dilutt 
accuracy, tin 
nesium lnaal 
oxiating metfit 
Tho solution 
10 cm air-ocet 
and absorption 
2852 A. was men 
with solutions cc 
magnesium. ' 
Tablo 1 allows 
propared (a) by dn 
mtno acid* followet 
distilled hydrochlorn 
ization and dilution 
with 0 05 JV acetic act 

Tablo l Mo* Cojct 


**£ the determination 
absorption method, 
'eauremonta can be 
ith water containing 
m salt of ethylono 
•©suite reportod here 
ns made by diluting 
since only 2 5 ml of 
e determinations and 
ith little sacrifice of 
in eetimatlng mag 
‘norum. Most of tho 
I ml 

by injoction into a 
»o Lundog&rdh type, 
m resonance line at 
ion was carried out 
> 16 mgm./lOO ml 


I am indebted t-o Mr E Mason of the Common 
wealth Serum Laboratoriee for a generous gift of 
home serum and to Mbs B Splatt of the Bioohemartty 
Department, Royal Molboumo Hospital, for tlie 
specimens of human serum 

J B Willis 

Division of Chemical Physics, 

Commonwealth Scxontiflo and 
Industrial Research Organization 
Chemioal Reeearoh Laboratoriee, 

Molboumo 
June 4 
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itents for samples 
(6) by asliing with 
m a few drops of 
absequent neutral 


f (MOHjlOO XL.) 


Serum No 

TTP. 

D1 

dJ fallon 

(6) 

Aehfd 

(c) 

Bejirotelnlred 

filtrate 

1 

Bo dne* 

3-W 

> 5! 

*•53 

2 

Equine 

1 76 

1 80 

— 

3 

Ilumtn 

2-87 

— 

2 60 

4 


2*22 

2*28 

— 

6 


2-43 



2-53 

0 


2-50 

— 

2-66 

7 


1 70 

— 

1 63 

8 



2*4 

2*00 

0 


1 14 

1-04 

1 It 

20 


2 10 

1-91 

2 10 


The ma*netlam tb!u«* arc 


Labor* to rift Loe Anstle*) 
tho*o fer mo«t bovlno »tx* 

In view of tho ohemical and manipulative errors 
likoly to bo incurred In tho preparation of such 
dilute solutions p p.m ) by mothods (b) and (c) 
tlio agreement is considered satisfactory, and tho 
magnesium valuoo obtained by direct dilation arc 
probablj more reliable than thoso obtained by the 
other mothods Duplicate readings on tho same 
solution seldom differed by more than 2 per cent. 
Recovery of added magnesium was 108-102 per cent 

Although the present work was carried out with 
tho air-acotylene flamo, an air-coal gas flamo is also 
satisfactory, and wo aro at present dtrv eloping a very 
eimplo instrument which will dotermino magnesium 
m blood serum 

A fuller account of tho presont work will bo sub 
milled to Analytical Ohanisiry 


BIOCHEMISTRY 

Action of Trypsin on a-Carbethoxy-L-lysyl L* 
serylglydne and its O-Phosphorylated 
Analogue 

The occurronco and isolation of phosphorylatcd 
peptides from enzymic hydrolysates of casein liavo 
already been reportod 1 • Those peptides exhibit 
unusual resistance to further protoolytio action, a 
fact which lias been corrolatod with tho oxiatonco of 
O phosphorylatod sormo residues in thoir molecules 
In order to investigate further tho resistance of such 
pep tides to the action of trypsin, cortoin synthotio 
_ , uDoequenn neutnu peptide substrates stu tablo for this onxymo ha\ 0 been 

O-V -emoval of protom u ^ d - Thus <x-carbethoxy L-lysyl L-soryJglycino and 
a carbothoxy l lysyl (O phosphoryl) L-soryl 
glycino woro synthesized os follows 

a Carbothoxy (e carbobonzoxy) L-lysmo (I) was 
preparod from c-carbobonzoxy L-lysmo m a similar 
manner described for tho carbothoxy tsoloucino 
derivative* Tho oily product thus obtamod was 
oonplod by tho mixed carboxyhc-coxbomo anhydride 
procedure with L-BOiyl glyoino* (II) to givo a -curb 
ethoxy (c carbobonzoxy) L-lyayl L-Berylglycino (III) 
in 60 per cent yield, molting point 204* C Analysis 
calculated for C t ,H lt N 4 0„ N 11 2 , found, N 11 1 
When a tosyl (t -carbobonzoxy) L-Iymne, molting 

point 116-117* C., or tho oorrosponding a benzoyl 
donvativo, molting point 110* C, were usod, tho 
coupling did not proceed satisfactorily, probably duo 
to sterio hindrance* Hydrogonolyms* of HI produces 
a -carbothoxy L-Iysyl L-sorylglycmo (IV), [a] V — 28 0* 
(0 0 70m water) Analysis calculated for 0 1 4 H ,.N.O, 
2H g O, N 14 1 , foimd, N 13 0 Compound II was 
treated with benzyl alcohol in the presence of p- 
toluonosulphomo acid to give L-scrylglycino benzyl 
ester p-toluonosulpbonato ( V ) in 90 per cent yield, 
molting point 180° C Analysis calculated for 
C^HjiNjOtS, N 0 6, found, NOS Tho ester V 
was condensed with I by tho anhydride procedure to 
afford a -carbothoxy ( c -carbobonzoxy )-L-)y*yl L-scr>l 
glvoino benzyl ester (VI) in 60 per cent yield, melting 
point 186-180* C , [a]b* — 17 0 (0 I 5 in acetic acid) 
Analysis calculated for C n H 1 |N 4 0» 0 5& 30, H 0 52, 
N07 found, 0 60 4, H 0 7, N 0 6 To eliminate 
the sido reaction with tho hydroxyl group of ecrino, 
tho oetor V was dissolved in totmhydrofurnn /water 
(5 1) in tho precon co of two equivalents of tricthjl 
ammo and then added to tho anhydride solution. 


by C9i 
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Hydrogenolysis of YI produces TV 'with the same 
optical rotation Coupling of I with V by the 
carbodimude method gave VI with melting point 
185-186° C Phosphorylation of VI with diphenyl- 
phosphoryl chloride 7 in anhydrous pyridine resulted 
in the production of an amorphous product, which 
analysis suggested was a mixture of O-phosphorylated 
and unpliosphorylated peptide derivative, although 
50 per cent excess of the chloride was used Com- 
pound VI dissolved in anhydrous pyridine and 
recovered after 2 hr , showed almost no change of its 
optical rotation 

Removal of protecting groups from the amorphous 
product by hydrogenolysis m the presence of palla- 
dium on charcoal, gave a mixture m which the 
monophenyl derivative predominated Final removal 
of tins was then attempted by further hydrogenolysis 
in the presence of platinum as the catalyst F ollowmg 
paper electrophoresis m pyridme-acetate buffer, pH 
5 5, revealed three ninhydrm-positive spots The 
most intense and anodically fast moving one corre- 
sponded to the phosphorylated peptide The desired 
product a-carbethoxy-L-lysyl-(0-phosphoryl)-L-seryl- 
glycme (VTI), [a] '£ — 23 6° (c 1 m water), was isolated 
by amon-exchange chromatography (Strid, L , unpub- 
lished work) Paper electrophoresis revealed one 
spot Analysis calculated foi C^H^NjOioP, N 12 6, 
P 7 0 , found, N 12 05, P 7 3 

Compounds IV and VTI were respectively incubated 
with trypsin m 0 2 M tm(hydroxymothyl) ammo- 
methane hydrochloride buffer, pH 8 25, at 25° C 
Qualitative analysis of hydrolysis products, on the 
other hand, was carried out by paper chromatography 
in butanol/acetic acid/water (4 1 5) system The 
course of reaction was also followed by colorimetric 
analysis with ninhydrin reagent 8 To this end, 
aliquots were withdrawn at different time intervals, 
mixed with 0 2 M citrate buffer, pH 5, at 5-6° C 
and then analysed 

As is indicated in Fig 1, a phosphoryl residue 
attached to the hydroxyl group of serme renders the 
lysylserme peptide bond resistant to tryptic action 
Paper chromatography of the mcubation mixture of 
VH with trypsin also supported this conclusion On 
the other hand, the mcubation mixture of IV revealed 
two spots corresponding to a-carbethoxy-L-lysine 




Fig 2 Hydrolysis of O-pliosphorylatcd L-cnrbcthoxy-L-lyayl-r- 
serylglydne (0 01 M) with intestinal alkaline phosplmtuso 
(0 1 mgm./ml .crude preparation Lot 1105 llann) 

and L-serylglycme respectively 

The effect of alkaline phosphatase on a-carbetlioxy- 
L-lysyl-(0-phosphoryl)-L-serylglycmeatpH 9 5(0 1M 
triethylamine-carbon dioxide buffer) at 25° C is 
shown in Fig 2 The amount of phosphorus liberated 
was determined by the modified method of Beoren- 
blum and Chain® 

This work was supported by grants from the 
Swedish Medical Research Council to Prof O 
Hollander 
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A Micromethod for the Polarographic 
Determination of Serine 

The serological behaviour of red blood cells is 
known to be altered by treatment with dilute 
solutions of potassium periodate There is also some 

evidence that during the interaction of potassium 
periodate solutions with red blood cells, measurable 
quantities of periodate ion are consumed 1 While 
investigating the consumption of periodate ions 
by red blood cells, a method for the determination 
of relatively small amounts of serme was developed 
Malaprade*has described how compounds containing 
adjacent hydroxyl groups as well as hydroxy-ammo- 
acids are oxidized by periodate ion Based on this 
observation, several methods have been devised 
for the determination of serme by means of the 
periodate ion*- 8 These methods, however, including 
that of Boyd 4 and Bambach 6 based on the polaro- 
graphic determination of formaldehyde formed by 
the action of the periodate ion and separated by 
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distillation — are rather cumbersome and the smallest 
amount* of substance measurable exceed those 
involved in the phenomenon investigated by us 
Zuman* pointed out recently, that the capacity of the 
compounds — including sermo — mentioned above to 
remove periodate ions from solution might be followed 
polarographically, thus permitting a closer study of 
tho kinetics of tho processes. 

Taking into account the peculiar features of the 
interaction of the periodate ion -with red blood colls 
and the probablo amounts of the substances m\ olved, 
the following simple procedure, based on tho measure- 
ment of the decrease in the 10 4 - wave duo to the 
action of senne, has been used by us 

2 8 ml of a 0 86 per cent solution of sodium 
chloride, containing 0 01 per cent of gelatine as 
maximum suppressor and 0 2 ml of a 2 x 1CH M 



r f 

i 






- -i 

/ 

~L 

t 

/ 

L__ 

ij. '-\ 


Flfr 1 rolArogrmm tbowlng tbe periodate corumnptlon of terlne 
I 307sgm./m1 potiialnm pertodjUe n.UI I\ V lfl 3 !7-2 *80 
and 48*0 /fom./mL aerlne added. Applied voltage 2 \ OalTano 
muter lerultMtr 1/40 Ware holditameaaumlfrom the galvano- 
meter xero-llne 72 60 40 43 and 35 mm reipectlrrly 
solution of potassium periodate were measured into 
eacli of two polarographlo cells of convenient size and 
form To ono of tho cells 0 02-0 08 ml of an aqueous 
solution 1 4xl0-*.Af serin o (FI oka pj» ) was added 
by moans of a micro pipette, the final concentration 
of scrino thus being 10-40 pgm /ml Tho solutions 
woro allowed to stand for 2£ hr at room tern 
perature After removing dissolved oxygen by 
bubbling nitrogen through the colls for 30 min , and 
using as oxtemal anode a mercury -mercurous 
sulphato electrode in saturated sodium sulpha to 
solution, tho polaro grams of tho two solutions wore 
recorded with tho aid of n Hoyrovsky polaregmph, 
modol F 301 b (Polarograms woro taken at room 
temperature, 10-22° C , < — 2 5 sec , m — 3 mgm 
boo - 1 , m* * < l * ™ 2 42 mgm * * sec -* * ) 

Making uso of a calibration cuno previous!}' 
constructed tho concentration of serine was obtained 
from tho difference in amplitude of the 10 «- wnvo 
recorded with and without sorlno respectively 

The accuracy of tho polarograplnc method 
described is 6-10 per cent (depending on tho range 
of concentration of scrino) which can be considered 
for our present purpose to bo satisfactory 

J Ladik 
I. SzeejLcs 

State Institute of Hygiene, 

Department of Biochomistr} and 
leotopo Koscaroh, 

Budapest, IX 

1 Static* T Erpertenlia 18 3X4 (1057) 

1 JIAUprxde L. Hull. Sec, din F to net 43 ft53 (1928) 1 833 (1034) 

1 Ntcolet n trvj. Shinn L. J Amer Cken Soe. 61 1615 (1&30) 
4 Uord K. end Lofixn 1L J Bid Chem 146 273 (1912) 

• Ikrjd 1L fcndlUmbMh K. I*i Ene CUm. AmLciL 15 314(1913) 

• Ztxnun. p . and KraplSk* J CeOedkm CarA CKen. Con*** 

tt 639(1953) 


Macromolecular Synthesis in Bacterial 
Recovery from Ultra-violet Light 

Doudnoy and Haas 1 reported a marked increase in 
survival (Recovery’) of Eschcrtchta colt strain B 
^ben incubated following exposure to ultra violot 
light in a nitrogen free medium. This effoct is similar 
to that dosenbed by Roberts and Aldous* in 1049 
In 1968, theso workers* reported that chloram 
phcrucol, added to E colt stram B cultures after 30 
min incubation following exposure to ultra-violot 
radiation, promotes a marked Increase m survival 
However, if the chloramphenicol is addod immod lately 
following irradiation, no increase m survival is ob 
served with inoubation. The results suggested that 
protein synthesis is necessary to bacterial recovery 
initially hut is detrimental with subsequent incuba- 
tion. Recently Gillies and Alper* oonfirmod theso 
basic findings with ultra violet radiation and oxtondod 
them to X rays. This communication presents 
evidence which relates bacterial recovery to metabolic 
repair of the mechanism for tlio synthesis of dooxy 
ribonuoleio ooid nftor damago by irradiation 

The basic procedures used m these experiments 
wore as follows j 60 ml portions of minimal medium 1 
were inoculated from a 24-hr agar slant oulturo of tho 
organism under investigation and incubated for 16 fl 
hr at 37° C under aeration. Tho cells woro centri 
fugod out and resuspended in fresh media and tho 
incubation continued for 3 hr Tho oells woro then 
centrifuged out again and rosusponded in fresh 
warm minimal m odium and tho turbidit} adjusted 
to yiold approximately 10» colony forming colls 
per ml The suspension in 5 mi lots was then exposed 
to ultra-violet radiation as previously doscribod 1 
Supplements were then added to tho colls immediate]} 
as indicatod in tho tables and tho incubation con 
t inued on a shakor for the ind icated interval Samples 
of the proper dilution woro then plated ou to Difco 
EMB agar and tho plates incubated for 3 days 
prior to counting colonies Ribonucleic acid 1 , dooxy 
ribonucloto acid* and protoin 7 woro determined using 
tho separation procedure of Ogur and Rosen* In 
the case of tho auxotrephfo strains tho minimal 
medium was supplemented as follows : B39 uracil, 

0 06 mgm per ml , JFP2, Di>tryptophan, o 2 mgm 
per ml , 16T, thymino, 0 05 mgm per ml 


Table l Errrcr or Blookaoi or Ilntosvci-nc Ann ixn r xoTPS 
SrxTHEsw ov rbmritios or Dxnxnunoxrcxnc Aan srjmrrso 
roLinwivo Uxrowxr to Ultx\ tioixt Liairr 


Orc*oUra and treatment* 

Itelatlre amount or deoxjrT 
nucleic add wi Hi Incubation 
train.) 

bo- 

time 

20 

40 

60 

80 

100 

120 

E eoKitrxln B 

Unexpoted 

UV 2,305 erci/mra * 

UV CUt GOrotn 

U\ 6AU 00 min 

1 * 

1-0 

1*0 

1-0 

1 0 
1*0 
1*0 
l-o 

2*0 

1 3 
1*0 
1-0 

2 8 
1*0 
1-0 
1-0 

4. 

2 3 

1 3 

1 4 

■■o 

3 3 

1 8 
2*0 

E co/i «tr*in tr/’S 

Unexpot ed 

U\ 1 6 6 rrrt/mm * 

UV trrptophin 90 min 

UV tryptophan 45mJn.t 

1 1 
1-0 
1*0 
1*0 

1 4 
1*0 
1-0 
1*0 

1*0 

l-o 

t-o 

1*0 

2 7 

1 3 
1*0 
1*0 

1 4 
1-0 

1 *2 
1-0 

4 3 

2 1 

1 5 
1-0 

E toll strain B 30 

Vdctvo*A 

U\ i44PerjM/nun* 

U\ uracil to tnln 

1*2 

1*0 

1*0 

1*0 

1 - 0 
1-0 

1*9 

1 1 
l-o 

2*4 

1 4 
1*0 

3 1 
2*0 

1 1 

4 7 

2*0 

1 5 

E mil *troin 1ST 

UnexporM 

UV WW crfrtmvu 1 

UV thymine 40 min 

UV thymine Go min 

1 3 
1*0 
1*0 
M, 

1 1 
1-0 
H 

1 *0 

2 7 

1 4 

1 4 
1-0 

3*8 

1*8 

M> 

1*0 

4* 
t 3 

2 5 

2 1 

~ 4 

•*.«l 

sv 

C 7 
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* GUI, CMoramphonlcol, 20 f/gm (ml , 6AU, 0-aza uracil. B mgm./ 
100 ml Following exposure to ultra-violet the suspensions were 
Incubated In minimal medium with the supplement Indicated The 
cells were romoved from chloramphenicol by rapid centrifugation 
and rcauspenslon in chloramphenicol free medium The 6-aza uracil 
inhibition was reversed by addition of uridine to the medium The 
auxotrophic strains were held following exposure to ultra-violet either 
with or without the appropriate growth supplement In the case of 
cells without the required supplement, the supplement was added 
after lapse of the time Indicated 

t Deoxyribonucleic acid synthesis resumed after 160 min incubation 

Ultra-violet light induces a lag in the synthesis 
of deoxyribonucleic acid m E coh An investigation 
of the metabolic basis of this lag has been carried out, 
utilizing specific inhibitors of protein and ribonucleic 
acid synthesis and also auxotrophic strains requiring 
uracil, thymuie or certain amino-acids (Table 1) 
These findings suggest that ribonucleic acid and 
protein synthesis (but not deoxyribonucleic acid 
synthesis) are required for reparation of the deoxy- 
ribonucleic acid synthetic system after damage by 
irradiation with ultra-violet , they are thus m agree- 
ment with recent reports 0 - 10 


Table 2 Ef phot or Blockage of IUbonikjlkio Acid and Protein 
Synthesis on Survival ot Etchmchia coli strain B following 
Exposure to Ultra-violet Light 
TJltra-vlolet dose was 2,895 orgs/mm * The suspension contained 
1 4 X 10* colony forming bacteria per ml before exposure to ultra - 
violot Survivors upon Immediate plating following exposure were 
0 0 x 10* por ml 



Post-trradlatlon treatment* 

Survivors ( x 10*) per ml 
with Incubation time (min ) 
before plating 

Incubation Medium 

Added at 
40 min 

40 

120 

100 

A 

M— nr 


8 

48 

302 

.1! 

M— N + Chi 

— 

4 

8 

S 

V 

M — N + 0AU 

— 

8 

14 

31 

l) 

M — N 

Chi 

7 

03 

358 

E 

M — N 

0AU 

8 

40 

310 

F 

M— N+AA 

— 

7 

10 

14 

a 

M — N +AA 

Old 

0 

08 

398 

H 

M— N+AA -1-01.1 



4 

4 

3 

I 

M— N+AA 

OAU 

8 

110 

480 

J 

M — N +AA + 6AU 



7 

11 

17 

K 

J1-— N+AA + Chi 

OAU 

4 

6 

7 

h 

M — N +AA+0AU 

Chi 

8 

10 

10 


* M — N, minimal with ammonium sulpliate deleted , CM, chlor- 
amphenicol, 20 figm (ml , GAU, 6-aza uracil, 6 mgm (100 ml , AA, 
casein hydrolysate, vitamin freo, 2 mgm per ml 


Table 2 shows a marked increase m survival of E 
coh strain B with incubation in minimal medium from 
which the nitrogen source is deleted The addition 
of amino-acids to tins medium prevents the recovery 
observed ( F ) Further, the addition of chloram- 

phenicol or 6-aza uracil to the nitrogen free cultures 
piterferos with recovery (B, G ) If, however, chloram- 
phenicol or 6-aza uracil is added after 40 mm incuba- 
tion (D, E) recovery occurs These results suggest 
that the recovery promoted by the M — In medium 
is dependent on both nbonucleic acid and protein 
synthesis within the first 40 mm of mcubation 
following exposure It is obvious that this synthesis 
must be minor in quantity since no nitrogen source 
is present m the M-N medium It seemed plausible 
that the recovery promoted by the M — N medium 
results from the prevention, due to the nitrogen 
deficiency, of ‘unbalanced growth’ 11 during the 
period required for reparation of the deoxyribonucleic 
aoid synthetic system This hypothesis is supported 
^ } 10 that either chloramphenicol or 6-aza 

acidsTxn 1 ^ the medium containing amino- 

to -nltTfl. i 111111 m cubation following exposure 
(q, j\ £v,„ 1 |°jS ’ ^ le sft ® 6 degree of recovery 

co mi 4und f , medium promotes (A) If these 

c added, immediately following ex- 


posure to ultra-violet no recovery is observed (H, J) 
Chloramphenicol, added immediately, prevents the 
recovery promoted by 6-aza uridine (K) and con- 
versely the addition of 6-aza uridine immediately 
prevents the recovery promoted by chloramphenicol 
(L) The evidence suggests that ribonucleic acid and 
protein synthesis during the initial period of mcuba- 
tion following exposure to ultra-violet is requisite to 
recovery, but is detrimental to recovery afterwards 
Recovery apparently requires (1) synthesis of ribo- 
nucleic acid and protein m preparation of the deoxy- 
ribonucleic acid synthetic system and (2) the preven- 
tion of inactivation through unbalanced cytoplasmic 
growth during the subsequent period required for 
resumption of synthesis of deoxyribonucleic acid 
Further details of the investigation will be published 
later This project was supported m part by a con- 
tract with the U S Atomic Energy Commission, AT 
(40-l}-2139 

C O Doudney 

Department of Biology, 

University of Texas, 

M D Anderson Hospital 
and Tumor Institute, 

Houston, Texas 
March 23 

1 Doudney, 0 O , and Haas, F L , Proc U S Nat Acad Set , 44, 300 
(1058) 

•Roberts, R B , and Aldous, E , J Badertol , 67, 303 (1040) 

* Doudney, 0 O , nnd Haas, F L , Badwlton Ret , 9, 108 (1958) 

4 Gillies, N E , and Alper, T , Nature, 183, 237 (1059) 

1 VIsser, E , nnd OhaTgaff, E , J Biol Chem , 170, 703 (1048) 

4 Burton, K , Bioehtm J , 62, 316 (1950) 

* Lowry, O H , Rosenbrongh, N J , Farr, A L , and Randall, R J , 

J Biol Chem , 193, 205 (1951) 

4 Ognr, 11 , nnd Roson, G , Arch Btochem , 26, 202 (I960) 

•Harold, F M , and Zlporln, Z Z , Biochlm Bwphys Acta, 29,439 
(1058) 

15 Draoullc, M., and Errora, M , C.R Soc Biol , 162, 1208 (1958) 
n Cohen, 8 8 , nnd Bamer, H D , Broc V S Nat Acad Set , 40, 885 


High Molecular Weight Ribonucleic Acids 
from the Nuclei of Calf Thymus 

A ribonucleic acid fraction, winch gives the 
characteristic sedimentation pattern shown m Fig I, 
has been isolated very recently from tobacco leaves 1 , 
mouse brain* and microsomes of rat liver 1 The 
molecular weights of components A and B are 1 7 x 
10° and 0 6 x 10°, respectively Although the study 
has yet to be extended to other systems, I suggested 
two years ago that ribonucleic acids with molecular 
weights of about 1 7 x 10° exist m the cytoplasm of 
many types of cells’ The question that naturally 
arises is whether ribonucleic acids of such a molecular 
weight also exist in a nucleus So far no investiga- 
tion along this line has been reported The results 
presented below appear to provide an answer to the 
question 

A preparation of nuclei was obtained from calf 
thymus according to Allfrey and Mirsky’s modifica- 
tion of the procedure described by Schneider and 
Petermann 4 The nuclei in such a preparation have 
been shown to be capable of incorporating amino -acidB 
into their proteins 4 With the aid of Feulgen staining, 
the present preparation was found to contain three 
intact cells and sixteen cytoplasmic strands per 360 
nuclei A purified fraction of ribonucleic acids of 
high molecular weights was prepared from this nuclei 
preparation according to a procedure that will be 
published elsewhere* The yield was 0 18 per cent 
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of tho dry nuclei, or 13 per cent of total nucleus 
nbonucleio acid. (Tho dry nuclei contained 1 4 per 
cent ribonucleic acid ) As the nuclei preparation was 
contaminated with only 5 per cent of cytoplasm and 
the same procedure produces purified ribonucleic 
acids of high molecular weights from mouse brain at 
a yield of only about 20 per cent that of total brain 
ribonucleic acids, it is concluded that the contamina 
tion of the nucloio acid preparation from nuclei with 
tho cytoplasmic ribonucleic acid is slight This 
preparation contained loes than 0 03 gnu of deoxy 
ribonuoleic acid per 100 gm of ribonudeio acid, os 
estimated by diphenyl ammo reaction* and orcinal 
reaction*, respectn oly It had tho same ultra violet 
absorption spectrum as the ribonucloic acid prepara 
tion from mouse brain’ 

As indicated by the representative sedimentation 
diagram m Fig 2, this preparation of nucleic acids 
from nuclei contained two major components (o 
and b) m tho same ratio as that found for components 
A and B in whole tissuo or cytoplasm (of Fig 1) 
Moreover, the molecular weights of components a 
and b were found to be the same os those of com 
ponents A and B, respectively 



Fig. 1 Sedimentation diagram of a pwlfled ribormeklc add 
preparation from mott*e brain A aotnUon of 0 17 per cent andelc 
oetd In 0-02 Af phoaphate, pH 7 3. wai centrifoged In a ilngte- 
lector ceU at 8* C. 


Ono point of difference has boon observed between 
tho ribonuoleic acid preparation from wholo brain 
and that from thymus nucloi When a fresh prepara 
tion from tho brain at a concentration of 2 5 mgm./ml 
was maintained in 0 02 Af sodium phosphate, pH 
7 3, for 3 lir at 3° C , it showed no detectable cliango 
in its aodimontation behaviour If tho preparation 
was mndo from brain infected with Somlfld Forest 
virus, oven its infoctivity was preserved* On tho 
other hand, when the preparation from nucloi was 



Fig 2. Sedimentation diagram of a purified riborrarifle idd 
preparation from tbjnroa track I A «ohiU cm ofO-CC. per txnl nwlelo 
add In 002 J/ phosphate pH 7 3 wu ctntrifbged In a double- 
aector cell at 8 0 


subjected to the samo treatment, degradation 
occurred , singlo and polydisporso sedimentation 
boundary liaving ft molecular weight of about 0 2 X 
10' at tho peak of tho schhoron pattern was observed* 
No significant further cliango resulted from subse 
quont incubation of tho preparation at a concontra 
tion of 1 mgm /ml m 0 01 M phosphate for 15 mm 
at 83° 0 Tins difference is tentatively attributed to 
tho possibility tliot tho preparation from nuclei was 
contaminated to a greater extent with somo material 
possessing degrading activity than was tho prepara- 
tion from brain 

Tho prcsonco of ribonucloio acids of high molecular 
weights in nucloi as well as in cytoplasms lias sov oral 
important implications For oxamplo, thoso ribo 
nucloio acids may be tho templates for protein eyntho 
sis m both nuolel and cytoplasms 

I am indebted to Miss II. J Scherer for her technical 
assistance 

Pns'Q VAO Cnn NO 

Rockefeller Foundation Virus Laboratories 
Now York, 21 
March 25 

l Olem A. I baiurfonek. 116 7S8 (10^3) 

* Cheng Ping jrao _EfcxAurt. PlopX trt Jrts (to be published) 

'Cheng ringyao Mature 179 420 (10j‘*) 

* Allfrer V O 20r*ky A K. and Osaw* S J Gen. PXythL 40 

451 C1M7J 

* DUthe JL iSUncXtmtf B 4 (1030) 

* Dliche L.,J Wo! t. W4 033(1053) 

* Che no Fine p*o l* 1 1*00 (lCk»4) 
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Post-Exposure Analysis of Organic 
Compounds in the Blood by a Rapid Infra- 
Red Technique 

Thebe has long been a need for a rapid standard 
method for the determination of levels of circulating 
organic compounds foreign to the blood stream The 
inability to measure efficiently the blood and urine 
levels of compounds handled in industrial processes 
has hindered toxicological research and made 
adequate control of the working environment more 
difficult The physician when establishing a diagnosis 
of an acute or chronic poisoning from an indue trial 
chemical has had no ready procedure by which to 
identify the specific compound or to determine its 
concentration in the blood stream The infra-red 
method to be presented satisfies the above implied 
criteria for an efficient analytical procedure sim- 
plicity, rapidity, sensitivity, and availability 

10 ml of oxalated blood are pipetted into a bac- 
teriological culture tube with an aluminium-lined 
screw cap 15 ml of carbon bisulphide, methylene 
chloride, or other suitable extracting solvent is 
added, and the tube gently agitated by end-over-end 
inversion for 5 nun The tube is then centrifuged 
for 10 mm at 5(% In centrifuging carbon 
bisulphide mixtures a refrigerated chamber is used to 
minimize the explosion hazard The solvent layer is 
transferred to a standard infra-red sample cell and 
its spectrum scanned from 2— 16(i Cells of 1 mm , 
3 mm , or 10 mm thickness are used depending on 
the sensitivity desired Occasionally it is advan- 
tageous to compensate solvent absorptions by placing 
a matching cell with pure solvent in the reference 
beam of the spectrometer While an improved 
optical null infra-red spectrometer 1 was used in this 
experiment, any standard infra-red spectrometer 
would have served as well 


Table l Solvent Extractions or Blood Staxdadds 


Material 

Concen- 
tration 
in blood 
ppm 
(wt /vol ) 

Solvent 

Amonnt 

extracted 

ppm 

(rndloaottv e 
count) 

Amount 
extracted 
ppm 
(Infra red) 

Benzene- u 0 

74* 

CS, 

08 

09 




02 

09 


110* 

CS, 

90 

88 




100 

88 

Trtcbloro- 

25* 

CS, 

28 

28 

ethylene 1,2 "C 



20 

27 

Ethanol 

510f 

CH k CI, 


135 





150 


080T 

CH.Cl, 


233 





240 

Isopropanol 

640t 

CS, 


43 





40 


1,010| 

CS, 


90 





83 


i.oiot 

UiljOlj 


300 





348 


• By radioactive count 
t Added. 


Tho efficiency of this method for the extraction of t 
given compound from blood is determined by addin) 
a measured amount of the chemical to the blood an< 
xracting it as outlined above Organic compound 
roadl] y soluble m the blood, such a 
carcfuiUr wk^ ene benzene, must be checkec 

on standards are prepared, to ensure tha 
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the exact amount of chemical in solution m the blood 
is known before extraction Compounds labelled 
with carbon- 14 are employed for preparation of 
standards when the solubility m blood is known to be 
low 

This method has proved satisfactory for the 
measurement of many commonly employed com- 
pounds, including carbon tetrachloride, tetrachloro- 
ethylene, and 1,1,1-trichloroethane Four organic 
compounds, two of which are not readily soluble m 
blood, are presented as examples 

Table 1 shows the results obtained upon standard- 
ization of the method whde Table 2 presents the 
values obtained after exposure of rabbits to these 
chemicals 


Table 2 


Babbit 

Expoguro 

Time 
after 
ex- 
posure 
(min ) 

Solvent 

Amount 

ex- 

tracted 

ppm 

Calcu- 
lated 
blood 
lc\ el 
ppm. 
(wt /vol )* 

1 

Benzene oral 






2 ml /kgm 

35 

OS, 

65 

69 


2 ml /kgm 

75 

CS, 

87 

100 

2 

Benzene, oral 






2 ml /kgm 

34 

CS, 

00 

71 



80 

CS, 

44 

47 

3 

Trlchloro- 






ethylene- 






vapour 

0 

CS, 

0 

9 


800 ppm for 






7 hr 

30 

CS, 

2 2 

2 2 

4 

Trlchloroethyl- 






ene-vapour 

0 

CS, 

10 

10 


800 ppm for 






7 hr 

so 

CS, 

2 5 

2 6 

6 

Ethanol, oral 

30 

CHiClt 

020 

2,450 


2 85 ml /kgm 

00 

cn,ci. 

728 

2,000 

6 

Etlmnol oral 

30 

CH.Cl, 

698 

2,360 


2 85 ml /kgm 

00 

OH.Ol, 

075 

2,700 

7 

Isopropanol, 

35 

CS, 

168 

1,000 


oral 

(Acetone 


00 



2 ml /kgm. 

present) 






82 

CS, 

135 

:i,ooo 



(Acetone 


131 




present) 




8 

Isopropanol, 






oral 

30 

CS, 

169 

1,000 


2 ml /kgm 

(Acctono 


05 




present) 






89 

CS, 

115 

1,400 



(Acetono 


80 




present) 





* The blood Iovels were calculated by multiplying the amount of 
chemical extracted, by tho efficiency of extraction determined from 
the values presented In Table 1 


This infra-red method for measuring post-exposure 
blood levels of organic compounds lias many advan- 
tageous features It is a simple, rapid procedure which 
can be performed m any laboratory with infra-red 
facilities Although the efficiency with which different 
organic compounds may be extracted vanes con- 
siderably, depending on both the solvent and the 
compound, the results indicate that the efficiency is 
approximately constant for any particular system 
Sensitivities approaching a part per million can 
usually be attained by the proper choice of solvent 
In addition, unknown organic compounds may be 
identified, more than one compound may be measured 
with one extraction, and metabolites, such as acetone 
following isopropanol ingestion, may be found 

The method has also been applied successfully to 
the analysis of urine, and should be applicable to other 
biological fluids as well Work is m progress to deter- 




NO 4601 


July 18, 1959 


NATURE 


193 


mine more exactly the effioienoy of this extraction 
method for the above and other orgonio compounds 
We wish to thank Dr Norman Wright for suggest- 
ing this approach, and B H, Blake for obtaining the 
infra rod spectra 

R D Stkwabt 
D 8 Erley 
T R Tobkelson 
0 L TTake 
Medical Department 
Spectroscopy Laboratory, 

Biochemical Research Laboratory, of 
The Dow Chemical Company, Midland, Michigan 
May 19 

‘Handier L. W Buhl H D and Wright N J Opt, Soc. Amrr 
48 , 36 ( 1058 ) 


Localization of Haomocyanln on Starch 
Gel Electrophoretic Patterns 

Using the Smithies technique 1 of rone electro- 
phoresis m starch gel Woods et al * have recently 
demonstrated tho occurrence of several hinmoc} r anm 
proteins in the blood sera of certain crustacean 

r ioa Tho identification is tentatively based on 
occurrence of two or moro protein bands of a 
similar order of mobility and which are extremely 
concentrated in comparison to tho other blood 
protein components 

The finding by Woods et al * of what are assumed 
to bo several luemocyanins in certain species can bo 
interpreted in the following ways (1) as soparato 
molecular forms of luemocyanin, or (2) dissociation 
association produots or other derivatives of a srnglo 
molecular form, or (3) ono or more non hficmocyamn 
proteins with physical properties similar to hromo 
cyamn but whioh soparato from it during gol electro 
phoresis Woods tt al* fav our, at least in part, tho 
second interpretation of tho several constituent 
hrcmocyanlns They further suggest that a non 
copper-containing moiofcj may have boon isolated 
from other compononta of a possible luemocyanin 
polymer of higher mol ocular weight In ordor to 
test tho possibilities that either an intact non 
hiemooyanln rooleculo winch would not contain 
copper or a hicmocyanin fragmont devoid of copper 
may liavo been isolated oloctrophorctically, tlio 
following experiment was devised 

Crayfish serum was rosolvod elect roplioroticallj in 
starch gel using tho mothod of 8 mi tines 1 Tho crav 
fish used In this study wore of two species, Orconecte* 
virths (Hagen) and Orcontdes propmquvs prvpinquus 
(Girard) (kindly ldontiflod by Prof Horton H Hobbs, 
jun. of tho University of Virginia) Gels woro pro 
pared with 12 5 gm of reagent solublo starch (Morck 
and Co Ltd , Montreal, Canada)/100 ml of borato 
buffer (0 02 Af bono acid and 0 008 M sodium 
hydroxido/litro) This gave gols of pH 8 03 Tho 
bndgo buffer used consisted of 0 20 AT boric acid 
and 0 04 Af sodium hydroxido/litro Electrophoresis 
was earned out at room temperature for 12 hr at a 
potential grodiont of 0 v /om On completion of 
oloctrophorosis tho gols were sectioned horizontally ; 
ono half was stained for protoin with amido black 
10B djo and tho othor half was placed for 24 lir in 
a solution consisting of 50 ml of 10 per cont aqueous 
sodium acetate ana 3 ml of alcoholic 0 1 per cont 
ruboanio acid (drtVuooximido) Gomorl* cites tho 
development of a greenish black colour in this 
reagent ns a histochomical test for copper 


The two Orton edge species used gavo patterns 
similar to Cambaru* hmosus ( - Orcontdes Umosus 
(Raf)) whioh had been found previously* to hn\o 
two hcemocyarun bonds Both hicmocyanin bands 
of Orcontdes stained a light greenish blnok in tho 
copper reagent As a control tho larv al huemolymph 
protein pattern of tho eastern tont caterpillar 
Malacosoma amcricanum (Tab ) was subjected to tho 
same test Malacoaoma has a very concentrated 
protein component of about tho same electrophoretic 
mobility as the crustacean hicmooynnins However, 
Malacosoma pattern components did not react with 
tho reagent up to 48 hr Serum of tho horseshoe crab 
Ltmulus polyphemus (L ) (obtained through tho 
courtesy of Dr R J DePalco of the Serological 
Museum of Rutgers University), which has an 
extremely concentrated fast migrating luemocyanin 
component, was also tested in this way Tho con 
centra ted component reacted positively with tho 
copper reagent These observations ore summarized 
in Fig 1 



Flu 1 Starch gel electropbare*l« dbymiraa or the blood protein 
juttem* of ( A } OrconttUi «rp. (ill awvrvanum 

Urr® and (O) Limulut potrpAt** ** The anodic are* i» to the 
right of the point of aampfo Insertion (Indicated bj arrmr) and 
tho cathodic area Is to tho left Tbe tetter 11 Indicate* copper 
containing component* 


Tlus oxporimont docs not support tho possibility 
in Orconede s of tho eloctrophorotio isolation of a 
non luemocyanin protein from copper -containing 
hicmocyanin. If there is a dissociation phenomenon 
involved as suggested by Woods et al * then copper 
is being distributed betwoen more than ono dis 
soclation product 

In connoxion with this test yot another possibiht> 
arises The onijnio lyrosinaso also contains copper 
as a co-factor This enzyme could bo present as a 
soparato eloctrophorotio component or absorbed to 
another protoin Howovor, M amencanum did 
contain a largo amount of tyrosinaao in its blood as 
evidenced by a rapid molamzation in tho nbsonco of 
phonyl thiouroa as an inhibitor Since copper was 
not found to bo associated with onj of tho Afalaco 
soma protein fractions wo can probablj rule out 
tyrosinase as a factor in thoso Orconedcs experiments, 
where there was no appreciable darkening reaction 
m Orcontdes blood 

Tlio copper tost used hero provides an aid to 
identifying and localizing luemocyanin on inverte 
brato blood pro tom patterns It offers another 
demonstration* ’ 'of tlio imlquo opportunities nvnflabio 
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close as possible to the muscle The photocell is 
protected from the 366 mg radiation by a Wratten 
TF-2 filter or by a combination of this filter -with a 
Bausch and Lomb interference filter transmitting a 
16 mg band pea king at 460 mu. Both filter combina- 
tions gave satisfactory results The photocurrent 
-was amplified by high gam chopper amplifiers and 
recorded by a galvanometer oscillograph A ‘bucking - 
out’ circuit was used and the increment of fluorescence 
caused by electrical stimulation is recorded The scale 
of the ordinate is given by mdependent spectro- 
photometric measurements (Fig 1) 


366 mp excitation 366 mp excitation 

450 my measurement 450 my measurement 


twitches every 4 sec 



time (sec) 


twitches every L5 sec 



j i 1 -,i ■ 

0 10 20 30 


time (sec.) 


Fig 1 Fluorescence response of frog snrtorlous muscle to 
electrical contraction at 4 (loft) and 1 6 (right) second Intervals 
Tho right-hand record Indicates a ‘saturating’ effect Independent 
spectrophotometric BtudleB give the concentration scale for the 
ordinate this saturating effect corresponds to tho oxidation 
of 0 035 pmoloe/gm reduced pyridine nucleotide (ref 8) 


The excised frog’s sartonous muscle -was con- 
tamed m a holder -where oxygenated Ringer flowed 
freely past the exposed portion of the muscle 37 
The muscle and the bathing fluid were cooled to 8° 
Fig 1 illustrates two responses of the fluorescence 
of the sartonous muscle to a senes of twitches 
Electrical stimulation is apphed every 4 sec m one 
case and every 1 6 sec m the other case The twitch 
of the muscle is indicated as the small and abrupt 
deflexion on the trace which marks the moment of 
contraction There is a decrease of fluorescence in a 
staircase fashion for the lower stimulation rate 
At the higher stimulation rate the fluorescence 
change reaches a plateau, beyond which further 
stimulation causes little change A comparison of 
these results with those obtained spectrophoto- 
metncally 3 suggests that the same phenomenon 
is being recorded m both cases • the oxidation of 
reduced pyridine nucleotide caused by increased 
adenosine diphosphate concentration at the mito- 
chondria It we then accept the similarities of the 
kinetics as sufficient basis to identify the fluorescence 
decreases changes with the oxidation of mtramito- 
chondrial reduced pyridine nucleotide, we can make 
the following statement (1) The concentration of 
adenosine diphosphate arriving at the mitochondria 
following a single twitch is a small fraction of that 
required for half -maximal activation of spectroscopic 
effects in isolated mitochondria (0 066 gmoles/ 
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gm * 3 ) (2) The staircase response for the 4 sec 

twitches emphasizes that the low concentration of 
adenosme diphosphate per twitch applies not only 
to the first twitch but also the second and possibly 
later twitches of the frog sartonous muscle 

This method has much to recommend it m terms of 
simplicity and sensitivity In addition it may have 
the further advantages of (a) being applicable to a 
thiok layer of muscle and ( b ) being relatively in- 
sensitive to haemoglobin It may therefore be much 
more readily apphcable to intact tissues than the 
spectrophotometrio method 

Britton Change 
Frans Jobsis 

Johnson Research Foundation, 

University of Pennsylvania 

May 24 

i Chance, B , and Baltscheffsky. H , J Biol Chem , 233, 730 (1058) 

* Chance, B , and Williams, G R , J Bud Chem , 217. 409 (1055) 

* Chance, B , and Connelly, C M., Nature, 170, 1280 (1057) 

* Duysens, L M. N , and Amesr, J , Biochim Biovhvt Ada, 24, 19 

(1957) 

1 Theorell, H , and Nygaard, A P , Ada Chem Scand , 8, 877 (1954) 

■ Chance, B , Conrad, H , and Legallals, V , Program and Abstracts 
of Biophysical Society, Massachusetts IiiBt Tech , 44 (Cambridge. 
1058) 

7 Chance, B , Science, 120, 707 (1954) 

1 Connelly, 0 M.,nnd Clinnce, B , Fed Proc , 13, Abstr No 04 (1054) 


Frequencies of the Haptoglobin Groups in 
406 French Blood Donors 

The method of zone electrophoresis in starch gel 
enabled Smithies* to describe tliree haptoglobin 
groups m human sera Using a standard technique 
previously reported 3 3 we have examined the sera of 
406 blood donors living m Pans In each ‘Plexiglas’ 
tray (internal dimensions 234 mm x 80 mm x 6 mm ) 
three serum samples mixed with a htemoglobin 
solution (0 06 ml of a solution containing 60 mgm 
of haemoglobin being added to 1 ml of serum) were 
allowed to migrate simultaneously, side by side, for 
18 hr , under a potential of 100 V After electro- 
phoresis the starch gels were divided into two shoes 
and stamed, one with amido black, and the other with 
benzidine reagent for peroxidase activity The tech- 
nique was the same as that previously described and 
used to detect haemoglobins in agar gels* but without 
using zinc acetate as a solution 

The haptoglobin groups were quite easily identified 
(Figs 1 and 2) Particularly the difference between 
Hp 1-2 and Hp 2-2 was clear-cut their electro- 
phoretic patterns are very different and it will be 
seen that the haptoglobin-haemoglobin complex 
moves more slowly in group 2—2 than m group 1—2 



Fig 1 
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The frequencies of tho threo groups aro in agree 
raent (/*“0 505 for 1 degree of freedom) with tho 
genetical theory proposed by Smithies and Ford 
Walker 1 (Table 1) The gene frequencies are Hp x *m 
0 4015, and Hp*™ 0 5985 These figures are not 
significantly different from those already reported, 
m populations of European origin by some workers, 
particularly from the important series of Qalatius 
Jensen in Denmark No mention is made in Table 1 
of the results collected in a British and in a Basque 
sample by Allison ef cti *, who found a fourth hapto- 
globin group (0-0) and whoso British series differs 
significantly from the expected frequencies calculated 
from the simple two alleles theory Wo shall not 
discuss tho interesting finding of the 0-0 group not 
the cause of tho discrepancy : presumably it is 
attributablo to differences in technique 


Table l 


Aathora 

Total 

(A) 

Hap loci ob in croups 

1 

- 1 

1 

- 2 

2 

- 2 

No 

rer 

cent 

aite 

No 

Per 

cent 

age 

No 

Fct 

cent 

age 

Button rt a/ (ref 7) 








(U.S.A. Canada*) 

103 

10 

15 53 

54 

52-43 

S3 

32-04 

OaUtlcu-Jenten 








(ref 8) (Denmark) 

2 010 

328 

10-03 

907 

<7 Sfl 

751 

28 71 

Laurel! ami Grubb 








(ref 9) (Sweden) 
FW*caer sad 

40 


l&t 


Mf 


35t 

Lander»U(ref 10) 








(Norway) 

Present rurrey 

500 


lot 


45t 


sat 

(France) 

400 


16-27 

202 

40 76 

142 

34-98 


* Quoted from Sattoarfc/ who pooled the flcure* ciren by SraUWrr 
with thdr own 

t Tks percents only wu siren In the orltfnnj paper 


If wo use only comparable figures, it seems reason 
able to consider, from tho results of Sutton et al , 
Smithies, Gnlatius-Jenaen, Lauroll and Grubb, 
Fleischer and Lundovall, and from our own results, 
iliat in most of tho populations living in the 


occidental and septentrional part of Europo and 
m the white population of America, tho frequencies 
of the genes Ep x and Bp * do not differ appreciably 
from 40 to 00 per cent respectnoly Wo agree, 
however, that tho complete ejstem may bo much 
more complicated 

J Mouxleo 
J M Fine 

Centre National de Transfusion Sanguine, 

Pans 
March 25 


1 Bmlthle* O BloeJtem J 51 510(1955) 

' L ° 0b ^ aDd ^' au,c «nko-Z E. A att/rt 181 4.»2 

* Fine j M and Loeb J JUv flHmatobfne 13 440 (10v>8) 

* Fi (TtiM) 1L Uri#1 J aDd FaQr0 J Soe CkiB% 15 010 

‘Smlthlei 0 and Ford Walker V A altar 178 604 (IDjC) 

' ^TDOS)^ ^ Clumbers B 8 and Reei A 1’ Aetmre 181 K4 

’Sutton H E , Neel J ^ Dlnion, 0 and Znclcr W W \aitrrr 
178 1257 (1055) 

* Oalatlns-Jeftaen F Ada Genet Statist 3/rrf 8 232 (1058) 
•Laurel) A B and Grubb R, For Sartf S 312 (105 4 ) 

'* Flelicfaer, E and Lundevall j Fourth European Concr Ilrrnuto* 
logy CopenhAfltn (1967) 


RADIO BIOLOGY 

Increased Oxygen Consumption In Rats 
during Irradiation 

Metabolic changes arising during irradiation aro 
of great importance for understanding tho mechanism 
of tho offects of radiation In work on such changes 
m rats wo bate used tho estimation of oxygen con 
sumption as a general indicator of tho motnliolic 
state 

Wo usod 40 rats (Wist or strain) females, ovorago 
weight 100 gm oxygen consumption wns measured 
during irradiation at a dose rato of 50 r /min in 
ovory animal separately Tho measurements were 
earned out in boxes 8cm X 8 cm X 10 cm The 
amount of air passing tho box was regulated in 
accordance with tho body weight of tho experimental 
animal and was determined by tho following formula 
Amount of air (cm */,in _1 ) « weight of animal 
(g) > 2 5 Tho procedure was os follows Tho 
animals were kopt in tho box for 60 ram During 
the first 20 min they became adapted to the oxpen 
montal conditions In tho period 20-50 min oxygon 
consumption was measured Tho oxygon consumption 
between tho 20th and 30th minuto was taken as tho 
basic value (100 per cont) During tho period 30— 
50 min the rats wore subjected to total body 
irradiation (180 kV , 16 nruimp , 1 aluminium, 
0 6 copper, focal distance 40 cm , doao rate 50 r / 
min.) 

Tho oxygen consumption of control animals was 
measured under tho same conditions but without 
irradiation, and they wore exposed to tho not*o 
caused by opening tho load diaphragm of tho X ray 
tube This no iso had no influence on tho oxygen 
consumption of control animals 

Tlio comparison of oxygen consumption of oxpen 
mental and control animals in given in Fig 1 

At tho tune of decreasing oxygen consumption In 
control rats, that of irmd fated rats rise*. Increased 
consumption of oxygen takes plneo during tho first 
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I 2 3 < 5 6 7 8 3 10 II U 13 K IS IS 17 18 13 20 

Fig 1 Comparison of the changes In oxygen consumption of 

control ( ) and Irradiated ( ) rats Standard error level 

Is gt\ en by vertical lines 


minute (60 r ), at the fourth minute it reaches the 
maximum (200 r ) and in the tenth minute it 
approaches the values before irradiation, but is still 
higher than in control animals 

The difference in. oxygen consumption in twenty 
irradiated and twenty control animals during the 
period from the first to the eighth minute of irradia- 
tion is statistically significant (P > 0 01) 

We have found in the literature two reports on 
changes in respiratory metabolism during irradiation 
In both cases the oxygen consumption was increased 
at higher doses of radiation than those we have used 
In the first case, the rate of oxygen consumption 
was raised after a dose of 1,000 r m monkeys In 
the second case, oxygen consumption of rats and 
mice was increased during irradiation with a dose-rate 
of 100 r /nun Our results are m accord with these , 
significant changes were found after the relatively 
low dose of 60 r 

A Vacek 

Biophysical Institute, 

Academy of Sciences, 

Brno, Czechoslovakia 
April 18 

1 Brooks, P IT , Iilchey, E O , and Pickering, J E . Rad Res , 6, 430 
(1957) 

* Belokonsky, I S , Med Radiol , 4, 21 (1958) 


Prophylactic Effects of Amine Oxides in 
Radiation Injury in Mice 

In 1967, Haley et al 1 found that qumoxahne- 1,4- 
di-N-oxide reduced X-radiation mortality m mice 
by 60 per cent Two mechanisms were mvolved, 
reduction of bactertemia 1 and interaction with X-ray- 
produced oxidizing radicals' Comparisons have been 
made of other N-oxides (Table 1) using groups of 
20 CP-1 mice and the same radiation conditions as 
before 1 The 260 mgm [kgm oral dose of drugs was 
given 24 hr prior to irradiation with 660 r The two 
qumoxahne derivatives significantly increased the 
STt, o day but had Jess effect on total survival than 
qumoxaline- 1,4-di-N-oxide Erythromycin N -oxide 
significantly reduced the ST s 0 day and total survival 
while its anhydro derivative was equivalent to 
qmnoxalmo-l,4-di-N-oxide as a radiation prophyl- 
actic All the above compounds are readily absorbed, 
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Table 1 Orally Ad ministered Amite Oxides and Survival after 

X-lRRADIATION 





Total 


ST,,* and range 

Slope and range 

mortality 

Treatment 

Days 


Per 





cent 

Day 

Saline control 

2 S-Bimethyl- 

9 4 (8 4-10 6) 

1 29 (1 19-1 40) 

100 

14 

qulnoxallne- 

1,4-di-N-oxide 

12 4 (10 1-15 2) 

1 50 (1 32-1 84) 

85 

30 

6-Chloro-2 3- 



dimethyl qnin- 
oxaline-l,4-dl- 





N-oxlde 

13 4 (10-9-10 0) 

1 00 (1 35-1 90) 

80 

30 

Saline control 
Erythromycin 

12 3 (10 0-14 3) 

1 41 (1 20-1 69) 

90 

30 

N-oxlde 

Anhydroery- 

10 0 (9 0-11 2) 

1 29 (1 10-1 40) 

100 

18 

thromycln 

N-oxlde 

— 


45 

30 


* ST„, day upon -which 60 per cont of animals are expected, to 
be still alive Confidence limits aro calculated at P «= 0 05 (ref 3), 
All drugs 250 mgm /kgm orally 24 hr pre irradiation 


excreted slowly in the urine and exert antibiotic 
effects so the radiation bactersemia could be reduced 
On the other hand not all of them can interact with 
equal facility with the radiation-produced oxidizing 
radicals Examination of the chemical structures 
mvolved indicated that an amine oxide either m an 
unsaturated rmg, for example, qumoxahne or within 
one carbon atom of a double bond, for example, 
anhydroerythromycm is necessary if oxidizing radicals 
are to bo prevented from exerting their deleterious 
effects In the dimethyl substituted qumoxahne 
compounds difficulties in oxidizing the methyl groups 
are probably the reason for the decrease m protectant 
activity even though Francis et al 4 showed that 
hydroxylation in the 2 position occurs m mvo With 
erythromycin IST-oxide, the double bond is lacking 
and the compound can be oxidized only with difficulty 
even m vitro 5 Thus, it would appear that amine 
oxides with the above chemical structures can reduce 
mortality from ionizing radiation when administered 
orally 24 hr prior to exposure 

We wish to thank Imperial Chemical Industries, 
Ltd , for the qumoxahne compounds and Lilly 
Research Laboratories for the erythromycin com- 
pounds This work is based on work performed 
under Contract No AT (04-l)-GJ57N-12 between 
the Atomio Energy Commission and the University 
of California at Los Angeles 


Thomas J Haley 
Anna M Fleshes. 
Nathan Komesu 


Department and Laboratories of 
Nuclear Medicine and Radiation Biology, 
School of Medicine, 

University of California, 

Los Angeles 
May 22 
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PATHOLOGY 

Formation of the Toxoid of Histamine 
Sensitizing Factor In Bor detella pertussis 

It has been reported that mice injected with 
BordtieUa pertuests income become exceedingly 
sensitive to bistammo 1 Maitland tt al * found that 
antibacterial rabbit sera against Bordetdla pertussis 
contain antibodies to histamine sensitizing factor 
However, it seems that no biological definition of 
histamine sensitizing factor has been established 
We believe that it is a toxin different from the 
accepted pertussis toxin The present communication 
deals with formation of the toxoid of histamine 
sensitizing factor in Bordttdla pertussis with the use 
of formalin. 

The supernatant of a culture of Bordetdla pertussis, 
strain lfi-323, was prepared by a method already 
described* Formalin was added to tho supernatant 
to give a concentration of 0 5 per cent After various 
intervals of incubation at 37° 0 , tho degrees of 
detoxification of tho histamine sensitizing factor were 
examined. Teste of the antigenicity of tho toxoid 
thus formed were also carried out 

0 6 ml of oulturo supernatant to which formalin 
had boon added was injected mtrnpentoneaUy into 
dd mice, weighing about 20 gm oach Five days 
later tho sensitivity to histamine of an inoculated 
group of mice was tested to determine tho dogroo of 
detoxification Tho mice surviving tho histammo 
sensitivity test wore maculated 14 days later with 
either pertussis vacoino or oulturo supernatant in 
order to determmo whether they wore immune Fivo 
days later their sensitivity to histammo wo a rotestod 
(Tablo 1) 


T*We l DiTouncATiox or IIi9tamdh Srasrmnm Factor nr 

CCITUXH 8UPXXlf ATAjrT AXD ACTIVE ImnTKTIATIOK OT MlC* WITH 

Toxoid ot Uutamihk SExirranro Factor 


Incubation period of 
formaUied culture sup- 
er oaUnt at 37* C 

Detoxification 
(lots of hlitamlne 
lend tiling ability) 

ImrrumUaHon with 
toxoid agaliuthiit 
amine eemltUing 
factor 

4 dayi 

Incomplete 

no Immunity 

7 day* 

complete 

complete Immunity 

10 cUyi 

complete 

no Immunity 

16 day« 

Control! Culture «uper 
natant heated at 60 C 

complete 

no immunity 

for 30 rain 

no detoxification 

no Immunity 


As shown m Tablo 1, tho oulturo supernatant 
heated at 60° 0 and containing histammo sensitizing 
factor without pertussis oxotoxio activity, afTordod 
tho mice no immunity against histammo sensitizing 
factor The antigen, whon detoxified incompletely 
or incubated for a prolonged period (perhaps duo 
to partial denaturation) gat o tho mice no immunity 
against histammo sensitizing factor , whereas n smglo 
injection of comploto toxoid established comploto 
immunity against it Repeated administrations of 
an incompletely dotoxified antigen gavo no immunity 
However, repeated injections of antigen aft-or pro 
longed incubation afTordod partial immunological 
protection Those findings suggest that oven the 
presence of a small fraction of histamine sensitizing 
factor In pertussis antigens interferes with tho 
establishment of immunity against it Tho incubation 
period required for tho formation of tho comploto 


toxoid is subjoct to variation according to the 
preparation usod 

Tho incubation period necessary for formation of 
toxoid of vaccmo, in gen oral, seems shorter than that 
of oulturo supomntant It was estimated to bo about 
24 hr at 37® 0 Formation of tho toxoid did not 
occur following tho addition of phenol or merthiolnto 
to tho antigen Tho heating of the antigen at 80° C 
for 30 min. resulted in comploto inactivation of 
histamine sensitizing factor and destruction of the 
antigomoity 

24 hr after mtraperitoncal injection of 0 5 ml 
of freshly isolated sera of rabbit immunized with 
tho toxoid, the mice received intrapentonoal in 
joctions of 0 6 ml ( 16 x I0 10 organisms) of pertussis 
vaccino (killed by hoatrng at 6G* 0 ) to tost for tho 
possible production of antibodies against histammo 
sensitizing factor Five days later histammo sonsitiz 
ation was examined One Z/JD50 for a control group 
without immune serum woe 20 8 mgm /kgm of 
histammo, whdo the LD50 for ono group of passivoly 
immunized mico was more than 480 mgm /kgm , 
affording good evidenoo for the presence of antibodies 
against histamine sensitizing factor 
Rabbit immuno sera wore ablo to pro\ont a re- 
duction in histamino inactivation of a homogonnto 
of tho organs of pertussis sonsitizcd mice 4 when the 
sera were inoculated 24 hr before administration 
of pertussis vaccmo 

Thus, it sooms reasonable to regard histamino 
sensitizing factor as a toxin, which apparently has 
nothing to do with preventive nntigon(s)‘ 

Immunologicolly it was demonstrated on rabbit 
sera immuno against tho toxoid of histammo acnsitiz 
ing factor that tho histamino sensitization duo to 
pertussis vaccine has nothing to do with anaphylactic 
shock against herrso scrum 

Maitland et al 1 and Stronk and Pittman* reported 
that guinea pigs show no incrcaso in susceptibility 
aftor tho administration of pertussis vaccmo Nevor 
tliolcss wo found a marked roduotion in histaminaso 
activity of a horaogonato of organs from pertussis 
sensitized guinea pigs us mg Kapollor Adler s method 1 
No reduction was observed in tho histammo inactive, 
tion of a homogonato where guinea pig ileum was 
employed following on ortraction of histamino bv a 
modified version of McJntiro’s method* Howovor, 
at an early stage (first 2-3 hr ) of tho reaction botwcon 
tho homogonato and histamino, a marked reduction 
in histammo inactivation was observed when guinea 
pig ileum was usod. Tho explanation of histammo 
sensitization in mico and rats, must await further 
studies, although a reduced activity in histaminaso 
or histamino inactivation may account for a largo 
part of tho sensitization to histammo 

For tho produotion of pertussis vaccino the existence 
of histammo sensitizing factor in pertussis antigens 
should not bo neglected, because ovidonco for tho 
oxjjtcnco of antibodies against histammo sensitizing 
factor in a human hyper immuno serum was recently 
roportod by Maitland and Guorault* 

Tosuttaka Matsui 

Yosnio Kuwajdia 

Department of Bacteriology, 

Osaka City TTnlv orsity Medical School 
Osaka 
March 14 
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Effect of Chlorpromazine on Crocker 

Sarcoma and Ehrlich Ascites Carcinoma 

Goldin et al 1 and Humpreys et al ! have stated that 
reserpme treatment in mice hearmg transplanted 
leixktcmia L 1210 caused regression of neoplasm and 
prolonged the survival tune of these animals These 
observations have directed attention to other tran- 
quillizers as possible anticarcmogemc drugs The 
growth of sarcoma 37 was inhibited by chlorpromazine 
treatment 3 However, according to Cranston 4 some 
tranquillizers belonging to the phenothiazine group did 
not show any inhibitory effects on mammary adeno- 
carcinomas m mice 

In our Department we have carried out some 
experiments dealing with the effects of chlorpromazine 
on Crocker sarcoma and Ehrlich ascites carcinoma m 
mice 

R III, Bn (an inbred strain from our own animal 
colony) and Swiss mice of both sexes were used The 
initial weight of mice was 26-30 gm Chlorpromazine 
(‘Largactil’ — Societd Parisienne d’Expansion Chimi- 
que SA , Specia) was given dady mtraperitoneally 
at a dose of 2 6 mgm /kgm body-weight in about 
0 25 ml physiological saline A control group was 
given saline alone 


The rate of growth of Crocker sarcomas was 
measured by the mean diameter of the tumours, and 
that of Ehrlich ascites carcmomas by dady weighings 
of the mice and by notmg then survival times 

The growth of Crocker sarcomas m chlorpromazine- 
treated and control mice is shown m Fig 1 Chlor- 
promazine seems to have no inhibitory effect on this 
neoplasm — the tumours grew at the same rate as 
m the control group, despite the depressive effect of 
chlorpromazine on mice 



14 10 18 20 22 24 20 2S 30 32 34 30 38 40 42 
Days after transplantation 
(a) 


Chlorpromazine did not prolong the survival time 
in R IH mice bearing Ehrlich ascites carcinoma 
(Table 1) However, the gam in weight of these mice 
was much smaller than that m control mice The 
diminished gam in weight was due to the smaller gam 
m carcass weight, as well as to smaller production of 
ascites fluid Analogous results were obtained with 
Swiss mice (Table 1) 

Thus chlorpromazine had no inhibitory effect on 
the growth of either tumour despite the depressive 


Tabe l Sun vital Tdie and Weight Changes op R m and Swiss Mice hearing Ehrlich Ascites ’C arc rrosi a 


Days after transplantation 
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Em 

3 

Em 

3 
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No of surviving 
animals 

Average weight 
gain/mouse (gm ) 
Oworpromazinet 

No of surviving 
animals 

Average weight 
gain/mouse (gm )* 
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No of surviving 
animals 

Average weight 
gnln/mouse (gm.)* 
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No of surviving 

3 

animals 
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I- 2 6 mgm /kgm body-weight evi 
1 2 5 mgm /kgm body-weight eve 
Che treatment was started on the 


16 16 15 16 


— VV7 — - J 1 muMiui luipiuuiawuu 

body-weight every day until twelfth day after Implantation of tumours 


10 

11 

12 

18 

13 

13 

12 

11 

4 8 

6 6 

5 2 

3 8 

14 

14 

14 

14 

2 0 

1 1 

0 8 

3 0 

6 

3 

3 

2 

0 3 

1 4 

0 0 


16 

15 

14 

12 

6 6 

6 1 

5-0 

4 0 

15 

11 

11 

9 

1 1 

3 3 

2 2 

3 0 



body-weight eveiy two days 
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Day* aftor transplantation 
(ft) 

FI* 1 The growth of Crocker aarcoma in Ss mi ecu The rote 
of tumour ffrowtli I* expr«t»ea u a me * a diameter of the tumour 
(arithmetical me*n of three diameter* at right angle*) Each 
cjirre repreaent* tho growth of tingle tumour (a) Control mice 
(6) ehlorproma line- treated mice 

action of the drug The daily dose administered by 
ua was much smaller than that given by Belkin and 
Hardy 5 We found that a single dose of 10 mgm /kgm. 
tlint is, fivo times smaller than that used by Belkin 
and Hardy, caused a high mortality among the 
animals 

Tho tochmcal assistance of Miss I Juzwa and 
Mrs K Chorazy is acknowledged 

M Chorazy 

Department of Tumour Biology, 

Institute of Oncology, 

Gliwico, Poland 
March 24 
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Inhibition of Tumour Growth with 2 5- 
Dlcarbethoxy-3 4-Dihydroxy-Thiophene 


The possibility of preferential inhibition of tumour 
growth with antimotabobtos of hoxose roonophos 
phato path-way mtermcdiates was suggested by 
Baliasrobudho* In pursuance of this suggestion it 
was shown that thiophono-2 5-dicarboxy Ho acid, 
ndmtmst-orod as its sodium salt, significantly inhibited 
tho growth of transplantablo ilbrosareoma m mice 
and also increased the survival of Yoshida (ascites) 
sarcoma bearing rats* It was further shown that 
sinco tliis sodium salt is soluble in water, it was 
probably excreted rapidly When tho total dally doso 
of tluophono 2 : 5-dicarbojr\ lie add was increased and 
tho injection schodulo ovonly spaced during the day 
to main lam adoquato drug concentration, it was 
found that the inhibitory offocts woro significantly 
enlmncod It was thcrefoTO folt that if the freo 
car boxy groups of the acid woro ostorifiod to roduco 
its solubility m water, the drug concentration might 
remain steady in tho system for longer periods In 
addition to tins if two hydroxy groups are introduced 
at tho third and fourth positions of tho thiophene 2 6 
dicarboxylio acid molcculo, it was thought that tho 
resemblance between tho sugar intermediates of tho 


hoxose monophosphato pathwn-v and the antimota 
boiito would bo mcreasod and the effoctivity against 
cancer might also increase With these objectives in 
view 2 5 dicarbethoxy 3 4-dihydroxy thiophene 

(hereafter referred as ‘Dicotol’) was synthesized* 
Dicetol is insoluble in water and therefore it was 
com orfod into a water solublo disodio-dicetol by 
treatment with ethanohe sodium cthoxido to facili 
tat-e its administration in aqueous medium. Disodio 
dicetol readily hydrolyses m tho presence of carbon 
dioxide It was thoroforo felt that tho wator solublo 
compound used for practical reasons, would bo 
transformed in tho body into an liieolublo dicotol 
which would probably bo re tamed in tho system for 
longer periods Tho presont communication reports 
the results of preliminary screening trials with 
disodio-dicetol 
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Flu 1 Inhibition of growth of (nuuplantaWc flbroarcoma with 
di*odJo-dl«tol Top row (O) tumour* from control eronp 
Weight of tumour* In thl* group an* froralelttorlaUt 4 14 3 01 
5 47 4 50 *od 4 13 gra nwnectlrtly Bottom row (E) ihowi 
tumour* from treated croup t\ debt* of tumour* In treated group 
from left to right are 1 12 0 40 0-92 0 10 *rnl 0 rm 
rctpcdlrcly Treatment w** lUrtnl on tho eighth d*y *flf r Iran* 
plantation *nd continue*! for 16 day* Do** 160 mgra ./karri body 
wtlght/day ofdlwdlo-dtrtlol 

Six to c iglit wooks-old Swiss mice weighing 20- 
25 gm wore used Tho transplantablo fibrosarcoma 
used in tho present investigation was originolh 
obtained by amvdckar and Ronadu o* from animals 
treated -with 0 i 12 dimoth\ lbonxo (1 2-5 4 0-5') 
ditluonaphthalcno This lias since been maintained m 
Swiss mice through several sorial transplantations 
Freshly dissected t umonrB were clioppod to fine pieces 
and a homogeneous suspension made in normal saline 
0 5 ml of tho tumour suspension was injected sub 
cutaneoush in each of tho animals and tho tumours 
allowed to grow for 8 days. Animals having uniform 
tumour sizes (visual observation) woro divided into 
two groups In tho experimental group each of tho 
animals rocehod subcutaneous injections of dtsodm 
dicotol m normal sal mo (1 mgm /0 6 ml ) at 0000, 
1600 and 2100 hr ovory day (total daily dose 
3 mgm /animal) The correspond mg control group 
recohod 0 5 ml normal sal mo only nt tho times 
mentioned Injections woro continued for 15 days 
Tho animals wore then killed and the weights and 
dimensions of tho tumours determined Fig 1 shows 
tho tumours from tho control and treated group* 
placed side by sido Tho weights of indiv idual 
tumours oro indicated in tho legend The weights of 
tumours from tho control group varied from 3 0 to 
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5 4 gm , whereas those from the treated group ranged 
from 0 12 to 1 12 gm Thus there was significant 
inhibition of tumour growth in treated animals 
Apart from the general reduction m the weights of 
the tumours in the treated group, there was evidence 
of regression m tumour size in some animals as can 
be seen fiom Ei and E5 m Fig 1 Further, it is of 
interest to note that with the doses employed m the 
present investigation (3 mgm /day/animal, that is, 
150 mgm fkgm body-weight/day for 15 days) there 
were no apparent signs of toxicity in the treated 
animals Further work is in progress, details of which 
will bo reported elsewhere 

M B Sahasbabtxdhe 
M V Nabubkab 
L B Kotnis 
Biology Division, 

Atomic Energy Establishment Trombay, 

Indian Cancer Research Centre, 

Parel, Bombay 12 

B D Telak 
M D Bhavsar 

University Department of Chemical 
Technology, 

Matunga, Bombay 
March 31 

1 Sabasrabiidhe, If. B , Nature, 182, 1C3 (196S) 

1 Sahoerahudhe, 1L B , Kerurknr, M. K , Narurknr, 5L V , Tllak, 
B D and Bhnrsar, M.1) (In the press) 

• Overberger 0 G , and Joglnder.ini, J Jnter Chem Soc , 78, 2050 

* Waravdekar, 8 8 , and Jtanndlve, K J , J Nat Cancer Inst , 18, 

656 (1957) 


Appearance of Granules in the Cytoplasm of 
Tumour-Cell Cultures in Contact with 
Lysozyme 

We have tried to establish whether or not lysozyme 
added m appropriate concentrations to human 
tumour cell cultures can produce some morphological 
changes m such cells The following human tumour 
cells were utilized • strain Af (H Ep 2) of epithelial 
nature and strain A (H S 1) of mesenchymal origin 
These strains were kindly supplied by Dr A Fjelde, 
State Serum Institute, Copenhagen 

Gey’s liquid medium, without addition of anti- 
biotics, was used in roller tubes The colonies were 
treated two or four days after culturing and after 
growth had been found to be normal At this pomt 
the liquid medium in the tube was replaced by 
another containing lysozyme chloride in the following 
dilutions : 0 1, 1, 2 5, and 5 mgm /ml medium 
The control tubes contained normal Gey’s medium, 
without lysozyme 

The tumour colomes were tested after 20-mm , 
1-lir , 6-hr , 10-hr , 24-hr , 48-lir and 6-days contact 
with the medium containing lysozyme Shdes for 
microscopic examination wore prepared from these 
cells Smears were made by using a thin rectangular 
strip of blotting paper, the cell colony bemg made 
to adliero to one end , the blotting paper was then 
gently passed over the shde, so producing a smear 
After drying, the smears were fixed and stained with 
May-Grunwald’s and Giemsa’s stains 

Many azurophil granules of various sizes (approxi- 
mately 1 mg diam ) were observed m the protoplasm 
of numerous cells from the Af (carcinoma) and A 
(sarcoma) colomes treated with 2 5 and 5 mgm / 
ml of ]yso7ome chloride These granules became 
evident, even if small and not very clearly distin- 
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tig 2 Photomicrograph of human sarcoma cells (A) treated with 
lysozyme the cytoplasma granules aro vlsiblo ( x 300) 

guishable, after 20-mm contact with lysozyme, 
becoming more obvious and reaching the largest' size 
after 48 lir or moro 

The Hela strain cultivated in Hanks medium, m 
stationary cultures, gave the same results The 
above-mentioned type of granular formations were 
not observed m the controls 

Other tests were performed on fibroblasts from 
chick embryos, human kidney cells and monkey 
kidney cells cultivated both m Gey’s and Hanks 
medium and m roller or stationary tubes Granules 
did not appear m the fibroblasts, but were, m contrast, 
seen in human and monkey kidney cells However, 
they appeared much later (after 24 hr ) than m 
tumour cells, and then number was much lower 
Another test was performed on cells taken from the 
ascitic fluid of a patient with cancer of the peri- 
toneum The cells were seeded m Gey’s medium, 
following the roller tube method, and the lysozyme 
added immediately The granules were very numerous 
m the tumour colls but absent from the cytoplasm 
of the lymphocytic type cells present in the liquid 
The following tests were performed m order to 
determine the chemical nature of the granules 
(1) Lipids Negative results of tests with Sudan HI, 
Sudan black and mle blue sulphate Observation 
of the granules m polarized light did not reveal brre- 
fractive images 
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(2) Nucleic acid Feulgen’s nuoloor reaction and 
the rfbonucloaso digestion tost gave negative results 
The granules displaced a certain degree of acido 
philia after ri bo nuclease treatment 

(3) Polysaccharide Periodic acid and fuclisin 
sulphurous acid treatment (Hotchkiss s tost) indicates 
absence of detectable polysaccharides in tho granules 

(4) On pliaso contrast microscopy tho granules 
appear dark, with regular outlino and various dia 
meters thoy occupy the cytoplasma portion of the 
coll, leaving tho zone occupied by tho nucleus quite 
free they also display poor Brownian movement 

(5) On vital staining with brilliant crosyl blue the 
granules all stain blue, and none become yellow 
Tho granules ore partially and weakly stained with 
mlo bluo , thero is no tendency to motochromatio 
stalnmg 

(0) Toluidino blue teats reveal that tho granuloa 
have a strongly metachromatic character (acido 
philia) 

Various hypotheses can be formulatod with regnrd 
to tho nature of granules. 

(a) Thoy might indicate collular suiTonng caused by 
possible toxlo aotion on the part of lvsozymo (6) 
Lysozyme treatment may re\ onl pro-oxistmg for 
motions in tlie oydoplasm. For example, it might bo 
considered that tho basic lysozyme cytoplasm links 
up -with certain protom acids in tho ectoplasm, (c) 
Particular differentiated structures in tho cytoplasm 
such as mitochondrial or orgatoplasmio formation 
may bo revealed 

Carlo Caller ro 

iRtiluto di Riceroho Torapoutiche Aloxandor Floming 
via Modica, 0, 

Milan 
April 28 


BIOLOGY 

Transport of Driftwood from South America 
to Tasmania and Macquarie Island 

In February 1055 a log about 10 ft long and 
5 ft in girth was found washed up on a sandy boach 
just msido Fort Bavoy haTbour on Tasmania’s 
south west coast It was lying bo tween two logs of 
Huon Pmo ( Dacrydtum jranlhnn Hook f) an 
endemic conifer of Tasmania. TJnliko th ose logs 
■which wore well covered with marmo growth it was 
free from such growth although tho surface was 
'woolly* with many pebbloe embedded in it Tho 
ends of tho log wero sawn and ono end grooved for 
towing by a wire ropo Tho wood was identified 
from its anatomy as a spec lee of Nothofagvs , which 
gomiB is represented In Tasmania, tho south-eastern 
portion of tho Australian mainland Now Zealand, 
Now Ouinoa, Now Calodonia and South America 1 
Anatomically tho genus can bo divided into two easily 
distinguishable groups, tho ono covering tho epooics 
of Now Guinea and Now Caledonia find tho other 
tho remaining species 1 The log in quoetion was 
derived from tho Bceond of these two groups and, 
because of tho prosenco of spiral thickenings in tho 
vessel olcments its spocifio identity could be narrowed 
down to ono of three possibilities, namoly, N tnoorci 
(F Mudl ) K maser of northern Now South Wales 
and south-eastern Queensland, N pumtlto (Poopp 
and Endl ) Krnsscr and N obhqua (Mrrb ) Oorst 
from South America Tho spiral thickenings in N 
vioorci difTor from those of tho two South American 


species those of tho unknown resembled the thick 
cnings observed in tho South American epooics 
Both N pumiho and N obhqua nro restricted to 
South America the former occurring from Tiorra dol 
Fuego north to latitude 30° S on tho wostern sido 
of the Andos N pumiho N antarclica (Forst ) 
Oorst and N bcluloxdcs (Mirb ) Oorst ore logged 
commercially in the southernmost tip of tho con 
tinont* All the anatomical ev idonco thus pointed to 
a South American origin of tho log in question 
although this conclusion mot with somo initial 
opposition 

Wo bavo found no reports in the literature of 
driftwood travelling over such long distances (10 000 
miles) Cockayno 4 mentions in passing that log 3 are 
camod from Ncrw Zealand to tho Chatham Islands, a 
distance of 500 miles Matthews 1 states that tho 
fjords of the west coast of South Georgia contain largo 
quantities of driftwood much of it from wrecks but 
some consisting of “tho trunks and limbs of several 
trees one wrth root stumps at tho butt’ Matthows 
concludos thoy must lmvo drifted from where they 
grow ' for no ono would have brought such crooked, 
useless timber across tho ocean Tho nearest source 
would bo Tiorra del Fuego, about I 000 milo^ awny 
Tho Australian National Antarctic Research Expcdi 
tiona* to Macquario and Heard Islands havo nleo 
reported gnarled driftwood on tho beaches of these 
islands which, liko South Goorgia nro devoid of 
nativo trees 

A request for samples of driftwood from Macquario 
Island brought twenty specimens collected by tho 
1057 party on tho west coast nnd ono from a largo 
log on tho Bouth coast colloctcd by tho 1058 party 
All havo boon identified anatomicallv Tho original 
twontv co ns 18 tod of twolvo hardwoods seven soft- 
woods, and ono piece of bamboo All tho hardwoods 
were idontiilod as bolonging to tho gonus Nothojagus 
nnd povon of these had tho well mnrkod spiral thick 
cnings in tho vossola characteristic of tho South 
American spocios N pumiho and N obhqua , other 
anatomical evidence pointed to N pumiho % Tho 
spocimcn from tho largo log, collected by tho 1058 
party , was also identified as probably N pumiho 
Only ono log was sawn at both ends \ tho others 
hod no saw or mill marks The notes accompanying 
tho specimens and the photograplis supplied indicated 
that tho logs varied m length from 1 ft to 15 ft 
and from 4 in. to 30 in. in diameter Ono (Fig 1) 
was a split boomerang shaped pieco and another hoa 
root bases protruding at ono ond Of tho flvo spool 
mens without spiral thickenings tho notes record 



Fie 1 Boommnff-ihaped pier* of driftwood frorn thr wr*t 
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that two of the logs were sawn and that the other 
logs ranging from 5 to 10 ft in length and from 
2|to 7 in m diameter were not sawn. 

There seems little doubt that this collection of 
specimens lias been transported by ocean currents 
It would seem most unlikely that some of the pieces 
had been taken on board ship, even as firewood, 
although the sawn logs could conceivably have been 
transported by ship Eight of the logs were derived 
from species growing naturally only m South America, 
10,000 miles from Macquarie Island, and there is 
httle, if any, commercial traffic in these species outside 
Chile and Tierra del Euego The other five could 
also have originated from South America The set 
of currents in the ‘roaring forties’ makes tlieu origin 
from Tasmania or New Zealand most unlikely 

Of the seven softwoods five were identified as 
spruce ( Picea spp ) a genus restricted to the northern 
hemisphere north of latitude 36° and, as far as we are 
aware, not planted on a large scale in the southern 
hemisphere The logs were straight and varied in 
length from 5 to 15 ft and in diameter from 2 to 
10 m Three had sawn ends , the largest and smallest 
were not sawn It is possible that these logs were 
transported by a ship which was wrecked in southern 
latitudes but the variation in diameter makes this 
less likely Large quantities of spruce are harvested 
and transported by water down the rivers on both 
the Pacific and Atlantic coasts of Canada and the 
Northern United States Many must escape Whether 
some combination of ocean currents would transport 
them to Macquarie Island must be left for future 
investigation However, it is of interest to note that 
Heyerdahl 7 has reported the preference of the 
Hawanans in the past for drift logs of Douglas fir 
( Pseudotsuga menzie.ni (Mub ) Franco) for the 
construction of theu ancient canoes 

The remaining two conifers wore of the genus 
Ptnus , both were derived from logs 9mm diameter 
One was identified as belonging to the southern pme 
group (for example, Pmus taeda L , P palmtns Mill , 
etc ) the other to the white pme group (for example, 
P monttcola Dougl , P strobus L , etc ) The natural 
distribution of thin genus is restricted to the northern 
hemisphere but many species are widely planted m 
Australia, New Zealand and Chile However, repre- 
sentatives of the above two groups are not the ones 
most commonly used Thus the chances of these 
two conifer specimens having theu origm in the 
southern hemisphere are remote 

Tins small collection of driftwood thus has a most 
varied geographical origm There seems httle reason 
to doubt that the Nothofagus specimens have drifted 
from Tierra del Fuego (longitude 70° W ) to Macquarie 
Island (longitude 160° E ) and the west coast of 
Tasmania (longitude 146° E ) m the track of westerly 
wmds Sverdrup el al 8 give the speed of the surface 
current m the Antarctic cncumpolar drift as 15 cm / 
sec Using this figure, the time taken for a log 
to drift from South America to Macquarie Island 
would be over 3 years This represents a maximum 
estimate of the time for the voyage, smce, if any 
part of the log projects from the water, it will be 
‘sailed’ through the water by the westerly wmds 
However, it is interesting to mention that a message 
bottle dropped about 1,250 miles to the west of 
Macquarie Island was recovered from the beach of 
that island 10 weeks later, giving a surface speed of, 
at least, 33 cm /sec 

It is strange that all the hardwoods found and 


examined have proved to be Nothofagus This may 
be an accident of sampling but is due, more probably, 
to the fact that m the extreme southern latitudes of 
South America Nothofagus forms almost pure stands 
It is hoped to obtain further samples of driftwood 
from Atlantic and Pacific Islands m southern lati- 
tudes In this connexion it is of interest to record 
that two such specimens have already been received 
from Tristan da Cunha (12° W ) m the south Atlantic 
and both have been identified as N ? pumiho 

Determinations of air-dry density on various 
samples of Nothofagus pumiho have given values 
around 32-35 lb /cu ft In this respect, therefore, 
they are httle heavier than most of the com fora 
including species of Pvnus and Picea 

The bearing of these results on the problem of the 
floristic botany of the southern continents will be 
discussed elsewhere However, it does not seem 
impossible for seeds to be overgrown m the wood or, 
as Darwin observed*, trapped and sealed into the 
interstices of the roots and then transported from 
one continent to another This remote chance which 
has presumably been available for the 100 million 
years smce the origm of the Angiosperms may be 
part of the explanation of the puzzling floral similari- 
ties of the southern tips of the continents 

We wish to acknowledge the help provided in 
collecting specimens by the officers of tho Australian 
National Antarctic Research Expeditions, m particu- 
lar Mr Harry Black, Officer-m-Charge of the 1957 
party at Macquarie Island, and by Mr D H Simpson, 
Agricultural and Forestry Superintendent, Tristan 
da Cunha We also wish to thank Mr W L Davies 
of the Geography Department, University of Tas- 
mania, for his help in discussing these problems of 
geography 

H N Barber 
H E Daeswell 
H D Ingle 

Department of Botany, 

University of Tasmania, 
and Division of Forest Products, 

Commonwealth Scientific and 
Industrial Research Organization, 

Melbourne 
March 31 
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Sterility in Lathyrus odoratus L. 

Male sterility m Lathyrus odoratus L was first 
recorded by Bateson, Saunders and Punnett 1 Male 
sterility was absolute and was inherited as a single 
recessive gene linked to light axil and cretm* 
Faberg5 3 and Upcott 4 reported that the sterility 
resulted from disturbances in the meiotic division 
following normal m 0 tapli as 8 pairing Such plants woro 
normal and fully fertile on the female side 
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during proptia&o f.F jg 1), motophaso was characterized 
by complete asynapsis {Fig 2) Tho chromosomes 
Sterility affecting both male and fomale gametes 
has recently been observed in an unnamed blue 
flecked varloty of tho awoot pea (Seed of this vanoty 
was Bupphod by Mr D G Taylor of the Cheshire 
School of Agriculture ) Tho anthers contained a small 
amount of etamablo pollon (5 per cent) which 
rondorod them partially fertile as male parents 
Tablo I shown the results of self and cross pollinating 
fertile and ‘sterile’ plants From many hundreds of 
flowors on the ‘sterile’ plants, one pod sot (from an 
uncontrolled pollination) containing two seeds 
Hon co sterility was almost complete on the female 
eido and high on tho male side Cytologlcal observe 
tiona of tho mefotio division in the pollen mother 
cells showed that although normal pairing occurred 



riff 1 3f0latlc proT'bflie »hoirjBfl rbromoKiine pairing as 
erldcneed by (1) imall Impaired region. A and (2) probable 
inrenlon loop JJ (x 1,600) 



* + \ 



$ 


t 


during the first division remamod undivided and wore 
randomly distributed into two or more groups 
Each group of chromosomes behaved normally for 
tho completion of the meiotic division, though seldom 
was a viable gamete produced, as few of the first 
division segregations were genomically roductional 
The cytological behaviour of this asynaptic form of 
L odoraiuB closely resemblod the observations 
reported by Blnkesloo et al 1 for the asynaptic variant 
of Patura 


Segregation ratios from heterozygous material 
suggest that this asynaptic sterility is controlled by a 
single reccssivo gene 

J R Elias 

Department of Horticulture 
Purdue University, 

Indiana 


M A Bu/rrov 

Department of Botany, 

University of Manchester 
April 27 


' Ililwn W KauMere, E B , and Tunnett B C. Bep Evolution 
Comm. Roy 5o«. £ 88 (1908) 

* punnett B. C Ulblloer Oen 1 CO (102i) 

•Fabers* A 0 Ctnrilc* 10 433 (1037) 

‘Upcott >L P CutoJoffia (FnJIl Jab rob) 5W (103#) 

• Dlalretlee ft al. Criolojia fl 10 (1934) 


Tolerance to Skin Homografts of Adult 
Mice after Parabiosis 

Skin grafts botwocn mico of different inbred strains 
are invariably rejected within a few weeks Hybrid 
(F,) tissues transplanted to nuco of oithor parontnl 
strain oro Also consistently rejected at the same mto 
if the parents diiTar at tho H 2 histocompatibility 
locus 1 This uniform incompatibihtv was not 
apparent whon sucli hybrids wore united in parabiosis 
with parental strain inbred mice Tho most frequent 
result of such unions was tho dcotli of only tho hy find 
partnor, usually within a month Hybrid dcotli in 
this period was characteristically preceded by a 
severe vaating disease Bomo times described as 
parabiotic intoxication’* 

Tho voriabiiitv of survival timo of tho parabiotic 
unions botwcon different strain combinations is shown 
in Tablo 1 Tho F, hybrids woro all crosses botwocn 
inbred mice of different U 2 genotypes All animals 
woro of tho same sex and 2-3 months old when 
united The pambiosos that persisted beyond CO day's 
Mere eventually terminated by tho * 11010011 ' death 
of both partners without manifestations of tho wasting 
disease 

Of tho combinations tnod hero, tho parabiosis of tho 
(C3H xDBA) 2)Fj hybrids with DBA ) 2 inhrod mice 


T*U* 1 sr*ntAL Tnrxs or ritiBiomc Uxioss Brrvrtn Isdejd 
S-nuncn or JUce asp turn F, ntnaias or ts* am* 8*1 ax* A 01 
(2-4 Mottbb) 


Combination In parablo*!* 

Bo of 
pair* 
done 

P»lr» 
•arrit 
Idr bn 

Death of ftr&rM* 
Tim# In dap* 


60 dap* 

ArerAfle 

Ban** 

((7377 x /X0d/2>F ,— DBAfZ 

(/mix /)/? 4 / 2 )F,— /tin 
(Kin v c*3 //>/,— mu 

f CURL v ClH)Fi—CnMBL 

MxCSJDFi— 4 _ 
(iJ/U/Lx \U)Fi—PB4n 

71 

0 

8 

£ 

‘ 

20 

0 

1 

0 

0 

I 

16 7 

14 8 

ie 1 

2« I 

19 -2 
Z2* 

13 31 

13- 16 

14- 21 

8 fi* 
0-31 

14 33 


Fit. 2. Metapliaw l»ho* Inc 14 unpaired chramovomr* (y l 500 ) 
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provided the most frequent stable unions Fourteen 
such pairs that ■were not treated further survived m 
stable parabiosis for periods lasting 80-510 days The 
two successful parabioses among other strain com- 
binations m Table 1 survived 310 and 85 days 

Parabiotic pairs that had been together for about 
five months were used for the first skin grafting 
experiment (Table 2, Group 1) The full thickness skin 
of young {G3H xDBAj2)F y hybrids were grafted to 
each of the five DBA 1 2 mice still in parabiosis The 
grafts were all successful Three months later the 
skin of mbred G3H mice was placed adjacent to the 
earher grafts These were also uniformly successful, 
m spite of the major histo-mcompatibility between 
the two mbred strains Approximately two months 
later (10 months after parabiosis) all of the unions 
were surgically terminated The host DBA 12 mice 
survived up to six months after the termination of 
parabiosis with all the grafts still m place In the 
next experiment (Table 2, Group 2), 3DBA/2 mice 
in parabiosis for 5 months were grafted only with 
G3H skm A soon as the skin was well established, 
the parabionts were cut apart After another 2-3 
months the grafts began to contract slowly, disap- 
pearing 3-4 months after the termination of 
parabiosis 


Table 2 Results or Graft no G3Z7 and (C3H x DBAI 2)F, Skin on 
DBA 12 Mice after Parabiosis with (C3firxD.B4/2)Fi Htbrids 
or tab same Sex and Age (2-3 Months) 




Days after parabiosis at which Indicated events 





occurred 
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of 
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(C3H) 





while In 

scpar- 

after 

Slough 

Dead 



parabiosis 

ated 

separ- 

ation 





fl62-165 

] 




1 

6 

j (Fi) 

1 224-228 

>-307 

none 

no 

418-488 



1 (C3H) 

J 




2 

3 

120-130 

(C3U) 

none 

170 

none 

298-317 

no (>400) 

3 

1 

300 

401 

no 

440 

4 

2 

none 

154 

209 

no 

no ( >270) 

5 

2 

none 

82 

08 

144-171 

no (>270) 
_J 


In the following three groups (Table 2, Group 3-5), 
the C3H skm was successfully grafted on DBA 12 
mice aftei the parabiosis with the hybrid had already 
been terminated In one instance an initial G3H skm 
graft was accepted three months after separation of 
the parabionts However, when the total period of 
parabiosis was just 82 days, compatibility lasted for 
only 2-3 months after the surgical parting In other 
cases, whore parabiosis had been allowed to persist 
for 5 montlis, the subsequent period of compatibility 
is continuing after 4 months 

It should bo pointed out that m no case has a graft 
of G3H or (G3H xDBAI2)Fy skm on untreated 
DBA 12 control mice shown comparable compatibility 
More than 100 such control animals always rejected 
those homologous skm grafts within 3 weeks and ne\ er 
showed the full regrowth of hair that was character- 
istic of the good acceptance of C3H 6km in tho 
parabiosed DBA 12 mice 

When (C3H DBAj2)F x hybrids died by the wast- 
ing disoase during the early weeks after the parabiosis, 


the surviving DBAI 2 partners were tested for then 
reaction to grafts of G3H skm In these cases, tho 
outcome was a typical ‘second set’ reaction, the 
rapid and violent rejection of the foroign skm 
Evidently antibodies were already present when tho 
skm homograft was presented Other recent 
evidence 3- * indicates that the ‘wasting disease’ 
syndrome, as seen m the hybrid, is the consequence of 
an immunological reaction of parental strain lymphoid 
elements against hybrid tissues The reverse cannot 
occur , the hybrid does not produce antibodies to 
parental strain tissue Therefore, as expected, the 
wasting disease was never seen m the parental stram 
m parabiosis with its hybrid 

The present observations may perhaps be inter- 
preted m the context of other studies 5 °, where the 
injection of blood and mmced tissues create ‘enhance- 
ment’ of transplantation, rather than immune 
rejection The deciding factor in these experiments 
seems to be the quantity of antigen and the mode of 
injection While small mocula given subcutaneously 
provide immunity and rejection, large amounts given 
intravenously may do the opposite — promote 
tolerance In this light, the rejection of homografted 
skm may be considered the result of a small antigenic 
stimulus by the graft itself, whde the occurrence of 
successful parabiosis is always preceded by the 
continuous intravenous exchange of large amounts 
of antigen Only after such successful parabiosis was 
tolerance to homotransplantation demonstrable 
This investigation was supported by a research 
grant, G- 2750, from the National Cancer Institute of 
the United States Public Health Service 

B A Rtjbin 

Department of Virology and Epidemiology, 

Baylor Umversity College of Medicine, 

Houston, Texas 
May 5 

1 Prolin R T , and Main, J M , J Nat Cancer Inti , 15, 191 (1954) 

1 Flnerty, J C , Physiol Rev 32, 277 (1952) 

* Trcntln, J J Ann N 7 Acad Sci , 73 799 (1968) 

‘ Trontln, J J Prnc Intomat Colloquium on Biol Problems of 
Grafting, TJnlv of Ll&ge March 18-21 1959 (In the press) 

* Kallss, N Ann N 7 Acad Sci , 59, 385 (1955) 

* Stark R B Brownlee, H , and Grunwald, It B , Ann N 7 Acad 

Sci , 73, 772 (1958) 


Common Attractant for the Tobacco Horn- 
worm, Protoparce sexta (Johan ) and the 
Colorado Potato Beetle, Leptlnotarsa 
decemlineata (Say) 

The specificities of oligophagous insects to groups 
of related plants have been postulated and demon- 
strated m several instances to be mediated by 
secondary plant substances of limited distribution 
(reviewed by Dethier 1 and Fraenkel 33 ) These 
substances are variously called attractants, token 
stimuli, or phagostimulants when they serve m 
such capacity and are generally tested on the 
feeding stages of the insects concerned by applying 
the substances on various artifices such as filter 
paper, pith disks, non-liost leaves or agar gel diets 
The insects are then allowed to discriminate the 
presence of the attractants by biting or feeding 
The function of specific substances m the feeding 
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behaviour of the Colorado potato beetle Ltptinotarsa 
docenUtneata (Say) has recently boon a centre of 
intorest in many laboratories, especially in Franco 
Germany, and tho TJ.8 S.R (see, for example the 
report of tho symposium on “Insoct and Foodplant” 
held at Wagenmgon*) While most of tho relovant 
work deals with tho identity and function of glyco 
alkaloids in Solanaccae as factors of repellency or 
toxicity, tho nature of tho specific attractant has 
commanded littlo attention Hesse and Meier* 
claimed acetaldohydo as the specifio attractant , but 
tlnd claim was not substantiated by la tor workers 
Earlier, Chauvrn* reported the isolation from potato 
leaves of an attractive substance which was tent a 
t ively identified as a flavono glycoside Tho technique 
was improved later 7 and tho attractiveness of tho 
substance was confirmed by Thors to inson* During 
an investigation of the oligophagous habits of the 
tobacco hornworm, Proiopttrct sexta (Johan ), which 
also feeds on members of the same family of plants 
Solanacoae, a glvcosidic substance attractive to this 
insect was isolated from several plants including 
tomato and potato* We had an opportunity to assay 
this material on filter paper against the Colorado 
potato beetle and found that the material was also 
highly attractive os a feeding etunulant for tho beotlo 
(Fig 1) 



Flu I Bltlns reaporwa to tho attradant purlflrd from tomato 
leave* by tho Co!or*<l* potato beetle (leit) and the tobacco 
boro worm (rlflht) 1 and C on the filter paper are control apota 
on which 0-01 At ofancroae wa« applied B repmanta te^t apota 
on which a aolutlon of the attractant waa applied 


Tho chomicnl identity of this substance has not 
boon elucidated as } ot , but prelim mar} charactorira 
tions mdicnto that it is not a fla\onoid derhatho 
In our experiments fiavonoids were removed before 
subsequent purification and licneo tho flRiono 
glucosido claimed by Cliauvm os tho active substnneo 
for tho Colorado potato bcotle might hnvo boon present 
m his preparation os an unpuritj Tlio results of 
our bioossay strongly suggest that the spocifio 
attractant for tho potato bcotle and tobacco horn 
worm is identical 

Rodeut T Yamamoto 
G Fhackkel 

Department of Entomology, 

University of Illmois, 

TJrbonn Illinois 
April 7 


1 Dethler i n Tnuu Ninth Int Conn, Ent Amiterdam 1951 
B SI (1053) 

* FracnJfd O . Froc. Fourteenth Int Conn Zool Corcnharen 1053 

3S3 (1050) 

1 Fraentel O Seitnci (In tho pnu) 

Ent Erph and App 1 1 (10S9) 

*He»e 0 and Moler IL Anp^tv Chtmit 62, 502 (1050) 

* Chanvln JL OJt Acad, Set 221 713(1016) 

1 Chnnvlc JL Ann EpiphpL 3 303 (1052) 

•Thontelwon A J Cmrusd Ent, 87 40 (10M 

* Yamamoto R, T and rraeokel G (in tha preai) 


GENETICS 

Simultaneous Change In Both Differential 
and Interference Distances of Chiasm ita 

On tho basis of a serial formation of duasmata in 
time beginning from tho centromere the effect of 
experimental factors on chiasnm formation lias been 
mi orpretod in terms of the two parameter* differ 
ential and interference distances 1 -* B} differential 
distance is meant tho distanco of tho first chiasma 
from tho centromere, and by mterforonoo distance 
tho length of tho chromosomo arm between tho 
euccofisivo chiaamofn With nchango in tho differential 
distanco alono tho graph showing tho relation bo 
twoon chromosome length (x) and chiasmo frequency 
(y) lias a series of parallol lines for different tom 
peraturofl, intoreocting tho lino y — 1 at their 
reepootivo diffbrontial distances (Fig la) Matlior* 
interprets Wluto « results* from temporaturo oxpori 
monta as allowing this typo of offoct On tho othor 
hand, if only tho interference distanco changed, tho 
different lines would rndiato from tho samo point 
(Fig 16) Mather* again explains tho data of Moffott* 
on d liferent mdiudimls of Cvlcx as roproeonting this 
type of chango Apart from these cnmmplon by 
Mather which luivo bocomo classical in studios on 
cluasma frequency thoro does not soom to have 
boon an> other interpretation of results along such 
linos Data was thoroforo oxtraotod from oxpori 
monta of mine* 7 which liad shown that tompomturo 
reduced chiasmo frequency por pollen mothoc-coll in 
tho bluoboll, Endymxon n onsenptus (L) Gnroko 



t * 

(a) (6) 

FI* 1 (a) Graphical rflpr***ot*tltm of chlarma frtqwncT-rhremo- 
lome length relatlomhlp wl.cn there It a change Id alflVrtfitUl 
dULiort only (6) UraphlcaJ rcpre*enUUon ol cbiaroia 
chromoaooie length rohtlomhjn altfn there la a chacjr In Icier 
ftrrnca dliunc* only 

Tho data for tho present study camo from three 
clonoe ( C , C „ A „ ) two of which conmstod of two 
individuals each and the third ono of three in 
dm duals 

Tho two plants of ooch of clones C t and C, wore 
placed at tompomturofl of 10* and 25* C„ and the 
throe plants of clono A t « at 0% JO* and 25*0 Tt 
is not possible to gi\o tlio full results hero j thov will 
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Chromosome arm length (/i) 


Pig 2 Regression lines for relation between chromosome length 
(long arms of the complement) and chlasma frequency at 10° 
and 25° C (In clone C,) In the bluebell, Endymion n onscnplut 


be published elsewhere They consisted of the moan 
chiasma frequency of each bivalent as well as its 
component arms m each of the plants under study 
(see also ref 6) The present studies were confined 
to the long arms of the chromosome complement 
since they could each form more than one chiasma 

The graphs showing the relation between chromo- 
some length in microns (x) and chiasma frequency (y) 
for each plant at a particular temperature were con- 
structed from corresponding calculated regression 
lines between (a;) and (y) as described below 

Clone C t At 10° C the regression coefficient 6 was 
0 1264 which was highly -significant, F — 20 6869 
(P < 0 001), at 26° G , 6 was 0 07276, also sig- 
nificant, F = 18 3367 (P < 0 001) The calculated 
regression lines are shown in Fig 2 The two lines 
are clearly separated from each other and they have 
different slopes They would be expected to be 
parallel if there was only a change in differential 
distance 

Clone C t At 10° C the regression coefficient b was 
0 13601 which was highly significant, F — 17 37466 
(P < 0 001) , at 26° C , 6 was 0 11068, also highly 
significant, P = 22 6006 (P < 0 001) The cal- 
culated regression lines are similar to those for clone 
Co in showing not only a change of position but also 
of slope In fact, they seem to combine parallel and 
‘radiating’ lines at the same time as one would expect 
with a change in both differential and interference 
distances 

Clone A a This clone with three plants was exam- 
ined for this relationship 0°, 10° and 26° C The 
regression coefficient was significant (P < 0 001) at 
each temperature (at 0° C , 6 = 0 11297, P = 26 4306 , 
at 10° C, 6 = 0 11489, P = 36 6462 , at 26° C , 
6 = 0 11176, P = 76 1868) The calculated regression 
lines show a much smaller change in slope than those 
for clones C t and 0„ but the change is still clear 
This could be inferred from the similarity m the 
regression coefficients at the three temperatures m 
clone A lS , and is probably also due to the relatively 
smaller decrease in chiasma frequency in thiB clone 
between the temperatures 10° and 26° C as compared 
with those m clones and C, Thus it seems that 
m clones C t and C t , and A lt , both the differential 
and the interference distances have been altered by 
temperature 

Further examination was made of the long arms 
of the long chromosomes Smce there seems to be a 
bettor correlation between chromosome length and 


chiasma frequency of the long chromosomes m a 
varied chromosome complement than of the shorter 
ones®, the long arms of chromosomes A, B, O and D, 
which could each form up to three chiasmata, were 
used directly m plotting a relationship between their 
lengths in microns and chiasma frequency at 10° and 
26° C From these it is clear that the same sort of 
relationship of the two lines is obtained by this direct 
plotting, that is, the lines show clearly not only a 
change of position but also of slope 

The present results suggest a simultaneous change 
m both the differential and interference distances 
with changing temperature A case of this joint 
change does not seem to have been predicted or 
reported The examples given by Mather 3 deal only 
with an independent change m either parameter 

J Yanney Wilson 

University College of Ghana, 

Achimota 
March 24 

* Mather, K , J Genet , 33, 207 (1936) 

' Mather, K , Cirfoloffia, Fujll Jub , 1, 614 (1037) 

* Mather, K , Biol Jleva , 13, 262 (1938) 

* White, M J D , J Gent , 29, 203 (1934) 

‘Moffett, A A , Cytoloffia, 7, 184 (1030) 

•Wilson, J Y , Ph D thesis, Cambridge (1967) 

' Wilson, J Y , Chromotoma (In the press) 


Anomalous Genetic Interactions observed in 
Bacillus subtilis 

Genetic transformation m B subtilis has recently 
been reported by Spizizen 1 , but as yet no paper has 
appeared discussing genetic interaction between tho 
cells of spore -bearing bacteria In this communica- 
tion, a new fact will be described which was dis- 
covered while attempting to cross auxotrophic 
mutants of B subtilis K It involves the de now 
appearance of characters not present in the parent 
strains Tho complete details of this work will be 
published elsewhere 

Two mutants were employed TIG — try, ade, 
str-r (requiring tryptophan and adenine, and 
streptomycin-resistant), and M12 — mot, his, str-s 
(requiring methionine and histidine, and streptomycin- 
sensitive) These biochemical mutants were obtained 
after exposure to X-rays, and the streptomycin- 
resistant strain was obtained by Szybalski’s agar- 
gradient method 

The mutants were cultivated m nutrient broth at 
30° C until the cell density reached about 10 9 /ml 
Centrifuged cells were washed once with phosphate 
buffer and the cell suspensions were plated m mixture 
on synthetic media supplemented with various 
nutrients (see Table 1) After four days at 37° C a 
considerable number of tiny colonies appeared on the 
supplemented media, but nothing appeared on the 
minimal medium In general, the tmy colonies were 
analysed by spreading cell suspensions prepared by 
homogenizing the colonies in a small blendor on 
various media 
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Table 1 rurQrExaw or Turr Colomcs 


Jso. o£ cells pbited 

Vo of tiny eolonlei 
TITS | TJW 

appesrloB 

inrs 

on 

ACM 

no + Jf is 

C -0 y 10 T 1-0x10’ 

14 

8 

44 

0 

FmjnenriM 

1 0-3 10 T 

o l^ur* 

6-0 y 10 i 

— 


ToUlcellnuralrfrwa^dfterralimlou nutrient It Impossible 
to count ttnycol onles on MASsnd IIAS on account of th* rapid gro»1h 
of buck inntAnt* 

Mil Or»r and Tatum t ajpir medium TIIS AIM plus tryptophan 
60 y/mL . histidine 60 r/ml ond streptomycin 100 yfinl WHS, IDI 
plus methionine 60 > /ml histidine arvd streptomycin TW3 lBt plus 
trypt opium methionine and streptomycin 

(1) The occurrence of a met, hts, tint sir r strain 
tinv colonies which appeared on THS medium 
uero gubculturcd on the wimo medium After 2 days 
t ho colls resulting from each tin) colonv wore analysed 
In nil coses, both trj ade sir r and mot his urn, 
tr r progonj were obtained (for example ono tin) 
r»lon> consisted of 13 v 10 7 try ade, str r, and 
.05 % 10 1 of mot, his, ura, »tr r) In anothor axpcri 
mont which was repeated from the beginning, tho 
u»<t ins ura str r progom were again obtamea from 
tin cell suspension winch was prepared directl) from 
i tin) colony but tins time try, str r progen) were 
veeo\orcd ms tornl of tr>, ade, str r The appearanee 
, if tho met, his wa str r tvj^e >* of particular interest, 
because tho requirement of uracil for growth is a 
new character which did not exist in the parental 
btrams 



H C l Colonies on nutrient spar with streptomycin 


T10 

try,*ib\8tr r 


met hit ur»^tr r 


—Tiny colonlr,, i n — 


< 


try ade^tr ror try .Mr r 

fry ids str r 




302 . , 
met bl>* »tr*^ 


me' W dr-d 

I / 

Mnft-iry^Ae itr r 
''Nry iti r 


• Phervotrplr expreuitm 
He 2 iTocrny of tiny colonies 


met hls.it r-4* 


(^) The occurrence of streptomycin dependent straws 
Ono of tho tim colonics on MHS was annlvscd by 
spreading a coll suspension on various media It 
was found that tho colony consisted of a largo number 
of try ade str r (335 x I O’), and a small number of 
tr), str r colls (133 % 10') nothing was observed 
on ^1H medium Despite tho fact that no colonics 
appeared on "MIT medium, ft considerable number of 
colonies (153 x 10‘) did appear on MHS medunn 
These colonics behaved as follows (a) tho colls 


grew on MHS, TA and nutrient agar but not on MH 
medium (6) cells grown on TA or nutrient agar 
% lelded no colonies on MHS medium , (c) tho roar 
phology of the colonics on nutrient agar with 
streptomycin was different from that of TIC (Fig 1), 
and they could grow on MHS hut not on TA or TAS 
media but whon ono of thorn was cultivntod in 
nutrient broth supplemented with stroptom) cui the) 
segregated out trj ode str r progom with a froquortc) 
of 10 * (d) no stroptomj cm senmtno progonj woro 

obtamod at all 

Theso facts (seo Fjg 2 for aummarj ) mdicato that 
tho streptomycin dependent oolls whon eubculturod 
on MHS medium maintain tho potontialltj to 
segregate trj ade str r progonv This phenomonon 
ma^ bo oxplamod by the assumption that tho 
streptomjem dopendont progonj consisted of srnglo 
colls which hod a whole chromosomo of TIG and a 
fragment of All 2 at tho same time But tho two 
genetic units might not fully complement ono 
another 

A similar genetio interaction between two types of 
gonorne was reported b\ Brftdloi in Str coiltcolor * 

M hoiiiiA&rv 
“1 Ikco*. 

Institute of Applied Microbiolog) 

Umyoraitj of Tokyo 
April 1 

•ffpUIien J proe £ ^ \«f Acad Sc\ <4 1072 (10 ><) 

• Jlmdley S 0 J Bacterid "6 4M (1059) 


GEOGRAPHY 

Evidence of a South Equatorial 
Countercurrent In tho Pacific Ocean 

eastward flowing current of speeds from 10 to 
25 cm /sec is indicated along a density surfaoo 
(OI — 20 81) in tho Paoiflo Ocean eolith of tho 
equator in a position roughly symmetrical to that of 
tho (North) Equatorial Countoronmmt Along tins 
surface tho ourrent is found between lat 2° 3 and 
li- 3 at long 105” E and progrotwicoly farther south 
toward tho cast, to botwcon lot JO” S and 14” S 
at long 05” W Tho dopth or this B urfneo rises to the 
south along tho flow, from 400 to 300 m in tho west 
and from 400 to 350 m in tho oast 

Tho o\ idcnco lies in tho calculations or geostrophic 
flow along this surface with rospoot to 1,000 decibars 
The onstward goostrophio flow is indicated on ton 
cross sections mndo bj tho Egtiapac expeditions (joint 
survpya earned out hi ogenoies from Franca, Japan 
and tho United States) In Into summer of 1000, on 
throe sections mado hj tho Carnegie cniiao of 1020-30 
rrf 2 and hj combinations of slntions from tho 
Carnegie, East rap ic' • and Doicnmnd (Unn of Calif 
Scnpps Inst of Ocoonogr , unpublished reports) 

On this Burfoeo tlio patii of tho eastward flow 
coincides with a tonguo of high sohrntj orfcnding 
eiwtmird from n maximum mluo in tlio Coral boa. 

North of tho equator tlio (North) Equntorinl 
Countercurrent is indicated on tho ™, no densdx 
surf nee by colonial ions of gcaslrophla flaw ino 
depth of tho surface n«w to tlio 
than 400 m at tho equator to ■"^geof ^P*'» 
than 300 m at lot 5” 5 long 135 E Tho « dgu 
extends eastward to lot 10” N ">«f i 1 5 ” 

Hum 300 m It continue from ihvro to la 
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long 115 ° W , where its depth is about 350 m The 
eastward flowing current is evident on this surface 
between lat 2° N and 5° N in the west, from lat 
4° N to 8° N in the central ocean, and from lat 5° 
to 10° N at long 120° W , and is indicated on all of 
the Equapac sections and the pertinent Carnegie and 
Eaetropic sections all the way to the coast of America 
Direct measurements* made recently m the eastern 
Pacific have revealed that the eastward flow extends 
to at least 1,000 m at long 107° W 

There is evidence of an eastward flow at the sea 
surface south of the equator in the measurements of 
geostrophic flow made on the Equapac expeditions 
by the research vessels Orsom III (Instvbut Fran^ais 
d'Oceanie, New Caledonia, unpublished report) at 
lat 9° S between long 170° and 180° E , where speeds 
as high as 15 cm /sec are mdicated, and by the 
Hugh M Smith* at the same latitude between 
long 1G9° W and 135° W , with speeds as high as 
8 cm /sec mdicated Of the other Equapac lines, 
none reached bo far as lat 10° S except one at 
long 164° by the Horizon (TJniv of Calif Scripps 
Inst of Oceanogr , unpublished reports) and this was 
so near the Solomon Islands that the geostrophic 
calculations, which did indicate an eastward flow, 
might have other interpretations 

In a combination of stations from the Carnegie 
expedition and the Eastropic expeditions of 1955 and 
the Downwind, expedition, a weak easterly flow may 
be interpreted so far east as long 95° W , but the 
observations are sparse and the feature is very poorly 
defined 

In the western Pacific, other evidence for the 
eastward flow at the sea surface may be found m 
vai lous atlases prepared from observations of set and 
drift of vessels The British average* of set and drift 
for the seasons November-January and February- 
April indicate a weak eastward flow at lat 10° S 
from long 165° E to 140° W and from long 165° E 
to 165° W , respectively No evidence is found in 
other months, and it is to be noted that the Equapac 
observations were made m August The more recent 
Netherlands 7 monthly current charts show easterly 
flow along lat 10° S from long 165° to 180° E m 
February, March and April The American 8 monthly 
charts show almost no evidence m any month 

The east-flowing current was encountered while 
studying the distribution of temperature, salinity, 
and oxygen along the density surface c; 26 81, which 
lies m the intermediate water in the North Pacific 
and above the intermediate water of the South 
Pacific This study is not yet completed, and further 
information about the flow at other depths and along 
other surfaces will be obtained as the work progresses 

Joseph L Reid, jtjn 

Scripps Institution of Oceanography, 

University of California, 

La Jolla, California 

May 6 
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River Flow in Great Britain 

Prof D L Linton, m his article on “River Flow 
in Great Britain, 1956-56” 1 , has a map showing 
‘run-off deficit’, defined as “Precipitation minus 
run-off” 

While believing that maps of this parameter are 
much needed, it is doubtful whether the data from 
which they can at present be constructed for Great 
Britain are sufficient for drawing isopleth maps with 
any degree of accuracy The network of gauging 
stations is too thin for it to be possible to assume 
that known errors m measurement of run-off, and in 
assessing rainfall over a whole catchment area, can. 
cancel each other out The estimation of precipitation 
is likely to be the most unrebable m large catchment 
areas of high relief, and these areas happen m general 
to be where the river -gauging network is particularly 
thin These errors can alone well account for the 
apparently anomalous high run-off deficits m the 
Scottish Highlands without necessarily invoking any 
other explanation 

Prof Linton comments that the geographical 
variations of the fractions of precipitation disposed 
of by run-off and by evapo-transpiration are radically 
different, and adds “it is doubted whether there 
has previously been any general appreciation of tins 
difference by water engineers and others” There 
may not have been a “ general appreciation” of this 
fact, but it has certainly been appreciated by some, 
who further appreciate that there is an important 
difference which is not revealed on his map, and which 
Prof Lmton does not mention, between different 
parts of the country In fact of course the map, 
allowing for the errors mentioned above, does indicate 
the general geographical distribution of actual loss 
by evapo-transpiration , this however is in some parts 
of the country equal (in 1955-56, as m other years) 
t-o potential evapo-transpiration and m other parts 
not In the rainfall year m question, the difference 
between actual and potential evapo-transpiration can 
safely be said to have been between 0 and 2mm 
many parts of western and highland Britain, while 
it almost eertainly reached 12 in m many parts of 
the south of England Thus an ‘actual loss’ of 20 in 
m Ross-shire (as shown on the run-off deficit map) 
would be a ‘run-off deficit’, with little or no ‘water 
deficit’ while a similar run-off deficit in the south of 
England would be accompanied by a water deficit 
of 12 m It needs to be emphasized that ‘water 
deficit’ is not the same as ‘run-off deficit’ , but values 
of both are needed, and there is need for a network 
of observations sufficient for both to be mapped 
Consideration of both would Toveal why there car 
be a high run-off deficit in the west Highlands, 
without any need to refer, as Prof Lmton does, to 
the large bodies of open water there , there are, after 
all, large bodies of open water m the English Lake 
District, which had a much lower run-off deficit on 
the 1955-56 map 

Although, as Prof Lmton points out, there is a 
lack of gauging stations on the western seaboard, it 
is possible to extrapolate the map of ‘discharge ratio’ 
to the west- coast, through observation or estimation 
of potential evaporation 

F H W Green 

The Nature Conservancy, 

19 Bel grave Square, 

London, S W 1 

, i 

1 Kalurr , 183, 714 (1959) 
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RESEARCH ASSOCIATIONS AND THEIR FUNCTIONS 


I N iteTrcport for the year 1008 the Council for 
Scientific* and Industrial Research discussed 
brioflv its general polioy towards tho research 
associations expenditure on which In revenuo and 
capital grants it envisaged os rising by about a third 
during tho noxt flvo years, because then* scopo and 
activities are growing steadily in response to the 
expressed needs of industry Tho Councd’s policy, 
however, is that industry should bear an increasing 
share of tho total operating cost of tho associations, 
and it is envisaged that ov er the next five years 
grant-earning incomo from industry will be 40 per 
cont greater than during the past fivo years, whilo 
tho grant a themsolvcs will be only 34 per cent greater 
For tho jear ended March 31, 1068, annual grants to 
the associations totalled £1,700,330, oomparod with 
£1,424,830 in the previous year, with special grants 
of £32,671, coraparod with £120,064 The total 
incomo of tho associations is givon as just undor £7 
milli on It was stated that during the fifteen months 
ended Doccinbor 31, 1068, new or revised terms of 
grant had boon awarded to ten of those associations 
Tho new terms are sot out in “Roeoarch for 
Industry , 1068 ’* (soo also p 238 of this issuo) This 
report on tho work of tho industrial research associn 
tions includes a summary of the report of tho 
Industrial Grants Committee, which at tho re 
quest of the Council has surveyed tho work done 
bj research associations, and the methods used 
to ossoss tho applications for grants received 
from industry Tho main conclusions and recom 
mondations of this Commit too luvvo boon accepted 
b> tho Council and, besides considering research 
association grant policy m tho period 1057-C4 the 
Committee's report reviews particularly the achieve 
ments of tho ton associations which have recoivod 
now or modified terms of grant “Research for 
Industry, 1068“ also includes an assessment by Dr 
D T A Townond of tho placo of tho research oaeocia 
tions in the ov olution of sciontifio endeavour in Great 
Britain, and a report prepared for tho Co mm it too of 
Directors of tho Textile Research Associations on 
how co-oporativo research servos tho toxtilo Indus 
tries Thoso two surveys throw rather more light 
thnn tho now terms of grant on how in practice tho 
| Council's new policy is being interpreted. 

Tho Industrial Grants Commlttoo was greatly ini 
i pressed with tho rapid progress of research assoc ia 
tions towards maturity and with tho rising quality 
i of tho research they carry out and the services tho} 

I give to industry Tho Council is satisfied that 
1 co operative research, as fostered by tho Deportment, 

* ia of great vnluo to industry and tho nation, and that 
tho Department of Sciontifio and Industrial Research 
1 should cont Inuo to givo it wholo hoarlod support 

Department of BdentLflo and IndtutrUl Re*e*rch. Research for 
Irultatry ICSS a Report on Work done by the Industrial Research 
AmocUUor* in the Ooreromcnt Scheme Pp It +1S5. (London 
II. iL Stationery Office l&W ) 7* 0J net. 


All told, the grant aidod organizations in tho eohomo 
servo about 66 per oont of British manufacturing 
industry and besides basic and applied research 
their activities include tho study of factory operations 
and working conditions, library and information 
services and tochmcal and advisory work for inch 
vidua! firms Tho largest singlo function is apphod 
research on problems common to tho wholo of the 
industry served 

The Council also endorsee tho Committoo s \ iow 
that oo -operative research brings important specific 
benefits to industry, economizing on mono} and 
sciontifio man power, and offering a scientific sorv ico 
to firms that cannot afford roeoarch departments of 
their own It holps to guide industry towards nn 
appreciation of tlio value of roeoarch in general and 
facilitates an ox change of technical information and 
other forms of mutual assistance Final!} , it builds 
up a store of knowlodgo on which the nation through 
Govemmont departments can draw 

These are largo claims, somo of wluoh havo boon 
ciiallengod at loaat to the oxtent of asking whether 
certain functions could bo more efficiently served in 
other ways or by cliangmg tho technical character of 
tho associations themselves Nov ortheloss thoir 
acceptance by tho Counoil boo ms to disposo of anv 
suggestion that the Counoil is intending to wind up 
some of the roeoarch associations. Indeed it is 
spooifically stated that tho oxpansion oontomplntod 
over tho noxt quinquennium allows for an increase in 
their number, sinco rocont oetimates of the Depart 
ment euggoet that noarl} a fifth of the net output of 
British manufacturing industry oomes from trades 
which m the Committee's view are not fullv covered 
by existing research facilities Somo of thoeo trades 
might in future be appropriately served b} grant 
aided research associations 

Until the Seoond World War, Govemmont aid to 
roeoarch associations in Britain was based on tho 
assumption that tho} would ov entually support thorn 
solves entirely In 1046, however it was decided 
that this polioy was no longer In tlio national interest, 
and that industrial grants fihould bocorno ono of tho 
continuing activities of tho Department Tho pro 
coduro now general!} followed is to award a basic 
'block grant and mipplomont it with an ‘incentive' 
payment whioh varies (up to a maximum) according 
to wlmt moome an association can raise from its 
members Aid is generous to a young research 
association serving an industry wluch does not vot 
rocognizo tho full vnluo of research , but as tho 
association establishes itsolf and increases both tho 
scalo of its work and tho contribution scionco can 
make to tho productmt} of its member firms tho 
incentive is gradually reduced, mid it cca*os altogether 
when tho association reaches its appropriate pixo 

Even so Dr D T A. Townond points out that 
olovon associations have an annual inoomo of 
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than £50,000 and only two receive more than £500,000 
Eighteen have mcomes between £60,000 and £100,000, 
eight between £100,000 and £250,000, and seven 
between £250,000 and £500,000 These are not high 
figures for research to day, and it could be asked 
whether they are always high enough for efficiency 
The Industrial Grants Committee is clearly asking 
the right questions when a grant comes up for review' 
at the end of five years, and the Council accepts its 
view that it is important to continue paying a block 
grant after the association has reached an appropriate 
size 

This size obviously must take account of the 
adequacy of the facilities of an association for effective 
research, but the Council concurs m the Committee’s 
view' that continuance of the block grant will enable 
the Department to exercise an important and bene- 
ficial influence on industrial research and ensure that 
each association has the necessary proportion of basic 
research m its programme It is also argued that a 
channel is thus kept open for the steady flow of 
research results to Government departments , this 
helps to prevent undesirable overlapping of projects 
and to secure desirable co-operation on programmes 
of wide interest 

Bofore these propositions are accepted, their im- 
plications for the Council of Scientific and Industrial 
Research require examination They presuppose the 
existence of an administrative structure for which 
even the Lord President of the Council has disclaimed 
responsibility Some overlapping should certainly be 
prevented by the Council for Scientific and Industrial 
Research , but it should bo clear from the discussion 
aroused by recent proposals for a programme of 
space research to bo undertaken by Britain that there 
is by no means general agreement that administrative 
arrangements are yet such as to ensure the minimum 
of overlapping, much loss the most desirable balance 
and distribution of research effort 

Since the policy of reducing meentive grants was 
adopted in 1951, the overall ratio of grant to indus- 
trial mcome has fallen from 1 1 65 to 1 2 5, and 
the lowest individual ratio is now 14 6 There is 
nothing mechanical about the trend, and although 
the ratio is not given for the ten associations for 
winch tho terms of grant were revised during the 
past year, the ratio of meentive grant to additional 
mcome varies from 1 1 to 1 2, and the maximum 
incentive grant from £3,000 to £18,000 These figures 
show, however, that the reduction of meentive grants 
is being exercisod with the flexibility which the 
Council adumbrates 

It is recognized that a long time may be required 
for an association to convince industry of tho value 
of its work and that if the meentive grant is reduced 
fl °. C J' 1 UC - ’ mdustrial research may be discouraged 
and the purpose of the grant defeated Likewise, 
changes in the purchasing power of money have to 
0 consi , particularly when research associations 
leceive only a block grant An allowance to rostore 
io real value of the grants was made in 1955, and the 
Industrial Grants Committee recommends a similar 
provision if necessary for the next quinquennium 
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More important than this question of finance, how 
over, is that of function The Council endorses tho 
Industrial Grants Committee’s view that it is very 
important to keep a proper balance in the activities 
of the associations between basic research, apphed 
research (including development work) and informs 
tion, liaison and consultant services In somo mdus 
trios pioneering studies of factory operations and 
working conditions are best made on a co operative 
basis, and the Council believes that research associa- 
tions should extend this work where conditions are 
suitable, and that, wherever appropriate, tho Depart- 
ment of Scientific and Industrial Rosoarch should 
carry out its research in this field and disseminate 
the results, in close collaboration with tho associations 
Lo indication is given as to what is regarded as a 
proper balance between the various activities That 
will naturally vary from industry to industry, as well 
as voth the maturity of tho association It is left for 
Dr Townond to supply a rough estimate as to the 
proportion of the £7 million of the total mcome which 
“ 8p °f t , on fundamental research, though this 
estimate does not necessarily also indicate the pro 
portion of man-power which is devoted to funda- 
mental research Of a total staff of some 5,000, 
tion«° f ® f adutttos or P 08S ess equivalent qualifies- 

qKoV’ 7j ° ar ° research assistants, 850 aitisans and 
950 administrative staff 

‘JT 1 T 1 ltS fndustrial Grants Com 
mittee hold that, so long as co-operative rosoaich 

"T d ° not suffer, research associations 
am^f r enC ° Uraged ^ undertake a reasonable 
ZTLf ^ored research Some associations 
are already prepared to do so, and generally have a 
small proportion of their staff engaged in this wav Tho 

ZZl i h T ex P OTi enco and in strengthening the 
contact between research associations and mdiMry 

J? Of Z , Lr"!' n “ VOT * he, »». that the oh, of 

— and tSTSl “rTcST 1 , C ° ° per ““ v ° 
«ored research, offer™ by lnZ£ b Spm ' 
Government assistance 

participation by research associations m a 

research^ but such activities must be kept withm 
futar ° 

zrs 16 p8r -* 

„ M j^sssr 1 

question of function a’lrttio'Vurth ^ 21 ammos 
that the present total mcorno of thTroe K ° P £ mta ° llt ' 
t.ons m Britain, namely, £- nnlI,o“ ™ 'T M “™' 

With the expenditure of private JrW ^ COmpar0 T d 
and development of £58 000 000 T 0 ° resoarcJl 
of industrial output and’ this 11 ° 8 P ° r C6nt 
half the £14 4 million eZZ i & i 1311111011 M less than 
taken wfrhm m ^ Und ° r ‘ 

medicine and agriculture w 1 SCl ° 1 nce ’ technology, 

meat provided' “>e Govern. 
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scientific .know lodge in on atmosphere of intellectual 
freedom and usually without regard to the immediate 
and spocffio applications of their work Industrial 
laboratories, ho suggests, are mostly devoted to study 
of the processes and products of a particular firm 
with tho object of dov eloping something which tliat 
firm can do and will do, probably to tho exclusion 
of others 

That the last proposition should not be accepted 
without qualification does not, however, affect the 
\ahdity of Dr Townende claim that the research 
associations are in a uniquo position, to pinpoint tho 
research problems of importance to the whole of then* 
respective industries The validity of tliat claim 
depends rather on tho effectiveness of their contact 
w ith tho indue trios they servo then* ability to recruit 
and retain staff of appropriate experionoe and ability, 
and on the quality of thoir directorate Some of 
thoso factors can be influenced by the Council for 
hoientiflo and Industrial Research, but only to a 
limited extent and thoy should bo bomo m mind in 
considering Dr Town end s argument Thoro is a 
separate domain between the universities and indus 
try, he arguoe, in which knowledge of the basic 
prmoiplcs of industrial processes has to be sought 
with a particular and dofimte objootive This region 
accordingly is mostly unsuitable for tho universities 
and is also somowliat too long in range or too expen 
sivo at least for the smaller industrial firms m thoir 
own laboratories This he claims, is particularly tho 
domain of the research associations, with thoir 
resources and teams of scientists capablo of covering 
a \arioty of disciplines with a character and indi 
viduahty of thoir own There is no fuss about 
claiming freedom of action — the Industrial Grants 
Committee is emphatic os to tho nood for preserving 
the autonomy of tho associations — nor aro unattmc 
hvo feature* of tho field of investigation noglootod 
Dr Townond behoves that industry in Britain has 
been well serv od by tho research associations for many 
\ oars in a well-defined field uniquely appropriate to 
the associations with no four of overlap, and ho also 
suggests tliat tho practice in most associations of 
pursuing I >oth Jong range and short-range objectives 
sido by side contributes to tho long term future of 
tho industries they serv o as well as to the v irihty of 
tho overall activity of the associations As to tho 
balance of research , Dr Town end refers to a recent 
survey of tho activities of some thirty two asaocm 
tions, which ahowod that tho pro]>ortion of effort 
denoted to basic research varied from 10 per cent to 
07 per cent tho average being about 28 per cent, 
whereas tliat devoted to applied research averaged 
03 per cent Close contact has almost lnvariabh 
boon established botwocn tho associations and the 
imlvoroitioe wherever research work of rolovnnco to 
tliat of tho association is already undortakon at uni 
vorsttics bo mol imos tho associations assist umver 
nlty departments by contmots or bv financing 
follow filiijis or bursaries, and this assistance may be 
given to an existing progrnmmo in a universitv 
department, or an a , **ociation maj seek to arouse tho 
internet of a university department m a now subjoct 


Dr Town end appears to be satisfied that these 
arrangements aro adequate Thoy in cron bo the 
‘thinking potential’ of an association and help to 
relate tho work of university scientists to tlie needs 
of industry Often thoy are particularly effective in 
ensuring that university workers aro provided with 
a correct translation of on industrial problem into 
scientific terms and thoy supplement the necessarily 
limited results obtained by postgraduate students 
with ancillary measurements and background m 
formation, thus onabling the results of the work to 
bo applied more readily What is not specifically 
stressed is tho atmosphero for rosoarch which tho 
associations oould provide and which was rightly 
stressed by r Mr J Wilson in his Hinchley Memorial 
Lecture last year, and this atmosphere is one which 
the Council for Scientific) and Industrial Research 
oould certainly foster 

Cloarly tho interchange of staff between tho 
research associations and tho universities con bo 
bonoficial hero but Dr Town end notea that such 
transfer has decroosod in recent years, possibly in 
consequence of tho general shortage of scientists and 
of the rapid growth of departments of soionco and 
technology witlnn tho universities Tins interchange 
could well be oa important as the interchange of staff 
between tho associations and industry itself and 
valuable as may bo the contributions of tho ossocm 
tions in rosearch, they will onJ\ render their full 
service to industry when such interchange of Rtaff 
proceeds freoly and to tho maximum extent It con 
bo an important factor, ns Dr Townond not or, in 
supplying industry with senior staff at tho managerial 
as well as tho technical lovol, and tho educational 
potential of tho associations in not tho least reason 
for justifying tho continuance of support, from tho 
Department, of Scientific and Industrial Research 
Thoro may well bo ncopo for further specific dovolop 
mont of tho training potential of tho associations 
without interfering with thoir primary and mam 
function of co -operative research It ehould bo clear 
hovvovor that if thoy' aro to render thoir full con 
tribution to Industrial development, thoy must be 
assured not only of wiso and far sigh tod leadership, 
but also of sustained financial support, probably on 
a more generous bcaIo than tho resources at present 
available) to the Department of Scientific and Indus 
trial Research have yot permitted 


ROCKETS AND SATELLITES 


Manual on Rockets and Satellites 
Edited b\ L V Bcrkner, in association with Gdmnn 
Reid John Hancsslnn, Ir nnd Leonard Cormier 
(Annals of tho International Geophysical Year, 
Yol 0) Pp xx + 508 (London nnd New York 
Pcrgnmon Press 1058) IflOr 


r HERF is littlo doubt that tins volume, of tbo 
Annals of the International Ccophsulcal Y'car 
ontorns tho most comprohcnsivo account set puli 
islied of tho researches bcinK earned out and the 
notliods nnd teclmiqucs beinc used in tho dials of 
ocketa and satellites An) 1-ook dcoUnft with rurl. 
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a young and rapidly growing subject will inevitably 
date rather quickly, and it so happened that the 
launching of the first Russian Earth satellite occurred 
at a very late stage in the preparation of this work 
The preliminary account of the Russian results, and 
the rapid switch in the emphasis of the American 
satellite programme from the Vanguard to the 
Explorer series, are dealt with rather briefly m 
annexes It is perhaps fortunate that we have on 
record here, written before it was overtaken by 
events, the American plan for the scientific programme 
intended for the Vanguard satellites 

Viewed as a whole the volume cannot fail to be an 
mvaluable source of reference to workers m the 
field The upper atmosphere research rocket which 
still has a vital part to play is not neglected, but the 
greater part of the book is devoted to Earth-satellite 
programmes and plans Those whose interest is more 
general will gam an insight mto the complexities of 
planning and the widespread co-operation needed in 
a space research programme, m addition to a sober 
review of the many new avenues of scientific research 
now bemg opened The volume takes the form of a 
series of scientific papers, covering subjects as diverse 
as the design of instruments for many rocket- and 
satellite-borne experiments, and the organization of 
volunteer visual observing teams, both in the United 
States and m the USSR It is indeed pleasing to 
find an international flavour throughout, with 
significant contributions from the USSR 

The book is handsomely produced and illustrated, 
as is to be expected for the price One must hope 
that the end of the International Geophysical Year 
itself will not prevent the compilation of further 
authoritative international volumes m these expand- 
ing fields 


MICROCOSM TO MACROCOSM 

Matter, Earth and Sky 

By Prof George Gamow Pp xi + 693 (London 
Macmillan and Co , Ltd , 1959 ) 60s net 

E XUBERANT and encyclopaedic are the only 
terms to describe this interpretation of the 
material umvefse, most appropriately dedicated to 
“Aspiring Youth” In the days of stone-tu rnin g 
and avenue-exploring, barriers had to be either 
surmounted or tom down , Prof Gamow himself 
was the first to realize that with the right kind of 
approach nothing so drastic is needed, and that they 
can be gently tunnelled through Thero is certainly 
a barrier between the experience of the ordinary 
individual and the physicist’s interpretation of it 
In this book, without demanding excessive penetra- 
tion on the part of the reader, the author has success- 
fully brought mto the open the truths that occupy 
tho inner levels of the well 

The style follows the author’s usual successful 
formula — saying what comes naturally There are 
some old friends, including C G H Tompkins, 
translated to an American settmg, but still on a 
communal Cambridge bicycle The illustrations are 
excellent, original and relevant — even those that are 
put in just for fun, like the one showing an 'experi- 
ment’ on the thermal expansion of a body, which 
looks rather unkind Scientists are pictured with a 
richly human touch — Otto Hahn registering sheer 
amazement at the fission of uranium, Compton 
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strumming his banjo with effect, and Bohr m orbit 
on a motor -cycle 

The book is divided mto three sections The first, 
on “Matter and Energy”, deals with the elementary 
physics of the surroundings, relating everyday 
observations to fundamental principles This ranges 
widely from simple mechanics to computers and 
satellites and rocketry and relativity The second, 
entitled “Microcosm”, starts with the kmetic view 
of matter in terms of molecules, and covers atomic 
and nuclear physics, and a good deal besides Tho 
chapter on the chemistry of life, which goos very 
fully mto protein structure, and discusses Watson 
and Crick’s model of the structure of dooxyribo 
nucleic acid and its implications for the possible 
woiking of heredity, is important both for its contents 
and its influence on tho young reader who may 
(though not if he has got so far through the book) 
tend to regard physics as a little remote from living 
The third part, “Macrocosm”, deals with the Earth 
and its history, the planets, the evolution of tho 
stars, the origin of the elements and of the galaxies, 
and the recent theory of continuous creation 

So much could not have been aclneved m a smgle 
book without very careful plannmg of the sequence 
of material, and much skill has been devoted to 
placmg the discussion of a fundamental topic in rela- 
tion to the general framework Electrolysis, for 
example, appears m the second part, where the 
electrical nature of matter is treated This means 
that it is a book to bo read through, without dodging 
back to tho beginning for explanations 

It is a splendid book, and highly to be recommended 
to tho general reader and for tho library Although 
very good value for money, its price unfortunately 
places it high up m the gift-book class The unkind 
experiment mentioned above supposes the co-opera- 
tion of a good-natured relative, and any aspiring 
youth who can get such a one in an expansive mood 
would be well advised to clamour for this book as 
a present instead G R No axes 


SURVEYS IN ‘APPLIED’ 
MATHEMATICS 

Some Aspects of Analysis and Probability 
By Irving Kaplansky, Marshall Hall, Jr , Edwin 
Hewitt and Robert Eortet (Surveys m Applied 
Mathematics, Yol 4) Pp xi+243 (New York 
John Wiley and Sons, Inc , London Chapman and 
Hall, Ltd , 1958 ) 72s net 

T HIS book is the fourth of John Wiley’s “Surveys 
m Applied Mathematics” , its production was 
sponsored by the United States Office of Naval 
Research and by the editorial board of “Applied 
Mechanics Reviews” , its authors are dosenbod as 
being, and indeed are, “internationally recognized 
authorities in the areas of applied mathematics 
covered by their surveys” Hall writes on com- 
binatorial analysis, and Fortet on probability theory, 
while functional analysis and abstract harmonic 
analysis are surveyed respectively by Haplansky and 
Hewitt An English reader, accustomed to the rigid 
division between applied mathematics (where notlung 
is proved) and pure mathematics (where nothing is 
useful) may well find the classification puzzling Only 
the probabilist will be untroubled by it , his subjoct, 
aving an axiomatic foundation and yot deriving 
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all its inspiration from practical problems, has no 
place in the traditional classification , ho 'in'll bo 
quito happy in tho applied mathematical club bo 
long as the topological algobraists are there to hoop 
him company 

Kaplansky’s article (32 pages) ia the shortest m tho 
book, but is supported by a magnificent bibliography 
of 113 entries, nearly half of them concerning papers 
by Russian authors , he gives a remarkably clear 
and concico account of many topics of current 
interest in tho theories of Banach spaces, locally 
convex spaces and Banach algebras 

Hall’s survey of combinatorial analysis will bo of 
value not only to algebraist* but also to statisticians 
interested m the existence and construction of 
designs and to tho industrial mathematician eon 
corned with linear programming For the latter there 
is a fascinating chapter on the thooroms of PJulip 
Hall, KCmg and Ramsey , and their applications , 
those include tho transportation problem, the travol 
ling salesman problem, and also such curiosities as 
tho following (ErdGa and Szokeres, 1035) “Thero 
exists an integer voluod function N(n) of the intogor 
variable n such, that every sot of N points in the 
plane, no throe on a lino, will contain n points form 
ing a convex n gon" 

Hewitt’s long articlo on abstract harmonic analysis 
presents a connoctod account of a difficult and 
important fiold, which js tho more valuablo because 
a largo number of tho most Important papers reviewed 
here were published m Russian Readers of the 
older text-books on Lobosguo integration encounter 
thooroms of two kinds those which mako essential 
use of tho group structure of tho real lino, and those 
•which do not Thoso which do not (for oxamplo, tho 
Lobceguo convergence thooroms) properly belong to 
measure theory , while thoso which do (for oxamplo, 
thooroms about convolutions, and the whole of tho 
Fourier thoorv) can nearly all be generalized to the 
situation in which the real lino is roplacod by a (say, 
abelian) locally compact group and Lobocgue measure 
is replaced by Hnar mcasuro, and tliis is tho situation 
with which abstract harmonic analysis is concerned 

Fortot gives a most valuablo account of a number 
of special topics m probability theory, of whioh tho 
most characteristic is development of tocJiniqaos for 
handling random olomonts of general typo A prob 
ability space is a non vocuous sot Q a Borol field ^ 
of ‘raoasurablo subsets of fl, and a totally flmto 
moasuro p on normalizod so that g(U) « 1 A 
random variable tc( ) is a mapping from X3 to tho 
real lino such Hint all counter images of real 
intervals are moasuxablo, and an n -dimensional 
random variable la dofinod similarly The classical 
theory was concerned exclusively with finite sots of 
such random variables tho modem theory of 
stochastic processes is concerned witli infimto sets 
of random variables, suitably parametrized and tho 
theory of general random olomonts In concern od with 
(in tho first instance singlo) random variables x( ) 
where now tho ran go of tho mapping co x(&>) lies 
not on tl>o real lino nor in n dunonslonal ouohdoan 
space, but in somo raoro general topological -algebraic 
structure Far oxamplo Mouner and Fortot liavo 
studied random vannblos taking values in a Banncli 
space, and Gol’fand has studied random (Schwartz) 
distributions In a eonso tho distinction botwocn 
stochastic processes and gon end random elements is 
artificial for if co — ► ar(f,o) (for each t in somo parameter 
sot T) is n sot of random variables constituting a 


stoohnetio process, then u -► x( , u ) eon be thought 
of &8 a general random element, and conversely most 
of tho general random elements on o wishes to con 
si dor in practico (random ago-distributions, random 
onergj -spectra, etc ) can be reduced to systems of 
numerical random variables But the throe t treat 
mecit of a random vanablo of gon oral typo, whore 
possible, offers many attractions, and there con 
be no doubt that this branch of the subject will 
attract considerable attention during tho next few 
years 

Tho publishers nro to be congratulated both on 
the quality of tho surveys includod in this volumo 
and on their dooimon to publish this group of four 
surveys together D G Kendall 


FUTURE MARINE BIOLOGICAL 
RESEARCH 

Perspectives In Marine Biology 
A Symposium hold at Scnpps Institution of Oocano 
grapliy, University of California March 24-ApnI 2, 
1056 Editod by A. A Buzzati Trovorao Pv rw-f 
021 (Borkoloy and Los Angelos Umvorsity of 
California Frees , London Cambridge University 
Frees, 1068 ) 76* net 

“ A FPROXBIATELY 00 to 06 per cent of all 

IX biologists nro engaged in terrestrial biology 
Those biologists hovo a tendency to consider Marine 
Biology as a somuvslmt secondary' biological annex ' 

P Drach (p 003 et srq) further states tliat general 
biology con never bo properly balanced if based 
prodonunantly on terrestrial forms, howmor im 
portont they aro to our wolfaro, o mow shared by 
mail} of tho contributors Tho expansion of man no 
biology is reflected by tho wide ran go of subjects 
presented at a symposium planned to focus attention 
on forthcoming Golds of marine research It is sig 
mficont tliat a number of contributions conic from 
non naan no biologists Fortv-ono papers with sub 
sequent discussions, aro arranged in four sections 
ooology physiology and biochemistry j bcluivtour , 
ovolation and gonotios 

Ecological papers by P Bruch L Zonkovitcli G 
Thorsen, A 0 Hardy and others whilo emphasizing 
that inoro fiold observations on animal communities 
are required, show tho urgent neod for now design 
and mtornational standardization of instruments and 
techniquofi for quantitative campling Fiold obeorvn 
tion is so mu oh stressed that K M Roo’a pica, 
echoed elsowhoro for laboratory observation and 
experiment on mar mo equivalent a to tlio guinea pig 
and fruit fly f stands out from tho rest D P Wilson a 
studios on tho ability of organisms to detect factors 
at present dofy mg analysis, and so select a part iculnr 
substroto, aro stimulating Further omphnaiB on tins 
need for study on microconstituonts is given In 
S Iv Kon (vitamins and external motdbolitoe), 
D I Arnon (rrucromitrients) and I Provasoli 
(growth factors of mnrino algao) E Baldwin’s paper 
on biochemical perspectives and tho need for more 
biochemists in mArino rr^earch is timely 

Papers on roof building corals (C M Yongo) 
productivitv , patchiness and succession m plankton 
(W Rodlie ct nl , R Margnlof, A C Hardy L Tonoili 
and V TonolH) cell chemistry (E S O Barron 
A Szont GvBrgyi) biological clocks (C S Pit ten 
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drigh, F A Brown, jun ) show the variety of future 
problems That the section on behaviour consists 
of four papers as compared with twelve or thirteen of 
the other sections emphasizes our lack of know- 
ledge W H Thorpe’s excellent discussion of 
ethology indicates the vast amount of data awaiting 
discovery by simple observation assisted by aqualung, 
television and camera , and T H Waterman’s 
contribution on underwater polarization patterns 
suggests many new ideas about plankton behaviour 
If the biochemist is rare m marine biology how 
much more the geneticist Yet D L Ray shows that 
many species are suitable for genetical study, while 
papers by Y L Loosanoff and Y Matsui pomt the 
way to controlled shellfish breeding and farming 
Geographical distribution, races, speciation of pelagic 
forms where there appears to be no barrier to gene 
flow, are challenging problems to all 

This book is not just a hst of problems for the 
future Most contributors base their speculations 
on accounts of present work, much of it unpublished 
Many contributions are of immediate concern and 
it is regietted that it has taken more than two and 
a half years to produce a book that one might expect 
— and hope — will soon be out of date Errors are 
few, the chief being the transposition of legends to 
text-figures 2 and 12 in Hardy’s paper, while the 
last two lmes to the legend of text-figure 1 of Bogorov’s 
paper should read “continuous lme indicates quantity 
of phytoplankton and broken lme quantity of zoo- 
plankton” That the contributions are contained in 
621 pages is largely due to the small type, but it 
remains easy to read and the tables and figures are 
well set out Non-mar me biologists would do well 
to read this book for much of it has general biological 
implications J A Aulein 


HETEROCYCLIC CHEMISTRY 

Heterocyclic Chemistry 

An Introduction Bv Prof Adrien Albert Pp 
viu-f424 (London The Athlone Press, University 
of London, 1969 Distributed by Constable and Co , 
Ltd ) 45a net 

Six-Membered Heterocyclic Nitrogen Compounds 
with Three Condensed Rings 
By C F H Allen, in collaboration with G M 
Badger, Brice Graham, G A Reynolds, James H 
Richmond, John R Thirtle, J A Van Allan and 
C V Wilson (The Chemistry of Heterocyclic Com- 
pounds a Series of Monographs, Vol 12 ) Pp 
xxn + G24 (New York Intersoience Publishers, 
Inc , London Interscience Publishers, Ltd , 1968 ) 
196s 

C HEMISTS m general and students in particular 
have long been m need of a book of reasonable 
size on heterocyclic chemistry, but the digestion, 
selection and presentation of the subject have appar- 
ently daunted chemists, for Morton’s book, published 
m Now York m 1946, has been the only work of 
note to appear for many years This is not sur- 
prising, for our present detaded knowledge of hetero- 
cyclic chemistry must exceed m volume that of ali- 
phatic or of aromatic chemistry, and the infinite 
variety of heterocyclic compounds must cause this 
difference to bocome ever greater A work by Prof 
Albort is therefore warmly welcome, and it is ex- 
ceptionally interesting to see liow he has approached 
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the task of giving a concise account of this subject 
m 376 excellently printed pages 

He has certainly broken completely away from the 
orthodox treatment, m which each class is usually 
discussed largely m the order syntheses, reactions, 
and finally structure on the basis of these two sections 
Instead, Prof Albert makes primarily an electronic 
structure approach to the various classes, and also 
discusses their physical properties, particularly 
spectra, ionization constants, oxidation-reduction 
potentials, and dipole moments m considerable (and 
very valuable) detad, relegating much of the synthetic 
side to smaller prmt This makes absorbing reading 
to the more advanced chemist, but one wonders 
whether students will both grasp and then contmue 
to visualize the mam bulk of heterocyclic compounds 
as “jt-Deficient N-Heteroaiomatics”, “x-Excossivo 
N-Heteroaromatics”, and “s-Excessive 0- and 
S-Heteroaromatics”, which form the titles of the 
author’s three mam chapters ? 

The author has dealt with the problem of condensing 
the sheer bulk of material partly by confining refer- 
ences to original literature to papers published smce 
1930, on the ground that these papers will provide 
sufficient references to earlier work The result can 
be unfortunate, for an account of fundamental work is 
often followed solely by a recent reference, which 
may record comparatively trivial modifications or 
extensions of the earlier work consequently the 
student may often lack the means to honour “the 
memory of tho pioneers of heteioeyekc chemistry” 
to which the book is dedicated It is a pity, further- 
more, that although two distinct series of volumes on 
heterocyclic chemistry are still appearmg, references 
are given almost solely to Elderfield’s series, and the 
larger Weissberger series is almost ignored 

The reviewer notes "with interest the categorical 
statement that purmes synthesized by building a 
pyrimidine rmg on to an lminazole rmg “have always 
introduced a hydroxy- or ammo-group in the 6- 
position” (p 198) Mann and Porter, m 1946, 
synthesized by this method a number of 1 7-dialkyl- 
purines which did not contain these groups m this 
position 

The fresh approach, the clear lucidity of the 
presentation, and the author’s personal enthusiasm 
have produced a book which chemists will read with 
great interest 

The other volume, the twelfth to be published m 
the Weissberger series, is devoted solely to the 
chemistry of compounds having three six-membered 
rings fused together, the only hetero element being 
one or more nitrogen atoms The vast amount of in- 
formation, carefully classified and coded m about 
600 pages, vividly illustrates the reviewer’s earlier 
comment on the expanse of our knowledge of hetero- 
cyclic chemistry The book deals with the chemistry 
of aza- and pclyaza-anthracenes, -phenanthrenes and 
-benzonaphthenes , the amount of work entailed 
becomes apparent when one recalls that the monaza- 
phenanthrenes alone form a group of five isomers 
Furthermore, tables are provided enumerating all 
the known simple and substituted members of each 
class up to 1962 This vast accumulation of know- 
ledge has required the services of several chemists, 
and it concludes with an excellent chapter on “The 
Ultraviolet Absorption Spectra of Polvcychc Hetero- 
cyclic Aromatic Compounds” by Prof' G M Badger, 
of the University of Adelaide This volume forms 
an outstandingly valuable addition to the Weiss- 
berger senes F G Mann 
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Puzzle-Math 

By Dr George Gamow and Dr Marvin Stem Pp 
119 (London Macmillan and Co, Ltd, 1958 ) 
8a 0d net 

B OOKS of the ‘mathematics for fun typo are often 
neither very mathematical nor very funny but 
those who know some of Dr Gamow ’a earlier writings 
will expect this volume, m spito of it« cat-ohpennv 
title, to combine amusement with instruction, and 
they will not be disappointed. The thirty tlireo 
problems are entertainingly set. out, and solved by 
honest mathematical processes, involving llttlo or 
no manipulative toclmique There oro some chest- 
nuts — the tliroo travellers with dirty faces, tho fly 
between two approaching trains — but many of tho 
problems are new. or not widely known Is a motorist 
likely to bo hold up longer at a level crossing if the 
track is (loublo tlian if it is single ? When we ring 
for a lift why does it seem to come in the wrong 
direction moro often than not T A bright student 
might casih bo led to a better appreciation of the 
fundamental logic of mathematics by reading this 
choorful little book, T A A B no ad bent 

Transactions of the International Conference on 
the Use of Solar Energy 

The Sciontiflo Basis, held at Tucson, Arizona, U S A,, 
October 31 and November 1, 1955 (Sponsored by 
Umvorsity of Arizona, Tucson, Arizona Association 
for Applied Solar Energy , Phoenix, Arizona , Stan 
ford Research Institute, Menlo Park, California ) 
\ ol 1 The Available Enorgy Measurement of 
Radiation Pp xvi-M35 Vol 2 Thermal Pro- 
cesses, Part 1 Section A, Flat Plato Collectors 
Pp ix - f 145 VoL 2 Thormal Processes, Part 1, 
Section B, High Temperature Solar Furnaces 8olar 
Powor Pp \ 4-149-204 Vol 3 Thermal Processes 
Part 2, Solar Houso Heating Solar Water Heating 
Solar Stoves Solar Distfllation Pp x + 168 Vol 4 
Photochemical Processes Pp xii-4-187 Vol 5 
Llectrical Proccesos Pp xii-f-132 (Tucson, Arizona i 
Tho TJnn orsity of Arizona Press 1968 ) 12 50 dollars 
tho set 

T HESE Transactions containing 85 sciontiflo 
papers totalling 887 pages, ro present ono of the 
most valuable publications on solar onorgy research 
It is therefore all the moro rogrettablo that although 
tho conference at which these papers wore prosonted 
was hold lato in 1955 publication lifl3 boon dolayed 
until the end of 1958, and moreover that there is no 
record of the vnluablo discussions that took placo nt 
tho conference 

Tho conforonoo discussod tho sciontiflo basis of solar 
energy research and was followod by tho World 
Symposium on Applied Solar Energy at Phoenix, 
Arizona Tho papers at tho latter conforonco which 
dealt preferentially with applications, were published 
in I960, nnd tho proceedings wore reviewed b\ tho 
writer (Nature, 178, 220 1050), who also described 

in somo dot afl tho go no ml features of both con 
fortnees soon aftor the meetings ( Nature , 177, 110 
1950) 

Tho present reviow is therefore restricted to con 
federation of a few aspects whioh ha\ o since boon 
emphasized as important by tho trend of solar enorgy 
research in tho interval that has olapsed since 
presentation Interest in the flat plate typo of 
collector used for water heating continues but 
research is concentrated on tho simplification of 
design and tho use of metallic oxide surface coatings 


to reatnot re radiation of long wav o length and thus 
enable higher temperatures to bo nttainod. Tho high 
cost of tho silicon photo-cell which was thon newly 
developed, has as prophesied boon reduced to econo 
mio competition with olectncity from dry colls and is 
coming into general use for portable radio nnd telo 
phone equipment, not oxcludmg such objects as 
spaco satellites Tho solar furnace sponsored by tho 
French Government and described by M Trorabo in 
Vol 2 is the most active achievement at present 
and similar furnaces have been sponsored by tho 
governments of other countries for testing materials 
to resist the thermal shock encountered in high speed 
rocket flight and spaco trav el 

Tho Transactions are essential to those embarking 
on solar energy research, or wishing to ascertain the 
stato of knowledge up to very recently Although thoro 
liave been some rcmarkablo developments sinco tho 
conference, this sot of volumes wluoli has boon 
oorapflod by Prof Carpenter of tho University of 
Arizona Observatory , constitutes a record of pc min n 
ent valuo H Hevwood 

The Fundamentals of Statistical Reasoning 
By M H. Quonouflle (Gnffln’e Statistical Mono 
graphs and Coursoe No 3 ) Pp 1C9 (London 
Charles Griffin and Co Ltd , 1958 ) 34* 

A GOOD short book on tho basic principles and 
theory of statistical inference, expositorv of 
those parts of tho subjeot on wluoh statisticians are 
now generally agreed and objoctivolv crlticnl of some 
of tho more controversial linos of thought, would be 
of great value Such n book nppoars to have been 
Mr Quonouille s nira, but he has had indifferent 
success Fow subjects oro m greater need of careful 
choice of overy word, yet all too often tho writing 
hero is ambiguous or lacking in clarity For example 
the opening paragraph of a chapter on testing hv po 
theses tends to obscure the important distinction 
between decision theory and sciontiflo inforcneo that 
Fishor and Barnard have so usofull) emphasized in 
recent years Later in the same chapter “restriction * 
of errors of both the first nnd tho socond kind is said 
to bo essential to a significance tcBt of (surely “of 
deviations from” would bo clearer) a null hypothesis 
Tho first four chapters rapidly survey tho concepts 
of probability, olomontary distribution theory, 
estimation nnd hypothesis testing The second half 
of tho book is of a different order of difficulty and 
of muoh greeter intorest Hero la nn introduction to 
maximum likolLhood and fiducial inforcneo that 
could well form tho basis of a more substantial text 
nnd could stimulato further research Mr Quen 
oulllo hna a gift for dovismg tho illuminating example 
He has ovidontlv dovotod much thought to fiducial 
distributions nnd ono wishes that ho would undortako 
tho systematic nnd critical acoount or this topic 
that must supplement Fishers moro intuitive 
approach if it is to attain its proper recognition 
Unfortunately, tho prosont book is again unsatisfying 
not only bocauso of limitations of space but also be 
cause too often the rtador cannot toll what is port of 
standard theory* wlmt is a now contribution from tho 
author (possibly deserving moro explanation or moro 
detnflod roforenoo to other publications) nnd wlmt is a 
tontativ o suggestion for future cxplomt ion Howov or, 
although ono may question tho wisdom of including 
somo of thin material In an introductorv book 
undoubtedly the more ndvnncod student will value 
u * D J 
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The Nature of Experience 

By Sir Russell Bram, Bt (The Riddell Memorial 
Lectures, Thirteenth Series, delivered at King’s 
College in the University of Durham, 12, 13 and 14 
May 1968 ) Pp vm + 73 (London Oxford Univer- 
sity Press, 1959 ) 8s 6d net 

A CCORDING to the trust deed, the Riddell 
lecturer is required to discuss “the relation 
between rehgion and contemporary development of 
thought” It is interesting to look back over past 
titles, and to see how successive speakers have 
interpreted their task In this context, how well these 
discourses — the thirteenth — fit into the series, and 
maintain their tradition 

The theme is the field of perception, which the 
author explores with the object of attaining a view 
sufficiently comprehensive to restrain, if possible, the 
excessive specialization which is the outstanding 
characteristic of modem thought The three lectures 
are entitled, (1) “Vision and Fantasy”, (2) “The 
Nature of Perception”, (3) “Symbol and Image” 
Some useful notes and references follow at the 
end 

Sir Russell is a leading neurologist, and one would 
expect to find a telling picture of mental processes , 
m the event, this knowledge is linked with rare 
aesthetic insight 

The first lecture reviews the conventional sense- 
impressions and their many contrasts with the 
structure of matter as the physicist knows it The 
author believes that the quahties percoived are 
constructs of our own brains Of particular interest 
is the account of abnormal states produced, for 
example, by mescaline The second lecture contains 
a well-balanced review of the objections which have 
been raised against the writer’s theory In the last 
lecture, perhaps the most difficult, art is taken “as 
the embodiment of feelings m perceptual form”, and 
thus embraces that subjective element deep in human 
nature which raises it, at times, to an image of the 
Divine FIG Rawuns 

Kingdom of the Octopus 

The Life-History of the Cephalopoda By Frank W 
Lane Pp xx-f 287+48 plates (London Jarrolds 
Publishers (London), Ltd , 1967 ) 30s net 

M R LANE’S book provides a collection of superb 
photographs for which the amateur naturalist 
and professional zoologist must be equally grateful 
The full bibliography, clearly representing an im- 
mense amount of hard work, will be of value to the 
teuthologist, making available a number of obscure 
references and enabling him to examine for himself 
the provenance of the many curious and often enter- 
taining legends and observations embodied in the 
text, and thus to make lus own estimate of their 
scientific value 

The text has the inevitable failings of one written 
by an author who has no (and does not claim to 
have) specialist knowledge of the subject, and for 
vhom it is therefore hard to assess the relative impor- 
tance of the different facts and concepts which he 
has collected Without such evaluation, however, 
verbally accurate statements can become misleading, 
and this fault is intensified, in Mr Lane’s book, by a 
tendency to dramatic presentation which results in 
important aspects of the subject receiving less full 
treatment than relatively trivial but striking details 
A similar weakness is to bo found m the references 
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made to authors in the text Mr Lane is most 
careful to quote his sources , but, too often, equal 
weight is apparently given to the long-established 
findings of famous zoologists, to isolated observations 
scarcely yet verified, and even to statements, not 
necessarily accurate, introduced casually m the 
writings of specialists on other fields 

These failings will not dimmish the interest which 
the rich anecdotal material and fine illustrations will 
rouse in the general reader , but, as a result of them, 
the book is scarcely suitable for the use of the student 
who seeks accurate and balanced information, and 
is not a book to be used for professional teaching 
without constant checking Anna M Bidder 

Die gesunden und die erkrankten Zahngewebe des 
Menschen und der Wirbeltiere im Polarisations- 
mikroscop 

Theone, Methodik, Ergebmsse dor Optisohen Struk- 
turanalyse der Zahnhartsubstanzen samt lhrer Umge- 
bung Yon Prof W J Schmidt und Dr A Keil 
Pp 386 (Munchen Carl Hanser Yerlag, 1968 ) 
48 D M 

T HIS book is undoubtedly a classic of its land by 
authors who are world authorities m this particu- 
lar field It deals m the greatest detad with the 
normal structure of the calcified tissues of the teeth 
of man and animals, and then proceeds to a considera- 
tion of their structure in disease The study of the 
calcified tissues of the teeth has always presented 
considerable difficulty The two methods which have 
been used most are microradiography and polarized 
light It seems a pity that no attempt has been 
made in this book to consider microradiography , 
but there is no doubt that the use of polarized hght 
as here described and the interpretations given make 
it a very delicate method for this work Much 
difficulty has been caused m the post by faults m 
interpretation arising from form birefringence and the 
possibility of birefringence arismg from the organic 
matrices of some of these structures, but these are 
now all exp lamed in detail, giving a proper scientific 
basis for further study 

This is the only authoritative work on the subject 
It is beautifully produced and very well illustrated 
No department, dental or zoological, dealing with the 
structure of normal or diseased teeth can afford to be 
without it A I Darling 

Hundred Years of the University of Calcutta 
Supplement Pp xvm + 732 + 95 illustrations (Cal- 
cutta University of Calcutta, 1957 ) n p 

T HE Centenary History of the Umversity of 
Calcutta was reviewed m these columns a little 
more than a year ago ( Nature , 180, 1152 , 1967) 
This massive supplement adds a large volume of 
material, including descriptive accounts of the 274 
colleges which are or have been affiliated with the 
Umversity , similar accounts of the development and 
present state of the institutes and departments of 
the Umversity , a select list of research publications , 
a list of Umversity and College teachers m 1956 , 
and a record of the speeches and ceremomes with 
which the centenary was celebrated in January 
1957 There are nearly one hundred attractive 
photographs, chiefly of college buildings Tins is 
the largest Umversity in the Commonwealth — 
probably in the world — putting itself on record for 
posterity R s Aitken 
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RADIATION MEASUREMENTS TO 658,300 KM WITH PIONEER IV 

By Prof JAMES A VAN ALLEN and LOUIS A FRANK 

State University of Iowa, Iowa City 


Introduction 

T HE present report oomprisos (a) the radiation 
observat ions obtained with the U 8 deep -space 
probe Pioneer IV , (b) a comparison of these obeerva 
tions with those of Pioneer III and of the first Soviet 
cosmic rocket and (e) an interpretative discussion 
The Pioneer IV programme was conducted under 
tho same auspices as thoso for Pioneer III The 
radiation detectors and the payload assembly were 
developed, calibrated and tested co-operatively by 
the Jet Propulsion Laboratory of the California 
Institute of Technology and by the State University 
of Iowa The four stage rocket vehicle and 
assoouvtod aspects of the enterprise were handled 
jointly by the U S Army Ballistic Missile Agency 
and the Jet Propulsion Laboratory, and tho launching 
was conducted at tho Atlontio Missilo Range, Capo 
Canaveral, Florida 

The radiation ‘package* was very nearly identical 
to the one flown 1 on Pioneer III except for one 
essential ohonge — the Anton type 213 Geiger tube 
was encased in an additional shiold comprising a 
eloeod end cylinder of load of thickness 4 0 gm /cm * 
and an inner cylinder of stainless steel of thickness 
0 6 gm /cm.* (Fig 1) On tho basis Of extensive 
laboratory calibrations at tho 8tate University of 
Iowa, the respective Anton 302 Geiger tubes m 
Pioneers III and IV had identical characteristics 
(that is, effective dimensions, shielding, etc ) to 
within ± 10 per cent (see ref 1 for further detail) 

The purposes of tho radiation experiments in 
Pioneer IV wero os folkiWB (a) a re-survey of tho 


0 M tobe 
type 302 



Thin flhrr-pUuesjc 

Lr*d *hleld on 
0 JL tab« tjrp« 213 


FJr. 1 Phyilral UT»ntr«ment of nuUtUon detector* In conic* 1 
P*rle*d of IHoiurr I J lUue diameter 23 cm. Total payload 
weight 0 1 krm. The amumtent of IHont*r III was Identical 
except for oral til on oi the »hleld over the 213 tube 



Til? 2. riot* of the projeetlon of the trajcctorle* of rtonecr III 
ami Pion/tr IV on a Koomaanetlc meridian plane (centred dipole 
model) Unit of dlatance p * — 6,371 km. 


intensity structure of tho rones of trapped radiation 
around tho Earth with spocial interest m temporal 
cliangos since December G and 7, 1958 , (6) a crudo 
determination of tho absorptivity of tho trapped 
radiation aa a function of position in order to incrcaso 
knowledge of its composition and spectral character 
(c) a re -determination of the affective extent of tho 
geomagnetic field , ( d ) a search for magnet icalh 
troppod radiation m the vicinity of tho Moon , 
(e) a re-dotormmation of tho cosmic my intensity in 
interplanetary spoco (/) a search in interplanetary 
spaco for ‘blobs’ of plasma containing particles 
suiflcicmtl} energetic to bo detected by tho present 
equipment 


Flight of Pioneer IV 

Launch from Capo Canaveral, Florida (28 7* N 
80 7° W ) at 05 11 u T on March 3, 1059 
Burn-out velocity (‘space fixed’) 11 08 km /see 
The positional co-ordinates os a function of time 
were measured by tho Jet Propulsion Laboratory 
tracking array to an uncertainty of bo mo ± 5 km 
throughout tho region of tho trapped radiation and 
to a slowly increasing uncertainty thereafter Tablo I 
lists representative values of the co-ordinates and 
Fig 2 gives a plot of the trajectories of Pioneers III 
and IF in tho vicinity of tho Earth 

Telemetry 

Tho nrraj of Jet Propulsion La bom ton, tolometiy 
stations comprised receivers at Capo Canaveral 
Florida (5 ft dish) , noar Mnyagucz, Puerto Rico 
( 10 - ft dish) and at Goldstono Lake, California 
(85- ft dish), as boforo In addition thcro was tho 
valuoblo Jodroll Bank 250 ft dish through tho 
courtesy of Prof A C B Lovell Tho following is a 
summary of flight periods during which usable 
radiation observations were ohtainod 
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(a) Cape Canaveral 

March 3 05 11-05 23 IT T 

(b) Puerto Klco 

March 3 05 14-05 52 u T 

07 23-15 32 

(e) Goldstono Lake 

March 3 11 53-21 03 U T 

March 4 12 34-21 15 

March 5 12 40-21 12 

March 0 12 53-15 00 


(d) Jodrell Bank 

March 3 08 31-12 24 u T 

March 4 07 52-08 08 

08 23-08 43 
10 42-12 52 
March 5 05 41-12 58 

March 8 05 42-12 69 


From the point of view of the radiation experi- 
ment, the only serious loss of data occurred in the 
period 05 62-00 31 tr t on March 3 

Beginning at about 14 20 u t on March 6, the 
strength of the radio signal fell rapidly and no usable 
data were received after 15 00 v t In view of the 
rapidity of the decline (in spite of a trivial rate of 
change of distance) and of its occurrence at about 
the end of the expected life-time of the batteries, it 
is presumed that loss of signal at about x + 82 hr 
was due to exhaustion of the mercury batteries in 
the power supply of the payload The Tadial distance 
from the centre of the Earth was 668,300 km at 
15 00 tr t 


Radiation Observations 

Due apparently to a high-g shock which was 
recorded during the launching phase, the high scaling 
factor (2 1T ) element of the 302’s scaling circuit did 
not function in flight This failure gives some cause 


Table 1 Bepresbntative Values of Positional Co ordinates of 
Pioneer IV 

(By courtesy of Jet Propulsion Laboratory) 


Date 
and hour 
(ut ) 


Geo- 

graphical 

latitude 


Geo- 

graphical 

longitude 

(E) 


Badial 
distance 
from centre 
of Earth 


Badial 
distance 
from centre 
of Moon 


March 3 


05 18 
05 20 
05 25 
05 30 
05 35 
05 40 
05 45 
05 50 
05 65 
08 00 

00 10 
00 20 
00 30 
00 40 
00 60 

07 00 

07 30 

08 00 

08 30 

09 00 

10 00 
11 00 
12 00 

18 00 

March 4 
00 00 
00 00 
12 00 
18 00 
23 00 

March 6 
00 00 
00 00 
12 00 
18 00 

March 0 
00 00 
00 00 
12 00 
18 00 


28 03° 
24 49 
18 51 
13 10 
8 90 
6 65 
2 88 
0 72 
-1 07 
-2 67 

-4 05 
-0 77 
-8 20 
-0 37 
-10 34 

-11 10 
-13 03 
-14 34 
-15 31 
-16 07 

-17 20 
-18 00 
-18 01 

-20 63 


-21 30 
-21 80 
-22 23 
-22 46 
-22 50 


-22 01 
—22 OS 
-22 72 
-22 74 


-22 76 
-22 70 

oo 77 

-22 77 


289 38” 
310 24 
327 98 

339 29 

340 79 
352-00 
356 74 
358 48 

0 52 
2-04 

3 98 

4 92 

5 18 
4 07 
4 41 

3 58 
369 08 
355 31 
349 99 
844 25 

331 92 
318 88 
305 41 

220 44 


132 74 
44 07 
314 91 
225 44 
150 71 


135 74 
45 89 
315 05 
225 97 


135 95 
45 90 
316 83 
225 75 


0,079 

7,484 

8,804 

10,518 

12,221 

13,940 

16,046 

17,320 

18,077 

20,690 

23,789 

28,767 

29,601 

32,522 

35,271 

37,947 

46,604 

52,812 

59,607 

00,238 

78,696 
90 452 
101,602 

181,788 


214,053 
204,201 
311 004 
356 113 
392 608 


399,796 

442,117 

483,204 

623,322 


562 onn 
001,348 
030 476 
077,116 


(km ) 
376,902 
374 685 
371,731 
309 OS 9 
360,532 
304,193 
301,998 
359,927 
357,900 
350,084 

352,656 
349,272 
340 184 
343,255 
340,460 

837,779 
330,280 
323 400 
310,982 
310,917 

299,593 
280,070 
279 130 

220,753 


180,855 
138 707 
100 511 
70,343 
00,149* 


00,624 
79 376 
113,528 
153,484 


195,942 
230 079 
235 112 
331 132 


* Xcarest approach to the Moon (approx.) 


for uneasiness concerning the proper operability of 
all other elements of the payload But we have been 
quite unable to find any evidence for any other mal- 
function and bebeve that the results reported below 
are trustworthy 

In Eig 3 is plotted the true counting rate, R, of 
the 302 Geiger tube as a function of tune Errors 
are insignificantly small except where error bars are 
drawn The constant counting rate beyond 11 ]0ijt 
contmues without significant variation to the outer- 
most limit of observations Also shown is the equi- 
valent counting rate of the heavily shielded 213 
Geigei tube Normalization of the counting rates of 
the two tubes was done in pre -flight laboratory tests 
by subjecting them (both unshielded) to identical 
exposure m a beam of hard X-rays The quasi-d c 
output of the 213 tube was measured by the audio- 
frequency of the subcarrier osoillator to which its 
amplifier was connected A substantial temperature 
correction was necessary and was made by comparison 
with another, similarly located oscillator the mput of 
which was digital and the temperature coefficient of 
which was similar The temperature of the inner 
portion of the payload rose from a launching value 
of 15° C to an asymptotic value of 41 6 ± 1 0° C 
with a time constant of about 3 hr The 302 system 
had zero temperature dependence over this range 
In the lower left-hand comer of Fig 3 is plotted as a 
dashed line the ratio of the equivalent counting rate 
of the (shielded) 213 tube to that of the 302 , this 
ratio is the apparent transmission, T, of the shield 
The absolute value of T is uncertain by some 
± 25 per cent of its value due to a combination of 
systematic errors 

In the time-period 06 31-06 63 ut the true 
counting rate of the 302 may he either on branch A 
or on branch B Such an ambiguity is intrinsic to - 
the characteristic curve of apparent rate versus true 
rate of the system (cf ref 1) and can be resolved 
only by auxiliary data The corresponding trans- 
mission curves are labelled A and B, respectively 
Further discussion is deferred to the next section 

In Fig 4 the observations with the nearly identical 
302 tubes of Pioneer III and Pioneer IV are shown 
as a function of radial distance from the centre of 
the Earth, ignoring differences of longitude and 
latitude 




The most striking features of Fig 4 are the im- 
mensely greater quantity of trapped radiation m the 
outer zone on March 3, 1969, than on December 6, 
I yes, and the detailed structure present, especially 
m the eO.OOO-go, 000 km regl0 n It may also be 
noted that the observations by Vemov et al 3 with 
the Soviet cosmic rocket show that the situation on 
.January 2, 1959, was similar to that on December 

! 7' l 96 , 8 It M vei T suggestive that there was 
a substantial magnetic storm commencing at 02 15 
tit on e ruary 25 and that there were aurorro of 
strong intensity on February 25-28 and on March 1 3 
A specie 1 study of this event by Trotter 4 , of the High 
w U l e Observatory , makes it appear likely that at 

Se £™V f physical events starting 
on February 25, March 26 and April 23, respectively, 

solar M region In any event, it is 
hv fiv7 hy tha 7 the filght of Pioneer IV was preceded 
whPxIL C ?r eCUtlv ° ni ghts of strong auroral activity, 
7tJ u^ th r e P eri ° ds preceding the flights of Pioneer 
U and of the Soviet cosmic rocket were especially 
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Radial dfitance from centre of Earth 



05 00 00.00 07 00 03.00 00 00 10 00 11 00 12.00 18 00 

Fig 8 The conntlna rate otwerralkm* dorli 


it© olxwrrtflcm* daring the early pert of the flight or Pioneer IV 
(ttt text for farther description of data) 


quiot geophysical periods Hence wo suggest that 
the great temporal differences shown in Fig 4 con 
stitute the direct observation of tho changes which 
occur in the outer radiation zone of trapped radiation 
following strong corpuscular emission from tho Sun 
If this view be accepted then it appears that tho 
Pioneer IV observations provide the most porsuamvo, 
direct evidence thus far available for the solar origin 
of (at least) the outer radiation zone 

The rnnor peak of tho rtoneer IV data (at 11 000 
km ) is about fchroo times as intense as that of 
Pioneer III , but reference to Fig 2 and to a largo 
scale corrected* plot as m Fig 5 of ref 1 shows tliat 
the inner zone was not significantly different on the 
occasions of tho two flights From this fact it raaj 
be concluded tliat the mner zone lying as it does m 
tho rogion of strong ^oomognetlo held is relatively 
well isolated from direct solar 
Influence 

Tho A-B ambiguity roforrod 
to in tho procoding sootion in 
connexion with Fig 3 (and Fig 
4) has not boon oonolitsn oly 
resolvod, but tlio following dis 
cussion strongly favours branch 
4 as tho correct ono Tho work 
of Vomov et al * makes it 
appear Iikoly that In tho outer 
zone the oiTocts recorded by a 
detector under more than 1 gm / 
cm * of absorber aro duo to 
bromsstrahlung from tho bom 
bardmont of tho outer skin 
of tho payload by electrons of 
onorgies less than 100 koV and 
with a spectrum steeply rising 
townrd lover energies If this 
bo so thon we noto that trans 
mission carvo B of Fig 3 not 
onlv lias a quito unreasonable 
steepness but at its inner ond 
has a valuo at least an order 
of magnitude greater than that 
measured in tho laboratory with 
X ray beams generated by elec 


trons of such enorgioe But 
transmission curve A is alto 
gothcr consistent with this radia 
tion situation 

Adopting branch A and mnk 
ing use of our absolute X ray 
calibrations of tho 302 tubo wo 
find that tho omnidirectional 
flux of electrons of energy greater 
than about 20 heV wrts of tho 
order of 1 y lO'Vcm.* sec at 
30,000 km radial distance on 
March 3, 1959 

Also it is ovident that tho 
omnidirectional flux of electrons 
of energy greater than 200 koV 
did not oxcoed 1 x lO'/cm'soc 
of electrons of energy greater 
than 2 5 MoV did not exceed 
1 x 10*/cm.* eoc , and of protons 
of energy greater than 60 MoV 
did not excood 1 Y 10*/cm * sec 
Tho observations of Pioneer 
IV in tho inner zone aro unain 
bfguous and show that about 
30 per cent of the radiation 
rocordod by the 302 in the low or fringo of tho zono also 
penotratoe an additional 4 0 gm /cm 1 of load and 
0 0 gm /cm 1 of stool Tho radiation bocomes rapidly* 
and progressively softer as ono goes outwards from 
tho Earth (Fig 3) On tho basis of two recent roohet 
investigations into tho lower fringo of the inner 
zono* 7 and of our oxtonsivo Explorer I T and Pioneer 
III observations 1 «, wo propose tho following ten 
tativo composition of tho trapped radiation present 
in tho heart of the inner zono (altitude about 3 000 
km on tho geomagnetic equator) (u) electrons of 
onorgy greater than 20 koV — maximum unidirec- 
tional mtonsity x 10*/cm 1 sec stomdlan (b) 
olec trons of energy greater than COO koV — maximum 
unidirectional intensity — 1 v 10 7 /cm * see stem 
than (c) protons of energy grentor than 40 MoV — 
omnidirectional intensity ~ 2 x 10‘/cm * sec Tho 


14.00 15.00 
UT 



10 000 20 000 30 000 40 000 60 000 50 000 70 00O SO 000 PO 000 J 00,000 110 000 
Tf»HI» l dUtanc* from centre of E*rth (1cm.) 

imratlre plot or the InteiuUy data of ttonetr III and 11 

• or radial dUtanc* but ignoring dlirrmacr* of UUtndi* and 
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latter two of these three figures are probably trust- 
worthy to a factor of 2, the first one to a factor of 5 
These results favour the neutron albedo hypothesis 
of origin of the inner zone of Vemov and others (cf 
discussion of ref 8), in respect to both the electron 
and proton components A valuable discussion of 
the proton component has been given recently by 
Hess* Some residual doubt may be felt as to the 
adequacy of the source function It should also be 
noted that there is a rapidly developing body of 
knowledge on the sporadic, though relatively frequent 
(order of once a month) arrival of solar protons 
having energies up to several hundreds of MeV and 
intensities up to several orders of magnitude greater 
than that m the quiet cosmic ray beam 10-18 

The conclusive identification of protons m the 
lower frmge of the inner zone 7 and the resemblance 
of their spectrum there to that expected on the 
neutron albedo hypothesis 8 has been accepted by 
many workers as conclusive evidence for the adequacy 
of this hypothesis The quantitative considerations 
of Hess have also added strongly to tins point of 
view But it should be remarked that others, in- 
cluding Morrison, Gold and the present authors 8 , have 
some uneasiness m acceptmg a trapping-lifetime of 
several years, as is necessary for the success of the 
neutron albedo hypothesis Thus, it is comfortmg to 
find that there is now an alternative source of protons 
(that is, direct solar emission) of suitable energy and 
intensity, provided a valid mechanism can be dis- 
covered for their admission mto the inner zone The 
reader is also cautioned to await observations during 
the oncommg period of minimum solar activity for 
illuminating evidence on temporal changes in both 
inner and outer radiation zones Such a programme 
of observation is being undertaken by this laboratory 

Radiation Intensity Beyond 92,000 km 

Pioneer IV provided a total of 45 hr of observation 
of the counting rate of the 302 Geiger tube m the 
range of 92,000-058,300 km from the centre of the 
Earth (The counting -rate-meter circuit of the 213 
was not sufficiently sensitive to provide a reading at 
any time during this portion of the flight ) The mean 
counting rate was calculated over each interval of 
time during which 256 (2 8 ) counts were recorded 
Hie distribution of counting rates m the 695 such 
intervals (each of about 4 mm duration) has been 
studied in detail and it has been found that during 
no one of these intervals did the counting rate differ 
with statistical significance from the overall mean 
■value of 1 090 ± 0 003 counts per sec 

A broader scale survey of the mean counting rate 
durmg larger segments of the trajectory was obtained 
by tabulating the times at v, hich ‘flips’ of the major 
scaler (2 l * = 8,192 counts per major ‘flip cycle’) 
occurred The constancy of the counting rate durmg 
observed periods encouraged us to also ‘count 
through’ the unobserved periods of time, durmg 
which the payload was below the effective horizons 
of the receiving stations During the longest such 
period six major flips were missed, and durmg the 
other two such periods four major flips were missed 
if it be assumed that the counting rate did not differ 
markedly when under observation and when not 
under observation The results of this process are 
shown m Table 2 The trustworthiness of the tabu- 
lated counting rates durmg unobserved periods rests 
on a posteriori evidence as follows On the assump- 
tion that the unobserv ed counting rates did not differ 
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Table 2 Summary of Data from 302 Tube beyond 02,000 km by 
Flips of Major Scaler 
(8,192 counts per (Up cycle) 






Radial 

Radial 

Serial 

Time of flip 


Mean 

distance 

distance 

No 

and station. 


counting rate 

to 

to 

of 

day, hr min , 

At 

(bcc )' 

centre 

centre 

flip 

sec 

sec 

of Earth 

of Moon 




(km ) 

(km ) 

0 

8/12 18 19 JB 





0 

3(12 18 22 PR 





l 

8/14 23 13 PR 

7,491 

1 094 ±0 012 



0 

8/12 18 22 OL 


104,920 

270,240 

1 

3/14 23 1 0 BL 

7,488 

1 094±0 012 

120,740 

267,130 

2 

3/10 29 18 OL 

7,508 

1 082 ±0 012 

147,440 

239,080 

3 

3/18 34 18 OL 

7,500 

1 092 ±0 012 

107,020 

222,150 

4 

3/20 30 16 OL 

7,497 

1 093 ±0 012 

186,880 

205,940 

6 

Not observed 



6 

Not observed 






7 

8 

Not observed 
Not observed 


52,020 

1 090 ±0 005 



S 

Not observed 






10 

Not observed 






11 

4/11 10 15 JB 



305,450 

104,890 

12 

ill3 20 56 OL 

7,480 

1 095 ±0 012 

321,340 

02,750 

13 

4/16 27 07 GL 

7,67 2 

1 082 ±0 012 

337,150 

81,030 

14 

4/17 33 18 OL 

7 571 

1 082 ±0 012 

360,930 

73,140 

15 

4/19 38 40 OL 

7,622 

1 089 ±0 012 

306,420 

05,020 

10 

Not obsened 


17 

Not obsen-ed 

37,380 

1 090 ±0 005 



18 

Not obsened 




19 

Not observed 





20 

5/00 01 40 JB 



440,010 

79,340 

21 

5/08 00 13 JB 

7,407 

1 007±0 012 

464,910 

88,910 

22 

5/10 12 23 JB 

7,670 

1 082 ±0 012 

470,990 

102,420 

23 

6/12 10 32 JB 

7,449 

1 100±0 012 

485,110 

116,320 

24 

5/14 22 33 OL 

7,601 

1 083 ±0 012 

499,230 

128,950 

25 

6/10 27 21 OL 

7,448 

1 100±0 012 

513,040 

142,810 

26 

6/18 30 55 OL 

7.414 

1 106 ±0 012 

625,090 

165,280 

27 

6/20 85 15 OL 

7,400 

1 098 ±0 012 

540,360 

171,510 

28 

Not observed 


29 

Not observed 

37,020 

1 089 ±0 005 



30 

Not observed 



31 

Not obsened 





32 

0/07 02 15 JB 



007,950 

247,050 

33 

0/09 08 41 JB 

7,580 

1 080 ±0 012 

019,840 

201,000 

34 

0/11 13 48 JB 

7,507 

1 000±0 012 

034,030 

270,290 

35 

0/13 20 67 OL 

7,629 

1 074 ±0 012 

047,090 

205,390 


ChernU mean for 35 lntonnls, 1 000 ± 0 002 count s/sec 
Overall moan for IT obsened intervale, 1-000 ± 0 003 counts/sec 
PH, Puerto Rico , OL, Goldstone lake , JB, Jodrell Bank 


markedly from the observed ones, it is found in 
Table 2 that the unobserved counting rates differed 
by less than 1 per cent (that is, to within statistical 
uncertainty) from the adjacent, observed ones The 
precision of this agreement in all three of the cases 
under consideration gives one a strong feeling of 
assurance that the counting rate of the 302 did not 
differ significantly at any time m the interval 92,000 
to 658,000 Ion (March 3, 11 10 u t, to March 6, 
16 00 tt t ) from its mean observed value of 1 090 ± 
0 003 counts per sec Several valuable conclusions 
follow from this analysis and are described m sub- 
sequent sections 

Paucity of Energetic Plasma in Interplanetary Space 
during March 3-6, 1959 

On the basis of Table 2 and the foregoing dis- 
cussion, it appears that, to high accuracy, the 
apparatus did not encounter any solar plasma con- 
taining particles sufficiently energetic to register 
efficiently on the 302 tube durmg some 76 hr of 
interplanetary flight 

Since the burden of evidence for the origin of the 
outer radiation zone of the Earth requires that plasma 
fly outwards from the Sun sporadically, it must be 
concluded that there happened to be a notable 
absence of such plasma durmg this period This 
finding is especially striking m view of the strong 
geophysical activity durmg the preceding week An 
alternative view is that the acceleration of the com- 
ponents of the plasma to sufficiently high energies 
to be registered efficiently by our equipment occurs 
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only in the geomagnetic field The 302 tube m the 
present arrangement had an efficiency of about unity 
for protons of energy greater than 30 MeV , an 
efficiency of the order of unity for electrons of several 
MoV energy , and an efficiency of the order of iO' 4 
to 10"* for electrons m the hundreds to tens of hoV 
energy range (by -way of their bromsstrahlung) 

Hence during the 70 hr m question the time 
integrated flux of the higher-energy electrons and 
protons could not have exceeded 100/cm * m an 
isolated burst during any one of the 006 observed 
4 rain intervals , could not have exceedod 1 000/cm * 
in an isolated burst during any one of the three un 
observed periods whioh had a duration of some 10 hr 
each, and could not have exceeded 2 x 10 5 /cm * if dis 
tributed (with quito unbelievable uniformity) ovor the 
70 hr period The corresponding figures for 00 keV 
electrons, for example, are 4 x 10* times as great 

Lack of Influence of the Moon 
Pioneer II ’s closest approach to the centre of the 
Moon was 00,149 km at about 23 00 xr t on March 4 
(Table 1) The telemetered signal was not boing 
received at that time (soe section on “Telemetry ’ 
and Table 1) But observations were obtained as 
close as 61,700 km and Table 2 and the nccom 
panying discussion make it exceedingly unlikely that 
any significant change of counting rate occurred at 
any place in the vicinity of the Moon The quanti 
tatrv o discussion of the preceding section is applicable 
here also The geometrical shadow of the Moon on 
the apparatus was, of course, negligible Hence this 
result suggests os an upper limit to tho Moon s 
magnotic moment a value comparable to that of the 
Earth This high an upper limit is, of course of 
little interest in the light of other probably more de- 
finitive, knowledge which fa\ ours a much smaller \ alue 
The Soviet cosmic rocket passed much oloeer to 
tlie Moon than did Pioneer IV, but unhappilv the 
radiation intensity was unreadable at that range 
None the less, tho determination of tho Moon 8 
magnetic moment by investigating its trapped cor 
pusetdar radiation on near approaches remains a 
technique of potential value It will doubtless bo 
wise to uso a dotector of tho lowest feasiblo energy 
threshold and of tho highest feasible sensitivity 

Re-deter ml nation of Interplanetary Cosmic-ray 
Intensity 

On tho basis of Table 3 and of our best present 
values of absoluto georaotne fnotor and officicncj of 
the 302 Geiger tubo, wo find for tho interplanetary 
valuo of tho omnidirectional cosmio raj intensity 
J, «. 1 8 ± 0 3/cm * sec during tho period March 
3-0 I960 

It mnj bo noted that this valuo is one-half of that 
measured 1 on December 0 and 7, 1058, with Pioneer 
III On tho basis of a recent re-stud} of Pioneer III 
data, Snyder 14 presents ovidonco that Pioneer III 
did not renah a sufficiently great distanco to bo 
entirolj free of tho influence of the geomagnetic field 
Tho Pioneer IV observations to very much greater 
distances (out to 103 Earth radii) oro not subject to 
this uncertainty Hence, vo have considerably 
grantor confidence m tho now value quoted abovo 
though it should bo understood that tho counter will 
record protons of energy as low as 30 MoV and 
electrons of energy as low as 2 2 MoV In any ov ont, 
tho measurement provides a solid uppor limit to the 
total primary cosmic mj intensity in tho general 


URE 

astronomical vioinity of the Earth during early 
March 1959 

Using balloon borne equipment of discriminating 
character McDonald 1 * finds primary unidirectional 
cosmic ray intensities (corrected to zero atmospheric 
depth) at geomagnetic latitude 55* on July 2, 1068, 
as follows 

(а) Proton* of enenrr grr*ter Uian 230 31^ 0-09^0 0-0070/ 

cm 1 tec. fltenuuan. 

(б) a Psrtlde* or energy greater than 15S jreVJDUdeon 
0*0140 ±0-0012. 

(e) Sam of (a) and (6) 0 1000 

An interesting comparison results from multiplying 
McDonald b Bum of 0 ll/cm 1 sec steradian by 4 r to 
obtam an estunato of the omnidirectional intensity of 
primary cosmic raj's remote from tho Earth The result 
is J a »■ 1 38/om * sec In so far as McDonald has 
been able to eliminate fast downward moving albedo 
his implied J , has the nature of a lower limit 

Vemov and Chudakov* report a value of 3 3 ± 
0 1/cm * sec on January 3, 1059 

Effective Extent of the Geomagnetic Field 
Our original interpretation of the Pioneer III 
observations 1 included tho conclusion that the goo 
magnotic fiold loses its ability to trap chaiged particles 
at about 10 Earth radii Snyder e discussion makes 
it appear that this was too small a value The 
Pioneer IV observations (Fig 4) mdicato that geo 
magnotio trapping is significant^ present out to ns 
for as 14 Earth radii at least on a specific occasion 
Tho loss of geomagnetic trapping efficiency is of 
course a loosely dofined concopt and there ftro 
doubtless marked fluctuations m tho radiation 
regions at the outor fringes of tho Earth s fiold 

Terrestrial Ring Current of Dolginov and Pushkov 
Measurement of the scalar magnotic field intensity 
with the magnetomotor in tho Soviot cosmic rocket 
on January 3 1959, provided results of very great 
interest 1 * in the present connexion Tho observed 
scalar field intensitj fell gradually and progressively 
farther below the curve representing tho extra 
polation of the surfaco fiold (using an cight-coofilcicnt 
iinrmonio expansion and assuming a curl free field 
outsido the solid Earth) in the radial distanco 
rango 14,000-21 000 km At 21,000 km , tho ex pen 
mental curvo was some 700 gammas beloa tho 
‘thooroticel curve (about 1 200 gammas) At greater 
radial distances tho experimental curvo rose toward 
tho theoretical ono and approximated to it beyond 
20,000 km Thcso results imply a westward flowing 
ring current having tho innxunum valuo of tho 
apparent current density at about 21 000 km radial 
distanco from tho centre of tho Earth By com 
parwon with Fig 4 of tho present article it is seen 
that tho most intense portion of tho ring current lies 
in tho inner sldo of our outor peak of radiation 
intensity and indeed in just tho region in winch the 
gradient of tho v olumo density of charged particle 
kinetic energy 1ms ita greatest value Tho under 
standing of tho detailed relationship between the 
Dolginov -Pushkov nng current and tho trapped 
radiation now becomes ono of tho most challenging 
and timely problems of geophysics 17 

It may bo speculated that the modification of tho 
geomagnotio fiold by the nng current at about 3 Earth 
radii influences tlio structure of tho radiation rone* 
and perhaps contributes to tho existence of tho dot 
between tho two rones 
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Although the difference in the radiocarbon ages 
of the cranial bones and mandible is less than might 
have been expected in view of their contrasting states 
of preservation, it should be borne m mind that 
whereas a bone that has been buried m the ground 
for a few centuries may have become porous and 
‘sub-fossil’ (with some absorbed fluorine), a bone of 
equal antiquity that has been preserved in an, for 
example on the floor of a dry cave, m a building or 
in a reliquary, may have retamed the composition 
of ‘recent’ bone 

Summary Radiocarbon dating has confirmed that 
the Piltdown skull (human) is Post-Pleistocene, 
probably less than 800 years old , and that the 
Piltdown mandible (orang-utan) is younger rather 


than older, although possibly several centuries old 
It is shown that these findings are not inconsistent 
with the skull being in ‘sub-fossd’ condition whereas 
the mandible (of very different origin) has the 
preservation of ‘recent’ bone 

1 Oakley, K P , and Hoskins, C It , Nature, 165, 379 (1950) 

* Oakley, K P , and Hoskins, C It , Nature, 165, 381 (1050) 

* Weiner, J 8 , Oakloy, K P , and Lo Gros Clark, W E , Bull Brit 

Mils ( Nat Hut ), Geol , 2, No 3, 130 (1953), reporting nitrogen 
determinations by Mrs A Foster in tho Brit Mub (Nat Hist ) 
Dept of Minerals, and fluorlno determinations bvitr C F M Fryd 
In tho Dept of the Government ChemlBt Fuller account in Bull 
Bnt Mus ( Nat Hut ), Geol , 2, No 0, 225 (1055) 

* See, for example, Slartln, It , “Obor Skeletkult und vorwnndto 

Vorstellungen”, Mil Ocogr Ethnogr Gesclt Zilrich 1920, Taf 

4, Fig 6 

* Everett, A H , Second Quarterly Report on the Bornean Cave 

Exploration, Rep Brit Asaoo , Sheffield, 144 (1879) 


DISORGANIZATION OF THE SECONDARY STRUCTURE IN 
PROTEINS EXPOSED TO IONIZING RADIATIONS 
IN THE SOLID STATE 

By Dr PETER ALEXANDER, L D G HAMILTON and Dr K A STACEY 

Chester Beatty Research Institute, institute of Cancer Research, London, S W3 


L ITTLE is known of the chemical and physical 
changes which occur when proteins are exposed 
to ionizing radiations under conditions where the 
effect is due to ionization within the protom molecules, 
that is, by ‘direct’ action Detailed physical chemical 
studies have only been made on protein irradiated in 
solution when the reaction is indirect and due to free 
radicals Most investigations of tho direct effect have 
been confined to following tho effect on their biological 
properties It has been known for nearly fifteen years 
(cf Lea 1 ) that the inactivation of dry enzymes by 
ionizing radiations is exponential with dose, which 
suggests that one event leads to loss of activity The 
amount of energy which has to be supplied before 
this single reaction occurs is normally between 
50 and 200 oY per molecule, depending on the 
enzyme Quantitatively this suggests that nearly 
every primary ionization must be effective m destroy- 
ing tho biological activity A primary ionization m an 
organic substance brings with it far-reaching chemical 
changes winch usually affect several groups, but 
it seems highly improbable that the inactivation of 
all enzymes can be attributed to the chemical 
modification of a few ammo-acid residues 

Biochemical studies 1 have shown that for many 
enzymes only a small part of the protein molecule is 
necessary, and that a large proportion of the ammo- 
acid residues can be modified without loss of activity 
Energy transfer processes which were recognized m 
organic macromolecules 3 cause preferential attack of 
some groups , but the effect is not sufficiently 
selective to provide a mechanism for the inactivation 
of all enzymes by a smgle random event 

In a detailed study of the changes produced by 
irradiating solid crystalline bovine serum albumin 
(Armour Laboratories) containing 4-G per cent of 
water with 2 MeV electrons, in the absence of oxygen 
v o have found that the first effect of irradiation is to 
disorganize a large part of the molecule This 
alteration m structure is not dependent on covalent 
chemical changes which follow ionization, but is the 


result of a breakdown of many secondary valency 
bonds brought about by a smgle event which occurs 
on average for every 45 eV deposited and can there- 
fore be associated with a primary ionization The 
occurrence of a process of this type was predicted by 
Platzman and Franck and provides a mechanism for 
the inactivation of heat-labile enzymes of all types 
by ionizing radiations 


Opening up the Molecule 
On irradiation the sedimentation behaviour of the 
bovine serum albumin m the ultracentnfuge changes' 1 , 
and the decrease m normally sedimenting material 
follows an exponential relationship (Fig 1), with a 
Do (dose required to change 63 per cent of all mole- 
cules) of 6 5 x 10* rads This corresponds to an 
energy of 45 eV per molecule, which has to be sup- 
plied to affect on average one molecule Change in 
sedimentation implies an alteration m molecular 
weight or in frictional resistance determined by tho 
internal structure of the molecule Light-scattering 
measurements show that with a dose sufficient to 
alter the sedimentation of 76 per cent of the mole- 
cules, the average molecular weight of bovine serum 
albumin rises only from 69,000 to 90,000 The ultra- 
centnfuge measurements therefore indicate that a 
single event winch occurs on average for every 45 eV 
of energy supplied changes the shape of the molecule 
I he assumption that the material sedimenting 
normally is native protein that has not been affected 
at all by radiation is confirmed by chromato- 
graphy 


Evidence that radiation ‘opens up’ the molecule is 
provided by changes m the chemical reactivity of the 
ituent ammo-acid residues Bovins serum 
a burmn contains seventeen disulphide groups per 
molecule, but at the isoelectric point none of these 
can be reduced to — SH groups 6 , or oxidized with 
peracetic acid to sulphomo acid groups 6 under stan- 
dard conditions These groups are sterically in- 
accessible, but at pH values away from the isoelectno 
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Fig 1 Effect of Irradiation of 2 3feV electrons on some physical 

a cities of borlne unun albumin 

n» aerum albumin thawing changed sediment 
atlon behaviour In the ultraceotrifose 6, fraction of borlne 
io nun albumin Insoluble In water c fraction of borlne terura 
albumin lmoloblo In J//J5 phosphate buffor(pH 7) 

point, or following donaturation, some becomo avail 
ablo for reaction Exposure to 4 M guanidine 
hydrochloride at the Isoelectric pomt makes available 
70 per cent of the total present and this is furthor 
increased at alhalme jdH \ aluos On tho other hand, 
a maximum of only 50 per cent are revealed by heat 
dematu ration* 

Irradiation of tho solid protein progressively in 
creates tho number of disulphide bonds available up 
to a maximum of 50 per cent (Fig 2) (at the highest 
doses so mo of these aro destroyed but witbm the 
dose rango studied this is negligible) From tho 
irradiated bovine serum albumin a fraction con bo 
separated which is no longer soluble in water, and 
dissolves only in salt solution In the water soluble 
fraction an increasing proportion of the disulphide 
bonds (up to 30 per cont) is revealed, and by 
applying a correction, on the basis of tho ultra 
centrifuge measurements, for tho presence or un 
changed native material, the number of available 
groups In the molecules affootod by radiation can be 
calculated (Fig 2) This first radiation ohango can 
be described as an opening up of tho moloculo which 
changes tho frictional properties but not tho mole 
oular weight, and reveals five disulphide bonds 
normally hidden Smco tills chango is associated 
with a einglo reaction whioh occurs when on avorago 
of 45 eV linvo boon loft, in the molecule it can 
probably bo ascribed to tho production of one 
primary ionization 

Changes following a Multi Hit Dose Relationship 
Another radiation effect, is to render the protoin 
insoluble in water whllo remaining soluble at high 
and low pH values and in salt solutions To avoid 
‘trapping’, tho insoluble fraotion is doterminod bj 
measuring tho protein which comes out of solution 
on dialysing out tho ilf/16 phosphate buffor (pH 7) in 
wliich tho irradiated protein is completely soluble 
Fig 1 shows that m tho production of Insolubility 
thoro is a pronounced threshold with dose and it fits 


accurately a 'two hit cun e This protein has a 
greatly increased hght scattering molecular weight 
with average values ranging up to 350 000, but is 
highly poly disperse These aggregates are not 
broken up, that is, the average molecular weight is 
unchanged, by solvents breaking hydrogen bonds or 
disulphido bonds and the cross links joining the 
molecules in the aggregates do not theroforo involve 
eithor of these bonds An interpretation consistent 
with all the facte is that a second ionization still 
further disorientates the eoaondary structure of tho 
molecule and tberoby changes its solubility behaviour 
enabling cross links to bo formed betwoen moloculos 
In this extensively modified protein following the 
second ionization approximately half tho disulphide 
bonds aro available 

Further irradiation does not repeal any more 
disulphide bonds, but it does rendor tho protein 
insoluble even In salt solution (curve C t Fig 1) This 
heavily irradiated material dissolves only m 4 M 
guamdmo hydroohlondo Probably extonsiv o chomt 
cal alterations now involving about 5 per cent of all 
the amino acid residues rando oxtensiv o mtermolocular 
hydrogen bonding possible 

Chemical Changes 

Chemical analysis of tho irradiated protom for nino 
ammo acids shows that tho disappearance of ammo 
acids (tho nature of tho products was not established) 
was linear with dose but that tho sensitivity of tho 
constituent amino -acids vanes Cystine and dicarb 
oxylio acids woro the moat sensitive tho aromatic 
and the bosio ammo aoids c«mo next in sensitivitv 
and prohno was tho least affected bv radiation of 
those studied However tho total range was less 
than a factor of three for example 10 s rads affected 
18 per cent of tho oystino, 13 5 por cont of tho 
histidine and 8 por cont of tho prolino Thus after a 
dose sufficient (that is, 45 oV /moloculo) to open up 
tho protoin only ono moloculo in fivo will have a 
single cystine residue changod, ono in six ono lustidtno 
reelduo, and only ono m two will have lost a carboxyl 
group 

Tho possibility that mam chain polypeptide bonds 
are broken was tested by looking for low molecular 



Fla *. Effect of radiation on the number of disulphide bond In 
bo vine serritn albumin which can be reduced at tbe Isoelectric 

—A— For watcr-^u^fl^^o^^hifloSTodlnc the molecule* 

that ham ndt been afTocteti by mlUtloa) — -O — fw **•<!*’ 
soluble fraction after correction for whanged protein 
bails of the nit race ntrifinre data, — •- f ? r J™ UaZi ,c * oloW * 
In wafer bat salable In salt solution 
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weight fragments which could he recovered by 
dialysis of solution of heavily irradiated protem m 
4 M guanidine hydrochloride To guard against the 
possibility that broken fragments do not become 
detached because they are linked to the mam mole- 
cule by disulphide bridges, the irradiated protem 
dissolved m guanidine hydrochloride was oxidized 
with peracetic acid, which breaks all disulphide bonds 
under these conditions As no dialysable fragment 
could be found even after a dose of 2 6 X 10 s rads 
it can be concluded that mam-cham breaks play no 
part in the disorganization of the secondary structure 

Other chemical changes due to irradiation are the 
formation of carbonyl groups 7 and of additional SH 
groups, as well as of a new ammo-acid which has 
the same chromatographic behaviour as a-amino-n- 
butyric acid 

The presence of oxygen during the irradiations did 
not alter the first stage of ‘opening up’ or the 
■destruction of ammo -acids However, the protem is 
rendered insoluble m water at lower doses and the 
greater radiation sensitivity of dry enzymes m 
oxygen 8 may be due to the increased tendency for 
aggregation, or the production of mam-cham breaks, 
which is facilitated by oxygen 

Mechanism of Enzyme Inactivation 

Although bovine serum albumin has been studied 
by us m greatest detail, irradiation of sohd trypsin, 
lysosyme and Y-globuhn produces a very similar 
sequence of events, and we beheve that the pattern 
outlmed above applies generally to globular proteins 
We interpret the changes which occur m a protem 
molecule by an ionization produced within it by an 
atomio particle as a two-stage process First, the 
mtroduction of a positive charge disrupts the 
secondary structure over a large part of the molecule 
and introduces a new configuration Secondly, the 
group m the molecule that has become ionized under- 
goes a chemical change The latter are not randomly 
distributed and energy transfer processes mcrease the 
probability of damage m certain ammo-acid residues 
But these effects are not very selective and there is 
no indication that one particular type of side-cham 
will be altered m every protem molecule that had 
suffered an ionization This precludes the possibility 
that loss of activity can be due to these chemical 
effects, and it seems much more plausible to relate 
inactivation to the initial disturbance of secondary 
structure as this is an immediate consequence of the 
ionization An explanation is provided whv ionizing 
radiations are much more effective (on a dose basis) 
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m mactivatmg enzyme 9 than ultra-violet light or the 
indirect action of ionizing radiation (that is, H and 
OH radicals) Both these processes attack the 
protem chemically and alter side-chains, but they 
cannot disorganize the secondary structure directly 

We suggested tentatively 10 that the sudden mtro- 
duction of a positive charge breaks down induced 
dipoles and that the resulting temporary openmg of 
hydrogen bonds allows the protem molecule to adopt 
a configuration having a lower free energy The 
difficulty is to provide a mechanism by which the 
electric disturbance spreads over a significant part of 
the protem molecule Platzman and Franck 11 were 
led from purely theoretical considerations to postulate 
that an ionization within a protem molecule changes 
the internal hydrogen bonding They have discussed 
the probable range of the electrical disturbance in 
considerable detail and conclude that some fifteen to 
twenty hydrogen bonds can be severed m this way 
Not enough is known of protem structure to predict 
whether the breakage of this number of hydrogen 
bonds is sufficient to produce the observed dis- 
organization 

We wish to thank Mr W H T Davidson, of the 
Research Laboratories of Tube Investments, Ltd , 
for carrying out the irradiations, and Dr D Rosen 
for the ultracentrifugation 
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ORIENTATION OF ANIMALS TO POLARIZED LIGHT 

By Dr. H. KALMUS 

Galton Laboratory, University College, London 


W ORK done or published during the past year 
concerning the orientation of animals — mainly 
arthropods — to the plane of polarization of light 
indicates the emergence of two different and, up to a 
point, contradictory approaches to these visual reac- 
tions What may be called the orthodox view 
gradually developed since von Frisch’s original dis- 


covery m 1948 of the ability of bees to orientate 
themselves with respect to the plane of polarization, 
has been ably summarized in a review article by 
Stockhammer 1 He considers the various types of 
arthropod eyes to be analysers and, m particular, 
thinks that the analysing faculty is not situated m the 
dioptno parts but depends upon special arrangements 
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of visual pigments in the reooptor cells which, like 
a polarizing screen, would comb mo the properties 
of analysis and absorption 

Quito different conclusions have boon drawn by 
Baylor and Smith (Apw)*, Bainbndge and Waterman 
(Myatdttim)*, Burdon-Jones and Charles ( Littorrna )*, 
as well as by Kalmus ( Acdcs , Drosophila, Thaumaio 
mjtta )*, who considered that the orientational 
behaviour of these various animals m the presence of 
polarized light might bo explained oithor by purely 
external mechanisms, for example, by brightness 
patterns resulting from unequal scattering or reflexion 
from environmental objects, or by similarly unequal 
refraction from some faces of tho dioptric apparatus, 
such oa the surface of tho eye Neither of these inter 
p rotations requires analysing arrangements in the 
receptors 

Tho hypothesis that tho rhabdomers of insect 
ommatidia aro absorbing analysers is supported by 
the electro physiological results and electron mioro 
scopical work quotod by Stockhammor 1 , it has been 
further strengthened by tho beautiful oleotron micro 
graphs of insect oyes by Femdndez M6ran‘, confirm 
mg that each rhabdomer ja built-up of numerous rod 
shapod or tubular units which are oriented in regular 
array with their long axes more or less at right angles 
to the long rhabdomer axis In an opposite pair of 
rhabdomers in any ommatidium the rods or tubules 
show a similar orientation, but m adjoining rbab 
domera their orientation differs The orientation of 
the rods in tho rhnbdoms of neighbouring ommatidia 
may follow a regional pattern At the level of tho 
basement membranes 7-0 singlo sheathed ner\ e 
fibres oxist in every oramatidium, indicating that 
separate signals might originate and bo transmitted 
from each rhabdomor 8omo of M6ran’s figures show 
indeed a striking similarity to the ‘star’ model of an 
ommatidium, which von Frisch proposod many 
years ago for its analysing properties and provided 
it can bo shown that tho dichroitic visual pigment is 
incorporated into tho rhabdomer pattern in n regular 
and orientated manner, a physical basis would seem 
to exist for the assumption that the rhabdomers of 
msoct eyes aro indeed analysers Thus equipped, tho 
eyee of a bee should be able to distinguish between 
various aroas In tho bluo sky whiah, during tho day 
time, aro fairly ohnmctoristio in their degree of 
polarization and direction of tho piano of polnriza 
tion, and which, nocording to von Frisch s expori 
moots, they learn to recognize and navigating 
hoes might use this information, rather os they uso 
tho position of the Sim when it is directly visible to 
them 

A transversal arrangement of rod -shaped structures 
Rooms to bo of wide occurrence in tho rhabdomers of 
arthropods, and a similar organization, found in the 
visual olomonts of tho squid Loltyo 1 may occur in 
tho molluscs But m tho rods and cones of verto- 
bmtes, tho orientation of the structures to which the 
•visual pigments aro presumably attached is quite 
difforont and unsuitable for the detection of tho piano 
of polarization of light impinging in the physiological 
direction 

Reactions to polarized light striking the round od 
surface of eomo types of bulgy eyes at a skew angle 
can be expected to produce spocifio orientational 
effects in tho absonco of retinal analysers Castle 
(quoted b\ Stockhommer 1 ) has shown that a priim 
tivo typo of such orientation occurs e\on In tho 
absence of oyes, for example in fungi the cylindrical 
sporangiopliorns of Phycomyces growing upwards 


m a oulture respond unequally to light of equal 
intensity but different planes of polarization If 
light from two such sources strikes a eporangtophoro 
from oppoeito directions it will bend showing that tho 
horizontally polarized light has a strong or effect than 
the vertically polarized light provided that tho 
former is not tho woakor in intensity by more than 
10-15 per cent In compound oyes, perception of 
polarization in obliquo rays of light is only possiblo 
if tho optical isolation of tho individual ommatidia 
is not absolute, and if eomo light initially deviating 
from tho ommatidial axis can produce visual effects 
Suoh a situation is admitted by Stockhammor 
(quoting Wntorman) to oxist m Ltmvlus, but denied 
by him for Drosophila, Cladoccra and Mystdimn 
It may novortlieloss occur in some commoner situa 
tions for oxomple, when insects fly undor largo 
areas of strongly polarized light from tho sky bordonng 
direotly on dark areas in their visual fiold 

Selective reflexion of polarized light by structures 
m tho environment of an animal provides another 
moons of orientation, by producing brightness 
patterns. Such patterns being objoctivo can bo nmdo 
visible to the human oyo In Baylor and Smith s* 
experiments, bees were released into a flat chamber 
covered with oloar glass and illuminated only by piano 
polarized light from abo\o Thoso bees which crossed 
tho box tended to run preferentially at right angles 
to tho piano of polarization when tho bottom of the 
chamber was covered with some dark and reflecting 
material wdioroas over a white paper they did not 
show any directional preference Under unpolanzcd 
light preferential directions of running wxjro observod 
over a directionally biasod dark reflecting surface 
Bees running undor a sourco of polarized light ovor 
tho dark bottom of the chamber showed onontation 
evon when tho light could not strike thoir oy T es directly, 
regardless of whother thoy wore running on tho dark 
surface or upside down on tho glass A periscope hko 
armngoinont showed that the intensity of tho light 
re floe tod at sighting angles of 10-30° from tho dark 
aurfaco undor polarized light vaned greatly in differ 
ent directions , and it is m fact easy to demonstrate 
that reflexion of polanzod light from such n surface 
at low angles is strongly directional 

Making uso of optomotor responses, I showed* 
that various dipterous (Atdcs Drosophila , Thaumnto 
myxa) and other msocts followed tho rotation of a 
‘Polaroid’ shoot under vortical illumination only 
when thoy were moving on or ovor dark reflecting 
material, but did not react, against a bright hack 
ground Tho oxistcnce of an objectivo brightness 
pattern m tho light reflected at low sighting angles 
was again demonstrated and movement of this 
pattern can explain tho optomotor responses 

Bainbridgo and Watorman* show^ed tliat oricnta 
lional responses to polanzod light of tho mnrmo 
crustacean Mysxdwm graoxlt, proviouslv reported by 
them occur only when tho water containing tho 
nnimals is mndo turbid by the addition of yxsast 
No significant results wore obtained in carefully 
purified sea water Tho orientational responses of 
Mysuktim under a vortical source of polarized light 
thus seem dependent upon tho discrimination hi 
these onistaccnne of differences of intensity in light 
scattered horizontally 

Burdon-Joncs and Charles* hnvo shown that 
photonegativo winkles of tho species TUtonna Uttor 
alu* move along tho piano of polarization of light 
from on overhead sourco when it strikes them direct I v 
from nbovo, even when tho nnimnli ore ollowed to 
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crawl on a small ball in. suob a way that no light is 
reflected from the substrate The snails, however, 
orientate themselves equally well when their eyes 
are shielded from direct hght and the only light 
they can see is reflected from the substrate Photo - 
positive individuals orient themselves at right angles 
to the plane of polarization Burdon- Jones and 
Charles beheve that in either situation the snails 
orient themselves with respect to a pattern of hght 
and shade, perhaps arising from the Fresnel laws of 
refraction of plane polarized hght, and that the 
animals do not possess any special powers of analysis 
whereby they could discern the polarized hght m 
another way 

Our knowledge of orientational behaviour in polar- 
ized hght is as yet too scanty and insufficiently 
integrated to permit of a general resolution of the 
apparent contradictions, and in fact it is not at all 
certain that similar mechanisms operate m all situa- 
tions where polarized hght has been shown to produce 
orientational effects Some suggestions might, 
however, be useful One might distinguish between 
phototactic responses of animals which are correlated 
with the plane of polarization of hght and the more 
complex perception and consequent utilization of 
polarization patterns m the blue sky as inferred for 
the bee by von Frisch Indirect directional effects 
of overhead sources of polarized hght striking certain 
structures in the natural or experimental environment 
or in the dioptric apparatus and resulting in objective 
brightness patterns might frequently provide a 
sufficient explanation for the orientational behaviour 
of animals whether they m fact possess retinal recep- 
tors with analysing properties or not On the othei 
hand, it is rather difficult to see how orientation with 
respeot to small areas of blue sky could occur without 


such receptors However, in many situations bright- 
ness gradients and polarization patterns in various 
parts of the blue sky are associated, and bees might 
m fact orient themselves to the former Furthermore, 
reflexion patterns caused by sunlight will often 
have their maximum brightness m the same azimuth 
as the Sun itself and the same applies to polarized 
hght from a small area of sky reflected in a substrate 
Thus the position of the Sun might be perceived by a 
bee directly or, when the Sun is invisible, its azimuth 
might be inferred from a brightness maximum m an 
area of the sky or a reflecting background The 
reactions of Littorma m the different conditions 
described above conform with such an explanation 
and might perhaps be taken to support this specula- 
tion 

Another aspect of the orientation to polarized 
hght might be mentioned finally, namely, its role in 
the life of the animals It is probably safe to assume 
that many of the observed reactions are merely 
experimental artefacts However, it is possible that, 
m other instances, orientation to sources of polarized 
hght — however it works — may be of great ecological 
importance Progress m this field will depend on the 
careful weighing of evidence from such diverse 
techniques as electron microscopy, electrophysiology, 
photometry and not least from observations of the 
animals concerned 

1 Stockhammor, K , Ergebniste tier Jiiofoflie, 21, 23 (1959) 

3 Baylor, E B. , and Smith, F E , "Bees and Polarized Light” (Lecture 

Notes from Woods Hole Oceanographic Institute, 1958) 

3 Bainbrldge, R , and Wntermnn, T H , J Exp Biol , 35, 487 (1958) 

* Burdon Jonos, G , and Charles, G H , XVth Intern Cong Zool , 

Scot XI, papor 10 (1959) 

* Kalmus, H , Nature, 182, 1520 (1958) 

* Femdndez Mdran, H , Exp Cell lies , Supp , 5, 5S0 (1958) 

’ Wald, G , Exp CeU Res , Supp , 6, 389 (195S) 


OBITUARIES 


Sir Ian Clunies-Ross, C M G 

Sib Ian Clttnees-Ross, chairman of the Common- 
wealth Scientific and Industrial Research Organiza- 
tion (Australia), died on June 20 m Melbourne, 
Victoria, in his sixty-first year He was bom at 
Bathurst, New South Wales, and educated at 
Newington College, Sydney He graduated as 
bachelor of veterinary science from the University of 
Sydney in 1921 and was awarded the degree of 
doctor of veterinary science of that University in 
1928 After graduation he was awarded a Walter 
and Eliza Hall Veterinary Research Fellowship and 
undertook postgraduate studies at the London School 
of Tiopical Medicine and at the Molteno Institute, 
University of Cambridge In 1928 he went to Japan 
for parasitological studies at the Institute of Infectious 
Diseasos at Tokyo Imperial University 

In 1925 Clurues-Ross was appointed lecturer in 
parasitology m the Umversitv of Sydney, and in the 
following year Councd for Scientific and Industrial 
Resoarch parasitologist When the C S I R McMaster 
Animal Health Laboratory was established in 1931 
through the munificence of Sir Frederick McMaster, 
Clunios-Ross was appointed os the first officer-in- 
cliarge Ho hold this position until 1937, when he was 
nppomtod Australian representative, and later chair- 
man, of tlio International Wool Secretariat in London 


Early m his career Clumes-Ross specialized in 
veterinary parasitology — a much-neglected subject 
in Australia at that time Ho saw clearly its great 
economic significance, especially to the sheep and 
wool industry, and applied himsolf to it so effectively 
that he quickly became one of the world’s leading 
scientists m that field Although most of his work 
dealt with helminthiasis of sheep, his interest ranged 
widely among parasitological problems of other 
domestic animals and of man He brought to all his 
work a broad outlook and a depth of scientific under- 
standing which inspired his colleagues and imme- 
diately won the confidence of the livestock industries 
Between 1923 and 1937 he published some sixty 
articles as sole author and a further fifteen as senior 
author , m addition, he was co author of a text book 
on the parasitio diseases of sheep 

Realizing at the outset that the clarification and 
definition of the multiple and diffuse probloms of 
ovine helmintluasis were essential if effective moans 
of therapy and prophylaxis were to be devised, ho 
mstigated widespread surveys of the mcidence and 
distribution of the major worm parasites of shoop, 
and of the associated climatic and other factors which 
determined their clinical significance Thus, for the 
first tune a sound basis was laid for studies on 
epidemiology , host-parasite relationships and selective 
anthelmintic treatment Ho and his colleagues fol- 
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lowed up -with groat vigour and enthusiasm the 
advantage this clearer understanding of the problem 
gavo them, and progress flowod from it rapidly 
Among Ins many outstanding contributions, 
Clunies Ross was the first to rocord tlie effect of 
copper sulpluvto on closure of the cesophAgeal groove 
m anoep This opened up a new approach to anthol 
nuntio treatment It was lie who, by well planned 
hold trials, removed the fears of graziers tliat more 
m tons i vo stocking of si loop on unproved pastures 
would result in heavy losses from parasitism. This 
led him to investigate the effocts of improved pastures 
on tho quantity and quality of wool production It 
was widoly held that the well being of tho Merino 
and the quality of its wool depended on oxtonsive, 
highly soloctno grazing, and that intensive grazing 
on tho narrow range of spooler m sown pastures 
would result in ooarse and inferior fleeces Clumec 
Ross clearly demonstrated that not only con Merino 
sheep tolerate intonsivo grazing but also that they 
respond to tho higher nutritional levels of sown 
pastures by producing much hoavier floocee with 
little change in fibre di&motor 

Clunies Ross was an inspiring research loader He 
hoc! tho capacity to eco problems clearly to ask tho 
crucial questions and to find ways of answering them 
effectively bv laboratory or field experimentation 
His interest m veterinary research, however, and his 
choice of problems was always greatly influenced by 
his genuine lovo of animals This is well exemplified 
b\ the work in tick paralysis of dogs, whioh was one 
of Ins moat original and successful investigations He 
was then living in a part of Sydney whore many 
hundreds of pot dogs died annually from tho disoaso 
Ho was bo movod by tlieir suffering and by tho dia 
trees of their owners that, m addition to all lus other 
work, he took it upon liimself to study this problem 
also Within tliroo years ho elucidated the epi 
donruology of tho disease traood its cause to a toxic 
factor m tho salivary gland of tho engorging fomalo 
tick ( Ixodes holocydus), and prepared on antitoxic 
serum of high curative value This was tvplcal of 
him , his interest was not in gaining now knowlodgo 
for its own sake but for tlio uso which could be rnado 
of it Having onco gained it, ho used to the full his 
groat gifts as a writer and public spoakor to explain its 
significance to all who could apply It with advantage 
Cl uni os Rosas aotho personal research hod to bo 
laid neldo when lio jolnod tho International Wool 
Secretariat Although he was appointod profoesor of 
■veterinary scionco in tho University of Sydney in 
10-10, lie had littlo opportunity for scientific work as 
ho was called upon to sor\ o during the war years as 
director of sciontiflo personnel m tno Commonwealth 
Directorate of Manpower and with the Department 
of War Organization of Industry as an advisor on 
tho pastoral industry Tho War interrupted lus 
scientific caroor, but it gave him opportunities to uso 
lus uniquo knowlodgo of Australian agriculture and 
lus outstanding powers as a speaker and publicist to 
cncourago ana assist the romnrkablo growth of 
science and education in Australia during tho years 
winch followed In 104ft ho joined tho Exocutivo 
Committee of tho Council for Scientific and Industrial 
Roeoorch and in 1040, wlion tho Counoil was 
reorganized as tho Commonwealth Scientific and 
Industrial Research Organization, Clunies Row bo 
caino its first chairman He continued to maintain 
lus close intorost in tho wool industry and played a 
largo part m procuring tho funds which enabled 
C8IRO to build up a major effort m sheop and 


wool research and wool textile research Throughout 
tlio pastoral industries his many frionda had con 
fidenco m lus judgment, and with thoir holp and with 
the backing of the Government ho had tho satis 
faction of Booing towards tho end of his life, a largo 
bodj of scientists working enthusiastically on many 
problems of great national importance Tho major 
contributions which C^IRO lias made to tho 
agricultural dovolopmont of Australia havo boon 
largely duo to his outstanding and inspiring leader 
ship 

Clunios Ross had monj interests outside his 
sciontiflo work Tho field of education was ono in 
winch he played a big part, and ho wns outspoken 
on tho need for retaining trroodth and liberalism m 
education He stressed repeatedly tho clangors 
inherent in the increasing specialization of modem 
soiontifio and teclinological camera Ho ployed a 
largo part in persuading tho Government to sot up 
the Murray Committee on Australian umvorsitios 
and made a major contribution to its outstanding 
report He was deputy oliancollor of tho University 
of Melbourne and a member of tho Council of tho 
Australian National University For many years ho 
was aotivo in the work of tho Australian Institute of 
International Affairs and was woll lenown as a public 
speaker on foreign affairs He was particularly 
interested in the relations botwoon Australia and its 
northern neighbours. As chairman of tho Inter 
national House of tho Univorsitv of Melbourne a 
liall of residence m which Australian and overseas 
students livo together, ho was instrumental m 
making tlio idea a reality 

Clunios Ross was mado CAI 0 m 1054, and in 
the same year lie wna Croat od a knight bocholor Ho 
was n foundation Follow of tho Australian A cad am v 
of Scion ce Ho wns awarded tho honorary degroos 
of doctor of lavra by tho University of Molboumo, 
and doctor of science by tlio Universities of Now' 
England and Adelaido He is survived by Lady 
Clunies Ross threo sons and ono daughter 

At the memorial service hold in Scots Church* 
Melbourne, shortly aftor lus death Prof J D 
McCongliov Master of Ormond Collogo Univorsitv 
of Molboumo mado a fitting tributo to his raomon 
Ho expressed in those simple terms tlio feelings of 
his manv friends and colloaguoe throughout A us 
trnlia and overseas “But in and through those 
aohiovoments, it is Ian Clunios Ross tho man whom 
wo remember with admiration, with respect and with 
affection to-day His capacity for work must have 
boon enormous to dio at sixty is young yot into 
thoso years was paokod an astonishing vnrioty and 
depth of interests Ho livod a heavily commit tod 
lifo , yot, I suppose, that many of us In tills Church 
think of him, with gratitude, as ono who had timo 
for friendship Ho accept od us with a smilo It mast 
havo been giv on to few who hav o liv od so fully vot 
to bo lovod bv so many 

F AV G AAiirrc 

D A Oilu 

Dr V Korenchcvsky 

Da A Korenoiievska who died suddenly on 
July 9, was bom in 1880 m Russia and graduated 
from tho "Imperial Military Medical Acadfim in St 
PotCTsburg in 190*1 Aftor military istvico In Alan 
chuna during tho Russo-Jajiane^o War ho worked 
in AIctclmikofTs department at tlio Pasteur Institute 
in Pans and in Tav lo\ ’s lalioratorv in St T eUT-rUnnv 
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In 1911 lie was appointed professor of experimental 
pathology in the Imperial Military Medical Academy 
and remained there until the Revolution His dis- 
agreement with the policy of the newly formed 
Soviet Government made it necessary for him to 
leave St Petersburg and he escaped to south Russia, 
where he served as a doctor with the White Army 
for about a year After the defeat of the White 
Army he made his way to England and m due 
course became naturalized 

During 1929—45 he was a member of the staff of 
the Lister Institute Afterwards he established the 
Oxford Gerontological Research Unit, with the 
support of funds provided by Lord Nuffield, and 
remamed there untd his retirement in 1952 

The bulk of Korenchevsky’s work between the 
Wars was pnmardy endocrinological and was con- 
cerned with studies of the effect of sex and thyroid 
hormones, separately and in combination, not only 
on the reproductive organs but also on the other 
organ systems of animals of different ages His work 
was characterized by a very close attention to detail, 
the use of first-class histological techniques and 
insistence on the need for healthy experimental 
material Korenchevsky regarded this work as a 
necessary preliminary to provide a rational basis for 
use of hormones m mitigating some of the degenera- 
tions which occur with ageing 

Dr Korenchevsky 11011 be especially remembered, 
however, for his pioneer achievements in stimulating 
interest m the field of gerontological studies His 
own concern noth the problems of ageing went back 
to the early years of the century when he visited 
Russian infirmaries for old people, and durmg his 
stay with Metchmkoff in Paris he worked on the 


NEWS an 

Chief Scientist to the Ministry of Power 

Dr C M Cawley, CBE 

Dr C M Cawley, CBE, has been appointed 
chief scientist to the Ministry of Power m succession 
to Sir Kelvin Spencer, who has retired from the 
public service Dr Cawley, who is fifty-two, has 
been at the headquarters of the Department of 
Scientific and Industrial Research for the past six 
years, where he has been responsible for adminis- 
tering general policy in relation to the work of the 
Department’s research stations, and to grants made 
by the Department to the universities and other 
bodies, for the promotion of research and the training 
of research workers Ho is a University of London 
graduate with first-class honours m chemistry and 
joined the Scientific Civil Service in 1929, serving on 
the staff of the Euel Research Station until 1953 
He will take up his new appointment at the Ministry 
of Power m tho early autumn 

Ministry of Supply Appointments 

Dr N J L Megson 
Dr N J L SIegson has been promoted to be 
deputy chief scientific officer and appointed director 
of materials, resoarch and development (air) at 
tho Ministry of Supply Headquarters Dr Megson 
studied chemistry at the University of Birmingham 
under Prof G T Morgan Ho obtained his B Sc 
m 1923 and Ins M Sc in 1925 He joined the Chemical 
Research Laboratory, Department of Scientific and 
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effects of gastro-mtestmal autointoxication He 
always remamed convinced of tho value of Metcli- 
mkoff’s theory, and he reaffirmed Ins belief m the 
importance of autointoxication as an ageing factor 
m several recent publications 

By the late 1930’s he felt that the change in tho 
climate of opinion, for which he had been waiting, 
had come and that vigorous efforts to emphasize tho 
need for gerontological research might at last be 
effective He therefore set out with tho intention of 
developing an International Association of Geronto- 
logists which would be responsible for investigations 
m all branches of the subject His efforts were just 
beginning to bear fruit vhon the outbreak of tho 
War in 1939 brought them to an end for the time 
being 

After the War, his retirement from full-time actn e 
laboratory work allowed him to extend his com- 
paigrung even more vigorously He was an outspoken 
advocate of the importance of gerontology, and in 
his missionary ardour he somotimes appeared in- 
tolerant of tho ideas of others But any mutation 
engendered by his interventions were always more 
than outweighed by their stimulant effect, and it 
was clear to everyone that he was nevor seeking any 
personal advancement but only the benefit to his 
chosen subject winch recognition might bring The 
results of his lifetime of strenuous effort will be 
found not so much in his large series of careful 
scientific publications as m the numerous national 
societies for the study of problems of ageing through- 
out Europe and the Americas, m the International 
Association of Gerontology and m the enhanced 
status which the subject has now acquired 

P L Krohn 


d VIEWS 

Industrial Research, in 1927, as head of tho Synthetic 
Resin Section and carried out fundamental and 
apphed work on various aspects of polymers, particu- 
larly m the phenolic resin field 

On the outbreak of war he was appointed to tho 
Ministry of Supply as advisor on plastics and later 
became assistant director in charge of the Advisory 
Service on Plastics, Rubber and Pamts, concerned 
with development and application of new and speoial 
materials for a variety of Service equipment In 
1949 he was awarded the degree of D Sc by the 
University of Birmingham for a thesis entitled 
Polymer Investigations” He became head of the 
Chemistry Department, Royal Aircraft Establish- 
ment, m 1951, responsible for research and develop 
ment of non-metallic materials associated with air- 
craft and airborne equipment Dr Megson is the 
author of fifty or sixty publications, including a 
book, “Phenolic Resin Chemistry”, and he lia3 
recently been awarded the Gold Medal of tho Plastics 
Institute He succeeds Dr H Sutton, whose direct 
contribution to and sponsorship of work on light 
metals for aircraft construction has brought him 
deservedly wide appreciation 

Dr B C- D cions, CBE 
Dr B G Dickies, who has been promoted to bo 
chief scientific officer and appointed as director 
general of atomic weapons in the Ministry of 
Supplj , brings to that post wide knowledge of 
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operational problems and experience of weapon 
development He obtained a first-class honours 
degree m phyBics w the University of London and 
entered the Civil Service m 1932 He served at the 
Royal Aircraft Estabhalimant until 1930 and was 
then transferred to Air Ministry Headquarters He 
was attached to tho Royal &r Force Station at 
Biggin Hill as the scientific officer associated with the 
now well known an* defence experiments which 
wore initiated by Sir Henry Tixard and his committeo 
When ho returned to tho Air Ministry lie was still 
closely concerned with air defence problems and in 
addition became joint secretary of a committeo 
under Sir Goorgo Thomson to odviso tho Government 
on the practicability of an atomic bomb Ho was 
for a time responsible for arranging the officially 
sponsored work in various universities In 1941, he 
was put in charge of tho nowly formed Operational 
Research Section Bomber Command, which anal} sed 
tho Command’s operations from all aspects and made 
contributions to the knowlodgo available to tho 
Command staff, which led to increased efficiency and 
improved operational mothods After the War at 
Air Ministry Headquarters he assisted in tho ostab 
lishraont of tho peace-time organisation of operational 
research in the Royal Air Force During 1948-1062 
he was director of technical personnel administration 
in tho Ministry of Supply where his mam work was 
the planning of recruitment of toohmcnl staff porticu 
larly in tho fields of guided weapons and atomic 
weapons He returned, to the Air Ministry as deputy 
to tho soientiflo adviser, whoso duties wore to advise 
the Air 8 toff on the influence of the now weapons 
on strategy and tactics and to direct operational 
research He was thon appointed director of guidod 
weapon research and development in the Mmistrj of 
8upply, whoro ho was responsible for much of the 
Ministry’s research and development work on guided 
weapons for all three Services In a reorganization 
in 1968 his work was concentrated on tho development 
of the British intermediate rango ballistic missile 

Mr P A Hufton 
Mr. P A Hutton has boon promoted to bocomo 
chief scientific offleor and appointed hood of tbo Aero 
dynamics Department at tho Royal Aircraft Eatab 
Iishmont in succession to Mr L F Nicholson, who is 
the new director general of scientific research (air). 
Ministry of Supply ilr Hufton graduated in 
engineering at tho University of Manchester m 1933 
and obtained his MJ3o degroo a year later Ho 
jolnod tho Aerodynamics Department of tho Royal 
Aircraft Establishment in Docombor 1034 and after 
working for a short period on low speed research 
transferred to tho Aerodynamic Research Flight 
where ho remained until March 1040 Before the 
War, ho workod port timo with C N H Lock at tho 
Notional Physical laboratory on pro poller thoory 
and experiments During tho War ho was responsible 
for take off and landing research, particularly for 
hoavfiv loaded aircraft, rookot assist od take-off, 
development and flight testing of high lift devices, 
and v\ork on earner landings for tho Royal Navy 
In tho spring of 1940 ho movod to tho Aeroplane and 
Armament Experimental Establishment at Boscombo 
Down as superintendent of performance Ho 
re turn od to tho Aerodynamics Department, Royal 
Aircraft Establishment, rambo rough, In Octobor 
1963, in chargo of tho Suporsonics Div ision and moved 
to tbo Roynl Aircraft Establishment nt Bedford as 
hood of tho Aerodynamics Division m September 


1967 A year later Mr Hufton becamo cluof super 
mtendent of the Royal Aircraft Establishment at 
Bedford in succession to Mr L H G Sterne 


Chemistry at the Royal College of Science and 
Technology, Glasgow 

Prof F S Spring, F R.S 
Pro? F 8 Spring, who is retiring from tho chair of 
chomistry in tho Rojal College of Scienco and 
Technology, Glasgow, graduated at tho University 
of Liverpool under Sir Ian Hedbron and received his 
first appointment in 1930 in the Umvorsit} of 
Manchester, whore he remained for eixtoon yearn 
After Sir Ian Hedbron movod from Liverpool to tho 
chan* of orgamo chemistry m Manchester ho and 
Spring worked in closo collaboration over a number 
of years and made notablo contributions to our 
knowlodgo of tho chomistry of tho sterols v itamm D 
and the tritorpones During this period Prof 
Spring b work was particular]} associated with tho 
structure of orgostorol and coloiferol, and with tho 
0 amyrin group of triterponos Prof Spring was 
olectod to tho Freeland chair of chomistr} at tho 
Ro}ol Tochmcal Collogo (now tho Roynl College of 
Soienco and Technology) in Glasgow in 1040 Hero 
ho has dovolopod a flourishing school of research m tho 
chemistry of tho tritorpones and of certain hotorooycho 
systoms Prof Spring was a Tddon Locturor of tho 
Chemical Socioty and was elected a Follow of tho 
Royal Society in 1962 

Prof P L Pauson 
Dr. Peter Ludwig Pauson who 1ms boon 
appointed to succeed Prof Spring graduated nt tho 
University of Glasgow with first-class honours m 
chemistry in 1040 and procoodod to Shofllold as 
holder of a Honry Ellison Research FoUowBhip Thoro 
ho worked undor R D Haworth on purpurogallin 
and was awardod tho dogroo of Ph D m 1940 hnv mg 
abroad} shown his v orsatihtv by giv mg good sorv ico 
as temporary assistant lecturer in inorganic chomistrv 
Ho spent tho next four years in tho United States 
first as assistant professor at Ditquosno Univorsit} 
Pittsburgh, thon ns Rosoarch Follow successively at 
tho University of Chicago and at Harvard It was 
thon that ho discovered tho novol sandwich com 
pound’, dioyclopontadienyl-iron, usually known as 
ferrocene Tho kitorcst aroused bv this substanco and 
its relatives was such tlrnt, Ices than four }oars lator 
Dr Pauson could publish a timolv review nrtiolo on 
work m this fiold, with oighty-oight references Ho 
returned m 1963 to tho University of Shoffiold, 
whoro lie now holds tho post of reader, vigorous!} 
pursuing tho investigation of thoso remarkable sub 
stances, both os quito exceptional cases of ractaiho 
co 'Ordination and as orgamo aromatic systems of a 
new typo 


Nuclear Physics at the University of the Wlcwatcrc- 
rand Prof J P F Sellschop 

Dr. J p F Sells chop has boon appointed to 
tho chair of nuclear physics at tho Univorsit y of tho 
Witwntorsrnnd as from July 1 Ho will continuo 
to bo dirootor of tbo University a Nuclear Plumes 
Rosoarch Unit to which position ho was nppointod 
in I960 l>rof Sol inchop who nt tho ago of 29 iK'com.w 
tho youngest profoenor in tho Unli-cndU in at piwnl 
in Britain carry mg out research nt tho Atomic Lmorgi 
Establishment nt Harwoil for six monlli* Ho « n 
member of tho Research Adv inory Committeo of tho 
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Atomic Energy Board and represented the Union at 
a sominar on atomic energy and its educational 
problems •which was held m Saclay, France, under 
the auspices of the International Atomic Energy 
Agency m July Prof Sellschop was also an official 
delegate to the second International Conference on 
the Peaceful Applications of Atomic Energy m Geneva 
last year Bom in Ludentz, South West Africa, 
Prof Sellschop received his early education at 
Christian Brothers’ College, Pretoria He then 
became a stiident at the University of Pretoria and 
received the B Sc degree there cum laude m 1950 
After working at the National Building Research 
Institute m Pretoria for two years he was awarded 
an H B Webb scholarship and enrolled in the 
Merensky Institute of Physics at the University of 
Stellenbosch and m 1952 received the degree of 
M Sc cum laude He then joined the Bernard Price 
Institute of Geophysical Research, later successfully 
reading for the PhD degree in the nuclear physics 
group of the Cavendish Laboratory, Cambridge, as 
holder of a postgraduate scholarship awarded by the 
Shell Company of South Africa Ltd m 1954 

Microbiology at Sheffield Prof S R Elsden 

Dr Sidney Reuben Elsden has been ap- 
pointed to the newly created chair of microbiology 
m the University of Sheffield, as from October 1 
Dr Elsden was educated at the Cambridge and 
County High School for Boys and the University 
of Cambridge He graduated BA in 1936 and 
obtained first-class honours m both parts of the 
Natural Sciences Tripos During 1937-38 he worked 
under Dr Marjory Stephenson m the Department of 
Biochemistry at Cambridge and was then appointed 
assistant lecturer, and later lecturer, m physiology 
m the Umvorsity of Edinburgh In 1943 Dr Elsden 
joined the scientific staff of the Agricultural Research 
Council’s Unit of Animal Physiology at Cambridge 
He went to Sheffield in 1948 as senior lecturer in 
microbiology in the Department of Bacteriology and 
m 1952, when the University created a separate 
Department of Microbiology, Dr Elsden was ap- 
pointed head of the new Department He has also 
been honorary director since 1952 of the Agricultural 
Research Council’s Unit of Microbiology, which is 
housed m his Department Dr Elsden’s Department 
has received generous support from the Rockefeller 
Foundation, and the Agricultural Research Council 
Unit has also received a grant from the Kellogg 
Foundation 

New Commonwealth Institute Building 

Plans for a new building for the Commonwealth 
Institute were made public on June 17 The new 
premises, which will Teplace the present accom- 
modation m the Collcutt building m South Kensing- 
ton, will bo erected on a 3£-acre site at the southern 
end of Holland Park, fronting Kensington High 
Street, at an estimated cost of £725,000 Work will 
start next spring and is scheduled for completion m 
1962, when the removal of the Institute from its 
present building will be necessitated by Government 
plans for the expansion of the Imperial College of 
Science and Technology The new Institute will 
consist of a mam exhibition block with a wing on 
the western side In the wing will be housed offices, 
a restaurant, a reception centre and dining space for 
visiting school parties A large reception room for 
the Commonwealth Students’ Club and for confer- 
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ences and social occasions, a reference library and 
reading-room, a cinema to seat between 450 and 600, 
and a gallery specially designed for temporary art 
and other exhibitions are also included m the plans 
The architects are Messrs Robert Matthew and 
Johnson-Marshall The Commonwealth Institute is 
the major centre m the United Kingdom for inform- 
ation about the Commonwealth nations and their 
Dependencies Founded as the Imperial Institute 
m 1887, it has occupied its present accommodation 
m the Collcutt building since 1893 The name was 
changed from ‘Imperial’ to ‘Commonwealth’ Institute 
by the Act of 1958 

The British Non-Ferrous Metals Research Associa- 
tion 

The opening of the latest addition to the labor- 
atories of the British Non-Ferrous Metals Research 
Association by Sir Alexander Fleck on May 13 is a 
further step m the progress of an Association which 
has grown m activity and reputation ever since it 
was first established some thirty years ago This 
reputation m the field of non-ferrous metallurgy is 
acknowledged not only in Britain but also abroad 
The restoration of the laboratories after serious war 
damage suffered serious delays, and with the increase 
m the Association’s work and the resulting congestion, 
the decision was taken m 1957 to complete the 
building plans which had been formulated some 
twenty years earher The block now opened adds 
some 12,500 sq ft of floor space, bringing the total 
to about 53,000 sq ft It contains new corrosion 
laboratories, a large new metal finishing shop, 
extensions to the phyBics laboratories and to tho 
foundry Together with these a now council chamber 
and badly needed offices for the senior staff add 
considerably to the administrative amenities 

The Metropolitan-Vickers Nuclear-Metals Labor- 
atory 

It was with the view of ascertaining the effects of 
irradiating metals that Metropohtan-Yickers Elec- 
trical Co Ltd decided to extend the existing facilities 
of the Research Department by building a Nuclear- 
Metals Laboratory The Laboratory is equipped for 
the examination and testing of irradiated components 
and materials ranging up to a complete fuel element 
having an activity of the order of 10 kc It is 
provided with two large concrete caves, and a train 
of five interconnected lead-walled cells is used to 
receive large irradiated objects Essentially the 
caves are constructed of barytes concrete blocks The 
air m the caves is arranged to be maintained at a 
slightly lower pressure than that in the open labora- 
tory, thus ensuring that no air -borne radioactive 
dust can escape Remote control manipulators 
enable the operations to be carried out inside the 
caves from outside the walls The new laboratory 
will primarily be engaged on work for the Associated 
Electrical Industries John Thompson Nuclear 
Energy Co , Ltd , and on work under contract for the 
U K Atomic Energy Authority The scopo of work 
will be concerned not only with investigations into 
the irradiation effects on constructional materials 
such as graphite and steel of various types, but also 
with establishing the behaviour of metals such as 
magnesium, zirconium, beryllmm, etc , and of thermal 
and electrical insulation materials A highly organ- 
ized health physics service is maintained to safeguard 

e operating staff against all the hazards mvolved 
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Sponsored Research In Great Britain 

Facilities for sponsored research in Great Britain 
were increased by the formation in 1957 of the 
Arthur D Little Research Institute which has 
laboratories at Invercsk, Midlothian The Institute 
is a non profit-making organisation registered m 
Great Britain as a company under the Friendly 
Societies Act, and although tho two concerns are 
separate, it operates in close association with a 
similar group in the United States, Arthur D Little, 
Inc , of Cambridge, Mass The Institute has now 
issued its first annual report from which readers may 
gam some idea of tho scope and objects of the now 
venture With Lord Bilsland as chairman of the 
Board of Directors, and with Dr F N Woodward 
os director of research, the Institute has been con 
corned with several projects, all of which are being 
treated with special reference to tho fundamental 
scientific background The results will normally be 
given open publication when the work is complete 
and interim accounts of tho various projects are given 
m this annual report These projects molude invest i 
gations of tho sodium derivatives of sucrose and of 
their condensation with a variety of organic halogen 
compounds, studies on tho mechanism of the forma 
tlon of isotaotio polymers, the development of rapid 
methods for assessing the effectiveness of potential 
corrosion inhibitors studios on the mechanism of 
inhibition of corrosion by electroohemica! methods, 
and investigations mto the modification of wood 
celluloeo by chomical methods In addition, the 
report rofors to loctures, publications and other 
scientific activities organized by tho staff of the 
Institute It will bo of great interest to all thoee 
who wish to know more about this now development 
m sponsored research and its placo in the go n oral 
organization of research in Great Britain 

Nuclear Studies In the United Kingdom 

The Science Department of tho British Council 
lias issued its third list (May 1069) ontitled “Nuclear 
Studios ' This is a conoise cataloguo of courses in 
pure and applied sciences concomod with tho uso 
and development of nuclear energy It is issued 
primarily as a gui do for tho overseas studont who 
wishes to undertake specialized formal training in 
tho United Kingdom Consequently it includes only 
full time ooiirsos, generally of ono week or more m 
duration, and is not concomod with research topics 
or with tho courses which may bo regard oil ns forming 
part of a normal first dogreo courso Although tho 
list hna appeared too Into for application to bo mode 
for many of tho courses during tho academic year 
1969-00, it serves to direct inquiries for courses in 
1900-01 Further Information can bo obtainod from 
tho Science Department of tho British Council, 06 
Davies St, London M 1 

Building Research In New Zealand 

In recent years, a number of flolds of investigation 
relating to tho building industry in Ncnv Zealand 
linvo boon pursued independently in various organ 
izutiona and laboratories in which tho main interests 
luivo been in quite different fields Tho Dominion 
(Chemical) Lnlwratcrry has invest i gated paints and 
local building materials , tho Now Zealand Forest 
Son Ico lias carried out work on timbers both 
indigenous and exotic, suitable for building , tho 
Pottery and Ceramics Research Association has in 
vestignted tho appropriate use of brick constructions 


for earthquake conditions , and tho Dominion 
Physical Laboratory hog dono bo mo valuable work on 
mothoda of domestic hosting, thormal insulation and 
related physical problems But there has been no 
co-ordination between these diverse efforts , nor any 
institution wholly devotod to problems of tho building 
industry 

TIub anomalous Btato of affairs is now to bo 
abolished with the establishment of a Building 
Research Bureau, which is being sponsored In a 
joint committoo of the Now Zealand Master Builders 
Federation and tho Now Zealand Institute of Archi 
toots Dr Lyndon Bastings lias boon appointed the 
first director It is mtondod initially to set up a 
library and an information service but as funds 
allow, it is hoped tliat laboratories and other practical 
facilities will follow in due course The address of 
the now Bureau is Construction House, G6 Murphy 
8troot, Wellington, N 1, Now Zealand 

Postgraduate Courses at the Imperial College of 
Science and Technology, London 
Advanced postgraduate study hna long botn a 
special feature of the work of tho Imperial College of 
8oionco and Technology , University of London As 
new types of technology omorgo — of wluoh nuclear 
power and bolI mechanics aro notable recent examples 
— they open up possibilities of study which must 
remain outaido tho scopo of any course for a first 
dogroo hut wluoh are properly withm tho fiold of 
university teaching Tho postgraduate course* at 
tho College hnvo boon greatly increased fn number in 
recent years to meot tho wide rango of tochnologirnl 
development Postgraduate courses provide the 
opportunity for students including many who have 
already spent a year or more in industry , to further 
tlioir knowlodgo in a particular Fpociahzod fiold and 
at the same timo to loam from oxperts t heir oxpononcc 
of tho application of this knowlodgo m industry 
Dotafls of tho courses aro sot out in an miprcssho 
handbook published by tho College (Postgraduate 
Courses, 1969-60 Pp xu + 111 London Imperial 
Collogo of Bcionoo and Technology, 1059) tho list 
should give considerable satiefactlon to all who aro 
concomod with Britain’s placo m tho world of tcch 
nology Many of thoso courses lmvo been acooptod 
by tho Department of Solontifio and Industrial 
Rcsoorch as suilahlo for tho tenure of advanced 
courso studontships Grants for the courses related 
to agricultural scionco are awurdod In tho Ministry 
of Agriculture Fisheries and Food Tho courses are 
assisted by industry in partioulnr a number of 
firms support tho work of tho adviRorv committees 
m conoroto technology and technical optics and 
provido bursnnos for tho rospoctivo courses 

Sandwich Course In Executive Development 
The Department of Commorco and Management of 
Sheffield Collogo of Technology is to ]jrovido n 
sandwich courso m exocntivo development com 
moncmg in November 1969 Tho purposo is to 
prov ido for tho young manager and potont ml manager 
a fully integrated plan of oxecutivo development, bv 
bringing togothor in ono soliomo both education for 
management within tho College and general and 
vocational managerial oxpenenco in In* working 
environment-. Full timo attendance at tho College 
will bo required for approximately fifteen weeks 
during each year of the course and will bo spread 
over a period of two academic v ears Onlv Mmicnts 
already engaged in Industrv and individually 
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sponsored by their employers ■wall be accepted mto 
the course Further information can be obtained 
from the Head of the Department of Commerce and 
Management, 1, Melbourne Avenue, Sheffield, 10 

Developmental Biology 

The first number has recently appeared of a new 
journal. Developmental Biology, published by the 
Academic Press, and produced by an editorial board 
consisting of Prof J Brachet, Prof E Hadom, 
Dr P Weiss with Prof M V Edds of the Department 
of Biology, Brown University, as managing editor 
(Developmental Biology, Yol 1, No 1 , April 1959 
Pp x + 124 Volume 1 (6 issues) 14 dollars New 
York and London Academic Press, Inc , 1959) 
The manuscripts m English should be sent to 
Developmental Biology, Department of Biology, 
Brown University, Providence, Rhode Island, USA 
those m French to J Brachet, Laboratory of Animal 
Morphology, University of Brussels, Brussels, Bel- 
gium, and those in German to E Hadom, University 
of Zurich, Switzerland Many of the classical divisions 
of biology no longer correspond to the way m which 
research is organized and thought develops m biology 
to-day The formation of this journal is an attempt 
to produce some degree of rationalization by bringing 
together studies of all aspects of development and 
growth This is well exemplified by the contents of 
the first number, which contains articles dealing with 
the chick embryo, with Drosophila larvae, with the 
ribonucleic acid involved m differentiation of a fern 
and with the function of SH groups m morphogenesis 
In the editorial to the first number the editors say 
that they are prepared to accept articles written 
from a wide variety of points of view, for example, 
analytical or descriptive, technical or theoretical, 
rising either a molecular approach and/or an orgams- 
mal appioach Micro-organisms, plants and animals 
are all equally regarded as relevant to the problems 
of developmental biology 

Native Life in Angola 

The Portuguese Companhia de Diamantes do 
Angola is noted for the interest it takes m archaeology 
and the native cultures of the region in which it 
operates Business firms are not usually directly 
concerned with interests of a cultural nature outside 
their own money -making projects, and this makes it 
all the more romarkable that the Angola Diamond 
Minmg Co has published already a large number of 
splendid' volumes, full of illustrations which deal 
with many aspects of the past and present history of 
the country A recent volume (Companhia de 
Diamantes de Angola (Diamang) Servicos Culturais 
Dundo-Lunda-Angola Museu do Dundo Pub- 
hcacoes Culturais No 37 Flagrantes da Vida na 
Lunda Introducao de Joe<5 Os6no de Oliveira 
Pp 192 (Lisboa Companhia de Diamantes de 
Angola 1958) ) is a superb publication of large 
format containing no less than 148 full-page illus- 
trations of the countryside and its inhabitants We 
can see basket-makers at work, fishing scenes, a 
moment m a divination ceremony, a Lunda cluef 
with his robes and ceremonial insignia, etc The 
first 44 pages are devoted to an introduction by 
Dr Jos<5 Os6no de Oliveira, there being Portuguese, 
French, and English versions An account of some of 
the cultural activities of the company is given and 
also of the country and its people On the last page 
the author writes “The honour attributed to the 
leaders of ‘Diamang’ m having anticipated m Africa 


that which the experts convoked by UNESCO 
counselled is nothing more than justice, for one 
cannot fail to look upon the company as the keystone 
of local native life” This is true, and furthermore, 
both archaeologists and anthiopologists all over tho 
world have reason to thank the Company for tho 
Dundo Museum and many other contributions to 
learning 

Summer Tanager 

Following a series of depressions and strong 
westerly winds, an unusual bud w r as observed on 
Bardsey Island on September 11, 1958 It -was some 
what smaller than a song thrush, olive green abovo 
and deep yellow below, -with a heavy blunt bill and 
peculiarly short legs Subsequent observations sug- 
gested that the bud was a summer tanager, Piranga 
imbra, which had not previously been recorded in 
any European list , the few red feathers on the head 
and the back suggested that the specimon was a 
young male Details of the observation and of tho 
highly successful work carried out at Bardsey Bird 
and Field Observatory during 1957 are described 
m the annual report of that Observatory for 1957, 
which can be obtained from W M Condry, Eglwys 
fach, Machynlleth, Montgomeryshire 

Chromosome Numbers in Solida go 

In further studies o.f tho genus Solidago, J R 
Beaudry and D L Cliabot (Ganad J Bot , 37, No 2 , 
1959) have observed the chromosome numbers in 
25 taxa of the genus In all, the chromosome numbers 
of 42 taxa have now been published The basic 
number of the genus is rune Thirty-three taxa are 
diploid (2n = 18), five are tetraploid (2n = 36), 
three are aggregate taxa containing both diploid 
and tetraploid cytodemes, and one is hexaploid 
(2n — 54) Polyploidy has thus contributed to the 
evolution of tho genus Solidago but it seoms that most 
of the species have differentiated gradually S 
decemflora DC of western North America differs 
from iS nemoralw Ait of the same continent by 
morphological characters, its geographical distribu- 
tion, and its chromosome number, the first taxon 
being tetraploid and the second diploid , the two are 
thus good species and not merely varieties of the same 
species S tngida is considered to be an aggregate, 
consisting of two entities which are distinguished not 
only by their morphology and geographical distribu- 
tion but also by their chromosome numbers , tho 
eastern one (S rigida L ) is tetraploid, w T heroas tho 
western one (S pannrigida Beaudry) is diploid The 
bog and marsh goldenrods, S Purshn and S ultginosa, 
also possess different chromosome numbers, tho first 
being diploid and the second tetraploid. 

Soli Fungi in the Belgian Congo 

J Meveb has given a comprehensive account of 
soil and litter fungi m the Belgian Congo (region of 
Yangambi) (Publications de l’Institut National pour 
l’Etude Agronomique du Congo Beige S6rio Soionti- 
fique, No /5 Moississures du Sol ot des Liti^res 
de la Region de Yangambi (Congo Beige)”, par J 
Meyer Pp 211+4 planches Bruxelles Institut 
National pour 1 Etude Agronomique du Congo 
Beige, 1959 190 Belgian francs) In this work, the 

author has recorded his taxonomic observations on 
the very considerable number of fungi observed or 
isolated, leaving the questions of sociology, syneco- 
logy, etc, to be dealt with later The generally 
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accepted classification of soil fungi into nativo or 
cosmopolitan species, and exotic fungi (soil invaders), 
is followed , but tho author notes that the exotic 
organisms require further sub division into two 
groups namely preforont species (e* pices preftrentes) 
implying having prooedonco or priority, and oxolusiio 
specios Tlio naturo of tho vegetation, and tlio fruits, 
loavoe and branch ee which fall from it to fonn tho 
litter, carrying down air bomo organisms by winch 
they liavo bocomo infected, influencee tho naturo of 
tho exotic fungal flora So also do rhizosphore rela 
tionships Hence the author considers that tho v/ccrk 
of tho sod my eulogist must necessarily suffer 1 unit a 
tions if it fails to tako into account tho nature of the 
vegetation and its litter that is to say, properly 
envisaged, the phenomenon to bo investigated is tliat 
of vogo tat i o n-1 ittor-so ll In this initial study, some 
251 spocios are listed doecribod and many of thorn 
illustrated Of those 101 como from the soil (13 
Phyoomycotes, 31 Ascomycetea, and 147 Doutcromy 
cotoe) and 00 "were observed directly on debris Tho 
HyphomycotAe havo been dossiflod according to 
Hughes's system (1053) 

Preaimbrian Geology of South western Australia 
The Procombnon goology of south western Aus 
tralia liaa rocontly been roviowod by A F Wilson 
(J Hoy Soa Western Australia 41 67 1958), who 

provides a now tectonic geological map of a quarter 
of a million equaro miles of this region on a scale of 
20 nnlos to tho inoh This is tho first attempt to 
integrate all known trends of granites, gnoisses and 
'greenstones’ and on tho map thoeo and ohamockitic 
rocks are distinguished for tho first time Tlio n ell 
known north north westerly trond of tho Goldfiold 
areas in found to oxtond in a general way tliroughout 
much of the region. Tho strike of tho granites con 
forms to tlio rogionul striko of the motaraorplnc 
rocks but magmatic ompJocomont is suggested 
locally Granitizntion contacts aro also common and 
filter press differentiation phonomcna are known. 
Goochomicol and petrographic features suggest thnt 
many gnoisses are similar in composition to groy 
wacko rocks, but that tho granites would need to lia\o 
boon subject to somo A motosomatiam to ha\e been 
produced from such a sourco Chomockitio rocks are 
found o\or a Tory largo area and soom to ha\o 
do\olopod in at lonst four different wavs and in two 
mam periods — ono early and tho othor loto Archaean 
It v ould appoar from rndionctn o ago dotorminations 
that tho bulk of south wostom Australia is of onrl\ 
Arolucan ago and that a lato Arabic an period of 
motamorphism has n floated ports of tho south and 
south-east, and also possibly tho wostom margin 
of tho shiold wldoh Is down fault od beneath tho Perth 
basin 

Perkin Centenary Trust Awards 
The Porkm Centenary Fellowship lias boon 
awardod to Mr Brian Whitoar, a research chemist 
in tho laboratories of Messrs Dford Ltd fllr Whitoar 
will work at tho Umvoreity of Soutliampton, undor 
tho supervision of Prof R C Cookson, on photo 
ohomical reactions of coloured substances Perkin 
Contonnry Scholnrsliipe liny o boon awarded to tho 
following Mr Ronald R Cox (tonablo at tho 
TJnivormty of Birmingham) , Mr B T Lawton 
(tonablo at tho Royal Technical Collego, Salford) ; 
and to Mr D J Pearson (tonablo at tho Bradford 
Institute of Technology) 


University News Hull 

The annual roport 1067-58, of the University of 
Hull notes tho establishment of tho grade of senior 
lectureship, to which eight lecturers have boon pro 
motod and also another large deficit on tlio halls of 
residence Residence foes liny o been assessed to 
provide a surplus, and if costs do not nso apprcciablv 
an overall doficit should be avoided during the noxt 
throo years The first stage of tho now library 
building is oxpected to bo completed in tho Bummer 
of 1959 and a provisional budding programme at an 
estimated capital cost of £049 000 has been appro \ ed 
by the Umversitv Grants Commit too for the years 
1900-03 including a now physics budding, a liall of 
rosidonco on tlio Uruv ermty site an arts and social 
scionco buddmg, and extensions to Ferens Hall 
The completed progrnmmo will cost noarlv £2 million 
and will provide places in Hull for about lialf tho 
2,000 students expected m tho Unt\orsit\ in tho 
00 8 Tlio Senate a report includes bnof notes on 
research work in progress an account of tho vork of 
the Department of Adult Education and a list of 
publications during the year arranged under depart 
manta 

Announcements 

H RH The Duke or EDomunan lias ac copied 
an invitation to bocomo tho first Honorarv FoIIotv 
of tho Illuminating Engineering Sociot\ 

Pnop J H Mathew son, of tlio Institution of 
Transportation and Traffic Engineering Uimormtv 
of California, will givo two locturca at tho Road 
Research Laboratory Langley Hall, Langley Slough 
Bucks , on ‘Experiments on Automobdo Collisions 
(Soptembor 0) and * A Simulator for Research on 
Driver Behaviour ' (September 10) Both lectures 
vdl commence at 3 30 pan Tickets can bo obtained 
(froe) on application to tho Director of Road Research 
Road Research Laboratory, Hnrmondsworth West 
Drayton Middlesex 

8m James Dentjy Rodeetb has boon appointed 
chairman of tho Tolnt Committee of tho Agricultural 
and Modi cal Research Councils and tho Development 
Commission on Biological (Non Medical) Problems of 
Nuclear PhyBics in succession to Lord Rotlischlld, 
who retired earlier this y car This Commit too was 
formed to sponsor and co ordinato research on tho 
ofiocts of radioactivo substances on plants and animals, 
and is responsible for tho supervision of monitoring 
fall-out m foodstuffs and othor biological materials 
Sir James is chairman of tho Scottish Society for 
Research in Plant Brooding and is particularly 
interested m fanning in tho Highlands 

It is announced tlint tho Commonwealth Scientific 
and Industrial Research Organization (Australia) has 
forraod a non' Division of Mineral Chemistry , replacing 
tho Minerals Utilization Section of tho Organization h 
C homical Research Laboratories Tho Division b re 
search under tlio leadership of Mr R G Thomas 
will bo concerned with tho chemical transformation of 
minerals into ft wide xorioty of useful products 

A colo un Ed wall-chart illustrating m section the 
Motro-Vickora Tyqxi DUO olectron micro^eojK) lias 
recently boon produced primarily for the use of 
tochmcal colleges and teaching institutions Supple** 
have been rosorvod for lecturer* and science teachers 
and requests for copios should lx> addressed t«» the 
Pubhoitv Department of Metropolitan Vickers > k* 
trtcol Co Ltd Manchester 
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INDUSTRIAL RESEARCH ASSOCIATIONS IN BRITAIN 


R ESEAHCH for Industry, 1958”, which reports 
on work done by the industrial research 
associations m the Government scheme, this year 
adopts a new pattern which has much to commend 
it It mcludes the report of the Industrial Grants 
Committee of the Council for Scientific and Industrial 
Research which comprises a review of grant policy 
during 1957—64 (see p 211 of this issue), and a review 
of the achievements during the past five years of the 
ten research associations to which new or revised terms 
of grant were recommended during the year Apart 
from brief notes on any outstanding features of the 
work of other research associations during the period, 
the bulk of the report comprises a list of existing 
associations, giving their officers, total mcome and 
publications during the year and a brief note on the 
scope of the present work of each association There 
is also an assessment by Dr D T A Townend of the 
place of the research associations in the evolution of 
scientific endeavour, and a report entitled “New 
Ideas, New Products, New Processes” on how co- 
operation research serves the textde industries In 
this report, which covers the work of several research 
associations, the point is made that one-fifth of an 
association’s resources is only adequate for funda- 
mental research if the total resources are big enough 
Of the research associations which received new 
or revised terms of grant dunng the year, stress is 
laid on the basic research into the composition of 
gelatin and glue, the structure of the gelatm molecule, 
the properties of solutions and gels and the con- 
version of collagen into gelatm bemg carried out by 
the British Gelatine and Glue Research Association , 
the economic value of the work of the British Hat 
and Allied Felt Makers’ Research Association , the 
achievements of the British Hydromechanics Research 
Association m the design and utilization of pumps 
and in high-pressure hydraulic machinery and m 
hydraulic model testing The Furniture Development 


Council has conducted a basic investigation into 
factors affecting the strength and rigidity of cabinet 
construction, developed test methods for fumituro 
lacquers and worked on a new, economical material — 
wood chipboard The Heating and Ventilating 
Research Council began its first major research 
project m 1956-57 — an investigation of problems 
arising from the intermittent heating of buildings, 
with the view of ascertaining possible fuel savings by 
choosing m advance equipment and programme of 
the daily heatmg cycle m relation to the thermal 
characteristics of the budding and installation The 
Lace Research Association has earned out much 
work on new types of yarn and on problems arising 
m dyeing and dressing synthetic fibre matenals, and 
is engaged m a basic study of the bobbm and carriage, 
which is the central feature of major types of lace 
machines 

Basic research carried out by the Bntish Flour- 
Millers’ Research Association mcludes a complete 
analysis of the ammo-acid composition of flour and 
of the changes which occur when it is made into 
bread The Research Association of British Rubber 
Manufacturers has extended its cover to plastics, 
notably polyvinyl chloride and polyethylene, and 
has been mvestigatmg the basic physical character- 
istics of rubber and plastics and the influence of 
service conditions such as temperature on these 
characteristics An outstanding piece of chemical 
research increased knowledge of how traces of certain 
metals, notably copper and manganese, can cause 
premature deterioration of important classes of rubber 
products, especially rubber-proofed fabrics The 
British Coke Research Association has developed 
instruments such as an isothermal bomb calorimeter 
for accurate determination of the calorific value of 
sohd and liquid fuels and an electromagnetic semi- 
microbalance for use m fundamental studies relating 
to carbon 


AGRICULTURAL RESEARCH IN BRITAIN 


A CORRESPONDENT, commenting m a Scottish 
farming paper on the Report of the Agricultural 
Research Council for 1957—58, complained that he 
could find no reference to research on grass tetany 
Because of its current seriousness, he felt that some 
of the four million pounds that the Council administers 
should be allocated directly towards research into 
this problem If he had read the report with deeper 
understanding he would have realized that such a 
criticism was not really justified For example, at 
the Rowett Research Institute there are m progress 
fundamental studies on the physiology of rumen 
digestion with particular reference to young grass 
which is high m potash and nitrogen The work is 
not labelled grass tetany or hypomagnesremia, but 
it is m fact just the sort of work that will lead to a 
better understanding of the metabolic diseases of 
livestock which are still very largely unsolved 
Agricultural research has long since passed from its 
old phase of an empirical approach to outstanding 
problems, and this is well illustrated by this report. 


for the mam emphasis is on fundamental studies 
necessary for a better understanding of the vital 
mechanisms of plants and animals 

Another illustration of tins approach is provided by 
the investigations, mamly at Rothamsted Experi- 
mental Station and at the University of Durham, 
into the biology of the potato root eelworm Studies 
have been made of diffusate from potato roots which 
stimulates hatching of the cysts, and investigations 
are proceeding at several centres into the chemistry 
of this material, with the view of obtaining a means 
of causing hatching m the absence of the host 
plant 

A feature of the report is the very considerable 
emphasis which is given to the several aspects of 
poultry research, which for a number of years was 
something of a Cinderella so far as the Council was 
concerned The industry, with an annual output of 
£200 millions, is second m importance m Britain to 
dairying, and it also is one of the most heavily sub- 
sidized It is very important that the industry 
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should be more officiant, find eepociolly ia this true m 
respoefc of disease control for wastage is a very heavy 
source of loss To day there are two poultry research 
institutes, one wholly and the other partly financed 
bv the Council, whilo there is a considerable amount 
of poultry research bomg supported at other centres 
One pleasing aspect of the brewing work is tho at ten 
tion that is being given to methods which will be 
within the compass of the small breeder, who is in 
imminent danger of being squeezed out by the large 
organizations producing hjbnd clucks 
Possibly the most notable advance from the point 
of view of the farmer relates to the control of husk in 
cattle, winch is caused by the lungworm Dtctyocavlu* 
t nvijmrus Tins work has been undertaken by the 
Uni vomit} of Glasgow Vote nn ary Sohool and was 
started m 1952 Tho successful outcome of this work 
is that double vaccination, using doses of larva? that 
have been partially inactivated by irradiation with 
X rays gives an effeotho field control of a disease 
which has been a serious sourco of loss to farmers The 
cost to the cattle industry has not been confined to 
deaths and loss of thrift but lias included also the 


cost of housing and hand feeding susceptible animals 
in order to avoid infection Now that farmers luu o 
an effective control of the disease, it will bo possible 
for them to put calves out to pasture and thereby 
considerably lower the cost of rearing X irradiation 
opens up enormous possibilities in tho control of 
other endo parasitic infections and further work is 
proceeding on tins side 

One final point about the Council s activities — 
though the greater part of its funds go to research 
institutes such ns Rotlmrrwtod Experimental Station 
and tho National Institute for Research in Dairvmg 
the universities are by no means noglocted Apart 
from a number of research units there wore nmoty four 
sopnrate projects at sixteen universities whioh wore 
receiving grants in March 1058 It scorns that fears 
expressed a few years ago that tho big institutes 
would monopolize research in agriculture and tho 
sciences basio to agriculture are groundless, for it is 
obviously the Council s policy to encourngo u orkers at 
tho universities who have, among their other duties 
the task of training research workers to staff tho 
institutes 


SELF-REGULATION IN LIVING SYSTEMS 


T HE first Ottawa symposium on solf regulation in 
living systems, hold in October 1958 (soo Nature, 
183, 730 | 1959), led t-o requests for a second mooting 
with particular emphasis on problems of stability in 
self regulating systems This meeting was hold at 
th© National Research Council laboratories in Ottawa 
on March 11 As on tho previous occasion a very 
wide range of professions was represented, and the 
attempt was made to increase our understanding of 
tho bolwviour of living systems by analogy with 
known physical and mathematical techniques and 
concepts 

The opening paper outlining tho nature of tlio 
problem, was by a physiologist, Dr A, 8 V B argon 
(McGill Univoraity, Montreal) Burgen emphasized 
that all physiological problems are multifactorial m 
oharaotor, and that in a real biological systom it is 
impossible to lsolato a singlo vanablo A real need 
ovists for more ndoquato mathematical techniques 
to deal with such probloms Howover, at present 
simplifying assumptions are ossontial in order to 
reduce probloms to managcablo form Thus wo may , 
for ovamplo, considor tho blood ciroulatory system 
as modo up of two pumps — namely, tho right and 
loft ventricles of tho heart — oonnoctod m son os with 
each other and until the blood vcssols of tho body 
The problom lioro is how tho outputs of tho two 
pumps are maintained oqual to one anothor It is 
found that o\or a wtdo mngo of input pressures tho 
output flow is proportional to this pressure, and in 
this way automatic regulation is achieved. It appears 
tliat blood pressure is controlled by sensors noting 
■via tho base of tho brain to cause dilation or con 
traction of capillaries in tho oiroulatory system In 
those coses, and, for oxamplo, in tho problom of 
maintenance of bod} tompomturo, the moch/misms 
In wliicli tho actual operating values are determined 
remain largely unknown at present It was also 
pomtod out that thoro are dofimto limo cycles within 
tho both for which at present no explanations have 
lxHm given Following Burgon’s paper thoro was 
considerable discussion as to whether tho dopondonco 


on temperature of the rate of chomicai processes 
might provide an adequate mechanism for tho mam 
tenanco of an internal temperature standard 

Dr A. 0 Smith (Computing Centro, Unn orsi(\ of 
Ottawa) presented somo analysis of the properties of 
ldoalizod control systems, using tho mothod of tho 
Laplace transformat ion. The analysis however, 
was bruited to strictly Iinoar systems, and jt was felt 
that tho non linear problom is in fact of gnat 
importance to physiologists and at bora Tho con 
elusion rooohod in tho analysis wns that optimum 
control conditions obtain whon tho control action 
depends upon both tho vnrinblo under control and 
its fcimo dorivativo This conclusion ngrood with 
the gonornl experimental obsorv ations of tho physio 
logists present In tho dismission tho infiuonco of 
time dolay or phaso of nogntivo food bock on tho 
stability of systoras was of primary interest Physio 
logical systems discussed in this connexion included 
probloms of neurological instability and tlio recent 
work, reported in tho literature, on tho relation 
botwoon stammering and dolayH in tho reception of 
aural signals Tlio galvanomotcr amplifier using a 
light beam and photocell to provido a high dogroo of 
nogntivo feedback offers a simple median! cal system 
showing so mo of tho important features If tho time 
delay in tho response of tho coll is appreciable the 
gnlvonomotor arnplifior system may build up 1 to a 
stato of oscillatory instability It should bo omplms 
izod that tho polarity of tho feedback is still nominally 
nogativo if tho feedback is connected up in tho 
opposito sonso (positivo foodback) thon tho gnhano 
motor amplifier becomes ont ireh unstable, and 
obviously so 1 

An outlmo of some modes of operation of digital 
computers by Dr Bradford Dunham (Research 
Laboratory , International Business Machines Rough 
koopslo Now York) oponod tho way for analogies to 
be drawn with living sv stems In firogmmmfmj a 
computer a specific problom must l>o given a prrdfci 
mathematical formulation and then translated tnt* 
mndiino language Under those romlfifon* 
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say that the machine will either perform activities 
lequirmg no ‘judgment’, or it may be adapted to 
include activities requiring ‘judgment’ provided that 
the programme contains some means for evaluating 
consequences We can then go further and consider 
problems which are rather inexact, or poorly defined, 
with the condition that the answer(s) to the problem 
(which may be very difficult to find) must be easy to 
check or recognize as correct when arrived at In 
order to do this, the machine changes its own pro- 
gramme in some successive manner and at the same 
time evaluates the effect of these changes It cer- 
tainly appears that this technique of ‘machine search’ 
can be regarded as a learning piocess (perhaps even 
more ?) m that the machine itself attempts to arrive 
at the correct way to tackle a problem 

Dr F L McNaughton (Montreal Neurological 
Institute) made some remarks on stability in relation 
to the human system, pointing out first that we are 
still far from an adequate understanding of how the 
brain works Experiments in which people were 
isolated from their environment result in hallucina- 
tions m the experimental subject and some distortion 
of perception when the period of isolation is ended , 
a clear interdependence of nervous system and 
environment is indicated When this adjustment of 
man to his environment breaks down he shows the 
symptoms of disease Broadly speaking, it appears 
that only damage or disease in the general receptor 
or motor areas of the bram produce immediately 
identifiable external symptoms Considerable parts 
of other areas of the bram may be removed or quite 
drastic surgery carried out, with what appear to be 
only transient after-effects m many cases In dis- 
cussion, the close analogy between the apparent 
organization of the human bram and the problem of 
‘machine search’, mentioned above, was pointed out 
It has been found that m machine ‘learning’ of this 
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type, the initial and final stages of the programme 
(which might perhaps he likened to receptor and 
motor areas) are critical in the solution of the problem, 
but otherwise many alternative programmes appear 
to be possible 

Dr G Glinski (Department of Electrical Engineer- 
ing, University of Ottawa) spoke on the general 
ptoblem of stability and adaptability of multi-loop 
feedback control systems Systems of this type are 
much closer to living systems than the simpler control 
systems discussed earlier since a number of variables 
are involved in controlling a single output In 
addition, there may be feedback to one or more 
inputs and it is also possible to take into consideration 
some interaction between input variables 

In the previous symposium. Dr A C Burton 
(University of Western Ontario) presented some 
demonstrations on the significance of visual per- 
ception The present symposium concluded with a 
short demonstiation by Dr Burton of interaction 
between visual inputs This followed an experiment 
first performed by Mach in which an interaction 
between neighbouring receptors m the eye leading to 
a sharpening of the contrast between light and dark 
regions is shown quite dramatically by the apparent 
presence of intensified dark and light bands m the 
penumbra region of a straight edge when projected 
on to a lantern scroen 

Following the meeting, a panel discussion took 
place on the Canadian Broadcasting Corporation 
syBtem under the chairmanship of Sir Robert Watson- 
Watt, m winch Drs Burgen, Dunham and MacDonald 
took part During this spontaneous discussion the 
Significance of ‘learning’ by machines was explored 
further. It is probable that a further symposium 
will be held — perhaps this time m Montreal 

DEC MacDonald 
Douglas L Martin 


THERMONUCLEAR PROCESSES 


A CONVENTION on “Thermonuclear Processes” 
was held m the Great Hall of the Institution of 
Civil Engineers on April 29-30 The convention was 
organized by the Institution of Electrical Engineers 
in conjunction with the British Nuclear Energy 
Conference A total of twenty-two papers were read, 
half of which were concerned exclusively with the 
engineering problems arising out of research into 
controlled thermonuclear reactions The remaining 
papers were largely re-statements of results given at 
the Geneva Conference on the Peaceful Uses of Atomic 
Energy last year, albeit presented in a form more 
suitable for a predominantly engineering audience 
However, some new results were given, particularly 
m the papers submitted by the United States and the 
USSR 

The mechanism of energy loss remains the out- 
standing question in connexion with the toroidal 
stabilized pinch or Zcta - type discharge At the 
Geneva Conference, Dr S A Colgate of the University 
of California claimed that the entire energy loss 
during the first 7-8 gsec of the discharge hfe-time 
m his small torus was due to runaway electrons with 
an energy of about 2 keV striking the walls Later, 
Drs Hughes and Kauftnann of Associated Electrical 
Industries, Ltd , Aldermaston, published results 
obtained with the Sceptre apparatus showing that 


impurity ions were drifting around the torus v ith the 
unexpectedly lugh velocity of 10" cm /sec The 
angular momentum of the deuterium plasma deduced 
from these measurements was in agreement with the 
notion of runaway electrons as the chief source of loss 
This happy unanimity was destroyed by the release 
of two further results during questions at the Conven- 
tion First, a search had been made on Zcta for the 
Doppler shift m impurity spectra indicating drift 
motion and none had been found Secondly, the 
group at Los Alamos under Dr J A Phillips working 
with Perhapsatron S 4 had some evidence to show 
that the whole of the energy loss from their torus was 
due to radiation m the vacuum ultra-violet region 
Clearly more work will have to he done before the 
problem is finally resolved 

Mr G B F Niblett of the Atomic Weapons 
Research Establishment, Aldermaston, described 
some new experiments on the rapid compression of 
plasma In this work a fast-rising axial magnetic 
field is created inside a linear discharge tube by means 
of a long single-turn copper coil coupled to a condenser 
bank The resulting ring discharge ionizes the gas 
and is rapidly collapsed by the rising magnetic 
pressure The heating principle is the same as that 
of the fast linear pinch first reported by Kurchatov at 
Harwell in 1956, but the changed geometry avoids 
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eloctrodo effects and is oxpoctod to bo bydromagnetic 
aliy more stable A ringing discharge) with a frequency 
of about 200 kc /a was produced in a 1| m bore 
tubo A rotating mirror photograph of tho discharge 
in nitrogen showed successive contractions of tho 
dischargo corresponding to tho oscillations of tho coil 
current In other measurements, the radial oscillation 
of the hollow cylindrical shell of plasma when con 
fined between two magnetic fiolds was observed 
It was suggested that those oscillations might bo used 
to heat the plasma 

A paper presented by Mr J* D Jokes of the Atomic 
Energy Research Establishment, Harwell, analysed 
a system for ox trading electrical energy directly 
from any fusion reactor which usos tho principle of 
magnetic confinement To extract the onorgy the 
plasma is taken through a compression cycle by 
varying tho confining magnefcio field During the 
compressod state, energy accumulates in the plasma 
duo to the burning of tho nuclear fuel When 
expanded the plasma temperature is low so that 
fusion reactions occur infrequently and tho plasma 
cools, losing energy by bromsstrahlung radiation. 
In this way, waste heat is removed from the plasma 
and a closed Carnot oyole can bo achieved Since 
the neutrons produced in the fusion reactions are 
unaffected by tho magnotio field, only the energy 
released m charged particles can bo extracted m this 
way Mr Jukoe conoludod that it should bo possible to 
withdraw about one third of the available energy from 
propoeod fusion devices directly as oloofcncal energy 

Dr C M von Atta of the University of California 
Radiation Laboratory presented a survey of tho very 
large American programme in this field which costs 
40 million dollars a year and employs throe hundred 
professional staff A now experiment demonstrating 
the propagation of torsional Alfvdn waves through 
plasma was described To produce tho plasma a linear 
disci largo carrying a current of 20 k amp m an axial 
magnotio field of 10 kilognuss is used. The waves 
are generated by applying an alternating radial 
eloct no field botwoon ono of tho eleotrodoe and tho 
conducting wall of tho tubo Tho measured velooity 
of propagation increases linearly with tho axial 
magnetic flold strength and is in close agreement with 
thoory if tho ion density is assumed to correspond 
to all the gas initially in tho tube being ionized 
This work is being dono by Dr J Wilcox at the 
Radiation Laboratory, Berkeley Among other 
experiments reported in tins popor wore hydrodynamic 
stability studios by Dr S A Colgate us mg high cur 
rent pulses through soduun, and similar studios bv 
Dr H P Furth using plasma and a vnrloty of 
magnetic Hold configurations 

An important consideration in tho magnetic mirror 
method of confinomont is tho accuracy of the assump 
tlon that tho magnotio momont of a spiralling charged 
particlo is a constant Tho principle of mirror 
confinomont is based on tins ndiabatio invariance, 
and sinco a confmod particlo may undorgo many 
millions of rofloxions from the mirrors during its 
containment, tho accuracy required is of a high order 
In experiments by Dr L Lauor of Berkeley, post 
trons with onorgies of the order 1 MoY resulting 
from tho p decay of radioaobvo noon were shown 
to bo contained between magnotio mirrors for 10' 
refioxions Tho distance botwoon tho mirrors was 
1 m and tho Lnrmor radius of tho electrons 0 cm 

Dr I N Golovin of tho Institute of Atomic 
Energy , Moscow ga\ e an account of research into 
magnolia mirror systems in tho Soviet Union He 


described nn experiment on the adiabatic in variance 
of the magnetic moment similar in principle to tlrnt 
reported by Dr von Atta In this case electrons 
from the radioaotno decay of tritium were used and 
confinement for up to 10 T reflexions had boon demon 
etrated Work had also boon dono to find tho effect 
of azimuthal asymmetries in tho magnetic Hold on 
the number of reflexions It was found that until 
the azimuthal variations m the magnetic fiold strength 
exceeded about 10 per cent there was no effect on 
this oontammont The remomdor of Dr Golovin a 
paper was dovoted to a discussion of the work on 
Ogra, the largo Russian mirror machine no stated 
that Ogra was built to study plasma instabilities 
and was designed to produce a hot plasma with a 
donsity of 10 11 lons/cm * if no instabilities wore 
encountered The prmciplo of mjoction m this 
maohino is that of dissociation of tho input bonm of 
200 keV moleoular ions through collisions with the 
residual neutral gas m the % olamo By balancing the 
favourable process of dissociation against tho unfav 
ourable on© of charge exchange, it can be shown that 
a dense plasma will onlv bo formed if tho input beam 
current exceods a certain \ alue, the so-called burn out 
current Tho burn-out current for Ogra was cal 
culated assuming that tho background neutral gas 
donsitj was determined by tho ionization of noutral 
gas by fast ions and by the release of neutral gas from 
tho walls through the Impact of fast pnrtiolcs A 
figure of the order 200 m amp was obtainod for tho 
formation of a h>drogon plasma Anothor assump 
tion m the calculation was that tho path length of an 
injected molocular ion mo\ ing in tho magnotio fiold 
and failing to make a collision should ho not loss 
than 10* cm before it returns to tho injector This 
length depends critically on tho magnetic field con 
figuration and the ion gun alignment, and ono of tho 
first tasks with tho mcchino will bo to optimizo there 
A very low initial pressure Is also required and to dato 
the lowest vnluo achiovod lias boon ~ 3 x 10 * mm 
morcury In view of tho sizo of tho vacuum chamber, 
15m boro and 20 m long, this represents a con 
Bidorablo toohnical noluovornont Tho present ion 
souroo gives 160 in.amp of molocular ions at 100 
keY Up to the moment only a 30 m amp boarn of 
ions has boon injected into tho machine and tho bum 
out condition has not been achiovod Impressive 
photographs wore shown of the beam spiralling m tho 
magnotio field 

During question tlmo Dr K. W Allen of the Atomio 
Weapons Research Establishment, A1 derm as ton, 
raised tho subjoct of tho order of roagnitudo differ 
once in tho rolovant charge exchange cross soctions 
as measured by Fedorenko in tho UR SJt and by 
Bamott in tho Umtod Statoe RopUIng, both Dr 
van Atta and Dr Golovin deolarcd their faith in tho 
measurements carried out m thoir respootu o countries, 
hut Dr an Atta hopod that tho work would soon bo 
repeated m a third and preferably neutral Country 
Other points rolsod during discussion periods con 
comod tho importance of the spectral region 10 A - 
400 A. for plasma measurements, tho power lost by 
synchrotron radiation from tho electrons in a mag 
notically confined plasma and tho need for more work 
on surface bombardment offects 

Finally, Sir Goorgo Thomson called for more 
refined oxponmente, with purer plasma and more 
homogeneous mngnotlc field'! Ho concluded b\ 
doclanng his faith in tho ultimate solution of tho 
problom of obtaining economic power from fusion 
reactions R Brcarttrov 
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BRITISH NON-FERROUS METALS RESEARCH ASSOCIATION 

NEW RESEARCH LABORATORIES 


O N May 13 Sir Alexander Fleck, chairman of 
Imperial Chemical Industries, Ltd , opened a 
new laboratory block for the British Non-Ferrous 
Metals Research Association at Euston Street m 
London The laboratories have gradually been 
extending on this site smce 1930 and now contain 
about 63,000 sq ft of floor space and house a staff 
of about 180 They serve the needs for co-operative 
research of practically all branches of the non-ferrous 
metals industry, and the 40-50 research projects m 
progress cover the production, properties and uses 
of the commoner non-ferrous metals, certain aspects 
of the metallurgy of the metals concerned with 
nuclear energy, and metal finishing 

The new laboratory was made possible by the 
generous response to a building fund on the part of 
the Association’s membership of more than 600 firms 
and of the Department of Scientific and Industrial 
Research, which has treated contributions as grant 
earning The mam features of the new block are a 
much-enlarged foundry, new corrosion and physics 
laboratories and a new electroplating shop Alter- 
ations to existing buildings have enabled a new creep 
testing laboratory to be built which will allow the 
capacity to be doubled to more than 100 units, the 
rehousing of many different types of fatigue testing 
machines m one room, and the provision of more 
space for the General Metallurgy Section This, 
among other things, gives the Section more room for 
vacuum apparatus for the determination of gases in 
metals 

In the foundry, moulds are now made m one well- 
equipped bay and poured in an adjacent meltmg and 
casting shop The melting equipment consists of five 
gas-fired lift-out crucible furnaces, a gas-fired bale- 
out furnace for research into die-casting problems, a 
600-lb low-frequency induction furnace for studying 
the performance of refractory linings, and also an 
electric resistance furnace and a high-frequency 
furnace each capable of meltmg charges of up to 
20 lb of copper or nickel alloys m vacuum or special 
atmospheres 

From the mception of the laboratories the value 
of physical methods of analysis has been realized and 
tlio Association’s work m developing spectrographie 
analysis of metals to its present state of efficiency is 
well known Recently, the X-ray fluorescence method 
of analysis has aroused considerable interest and it 
appears extremely promising for analysing the major 
constituents m alloys and for the analysis of ores 
and slags Its potentialities are being studied, using 
a spectrometer designed by the Physics Section and 
built m the Association’s workshops In the Chemistry 
Section emphasis is on the physico-chemical methods 
of analysis, including polarography, spectrophoto- 
metry and the use of the flame spectrophotometer 
The Physics Section has two X-ray diffraction sets 
and a variety of special-purpose cameras for crystal 
orientation studies, the identification of phases in 
compounds and other tasks An electron diffraction 
camera is available for studying oxide and other thin 
films on metal surfaces 

Instrumentation for automatic inspection and 
process control is becoming increasingly important in 


the metal industry, and several studies are being 
made of problems m this field They mclude the use 
of eddy currents for rapid inspection of tubes and 
rods for flaws, an investigation into emissivity 
variations of hot metal surfaces which affect the 
performance of radiation pyrometers, and the 
development of a novel thermo-electric gauge for 
measuring, non-destructively, the thickness of electro- 
deposits 

Research on electroplating and allied metal- 
fimshmg processes is now housed in a large new 
laboratory equipped both for fundamental work and 
for plating on a semi-industrial scale m pilot plating 
lines Equipment is available for measuring the 
stresses during platmg, for measuring cathode 
potentials and throwing power, and for assessmg the 
ductility and adhesion of coatmgs Exposure tests 
on plated specimens are carried out on the roof of 
the laboratories, but much work has boon done on 
accelerated corrosion tests, including one m which 
the parts are exposed to a humid atmosphere con- 
taining traces of sulphur dioxide wluch simulates in 
a few hours the effects of oxposmg the parts to a 
city atmosphere for several months 

Many modem plating solutions contain organic 
additions which affect the smoothness, brightness 
and mechanical properties of tho coatmgs in a 
beneficial way Exactly how those organic agents do 
this is not laiown, and typical addition agents pre- 
pared with tracers, such as carbon- 14 and sulphur-36, 
are being used to study the mechanism of tho 
process 

In the Corrosion Section one laboratory is em- 
ployed solely for sea-water corrosion studies, the 
current work being concerned mainly "with the attack 
on heat-exchanger tubes handling heavily polluted 
estuarine waters in power stations, oil refineries and 
m ships Some of these tests are at controlled 
potentials to simulate tho effects of applied cathodic 
protection The influence of marine atmospheres 
is assessed by exposure at a site on Hayling Island 
and the laboratory roof site is used mainly for 
inland tests Stress corrosion tests are carried out 
at both these sites and there is also a special high- 
humidity room for this purpose m the corrosion 
laboratory 

One of the mam uses of non-ferrous metals is the 
handling of supply waters, and the effect of water 
composition on the resistance to corrosion of various 
metals is being studied at field stations and also in 
the laboratories using synthesized waters 

The General Metallurgy Section, besides carrying 
out the usual metallographic work, heat treatment 
and constitutional studies, contains a metal-working 
shop with a 12-rn rolling mill, a 500-ton press for 
extrusion and forging, a small forgmg hammer and a 
drawbench This section of the laboratones is also 
working on the development of titanium, zirconium 
and thorium alloyB and has argon aic meltmg 
equipment appropriate for this type of work Special 
apparatus which uses an atmosphere of argon 
for carrying out long-term creep tests on these 
reactive metals is housed m the new creep 
laboratory 
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HIGHER EDUCATION 

I N 1064, a delegation, headed by Dr (now Sir) 

Erio Ashby, was appointed to assist in planning 
the development of Make re ro College, Uganda In 
addition to indicating tho general scopo of the 
development which it thought appropriate, tho 
delegation also made reference to the broad problem 
of developing higher education in East Africa ns a 
whole As a result, a .vorkmg party, under tho chair 
manship of Sir Alexander Carr Saunders, visited 
East Africa In July 1066, to review in greater detail 
the requirements of higher education Its findings 
wore published in a Whito Paper 1 , m which the 
Governments of Kenya, Tanganyika, Uganda and 
Zanzibar fully accepted tho desirability of furthor 
university collego development, within the scope of 
a single Umv eraity of East Africa 

A second working party, undor tho leadership of 
Dr J F Lockwood, visited East Africa in July 
1968 to oxamino proposals for the creation of new 
institutions of Uglier education in particular within 
the framework of a University of East Africa 

Its report*, recently published contains four 
main recommendations^ whioh are being considered 
by the East African Governments (1) By ro*<rrgnn 
ization and oxtension, the Royal Technical College 
of East Africa, in Nairobi, should, without delay, 
becomo a university coll ego of a non typo m which 
academic and professional courses of equal standing 
would linvo their plaoo with Faculties of So i once 
Arts Engineering and Special Professional Studies 
(2) That plans should bo formed for the establish 
mont of an inter territorial university college in 
Tanganyika at Morogoro, to bo oponed in 1906-00, 
or as soon thereafter as possible (3) Tliat a uiuver 
Blty of East Africa should bo created by 1900 and that 
tho university oollogcs thon oxisting and any which 
may bo foundod thereafter, should bo associated as 
constituent collogoe of tho unrversitv (4) Sinco 
the carrying out of these recommendations will 
guarantee adequate provision for higher technological 
and professional training for some years ahead, no 
additional institutions offering facilities for those 
kinds of training should at present bo contemplated 


IN EAST AFRICA 

If theso recommendations are accoptod tho new 
University of East Africa would have ns its const] tu 
ent colleges, JIakerere College tho Royal College of 
East Africa (the reorganized Royal Technical Collogo) 
and tho now university coll ego in Tanganyika 
The report adds : The inter racial character of tho 
colleges we tako for granted as an indispensable 
element in their fully liberal nature and outlook. 
That the} should also bo wholly inter territorial wrr 
likely for manj vears to be a vital necessity in torms 
both of acadenuo ncod and of finance 

It is suggested that since tho college m Nairobi 
would begin its career as a university collogo under 
the samo systom which now applies to Makorero 
College, students of the reconstructed collogo would 
work for degrees of tho Uni\ ersity of London, undor 
a sohemo of special relationship Tho University of 
East Africa, following its foundation, would grant 
its own degrees, for which students of all tho colleges 
would road Sinco tho university college in Tonga n 
yika would probably not begin its teaching until 
after 1006, students of this collogo would at tho 
outset, read for degrees of tho nowlv established 
university 

Though realizing tlint its proposals are modest 
the working party stresses that tho cost, in terras both 
of capital and rociirront expenditure will bo lugh and 
points out that the sovoml Governments will bo 
unlikely to bo ablo to moot capital expenditure from 
their own joint resources ‘Tho compulsion of their 
present circumstances wdl thus forco thorn to lean 
heavily on expectations of gonorous grants from 
Colonial DoveJopmont and Welfare funds ’ 

Tho report concludes with tho hope tlint financial 
holp will bo forthcoming, for tho individual colleges 
from non-official sources and pays tnbuto to gonorous 
ifls, whioh tho Gandhi Memorial Acadcmv Society 
as roado to tho Ro>al Toohmoal College 

C Mouttofr 

1 Hlplicr Education In Emt Uriel Pp 123 (Entebbe IW) 

1 Beporl of the Working r*rt> on Hlcher Lducntlon In But Afrtm 
Jnly AticiMt 10S3 Pp U4-4S- (Nairobi Oorornmcnt Prioter 
1030 ) Bh. 3 


GLOEOSPORIUM IN APPLE STEM WOUNDS 


T WO contributions on Glocosporium m apple 
stem wounds have recently appoared ( J Horl 
Sci , 32, No 2 I960) R O Sharpies has reported on 
an investigation of tho response of apple stems to 
wound infections bv tho fungus Gloeosportum peren 
nans In anatomical studies relating to tho establish 
mont of infections on applo branches lie has shown 
that tho dofonsivo mechanism of the host includes tho 
production of subenzed barriers by bark phollogona 
and tho blocking of xylom vessels by gum deposition 
Tli esc responses follow wounding, wbethor or not tho 
wounds are inoculatod with G perennans , but tho 
prcsenco of tho fungus dolays tho response Accord 
Ingly tho sizo and form of lesion induced by mocula 
t ion are largoly determined bj tho offoct of tho fungus 
m postponing tho normal wound healing process 


This offect, and consequently penetration by tho 
pathogen is greatest during tho period of host 
dormancy Invasion occurs most rapid!} through 
tho siovo tubes and tho vessels and fibres of tho 
outer xylom , tho longitudinal intercellular spread of 
hypliro through tho cortex in slower 

Intracellular infoction of tho pith and raoduiinrv 
rav colls occurs in pruning wound infections When 
tho progress of tho infection is arrested, tho phellogcn 
and cambium laj down barriers of callus tissuo 
consisting of parenchymatous outer colls surrounding 
a core of wound wood After tho lesion has been thus 
Isolated tho fungus persists os a snprophvto and 
ovontunll} forms ncorvuli on tho exposed dead 
host tissue A limited spread of infection post the 
suborixed bam era occasional h appears ^ 1 
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BRITISH NON-FERROUS METALS RESEARCH ASSOCIATION 

NEW RESEARCH LABORATORIES 


O N May 13 Sir Alexander Fleck, chairman of 
Imperial Chemical Industries, Ltd , opened a 
new laboratory block for the British Non-Ferrous 
Metals Research Association at Euston Street m 
London The laboratories have gradually been 
extending on this site since 1930 and now contain 
about 53,000 sq ft of floor space and house a staff 
of about 180 They serve the needs for co-operative 
research of practically all branches of the non-ferrous 
metals industry, and the 40-50 research projects m 
progress cover the production, properties and uses 
of the commoner non-ferrous metals, certain aspects 
of the metallurgy of the metals concerned with 
nuclear energy, and metal finishing 

The new laboratory was made possible by the 
generous response to a building fund on the part of 
the Association’s membership of more than 600 firms 
and of the Department of Scientific and Industrial 
Research, which has treated contributions as grant 
earning The mam features of the new block are a 
much-enlarged foundry, new corrosion and physics 
laboratories and a new electroplating shop Alter- 
ations to existing buddings have enabled a new creep 
testing laboratory to be built which will allow the 
capacity to be doubled to more than 100 units, the 
rehousing of many different types of fatigue testing 
machines in one room, and the provision of more 
space for the General Metallurgy Section This, 
among other things, gives the Section more room for 
vacuum apparatus for the determination of gases m 
metals 

In the foundry, moulds are now made m one well- 
equipped bay and poured in an adjacent meltmg and 
casting shop The melting equipment consists of five 
gas-fired lift-out crucible furnaces, a gas-fired bale- 
out furnace for research into die-casting problems, a 
600-lb low-frequency induction furnace for studying 
the performance of refractory linings, and also an 
electric resistance furnace and a high-frequency 
furnace each capable of melting charges of up to 
20 lb of copper or nickel alloys m vacuum or special 
atmospheres 

From the mception of the laboratories the value 
of physical methods of analysis has been realized and 
the Association’s work in developing spectrographic 
analysis of metals to its present state of efficiency is 
well known Recently, the X-ray fluorescence method 
of analysis has aroused considerable interest and it 
appears extremely promising for analysmg the major 
constituents m alloys and for the analysis of ores 
and slags Its potentialities are being studied, using 
a spectrometer designed by the Physics Section and 
built m the Association’s workshops In the Chemistry 
Section emphasis is on the physico-chemical methods 
of analysis, including polarography, spectrophoto- 
metry and the use of the flame spectrophotomoter 
The Physics Section has two X-ray diffraction sets 
and a variety of special-purpose cameras for crystal 
orientation studies, the identification of phases in 
compounds and other tasks An electron diffraction 
camera is available for studying oxide and other thin 
films on metal surfaces 

Instrumentation for automatio inspection and 
process control is becoming increasingly important m 


the metal industry, and several studies are being 
made of problems in this field They include the use 
of eddy currents for rapid inspection of tubes and 
rods for flaws, an investigation into emissivity 
variations of hot metal surfaces which affect the 
performance of radiation pyrometers, and the 
development of a novel thermo-electric gauge for 
measuring, non-destructively, the thickness of electro- 
deposits 

Research on electroplating and allied metal- 
fimshing processes is now housed m a large new 
laboratory equipped both for fundamental work and 
for plating on a semi-industrial scale in pilot plating 
bn pis Equipment is available for measuring the 
stresses during plating, for measuring cathode 
potentials and throwing power, and for assessing the 
ductility and adhesion of coatings Exposure tests 
on plated specimens are carried out on the roof of 
the laboratories, but much work has been done on 
accelerated corrosion tests, including one m which 
the parts are exposed to a humid atmosphere con- 
taining traces of sulphur dioxide which simulates in 
a few hours the effects of exposing the parts to a 
city atmosphere for sovoral months 

Many modem plating solutions contain organic 
additions which affect the smoothness, brightness 
and mechanical properties of the coatings in a 
beneficial way Exactly how those organic agonts do 
this is not known, and typical addition agents pre 
pared with tracors, such as carbon- 14 and sulphur-35, 
are being used to study the mechanism of the 
process 

In the Corrosion Section one laboratory is em- 
ployed solely for sea-water corrosion studies, the 
current work being concerned mainly with the attack 
on heat-exchanger tubes handling heavily polluted 
estuarine waters m power stations, oil refineries and 
in ships Some of these tests are at controlled 
potentials to simulate the effects of applied cathodic 
protection The influence of marine atmospheres 
is assessed by exposure at a site on Hayhng Island 
and the laboratory roof site is used mainly for 
inland tests Stress corrosion tests are carried out 
at both these sites and there is also a special high- 
humidity room for this purpose m the corrosion 
laboratory 

One of the mam uses of non-ferrous metals is the 
handling of supply waters, and the effect of water 
composition on the resistance to corrosion of various 
metals is being studied at field stations and also m 
the laboratories using synthesized waters 

The General Metallurgy Section, besides carrying 
out the usual metallographic work, heat treatment 
and constitutional studies, contains a metal-working 
shop with a 12-m rolling mill, a 500-ton press for 
extrusion and forging, a small forging hammer and a 
drawbench This section of the laboratories is also 
working on the development of titanium, zirconium 
and thorium alloys and has argon-aic melting 
equipment appropriate for this type of work Special 
apparatus which uses an atmosphere of argon 
for carrying out long-term creep tests on these 
reactive metals is housed in the new creep 
laboratory 
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permanent mysteries to some, unablo to learn the 
conventions of each idiom or keep Btandard compari 
sons fn tiiolr heads The aggregation of many mdrvid 
ual values into composite ecological statistics offers no 
problem to modom computing devices, which also are 
capable of mapping electronically information fed into 
them by some scanning apparatus in an aeroplane 

Airborne radar, dupheatod perhaps with magnoto 
meters and grnvi tome tors, adds to tlie sensitivity and 
completeness of tho record Not only images but also 
radio wavos, power points and carbon dioxide con be 
4 photographed’ Infra red photography picks up 
besides the oeroplano on the airfield the heat of tho 
runway and thus the number of planes recently 
started Tho emphasis in modem photo gramme try 
lias thus shifted from the static physical condition 
to tho recordable human transactions 

In brief, there are three chief wavs in which such 
a survey can bo used 

( 1) To supply general social and economio statistics 
such os tho presence and growth of industry 
agriculture, house building, road improvements 
conservation and productivity, cross cheoked with 
ground social surveys and nationally or regionally 
collected annual or census statistics 


(3) The planning of policy and of improvements 
and services is based on these survey's A deft 
handling of photographic material should be combined 
with opinion studiee and other studies on the ground 
such as traffic and migration counts done by mcchoni 
cal or human agents 

(3) The evaluation of policy that is, tho effective 
ness of nnv constmotivo activity This will probably 
be dono increasingly as part of ordinary photo 
^ramroetno work with the help of someone compotont 
m statistics and sociology and with a knowlodgo of 
tho particular part of tho world that is to be Btndied 
At a later stage perhaps, whon many different studies 
hnvo been accumulated and compared the skilled 
social interpreter mav also be able to make useful 
deductions from a study of tho photographs unaided 
by- ground studies 

1 Siibermtn L. lain C8 {1055) 

1 The Slffnifloance of the Canadlan-Oolombo PUn to the Economic 
Development of Ceylon (Dantlng Technical Service*) (Toronto 
1058) 

* Chicago Aerial Indmtrir* lun e recently done each » l mile* for a tele 
phone and a s*i company Miraeocr»pbed report* (1060) 

‘Croon h E. and Stonier, R. B Reliability and y*Udlty of Aerial 
RetVDMUjance a* a Collection Method lor Urban Dttnoffrarhlc 
and SodoIoclaU Information" (Marrell AJr Force Bate 1053) 

‘ Duncan O T Population ^tvdln 27 (1057) 


EMISSION OF RELATIVELY HIGH-ENERGY IONS FROM 
LOW-VOLTAGE ARCS 


By E R HARRISON 

Atomic Energy Research Ettabllihmcnt, Harwell Berks 


S OME interesting effects haio boon observed with 
low \oltage ares for which so far no completely 
satisfactory explanations lia\ e been found The 
principal offoct observod is the emission of luminous 
rays consisting of ions of the cathode material at 
energies much greater than tho total potential 
difference across the ore 

In tho experiments described below, the arc is 
formed between a tungBlon, molybdenum or tantalum 
filament, which is sopamtoly lien tod, and a nickol 
anodo at a distance of about 5 cm and is maintained 
m a rare gas, usually argon, nt a pressure of 1-50 mm 
mercury Tho applied potential difference is 40- 
80 V and tho current is 200-500 mamp Tho arc 
is thermally constricted or ’pinched to a diamotor of 
approximately 5 mm In arcs of this kind 1 tho 
electrons, ions and gas molecules are in an approximate 
thermal equilibrium at a tempomturo generally 
of tho order of 10* 0 Tho ionization potentials of 
tungsten, molybdonum and tantalum are lower than 
tho excitation potentials of tho rare gases and in the 
present experiments tho arcs thoreforo tend to con 
sist of ions formed from motnl volatilized from tho 
cathode* Spoctroscopio analysis of tho arc ro\cals 
strong W II and W I (Mo II and Mo I) lines but only 
a few faint argon bncs 

The first offecl obsorvod is that tungsten is deposited 
at tho point where tho arc makes oontact with a cool 
nickol anodo This deposition occurs o\cn whon 
tho anodo is soroonod from any material evaporated 
directly from tho hot cathodo Tho mio of deposition 
on tho anode, ns determined by activation analyses, is 
typically 3 x 10 -4 gm /sec -* amp -1 , equivalent to 
a tungsten ion current of 1 5 nuimp in an arc of 
1 amp It appears that in hot cathode — cool anodo 
arcs of this typo there is an efficient mechanism for 


transporting poeitho ions from the cathode to tho 
anode against tho olectnc fiold It is oiident that 
such a transport mechanism is required if tho ions 
m tho arc are formed originally from \olatihzcd 
cathode matonnl in tho immediate vicinity of tho 
cathodo 

A second effect is obsenod whon tho nro is con 
atrictod by a small aperture of mm diameter m 
a nickol diapliragm placed between tlio cathodo and 
anodo as shown m Fig 1 Tho cathodo is now about 
5 cm from tho nperturo diaphragm, and tho anodo is 
about 10-20 era , or preferentially, tho anode 1ms a 
coaxial oporturo of 2-3 nun diameter and is spaced 
about 6 mm from the first aperture as is shown in 
Fig 1 On tho anodo sldo of tho apparatus the 
pressure is maintained within tho range of 10~ l to 
10-* mrn moroury As a result of tho constriction, 
lmprcssivo luminous wliito ray's are obsoned pro 
jocting from tho centre of the small aperture into tho 
low pressure region Occasionally tho rays form a 
uniform diverging beam as in Fig 2 but more often 
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Fig 2 Positive tungsten ion rays of approximately 460 eV 
accelerated by an argon arc of 260 m amp and 80 V 


the beam is divided into several individual rays of 
small diameter which flicker and move m synchronism 
with the instability motion of the arc Spectroscopic 
analysis of the deposit formed by the rays incident 
on a receiving target shows that the rays consist of 
tungsten atoms On changing the cathode material 
to molybdenum, the deposit formed by the rays is 
found to consist only of molybdenum, but the 
luminosity of the rays is unaltered and their colour 
only very slightly affected 

Electrostatio and magnetic deflexion experiments 
establish the surprising fact that the rays are positively 
charged and have energies greater than the potential 
difference across the arc The accelerated ions are 
reasonably monoenergetic and have an energy in the 
range 100-750 eV , depending on the conditions of 
the are With an aperture reduced to i mm diameter 
and a pressure of 80 mm mercury m the arc, tungsten 
ion rays with energies greater than 1,000 eV have 
been observed with a potential difference of only 
60 V across an arc of 600 m amp Rays may also be 
■observed when the pressure is as low as 1 mm 
mercury , in this case the arc develops only m a 
limited region adjacent to the aperture m a form 
reminiscent of a ‘ball of fire’ 3 The rays are not so 
easy to produce when the supporting gas is either 
helium or neon, possibly because the arc currents m 
these experiments are limited to relatively small 
values With krypton and xenon the rays are pro- 
duced as readily as m the case of argon 

Difficulty is encountered when attempts are made to 
measure electrically the current m the tungsten ion 
rays, not only because of secondary electrons but 
also because there is apparently an electron flux 
which is not easily eliminated Activation analyses 
of deposits formed by the rays incident on a target 
show that in a typical case there is a total flux of 
0 4 x 10 _s gm /sec ~ l amp -1 equivalent to 0 2 m amp 
m an arc of 1 amp This is consistent with the fact 
that a large fraction of the tungsten migrating towards 
the anode is deposited around the aperture More 
intense fluxes, up to I m amp per ampere of arc 
current, can be achieved by applying an alternating 
potential difference of 20-50 V" between the cathode 
and an enclosing cylindrical electrode The flux and 
luminous intensities do not appear to be critically 
dependont upon the frequency m the range 10 4 to 10 7 
c fs , and it is possible that the increase m intensity 
is due to the enhanced fluctuation movements induced 
in the arc 

Potential fluctuations of up to 20 V of the electrodes 
and movable probes have frequencies of 10'— 10 ! c /s 
with a wide spectrum of ‘hash’ superimposed The 
fluctuations m luminosity of the rays as detected 
by a photomultiplier are similar to those of the arc 
and reveal frequencies in the same range as the 
potential variations The emission spectrum of the 
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rays is predominantly W H, or in the case of a 
molybdenum cathode. Mo H 

A third effect observed is that the rays frequently 
show a pronounced variation in intensity of lumin- 
osity along their length Thus, if the rays are pro- 
jected into a region of low pressure of 10~ 3 mm 
mercury, in a typical case all rays are bright for the 
first 2 5 cm , the luminosity then becomes famt 
for about 0 6 cm , and then abruptly increases m 
intensity and thereafter diminishes slowly up to 
distances as great as 30 cm 

A completely satisfactory explanation has not been 
found for all the effects described The luminosity of 
the rays is most probably due to charge exchange 
between the tungsten (molybdenum or tantalum) 
ions and the supporting gas , the abrupt variations 
m the luminosity, however, are not understood The 
mechanism responsible for producing the positive 
anode rays is most probably associated m some way 
with the transport of ions in the arc from the cathode 
to the anode The oscillatory or ‘hashy’ nature of the 
arc may be an essential self-sustaining feature* 
Thus, sound waves will he propagated with a phase 
velocity of (ykT/m) 1 li , where m is the mass of the atoms 
of the supporting gas, and one possibility is that the 
electric fields produced by the separation of the 
electrons and ions are sufficiently large to cause a 
fraction of the ions to move with a drift velocity of 
approximately ( eXEsunp/m ) 1|t in phase with the sound 
waves, where X is their mean free path, B is the oscil- 
latory electric field, and <p is the phase angle 
Experiments designed to detect the propagation of 
signals along the are at the phase velocity of sound 
have not been entirely successful, and the evidence is 
meagre and unconvincing Possibly the arc is in a 
turbulent state, and generates and propagates sound 
waves only over small distances 

If disturbances of approximately 1 mm wave- 
length are propagated m the arc, the potential fluctua- 
tions suggest that the associated electric fields are of 
the order of 400 V cm In the region of the con- 
striction the oscillatory electric field might be 
expected to increase inversely as the diameter of the 
arc, giving a value of 6 x 10 s V cm - l if allowance 
is made for the fact that the arc is smaller than the 
constricting aperture It is therefore possible that 
the ions gam their energy of several hundred electron 
volts from the oscillatory electric fields m the con- 
stricted region of the arc 

Energetic ions of several hundred electron volts 
have been observed elsewhore 6 in high-current, low- 
pressure arcs in magnetic fields used m the DCX experi- 
ments However, the arc conditions are considerably 
different and the accelerating mechanism is not necess- 
arily of the same kind as that proposed above 
Acknowledgments are made to Mr J D Lawson, 
Prof A von Engels, Dr P C Thonemann and 
Dr S A R-amsden for their suggestions and interest, 
to Mr D H F Atkins for the activation analyses 
and to Mr F T Birks for the spectroscopic analyses 
of the ray deposits 
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TEICHOIC ACIDS FROM BACTERIAL WALLS 

From THE DEPARTMENT OF CHEMISTRY, KING’S COLLEGE (UNIVERSITY OF DURHAM) 

NEWCASTLE UPON TYNE 


Composition of Telchoic Acids from 
a Number of Bacterial Walls 

TNV INSTIGATIONS on the function of the nucleo 
X tides cytidino diphosphate glycerol 1 and oytidme 
diphosphate ribitol* led to the discovery of a new 
group of natural polymers, the toiohoio aoids, in the 
walls of certain bacteria* In Bacillus subtilts the 
teiohoio acid is of the type shown in formula (I), 
whoroas that m Staphylococcus aureus has the related 
structure (2), m which the sugar component is 
glucosamine That from Lactobacillus arabxnosus is 
of tho type (1), but eomo of the ribitol residues bear 
two gluoosyl substituonta, whereas others are un 
substituted by glucose A more dotailed discussion 
of their structure and relationship with oytidme 
diphosphate nbitol has been given elsewhere 4 

falanyl glucoayl ribitol 

o^=r — oh 


(1) 

[olanyl N aoetylglucosominyl ribitol 

0=1*- OH 

I __ 

(2) 


[alanvlglyoerol 

0=J>_0H 

I 

(3) 

Wo Imd mtondod to oonflno tho term telchoic acid 
to those polymors of ribitol phosplwto of the general 
structure (1) or (2) found m haatonal walls A more 
oxtondod survey of othor organisms (see Table 1) has 
shown that somo bactona contain a now typo of 
teichoic acid in whioh nbitol has boon replaced by 
glycorol Prehmmarv studies on the hydrolysis of 
these glycorol dorivntives by acids, or by alkali 
followed by prostate phosphatase, show that they 
hn\ o tho structure (3) Visual chromatographic 
estimation indicates that they represent more than 
30 per cont of tho wall in some cases Consequently , 
tho restricted nomenclature originally n cl opted must 
now be modified to include all polymors of tho types 
(1), (2) and (3) 

Tho polyol phospliato derivatives in walls of L 
arabinosus and B suhtihs nro clearly nbitol teichoic 
acids of tho typo (1), and no traco of a glycerophos 
phato polymor has been detected in thceo walls 
All strains of Staph aureus oxnmmod so far contain a 
ribitol teichoic acid (2) but these walls also contain 
either traces or in one cos© a considerable amount 
of n glycerophosphate polymor Similarly walls of 
Streptococcus faecahs contain a ribitol toichoic acid 
of tho Ivpo (l) and a glycerophosphate polymer 


It is interesting tliat L casei, L dclbrilrJcu t L 
bulgarvcus Staph albus and Staph ettreus, unlike 
the other lactobooilli and staphylococci oxammed so 
far contain glycorol toiohoio acid but no traco of a 
ribitol teiohoic aoid The compound from Staph 
albus and Staph citreus was present in their vails 
but preparations from a hole colls were used for tho 
work on the three laotobacilli and it is not known 
whether the toichoto acid in those preparations origin 
ated from tho walls The compound from L caici 
Is of the typo (3) m winch alanine is attachod to a 
polymer of glvcerophosphato The amount of hoxose 
m preparations of this material is very small and wo 
have been unable to demonstrate any gly cosylgly corol 
linkages It seems llkoly tliat all the glyocrol- 
teiclioic acids m the bacteria listed will bo of tvpo 
(3) but tho presanco of glycosvl residues is still 
possible in some cases 

In addition to tho organisms discussed here a 
numbor of othors yielded small amounts of glycoro 
pbosphato on acid hy'drolysis of their walls Then, is 
evidonoe that polyols othor tlion nbitol and ghcerol 
are present togother with these in teichoio acid pro 
pa rations from somo orgnmsms, and sugars other 
than glucose or glucosamine may occur 

Extracts prepared from wholo colls of all organisms 
examined contained a glynjorophosphate polymor 
even when no such polymer was present in tho 
Isolntod walls It is not known whother this is a 
toichoic noid of tyqio (3) which 1loh been lost from 
the walls dunng their preparation or whothor it in 
associated with other coll structures 

In contrast to tho variations in polyol and sugar 
tho only amino acid found in punflnl preparations 
of teichoio acid in alanine This ammo acid isolated 
from toichoto acid from L arabinosus and Staph 
aureus lias tho D configuration 1 It was shown earlier 
that tho nlonyl residues are in ester linkngo and it in 
now found that tho lnbditv of those rcsidaes (half life 
5 min at 37*, pH 7 2 1 1 Jlf livdroxylnnuno) in * 
neutral salt free hydroxyl am in© solution is comparable 
to that of amino acids bound to ribonucleic acid 
(half lifo 3 min. at 30°, pH 7 2, 0 8 ilf hydroxv la 
mmo)' The alanine ostor linkages arc therefore 
much rooro reactive than normal amino acid esters 
which do not react significantly with hvdroxvlamine 
imdor comparable conditions 7 
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Fig 1 Micrograph showing a late stage In the formation of a residual body E, endo- 
plasmic reticulum , L, llpoldnl body, Af, mitochondrion , RNA, aggregate of particles 
containing ribonucleic acid (y c 7,300) 


in spermatid development all the above-mentioned 
inclusions had concentrated within a small lobe of 
cytoplasm near the base of the nucleus Just before 
the mature spermatid is shed, this lobe of cytoplasm 
is cast off and becomes spheroidal m shape The 
spheroidal bodies which arise in this way clearly 
correspond to the residual bodies of Regaud Each 
residual body is bounded by a membrane derived 
from the cell membrane of the corresponding mature 
spermatid Within, and close to, the limiting mem- 
brane he two or three small groups of granular 
mitochondria, several hpoidal bodies (sometimes 
arranged in crescent faslnon) and Golgi remnant 
The greater part of each residual body is occupied 
by a comparatively large, eccentrically placed mass 
of strongly basophdie material 

Soon after the sperms have been shed the residual 
bodies migrate peripherally As precisely as could be 
determined by hght microscopy, this appeared to be 
due to phagocytosis by Sertoli cells Afterwards, 
the residual bodies come to he close to Sertoli nuclei 
at the border of the tubule 

Changes occur within the residual bodies both 
during their peripheral migration and while they are 
at the periphery of the tubule The first sign of these 
changes is the appearance of minute vesicles about 
0 3(jl m diameter which form along the edges of the 
basophilic material During their movement towards 
the periphery the residual bodies become reduced m 
size, their diameter decreasing from about lOg to 6 g. 
Finally, there is a loss in basophilia and then all that 
can be seen is the limiting mem- 
brane, some mitochondria and 
hpoidal bodies, and the Golgi 
remnant After this stage it is 
impossible to identify the residual 
bodies with any certainty How- 
ever, accompanying and following 
upon the ‘end’ stage, hpoidal bodies 
of about the same size as the 
residual bodies, and in the same 
general location, appear wrthin the 
Sertoli cells We have studied the 
residual bodies at this time to see 
if they become converted into the 
hpoidal bodies described abo\ e 
What may be transitional stages 
have, in fact, been observed, but 
only very rarely. 

Histochemical tests have shown 
that the basophilic material referred 


to above consists of, or contains, 
ribonucleic acid The hpoidal 
bodies which occur within sperma- 
tid cytoplasm, and form part of the 
residual bodies, do not respond 
positively to Baker’s 5 acid hiematin 
test for phosphohpms nor to 
Schultz’s* test for cholesterol The 
same negative responses for both 
tests are also given by the hpoidal 
bodies within Sertoli cells 

Electron Microscope 
Observations 

Tissue was fixed m 1 per cent 
osmium tetroxide buffered to pH 
7 3 7 It was then embedded in a 
1 3 mixture of n-methyl and 
n-butyl methacrylate, sectioned 
with a glass knife and examined m a 
Siemen’s Elmiskop la Due to the comparatively 
small size of the residual bodies and the fact that 
they occur only under certain physiological con- 
ditions a great deal of material has had to be 
examined to find even the more important stages 
referred to above 

Observations made by electron microscopy are in 
accord with those made by hght microscopy In 
addition, finer details have been seen During late 
formative stages (Fig 1) the mitochondria are 
irregular in shape and characteristically cluster 
around a local concentration of endoplasmic reti- 
culum Adjacent to these elements is a group of 
osmiophilic granules which correspond to the hpoidal 
bodies seen under the hght microscope The Golgi 
remnant consists of a few paired membranes in 
parallel arrangement and aggregates of many small 
vesicles enclosed by two or more membranes Near 
the inclusions just described occur one or two 
particulate masses, spheroidal m general outline and 
corresponding to the ribonucleic acid granules seen 
by hght microscopy At a later stage m the formation 
of the residual bodies the mitochondria are either 
greatly elongated and constricted m the middle (as 
though m a process of division) or are small, dense 
and spheroidal The endoplasmic reticulum appears 
to consist of membranes delimiting vacuoles of 
various sizes The basophilic material consists of one 
large mass of fine particles 

Studies by electron microscopy have confirmed 
quite definitely that the residual bodies are phago- 
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cvtosed by tho Sertoli cells Within am ono Sertoli 
cell, oven m ultra tlun sections wb have observ ed up 
to six residual bodies Each residual body is enclosed 
by a variable number (1—4) of fine memb ranee 
When the body reaches tho edge of the tubulo the 
limiting membranes are no longer continuous 
Residual bodies at the periphery contain the same 
basic constituents as those seen in tho last stages of 
their formation m the tubulo lumona Later, the baso 
phlhc material and various other components are 
absorbed until alj that remains is an irregular-shaped 
body win oil is m tensely osmiophihc and prosumabl} 
lipoidal (Fig 2) About this timo a peripheral ring 
of lipid can be demonstrated in Sortoli coils by the 
use of appropriate light microscopical techniques 
When the residual bodies corao to ho close to the 
Sertoli nucloi (adjacent to tho tubulo tissue) changes 
occur both within tho Sertoli cytoplasm and in germ 
cells Within tho Sertoli cells appears the peripheral 
ring of lipid mcntionod above Mitochondria either 
increase m number or become concentrated pon 


pheralh Tho cytoplasmic matrix (as seen under the 
oloctron microscope) becomes very dense Tho young 
spermatids start to elongate and become more deeply 
enclosed bj Sertoli cytoplasm There is an increase 
in chromatin content of tho nuclei of typo B spormato 
gonia It is possiblo that the residual bodies produce 
in the Sertoli colls somo influence that may servo to 
trigger off the ohangos in the germ cells as reported 
above Tho residual bodies would then bo responsible 
for tho local control of spermatogenesis Tins is now 
boing investigated further 

Wo are grateful to the Wellcomo Trust for a gmnt 
to purchase on oloctron microecopo and to St 
Bartholomew’s Hospital and Medical College for 
further financial holp 
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GROWTH RESPONSES TO SELENIUM IN LAMBS 

By Dr. J W McLEAN, G G THOMSON and J H CLAXTON 

Canterbury Agr/cu/tura! College Christchurch Now Zealand 


U NTIL recently, selonlum os a dietary constituent 
was regarded as of significance only when it 
occurrod in excess of certain woll-deflned I unite In 
selenium poisoning areas about 6 p pun in herbage 
is considered to be the toleranco limit for livestock 1 
It line now been shown 1- * that selonlum in organic 
and m organic form has high protective powers against 
neorotio liver degeneration in tho rat and mouse, and 
exudative diathesis in the chi oh fod basal diots 
deficient m vitamin E and containing a high propor 
tion of Torula y oast , protection being obtained 
respeotxvolj with 0 04 p pun and 0 1 p p ra. of selon 
mm in tho ration It has boon shown also in tho 
chick that solonium is a roqmrod nutrient noooesarv 
for normal growth as well as for tho prevention of 
exudative diathoeis* 

So far as large animals are concerned thcro is 
ovidonco to indicate tluit sodium eolomte fed to 
pregnant owes at tho rate of 0 1 ppm of sclonuim 
m tho ration will protoot tliorr lambs against muscular 
d} atrophy (whito musclo dlsooso) 11 

Furthormoro trials oonduotod in tho South Island 
of Now Zoalnnd* suggest a protective notion of solon 
him when givon to tho lambs thomsolves, in naturall} 
occurring outbreaks of a typo of muscular dystrophy 
affecting young lambs. 

Arising from tho idea that mibclimcol muscular 
dystroph} might bo ono of tho factors rosponsiblo 
for t ho slow growth rate of weaned and un weaned 
lambs commonly obsorvod in tlio South Island — a 
condition known locally as ill thrift* — wo commenced 
trials to investigate tho possiblo offocta of solonium 
supplomonis on tho growth rato of \ onous classes of 
lambs on tho College farms This communication 
records tho observations modo to date 

All Iambs woro individually identified with ear 
tags, dnidod at random into treatment and control 
groups and weighed at intervals of 2-3 weeks 
Solonium wns given as sodium eelonnto b} subcutane- 
ous Injoction m sterile wntor at tho rate of 1 0 mgm. 


solonium evory 7-10 days Lambing commenced 
about the beginning of August and weaning occurred 
m tho first week of December 

Tho first tliroo trials im olvod puro bred Romney, 
Border Leicester and Comedalo ram and own lambs 
roared on tho C-ollogo homo form Tho fourth trial 
was earned out on Comodnlo wother lambs brought 
on to tho Collego farm from the wimo farm on wltich 
the fifth tnnl was oonduotod (AsIUo\ Dono farm) 
Moan h\ o weights and gains nro sot out in Tnblo 1, 
with tho numbers of lambs m each group given in 
brockots 


TrUl l 


Trl*l 2 


Trial 3 


Trill 4 


Trial 5 


Table l Mm* Lite Vnoirrs atd Gams (lb ) 


Romnrji 

Date 0 10X3 22 1X9 

Selenium 30-5 (04) flO-4 

Control 81 6 (88) M 3 

DIHbronr« In 105 day* 

Bonier Lclcrtlcn 

Date 10 10X3 22.1 69 

Selenium 61-2(40) 70-2 

Control 60 3 (47) 71-0 

DIEfcrente In 93 dayi 
CorrlfdaJea 

D-ite 21 11X8 22.1X0 

Selenium 40X101) to 1 

Control 47*4 (60) 00-0 

DIflVrenee In C2 dayi 
Corrlnlalc »eU«rr» 

Bate 11 11X3 12.2X0 

Selenium 62-2 (20) 74 6 

Control 62-2(20) 07X 

Difference In 03 dayi 
Conlwlale (mbeed aei) 

Date 3 11X8 2.2X0 

Selenium 40-0(23) "S3 

Control 41-0(21) 03-0 

Difference In 01 da in 
• SffntOrant at I -0 r*f crat Iexet 


(lain 

M-0 

34 -S 
4 !•* 


23-0 
21-0 
0 4*' 


10 6 
13 6 
SO' 


22 3 
16-0 
0 7 * 


17 7 
27-0 
10 7 ** 


Analysis of varlanco shows tliat tho differences in 
gains m livo weight aro high!} significant (P < 0 01) 
in all trials Tho mngnitmlo of these responses v arias 
considerably, lie mg greater in genera! m tho Jambs 
from tlio Aslilo} Dono farm Tho response is rapid 
ovidonco of increased growth being observable in aJI 
proups in 2-3 weeks after treatment commoner > 
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Further, it appears to be a continuing one, although 
the duration of some of the trials is obviously short 

Explanation of the mode of action of selenium in 
producing a growth response under these conditions 
must at the present tune be rather speculative 
There can be httle doubt now that traces of selenium 
are required by the animal for normal metabolism, 
that vitamin E and selenium are interrelated in. their 
metabolic functions, and that vitamin E cannot 
completely replace the need for selenium The growth 
responses m lambs may therefore be taken as an 
indication of a specific selenium deficiency, one 
manifestation of which is a slowing up of growth, 
and another a predisposition to muscular dystrophy 
and possibly other conditions m which the metabolism 
of vitamin E is involved 

This concept is m conformity with the known distri- 
bution of naturally occurring outbreaks of exudative 
diathesis m chicks and whit© muscle disease in lambs 10 , 
both of which, in New Zealand, are almost entirely 
restricted to the South Island 

In this respect it is of interest to note that the 
groups of lambs giving the greatest response (trials 4 
and 5) came from flocks in which losses from white 
muscle disease had occurred earlier in the season 
before these trials commenced (4 out of 600 for trial 
4 and 7 out of 51 m trial 5) 

At the other extreme, m the pure -bred lambs on the 
College farm, only one death occurred from a lute 
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muscle disease , there were no other signs of the 
disease m the 580 lambs bom this season, nor has 
there ever been any history of the disease on this 
farm Selenium responses have therefore been 
obtained, not only in lambs from areas where white 
muscle disease is common, but also where it has been 
extremely rare 

On the other hand, the College farm has had a 
history of so-called ‘lli-thrift’ of varying degrees of 
seventy over the past three years Just what part, 
if any, selenium deficiency plays in the ‘ill-thrift’ 
syndrome in this area is not as yet clear That it 
may be a factor of some importance is indicated by 
the data presented m these trials 

This is a preliminary report only and final results 
will be published elsewhere 

1 Garner, B J , "Veterinary Toxicology” (Ballllt-re, Tindall and Cox, 
London, 1957) 
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CARBOHYDRATE -AMINO-ACID INTER-RELATIONS IN BRAIN 

CORTEX IN VITRO 

By M M K!N] and Prof J H QUASTEL, F R S 


McGlII-Montreal General Hospital Research 

I T is now w ell known that when radioactive glucose 
is metabolized by brain cortex in vitro, radioactive 
amino-acids are formed 1-5 A mince of the brain of 
one-day old mice when incubated with glucose 
uniformly labelled with carbon- 14 incorporates 
ladioactivity in all ammo-acids of brain protein 
•with the exception of threonine 1 Rat brain cortex 
slices can convert l4 C-glucose into labelled glutamic, 
aspartic and Y' amu iobutyric acids 3 "When 14 C- 
glucose is injected mtraperitoueally into one-day-old 
mice, radioactivity is found m aspartic and glutamic 
acids and in alanine m the brain proteins 5 It is 
evident that glucose, during its normal metabolism 
in the hi am, produces intermediates — presumably 
the cc-ketomc acids — that undergo conversion to 
amino-acids largely at the expense of organic nitrogen 
already available m the brain cell Such ammo- 
acids must play a part not only in the various biosyn- 
thetic operations of the nerve cell but also in the 
maintenance of ionic balance in the cell It is there- 
foie of importance to understand more fully than is 
known at present the precise relations existing 
between sugars and ammo-acids m the brain, and the 
manner m which these relations may be affected 
by substances that influence brain metabolism 
Among such substances are potassium ions, which have 
long been known to exert profound effects on the 
motaholism of nervo cells Cationic balance is a 
factor of fundamental importance for the metabolism 
of brain, both aerobically 3 and anaerobically’ 


Institute, 3619 University Street, Montreal 

We have therefore carried out experiments to 
ascertain the effects, on the formation of ammo- 
acids from glucose m the brain cortex zn vitro, of those 
concentrations of potassium ions that produce optimal 
stimulation of respiration, of a neurotropic drug 
such as amytal and of a respiratory inhibitor such ns 
sodium malonate The experiments have been 
carried out not only to throw more light on the mode 
of action of these substances but also to indicate the 
importance of the consideration of the ammo-acids as 
part of the over-all metabolism of sugars in the 
nervous system 

The experimental work was carried out with the 
conventional Warburg manometric apparatus Slices 
of rat brain cortex weighing approximately 90 mgm 
were incubated in a medium of the following com- 
position sodium chloride, 128 miff" , potassium 
chloride, 5 mill , calcium chloride, 3 6 miff , mag- 
nesium sulphate, 1 3 miff , disodium hydrogen phos- 
phate, 10 miff brought t-o pH 7 4 with N hydrochloric 
acid The final volume was 1 0 ml and each flask 
contained 6 mM glucose uniformly labelled with 
carbon- 14 with an activity of 10 s counts/mm when 
counted on aluminium planchets at infin ite thinness 
0 1 ml of 20 per cent potassium hydroxide was used 
as carbon dioxide absorbent Incubations were 
carried out in oxygen at 37 ° C for 1 hr , after which the 
tissue shces were homogenized in 8 0 ml of 80 per 
cent ethanol, centrifuged and the supernatant 
evaporated at 30° C m a current of air The dried 
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extract was dissolved in 0 5 ml of water and 400 pi 
was chromatographed two-dimensionolly on Whatman 
No 1 paper The solvents used were sec butonol/90 
per cent formic acid/water (70 11 17 \/\/\) for 
the first phase, and phenol /water /ammonia (I lb 
phenol 110 ml water 1 7 ml ammonia spec 
grav 0 88) for the second phase 

Tho radioactive spots woro locahzod by rachoauto 
graphy and tho radioactivities of the spots were 
measured quantitatively using a ‘Trocerlab counter 
with a mica window 28 mm in diameter and thickness 
1 6-1 8/om * Activities were corrected for back 
ground Tho counting efficiency by this method was 
calculated to be 10 8 per cent 

All results arc expressed as counts per minute for 
100 mgm of wet- weight tissue 

Effects of Potassium Ions on Amino-acid Formation 
from Glucose and Fructose 
Tlie stimulating offoota of potassium ions at 105 mAf 
(proforably expressed as moq /Irtro (mfiliequivalents/ 
litre) ) on brain respiration, shown many ycuirs ago 
by Dickens and GrevUlo* and by Ashford and Ihron\ 
tnko place with tho identical substrates, glucose 
pyruvnto or lootato, which permit responses to applied 
electrical pulses Tho potassium oiTout lias many of tho 
metabolic characteristics of brain tissuo m tho excited 
state It is suppressed by low concentrations of 
narcotics that have no demonstrable effects on tho 
unstimulatod respiration m tho presence of glucose 
whioh is quantitatively the most important metabolic 
fuel of the brain 1 *' 1 and of ganglia 1 * Tho narcotic 
suppression of potassium stimulation of brain respira 
tion applies not only to central narcotics 1 * but also 
to local amesthotics 1 *, to chlorpromozme alcohols and 
aldehydes 1 * w and to the newer depressants of tho 
glutorimide typo, and focuses interest on tho 
meclianiem of potassium stimulation of neurone 
respiration. This stimulation Booms greatly to 
resomblo that brought about by oscillating olectncol 
pulses" w > which may produco then- offocts by ionic 
displacements for example, of potassium, calcium or 
sodium. All tho evidence points, m fact, to tho similar 
ity m many rospoots of tlio bioohemical offocts of 
electrical stimulation of the bram cortex slice with 
those duo to tho prosonco, in tho incubation medium, 
of potassium ions at 0 1 molar concentration Brain 
homogenates or minces are, as is well known unro 
sponsKo to oithor forms of activation. Prosumnbh 
in tho conscious animal suoli stimulation operates 
b\ llio notion of sonsorv impulses, and high sennit i\ itv 
to narcotics of tlio metabolic aettv ity of tho sf imulated 
bram coll onsuos 

Tho potassium stimulation of bram respiration is 
highly sensitive to malonate, whereas unstimulntcd 
brain respiration is but littlo affectod bv malonato 1 * *° 
It is ovidont** 1 * Hint potassium ions aotivato tlio 
aitno acid aycle involved in glucoso oxidation m tho 
brain or a pace making stop closely associated with 
it 

Results showing tho effects of tho addition of 105 
niAf potassium olilondo solution to tho inoubation 
medium on amino -acid formation m rat brain cortex 
slices are shown in Table 1 It will bo scon tlint in 
a normal physiological medium containing 5 mAf 
potassium ions there is a labelling of glutarmo acid 
aspartic acid, glutomino, alaiuno and y aminobutync 
acid in tho prorenro of glucoso and of fructoso both 
uniformly labelled with carbon J4 Tlio labelling of 
glutamic acid, with both sugnrs, is Jughcst among tlio 


T*ble 1 Errera or o t if Potaawicx Chloride os Amcsd-jcto 
PEODUOTIOT FKOH GLUOOSE ATD FKCCTOSC USirOEMLT tABEUEf 
mra Oarhov 14 w Slices or JUT Bract cortex 
8obUr*te eoneentrttlon, 6 mJi CIO 4 countidmlm) Incubation time 
00 min temper* tarn? 37 0 aerobic All vnlnw »re exprrwcj *e 
cotmt«/mln / 100 mttn wet tIntte/10 4 rountj/mln unlfnTTni}' J*belkd 
mbs trite per rmel 


tmlno-add. 

formed 

GJoeow t ,J C 

fructose U '*< | 

3 mJ/ K + 

105 mjf K* 

6 mJLf Jv + 

lOomJ/K 

Glutaunlo add 

6 057 ±35S 

5,610 ±475 

4 784 ±307 

042 ± 21 

Ajpartle *cld 

1 318±1M 

1 183 ±185 

2 30" ±200 

2 160 -*-122 

2 127 ±101 

Glut* mine 

1 2S0J-112 

CJ 

C) 

Uunlne 

057 ± 00 

“94 ± 40 

374 ± 03 

224 >- 24 

Amino 
batjTlc Mid 

DOS *142 

1 401 ±154 

730 ± 22 

271 ± 10 

1 


All value* *ro given with mean standard error* 

• Glutamine could not be counted when fruetoae wai u*ed M *nb- 
•trate a* tlie fructose *pot overlapped that of glutamine 


ammo-acids investigated aspartic acid showing tho 
next highest activity It is noteworthy that tho 
labelling of Aspartio acid on incubation with umforml v 
labolled fructose greatly oxceods that of aspartio 
acid found after incubation with uniform! \ labollod 
glucoso 

The most important quantitative offoct of tho 
presence of 105 mAf potassium ions which increases 
tho respiration of bram cortex slices in tho prescnco of 
glucoso by almost. 100 per cont, is to bring about a 
largo increase m tho labelling of glutamino (ncorb 
100 per cent) and of y aminobutync acid Tlio total 
count of the labollod amino-acids in tho presonco of 
glucose uniformly labollod with carbon 14 is increased 
from 9 287 to 11,381 counts/mm. Tlio labollmg of 
glutamic acid or olamno is slightly increased whereas 
that of aspartio aold is slightly decreased 

It may be noted that tho ratios of radioactivo 
glutomato glutamine and y aminobutyrato found with 
potassium stimulated rat brain cortox slices in pro 
sonco of glucoso ore 1 : 0 44 0 27 (Table 1), winch 
approximate to the ratios of there amino-acids 
normolh found m tho adult rat bram cortox* 1 , 
namely, 1 0 43 0 17 

As it is well known that glutamino la derived from 
glutamate in bram m a reaction involving adenosine 
triphosphato* 1 tho process bringing about tlio 
removal of free ammonium ions that ore liberated 
during tho functional activ ity of tho brain**, and that 
y aminobutvric acid Is dori\ od from glutamate by a 
docorboxv lnso normally present in tho brain**, wo 
may consider that tho not offoct of exposing brain 
cortex slices in prosonco oF glucoso, uniformly labelled 
with carbon 14 to 105 mJlf potassium ions, is to in 
croa bo tho total yield of glutamio acid, tho oxcoss 
over tho normal appoanng ns both glutamino and 
Y -aminobutync acid Tins phenomenon may bo 
oxplomod by tho fact that tho prosonco of 105 mil f 
potassium ions ocoolorates tho operation of tho 
citric acid cyclo in tho brain, increasing tho rate of 
tumovor of intermediates, among which is a koto 
glutnrato v liioh In transamination with intracellular 

ammo-acids, forms glutamate and tlionco glutomino 
and y nminobtitvrio acid 

Typical results given in Tablo 2 lead to tho con 
elusion that tho prescnco of potassium ions accelerates 
tho conversion of pyTuvoto to acetyl -cocnrvmo A 
Tho results demonstrate that tho presence of I0’> 
mAf potassium ions greatly increases tho rate ■ of oxi 
dtttion in bram cortox of l>oth pyruvate 1 *C and 
pyruvate 2 "Oto carbon 2 4 dioxide tho latter piw*^ 
being mu cJi more inhibited by the > present* of .rorfon 
atothan the former T)k> fact that some **«*«*"• 
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Table 2 compaiusok or the Effects of 0 01 if Sodium Malonate 

AMD 0 1 SI POTASSIUM CHLORIDE OK OXIDATION OF PrEUFATE-l- , ‘0 
AND PraUTATE 2- 1 ‘C BY SLICES OF EAT BRAIN COETEX 
Substrate concentration, 10 mJf (10* counts/mln ) . Incubation time, 
00 min temperature, 37° C , aerobic Carbon-14 dioxide evolved 
expressed as counts/mln /mgm dry weight tissue/hr (10‘ counts/mln 
substrate per vessel 


Experimental 

conditions 

Tyrm ate 1-“C 

I’yruvate-2-”C 

6mJ/K+ 

106 mSI K + 

6 mAf K + 

106 mSI K + 

Sodium pyru- 
vate only* 

1,106 

2,008 

481 

1,040 

Sodium pyru- 
vate + 0 01 
SI sodium 
malonate 

003 

1,342 

253 

330 


of the former process by malonate occurs leads to 
the conclusion that part of the carbon- 14 dioxide 
derived from pyruvate-l- 14 C is formed after its 
fixation and metabolism by the citric acid cycle 
Granting that the effect of the presence of 105 miff 
potassium ions is an increased rate of formation of 
acetyl-coenzyme A, it becomes at once apparent 
(see Fig 1) that the rate of formation of a-ketoglu- 
tarate (and thereby the rates of formation of glutamate, 
glutamine and y-aminobutyrate) should be increased, 
whereas that of oxalacetate (and thereby aspartate) 
may not be mcreased, as its greater rate of formation 
is balanced by its greater rate of removal by con- 
densation with the mcreased quantity of acetyl- 
coenzyme A that has become available 


Glucose 

\. 


Fructose 


l- A spartate 


Oxaloacetate - 


\ 


Tnosephosphate n-Alanmo 

/ 

/dp>- 

-Pyruvate Acetyl-coenzyme A 


n-Malate ' 


'GO* 


K + 

Glutamate 


I DPN 

Succmate — a-Ketoglutarate- 


Oxalo- 

acotate 


-Citrate 


L-Glutamate 

/ \atp 

/ \ 

y-Armnobutyrato L-Glutamme 

Fig 1 


The conclusion that the major effect of mcreased 
potassium ions is to increase the velocity of forma- 
tion of acetyl-coenzyme A from pyruvate in brain 
cortex makes it possible to understand the mode of 
action of potassium ions m affecting the formation of 
ammo -acids from fructose uniformly labelled with 
carbon- 14 It will be seen, m the results quoted m 
Table 1, that m the presence of the normal potassium 
ion concentration (5 mill), there is a marked mcrease 
of labelled aspartate and a marked decrease of 
labelled alanine as compared with the amounts of 
these ammo-acids formed m the presence of glucose 
uniformly labelled with carbon- 14 When the 
potassium ion concentration is mcreased to 105 mill, 
the outstanding effects are the large falls m the 
amounts of labelled glutamate and y-aminobutyric 
acid Owing to experimental difficulties, when using 
fructoso on paper chromatograms, it was not possible 
t-o make accurate assays of the radioactn e elutammo 
formed 
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The significant factor to be taken into account in 
interpreting the results found with uniformly labelled 
fructose (Table 1) is the much lower affinity of 
fructose for bram hexokinase than that of glucose 11 
The result of this lower affinity is a diminished 
availability of pyruvate m the bram cortex slices, 
under the experimental conditions quoted, a fact that 
accounts lor the feeble anaerobic glycolysis exhibited 
by bram cortex in presence of fructoso Sufficient 
pyruvate is available, however, to enable the citric 
acid cycle to operate and to yield a respiratory value 
of the same order as shown by glucose in presence of 
bram cortex The lack of availability of pyruvate, 
apart from that amount required for the citric acid 
cycle to operate, is also shown by the much lowor 
ability of bram cortex slices to form lactic acid or to 
synthesize acetyl choline m presence of fructose as 
compared with that found m the presence of glucose 15 
Although respiratory activities, and presumably, 
therefore, the amounts of available adenosine triphos- 
phate, of bram cortex slices m the presence of glucose 
and fructose are approximately the same, the rate of 
formation of acetyl-coenzyme A m the presence of 
the former sugar is greater than in the piesence of 
the latter 

The lowered availability of pyruvate, m brain 
cortex slices in the presence of fructose uniformly 
labelled with carbon- 14, results m there being less 
acetyl-coenzyme A available for condensation with 
oxalacetic acid formed during the operation of the 
citric acid cycle This m turn leads to more oxalacetic 
acid being available for transamination into aspartic 
acid than occurs with glucoso On tins interpretation, 
the larger yields of labelled aspartic acid found m 
the presence of uniformly labelled fructose than m 
the presence of uniformly labollod glucose is directly 
due to lack of available acetyl-coenzyme A for the 
acetylation of oxalacetic acid The lowered avail- 
ability of pyruvic acid from uniformly labelled 
fructose is shown also by the diminished rate of forma- 
tion of labelled alanine (Table 1) in the presence of 
this sugar 

The effects of an mcreased concentration of potas- 
sium ions on ammo-acid formation from fructose 
may also be understood The acceleration of conver- 
sion of pyruvate to acetyl-coenzyme A by the pre- 
sence of 105 m M potassium ions leads to an mcreased 
rate of respiration, so that more of the limited 
pyruvate available is converted to carbon dioxide 
There is therefore less pyruvate available for con- 
version to ammo-acids Experiment shows (Table 1) 
that a total count of 8,056 counts jnun for the amino- 
acids investigated falls to 3,564 counts/mm in the 
presence of 105 mil potassium ions 

The limited amount of pyruvate, made available 
from fructose, leads ultimately to the formation of a 
smaller quantity of a-ketoglutarate than takes place 
with glucose, in spite of the mcreased rate of forma- 
tion of acetyl-coenzyme A due to the presence of 
105 miff potassium ions This m turn leads to smaller 
amounts, at equilibrium, of labellod glutamate and 
Y-aminobutyrate The quantity of labelled aspartate 
formed, however, remains approximately constant 
This occurs, presumably, because the malic acid 
enzyme that transforms pyruvate to malate with 
fixation of carbon dioxide, and thence to oxalacetate 
and aspartate, is operating optimally This process is 
already known to occur with retina 15 and with 
mouse bram 30 

It is therefore possible to obtain an understanding 
of the relations existing between glucoso or fructose, 
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and tho amino acidn derived from theee sugars m 
tho brain, both in tho preaonco of normal and high 
concont rat ions of potassium ions, on the basis of our 
present knowledge of the operations of tho citric acid 
cycle m brain of transammating processes affecting 
the a ketonio acids, and on tlie conclusion that tho 
stimulating action of potassium is largoly directed to 
the con\ ersion of pyruvate into acetyl coonzyme A 
The implications of these findings are considerable 
for thoy indicate that catiomo balance, by influonomg 
tho rolativo velocities of the neurochemicol processes 
affects tho formation of substances such as acetyl 
choline or y arainobutync acid, which are now well 
known to bo implicated m the electrophvmology of 
tho nor\ ous system* 

Effects of Sodium Malonate on Glucose-Amlno- 
Acld Inter-relations 

In tho presence of 10 mflf sodium malonate the 
respiration of brain cortex stimulated by potassium 
is inhibited to tho lovol of the endogenous respiration, 
which is only slightly affootecL 

Tho effeots of tho addition of 10 mil/ sodium 
malonato on tho formation of labelled amino acids 
from glucose uniformly labelled with carbon 14 are 
shown in Table 3 

Table 3 IimuRfCE or 0-01 AT Soortrv Malovatk ot akhcoaciu 
F oaxATiox raox Glooosi ujitoaklt lamllbd tttth Caabox l-l 
wrrn akd without 0 1 M potassium Ohlqkidv 
L tpertraental condition* a* In Table 1 Rotalt* (oounta/mla/100 mem 
wet t lone/ 10* oaunUfmin. glucose) are the mean value* of three sets 
Of experimental result* 


Amlno-acId 

formed 

6mJ/K+ +0*01 U 
malonato 

10j m 3/ K +0-01J/ 
malonato 

Glutamic acid 

1 900 

035 

Ajpartlcadd 

328 

6S3 

Glutamine 

301 


AUnlne 

133 

60 

r-AmtnobntjTlo 

»eld 

622 

104 


The most notoworthv offoct of the malonato is tho 
doc roast) m labelling of all tho ammo acids a total 
ammo acid count ot 0,287 counts/min. is reduced by 
malonate to 3,334 counte/min Tlie percentage de 
croaso offocted by malonato is greater in tho presence 
of 105 mill potassium ions The total count of 
11,381 ooimts/min found with the high potassium 
ion concentration is reduced to 1 904 counts /min 
when tho malonato is addod Thus not only is tho 
potassium stimulation of brain respiration nbolishod 
by malonate 1 * but also its stimulation of ammo no id 
labelling in the presence of rodiooctivo glucoso The 
suppression of respiration is reflootod by the lowered 
availability of pyruvato and honoo m tho diminished 
production of labollod alanino and of a kotoglutamte 
and honcc in tho diminished ratos of formation of 
glutamato, glntftauno and Y-anunobutyTio acid 

Effects of Sodium Amytal on Amlno-add Formation 
from Glucose 

In accordance with tho oonolusion by Miohaolis 
and Quastol* 7 tlrnt a narcotic, such as ohlorotono 
suppresses BpociflcnUy at low concent rations the 
octi\ ity of a process playing an mtormodiato part in 
tissue respiration between a flavoprotoin involving 
dlphosphopyridino nucleotide and oytochromo oxid 
080 it lias boon shown” tlrnt amytal (5-othy 1 5 
isoamv 1 barbiturato) Is a highlv offoct n o inhibitor of 
tho oxidation of reducod diphosphopyridino nucleo 
tido and its associated phosphorv lotions 


An effect, thoreforc of tho addition of a narcotic, 
such os amytal, to respiring tissuo is to bring about an 
morea3o m tho ratio of reduced diphosphopyridme 
nuoleotide to diphosphopyndine nuoleotido m tlio 
cell The change in tlua ratio or tho dmnniahed 
availability of diphosphopvridine nuclootido for its 
various linkod reactions m coll motabolism has a 
\anetv of oonsequoncoa Ono obvious result is an 
increase m the rate of reduction of pyruvato, dorivod 
from oorobio breakdown of glucose in tho brain coll 
to lac tat o, so that an increased aerobic ghcolysis m 
the proeonce of the narcotic takes plnco Tlua is a 
well known phenomenon 1 * Other results duo both 
to the changed velocities of tho daphoephopyridmo 
nuoleotide linked reactions and to tho diminished 
availabihtv of adenosmo triphosphate consequent 
upon tho suppression of oxidation of reducod diphos 
phopvridmo nucleotido maj bo oxpoctod to taho 
plnco 

The effects of the addition of 0 6 mil/ sodium 
amytal on amino acids formed from glucoso uniformly 
labelled with carbon 14, in tho prosonco and absence 
of 105 mil/ potassium ions are shown in Tablo 4 
At this concentration amytal oxorts only a small 
inhibitory effect on the oxidation of glucoso by tho 
unstimulnted brain cortex slices but almost a com 
ploto suppression of tho potassium stimulated rospira 
tion of brain cortox m tho prosonco of glucoso* 
The results (Table 4) demonstrate those effects 

Table 4 Ikixubtce or 0-6 mJ/ 8odium Amttal ox AMrro-ACin 
Fojoutios no* Glucoh cxifobvit labeixad with (Hrbojt h 

WITH AXD WITHOUT 0 1 Jf POTASSIUM O/TtOMDE 
Experimental eondltlon* m In Table 1 


Amlno-add formed 

6 mJf K* + 
sloeow-U l *C 

0 6 mjl amytal 

106 nUf K + 
ffloco+e-U **0 

0-6 ro 3/ amytal 

Glutamic aeld 

Aiport I c add 
Glutamine 

Alanine 

y-Amlnobutyrlc add 

6 703 ± 336 

1 002 ± 66 

1 003 ± SO 

1 104 ± 70 

1 703 ± 46 

C ”01 ± 460 

Ml ± 61 

111 10 

330 ± 36 

1 470 ± 123 


(а) In normal physiological media (5 mil/ potassium 
ions) tho prosonco of 0 5 mJ/ amytal produces a 
rnarhod increase in tho ratos of formation of labelled 
Y-aminobutyno acid and alanino, with relatively small 
olmngoa in tho ratos of appoaranco of labollod glutam 
ato, aspartato and glumntmo 

(б) In tho presonce of 105 mil/ potassium ions and 
0 5 mil/ amytal thoro is a \ ery largo fall m tho rato 
of formation of labollod glutamino from 2 397 counts/ 
min. (Table 1) to 111 counts/min (Table 4) Thoro is 
a fall also in the rato of formation of labollod alanino 
and aspartic acid and a nso in that of glutamic acid 

Tho results may bo oxplamod in tho following 
inannor 

(1) With the unstimulated slice of brain cortox 
tho amytal brings about a diminution of available 
diphosphopyndino nuoleotido, bo tlrnt loss pvruvnto 
is oxidized to ocotyl -coonzyme A and loss a koto 
glutarato is convortod to suocinato Thoro is not 
only, therefore, an incroasod rate of conversion of 
pvruvnto to lactato but also an increased rato of 
conversion, bv transamination, of labollod pyruvato 
to alanine and of labelled a kotoglutnmto to gluta 
mate Tho latter reaction is reflected in an increased 
rato of formation of labelled Y*aniinobutyrato Tlio 
rato of formation of glutamino is not increased it is 
in foot decreased, presumably because tho suppression 
of oxidation of reduced dlphosphopyridino nuoleotide 
hading to a diminished synthesis of odma-me in 
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phosphate, results in a diminished amount of the 
latter bemg available for synthesis of glutamine 

(2) With the stimulated slices of brain cortex, in 
winch the oxidation of pyruvate by diphosphopyridme 
nucleotide to acetyl-coenzymo A is greatly enhanced, 
the effect of the presence of the narcotic is to suppress 
this oxidation owing to the lowered availability of 
diphosphopyridme nucleotide The increase of 
reduced diphosphopyridme nucleotide leads to an 
increased rate of formation of lactate (that is, increased 
aerobic glycolysis), this process taking place partly 
at the expense of pyruvate that would otherwise be 
transformed to alanine A similar suppression of 
oxidation of a-ketoglutarate leads to enhanced 
labelling of glutamate The synthesis, however, of 
glutamine from glutamate is almost entirely blocked 
by the narcotic, by its suppression of synthesis of 
adenosine triphosphate normally coupled with the 
oxidation of reduced diphosphopyridme nucleotide 
It is evident that the processes controlling glucose - 
ammo-acid inter -relations m both the unstimulated 
and stimulated shce of brain cortex and in the absence 
or presence of a narcotic such as amytal may be 
interpreted satisfactorily on the basis of the con- 
clusions that the stimulation consists of an accelera- 
tion of the conversion of pyruvate to acetyl-coenzyme 
A and that the narcotic brings about a suppression 
of endogenous oxidation of diphosphopyridme nucleo- 
tide by cytochrome oxidase and its associated 
phosphorylations 

Summary 

(1) Glucose and fructose, both uniformly labelled 
with carbon- 14, m the presence of slices of rat brain 
cortex, are partly converted to radioactive glutamic 
acid, glutamine, y-ammobutyric acid, aspartic acid 
and alanine The yields, and relative proportions, of 
these ammo-acids found with the uniformly labelled 
glucose differ considerably from those found with 
uniformly labelled fructose An outstanding differ- 
ence is the large yield of labelled aspartic acid found 
with fructose as compared with that from glucose 

(2) When brain cortex respiration m the presence 
of glucose or fructose is stimulated by the addition 
of 105 mM potassium ions, large changes take place 
in the yields and relative proportions of radioactive 
amino-acids With glucose, the effect is greatly to 
increase the yield of glutamine and Y-ammobutyric 
acid With fructose, the effect is greatly to dimmish 
the yield of labelled glutamate 

(3) It is concluded, from the effects of the addition 
of 105 mM potassium ions on the formation of 
carbon- 14 dioxide from pyruvate- 1- 14 C and pyravate- 
2- 14 C, and on the relative inhibitory effects of malonate 
on these processes, that the stimulating effect of 
addition of potassium ions on the respiration of brain 
cortex ib largely directed to an acceleration of a 
pace-making step, the conversion of pyruvate to 
acetyl-coenzyme A 

(4) The presence of malonate, which abolishes the 
potassium ion stimulation of respiration of brain 
cortex, brings about a greatly diminished labelling of 
all amino-acids derived from glucose, uniformly 
labelled with carbon- 14, and m the presence of added 
potassium ions almost completely blocks the forma- 
tion of alanine, glutamine, and Y-aminobutyric acid 

Those results can be satisfactordy explained on the 
basis of tho conclusions tliat the ammo acids are 
dern od from glucose by transamination of the 
a-ketomc acids derived during the operation of the 
citric acid cycle and that the potassium ion stimula- 
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tion of the metabolism of brain cortex is due to its 
acceleration of the oxidation of pyruvate to acetyl- 
coenzyme A 

(5) The presence of the narcotic, 0 5 mM sodium 
amytal, produces, with the unstimulated brain cortex 
slice, a marked increase m the yield from glucose 
uniformly labelled with carbon- 14, of labelled Y-amino- 
butyric acid and alanine, with relatively small 
changes in the yields of labelled glutamate, aspartate 
and glutamine With the stimulated bram cortex 
shce (that is, with 105 mM potassium ions) the nar- 
cotic at small concentrations brings about a very 
large fall m the yield of labelled glutamine, falls m 
the yields of labelled alanine and aspartic acid and 
a rise in the yield of labelled glutamic acid These 
results may be adequately explamed on the basis of 
the conclusions given above, together with the 
conclusion that the mam effect of the narcotic is to 
suppress the oxidation of reduced diphosphopyridme 
nucleotide by cytochrome oxidase and its associated 
phosphorylations 


We acknowledge, with gratitude, a grant-in-aid 
from the National Research Council of Canada which 
made this work possible 
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phosphate, results m a diminished, amount of the 
latter bemg avsdable for synthesis of glutamine 

(2) With the stimulated shces of brain cortex, in 
■winch the oxidation of pyruvate by d lpho sphopyridine 
nucleotide to acetyl-coenzyme A is greatly enhanced, 
the effect of the presence of the narcotic is to suppress 
this oxidation owing to the lowered availability of 
dipliosphopyridine nucleotide The mcrease of 
reduced diphosphopyridme nucleotide leads to an 
increased rate of formation of lactate (that is, mcreased 
aerobic glycolysis), this process taking place partly 
at the expense of pyruvate that would otherwise be 
transformed to alanine A sinular suppression of 
oxidation of a-ketoglutarate leads to enhanced 
labelling of glutamate The synthesis, however, of 
glutamine from glutamate is almost entirely blocked 
by the narcotic, by its suppression of synthesis of 
adenosine triphosphate normally coupled with the 
oxidation of reduced diphosphopyridme nucleotide 
It is evident that the processes controlling glucose - 
ammo-acid inter -relations in both the unstimulated 
and stimulated slice of brain cortex and in the absence 
or presence of a narcotic such as amytal may be 
interpreted satisfactordy on the basis of the con- 
clusions that the stimulation consists of an accelera- 
tion of the conversion of pyruvate to acetyl-coenzyme 
A and that the narcotic brings about a suppression 
of endogenous oxidation of diphosphopyridme nucleo- 
tide by cytochrome oxidase and its associated 
phosphorylations 

Summary 

(1) Glucose and fructose, both uniformly labelled 
with carbon- 14, in the presence of shces of rat brain 
cortex, are partly converted to radioactive glutamic 
acid, glutamine, y-aminobutyric acid, aspartic acid 
and alanine The yields, and relative proportions, of 
these amino-acids found with the uniformly labelled 
glucose differ considerably from those found with 
uniformly labelled fructose An outstanding differ- 
ence is the large yield of labelled aspartic acid found 
with fructose as compared with that from glucose 

(2) When brain cortex respiration in the presence 
of glucose or fructose is stimulated by the addition 
of 105 miff potassium ions, large changes take place 
in the yields and relative proportions of radioactive 
amino-acids With glucose, the effect is greatly to 
mcrease the yield of glutamine and y-ammobutync 
acid With fructose, the effect is greatly to diminish 
the yield of labelled glutamate 

(3) It is concluded, from the effects of the addition 
of 105 miff potassium ions on the formation of 
carbon- 14 dioxide from pyruvate-l- I4 C and pyruvate- 
2- 14 C, and on the relative inhibitory effects of malonate 
on these processes, that the stimulating effect of 
addition of potassium ions on the respiration of brain 
cortex is largely directed to an acceleration of a 
pace-making step, the conversion of pyruvate to 
ncetyl-coenzyme A 

(4) The presence of malonate, which abolishes the 
potassium ion stimulation of respnation of brain 
cortex, brings about a greatly diminished labelling of 
all ammo acids derived from glucose, uniformly 
labelled with carbon- 14, and m the presence of added 
potassium ions almost completely blocks the forma- 
tion of alanine, glutamine, and y-aminobutyric acid 

These results can he satisfactorily explamed on the 
basis of the conclusions that the amino-acids are 
deni ed from glucose by transamination of the 
a-ketomc acids derived during the operation of the 
citric acid cycle and that the potassium ion stimula- 
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tion of the metabolism of bram cortex is due to its 
acceleration of the oxidation of pyruvate to acetyl- 
coenzyme A 

(5) The presence of the narcotic, 0 5 miff sodium 
amytal, produces, with the unstimulated brain cortex 
slice, a marked mcrease in the yield from glucose 
uniformly labelled with carbon- 14, of labelled y-armno- 
butyric acid and alanine, with relatively small 
changes in the yields of labelled glutamate, aspartate 
and glutamine With the stimulated brain cortex 
slice (that is, with 105 miff potassium ions) the nar- 
cotic at small concentrations brings about a very 
large fall m the yield of labelled glutamine, falls m 
the yields of labelled alanine and aspartic acid and 
a rise in the yield of labelled glutamic acid These 
results may be adequately explamed on the basis of 
the conclusions given above, together with the 
conclusion that the mam effect of the naicotic is to 
suppress the oxidation of reduced diphosphopyridme 
nucleotide by cytochrome oxidase and its associated 
phosphorylations 


We acknowledge, with gratitude, a grant-m aid 
from the National Research Council of Canada which 
made this work possible 
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LETTERS TO THE EDITORS 


OCEANOGRAPHY 

Application of Ultra-Violet Lights to 
Underwater Research 

We believe this to be the first report of tho use of 
ultra violot lights by divers in underwater research 
In addition to opening up a new techmquo of oxplor 
at ion, it is bolie\ ed tlmt our preliminary findings ma\ 
be of considerable) interest to marine biologists 
geologist 8 and arclueologists 

Tins work was conduoted at depths of 3-5 fathoms 
in tho waters of Northwest Horbor, Door Islo Maine, 
during August 1058, using liand carried ultra violet 
lights of our own development feelf-contained 
breathing apparatus (‘Sonba') was usod throughout 
and all dives were conducted at night 

Two ultra violet lights wore used Each light was 
completely self contained and consist od ossontmllj 
of a G E tubular ultra \ lolot lamp 6 watts (T-5, 
BLB self filtering) oa on ultra violot light sourco 
(about 3500-4000 A ) winch was onorgizod by a 0 V 
batten -dm en circuit consisting of an interrupter 
making and breaking the current to tho low \oltago 
sido of a transformer (Stancor, A-3879) Sufficiently 
high \oltogo -was obtained from tho transformer 
secondary to cause a discharge through tho ultra 
violot light tubo Aoknowlodgmont is mado to 
Transspaco Laboratory for tho uso of their laboratory 
and workshop in tho development of those lighta 

Fiv o preliminary findings merit presentation 
(1) Tlio gonornl prevalence of fluorosconeo (often 
oxtromoly beautiful) under ultra violet irradiation of 
much of tho material matter and objocts occurring 
growing and making up the ocean bottom, in tho 
waters explored (2) Tho difToronco in the observed 
fluoresconco of many objects removed from tho water 
and tlio wmo objects t« 81 ill — for example ‘comlltno 
olgao winch out of vvntor generally fluorosco rose or 
pmk in thoir natural habitat appear to fluorosco 
whito (3) Tlie apparent absenoo of any significant 
fluorescence of tho suspended matter in the naturally 
turbid Maino wntors, and tho absenco of any dazzling 
Tyrndall beam phenomenon Tins inado it possiblo 
to seo objocts (which fluoroscod) approximately 
eight timofl beyond tho mngo at which suoli objects 
could be seen through tltoso waters using natural 
light or during tho daylight hours Normal v isibihtv 
is about Oft in those waters At night using ultra 
v iolot light, fluorescent objocts approximately 50 ft 
away could bo dotoctod This lattor suggests bocauso 
of tho natural fluorosconeo of tho human skin (of 
light skinned persons) and the fluorosconeo of white 
clothing particularly clothing wnshod in modem 
detergents whioh contain optical whitonors, tlmt 
sea relics in turbid and sediment- filled waters for 
bodies of tho drowned might l>oet be conducted m 
tho dark, at night using til trn violet light (4) Tlio 
fluorcsecnco of the liottom, m mud areas under wlitali 
long submerged pieces of ships' limbers wore known 
to bo buried, appeared to bo significantly different 
from areas winch were free of timber Tins suggests 
tho use of ultra violot light as on aid in locating tho 


prcsonco of artofocts buried in mud (5) Tlio fluorcs 
cenoo of natural l\ fluorescent potroloum intormixod 
with acabottom mud which suggests the possiblo 
value of ultra violot light m submarine prospecting 
for petroleum and fluorescent minerals 

RlOnARD G Wooddridoe nt 
Richard C oodbridge 

Transspaco Laboratory 
Box III, 

Prmceton Junction 
Now Jersey 
Juno 11 


The North Kenya Banks 

A bank off tlio northern Kenya coast is acquiring 
significance Its presence is unique along tho coastline 
of tropical East Africa and it is of considerable interest 
as nn abstract manno problem of tins region and ns a 
likely boost to local fishery resources 

Africa has least shelf area, relxU iv c to its size of all 
tho continents and off tropical Last Africa the uhoIF 
is portioularlv narrow The 100 fathom contour off 
Tanganyika and Kenya usually lios onl\ 2-5 miles 
o Ashore tho only notable oxccption lining tho bank 
mentioned that Is sketchily indicated in Admiraltv 
Charts off Lomu, North Kan a It is tmv compared 
to world fishery banks following about 40 miles of 
coastline and extending offshore to a maximum of 
about 30 miles Tho chart suggests a simple lmnk but 
wo liavo found then, to be sovornl Imnks with a very 
distinctive, stoop vnllcv separating tho south western 
hnlf of the bank complex from the shore at the normal 
position of tho edgo of tlio contmmtal shelf Tlio 
offshore area has complicates! topography ‘ irregular m 
configuration with hills and pits often side bv side’ 1 
For example a lull rising to 58 fathoms lies less than 
1 nautical nulo from a pit dropping to 92 fathoms At 
tho blind end of tho valley mentioned whore tho bank 
system runs into tho shallows of Lmnu Bav there iy a 
sizeable area of apparently very smooth bottom nt 
42 fathoms and other regions of smooth bottom are to 
be foimd at greater depths although interspersed with 
undulnnt or rough areas 

Ctrtnin conjectures regarding tho history of tlioso 
banks are worth mention until goological examination 
(for which w o are not equipped) reveals their structure 
They are hkoly to consist of deltaic alluvium for tho 
Lnmu area is plamlv the ancient delta of a nvor tlmt 
was many times greater than tho nearby present-dav 
Tana River Tlio Tana now opens into tho sen 
southerly of Lamu and its water is earned northwards 
bv tho coastal current throughout tlio vear but meets, 
off Lamu, a southward flowing current for part of tlio 
vear It Is reasonable to infer thnt precipitation of 
river sediment occurs off Lnmu and this 
perpetuate tho ancient banks In addition the folds 
and pinnacles of tho bottom as revealed bv our 
explorations, strongly suggest to mo nn underpinning 
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by rock (although this is remarkable m view of the 
flat adjacent countryside) It is interesting that 
soundings from old and modem sources suggest shifts 
of alluvium from one place to another, yet no dis- 
persion of the bank as a whole despite the currents 
that sweep it 

Accounting for the presence of the banks is, perhaps, 
of abstract importance to their potential fishery value 
and so is explanation of the actual and unique associa- 
tion of fishes to be found A rock-cod (Serramdae) 
can be caught m fair numbers but it has never been 
found by ub south of the North Kenya banks It is 
almost certainly the same species as one trawled off 
the south of India Yet, below the water that com- 
prises the surface coastal current other fishes can be 
plentifully caught that are common off south-eastern 
South Africa Newell’s 2 exposition of the current 
system of these waters is of great interest regarding the 
geographical distribution of the species 

By world standards the fishery production off 
British East Africa is infinitesimal 3 due to primitive 
fishing methods, to the infertile sea water and to 
scarcity of shelf area It is a pity that Worthington 4 
omitted emphasis of this last and vital factor in his 
memorable review of modem African biological 
resources, for it is a severe handicap to development 
Demand for fish is great as shown by the annual 
importation of fresh fish from Europe and South 
Africa and of salt fish from Arabia and Somalia Any 
increase in productivity would be tremendously 
important, and fortunately the North Kenya banks 
have been proved very promising 5 ’ 8 A few trawling 
trials have been made off this coast but most came to 
grief due to insufficient knowledge of suitable areas 
of clean bottom Our departmental explorations in 
M V Mamhire have now charted areas of the North 
Kenya banks where trawls may be cast with favourable 
chances and where, moreover, fishes have been caught 
on handlines Even a small trawling ground would 
raise the annual harvest appreciably, for traditional 
fishin g by handlining and trapping is time-consuming 
Whether or not trawling proves feasible the rough 
areas on these banks yield commercially valuable 
fishes to handlining and may support longhnmg on the 
mother-ship and dory system, a development that the 
hardy local fishermen appear to be suited to 

The assay of commercial possibilities of handlining 
and trapping in certain rich areas is bemg done by the 
Provincial Fisheries Officer (Coast) of the Kenya 
Fisheries Division Our Organization is tackling the 
wider exploration of the banks, principally charting, 
hydrography and fishing by various methods (but 
chiefly by handhnes and reels loaded with wire) here, 
there and everywhere to see whether other nch 
areas are present and to obtain a fuller picture of the 
fishing potential (A report is bemg prepared) 
Clearly there are fishing grounds and I am attempting 
to determine the grounds in relation -to benthos by 
dredging, but there is unfortunately little tune avail- 
able for this and for the lengthy process of identifying 
specimens and evaluating the benthic ecology 
Extensive echometer work is bemg done to map 
smooth and rough areas A bathythermograph is 
often cast into the deeper places for there is a segre- 
gation of fishes mto those that frequent the surface 
current and those in the different body of water 
beneath Knowledge of the depth of the thermochne 
between the two water layers helps to determine 
what species to fish for, and where to position the boat 
My hope is that other workers would like data or 
specimens for I would happily co-operate so that our 


work on the North Kenya banks may achieve a scope 
beyond our present resources of time and man-power 
With only one of our staff available for this investi- 
gation we restnot ourselves to aspects of direct 
fishery value 

J F C Morgans 

East African Marine Fisheries Research Organization, 
Zanzibar 
June 1 

1 Morgans, J F 0 , Appendix I, B A.M.F R 0 Ann Rep 1958 (1959) 

* Newell, B 3 , Colonial Office Fishery Publ 9 (H M. Stationary Office, 

1957) 

* Morgan, R , "World Sea Fisheries "(London, 1956) 

* Worthington, E B , • Science In the Development of Africa”, C C T A 

OSJt (1958) 

Konya Fisheries, Reports for 1950 and 1957 (Nairobi, 1967, 1958) 
Williams, F , E Afr Agric J , 24(1), 01 (1958) 

PHYSICAL SCIENCES 

An Absolute Scale of Time 

Physical time is customarily measured by counting 
the number of times a suitably chosen cychc process 
(for example an oscillating pendulum) is repeated, and 
equal intervals are defined as those during whioh the 
process is repeated the same number of times It 
would, m principle, be possible to choose, instead of a 
cychc process, a purely random one and define equal 
intervals of time as those during which random events 
are equally likely Most random processes vary too 
much with environment (for example, molecular 
bombardment of a surface varies with temperature) to 
be selected as standards for measuring time but 
radioactive decay is beheved to be virtually indepen- 
dent of environment Thus, if radioactive decay is 
truly random, the number AN of nuclei disintegrating 
m a time-interval l, t -f At, out of N like nuclei existing 
at time i is given by 

AN = —XNAt (1) 

where X is a constant characteristic of the particular 
nuclei chosen 

Let a clock be constructed to count one every time 
an arbitrary fixed number of nuclei disintegrate from 
an assembly of No like nuclei at t — 0, whioh has 
become N at time t so that 

N — Noe~ Xt (2) 

The number disintegrating in the interval t — 0, 
t — 1 is Ao(l — e _A ) Let tins be chosen as the 
arbitrary fixed number 

The number that have disintegrated by tune t is 
N 0 (l — er Ki ) so the time-interval X indicated by the 
clock (that is its count) will be N 0 (l — e- A ‘)/No(l — e _A ) 
and 

1 _ e ~M _ X(1 - e -A ) (3) 

As judged by customary time-scales equal intervals by 
such a clock would appear to be getting longer and 
longer and the clock would be deemed unsuitable Let 
there be a second clock of the same kind but immg 
different nuclei the decay constant of which is g, then 
for it we have 

i 

1 — e-v‘ - F(1 — e~s) (4) 

where F is the time indicated by the second clook 
which is just as unsuitable as the first one 
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An additional observable quantity is d YjdX, the rate 
of one clock as judged by the other and we have 

\ier^ dF ~kt~ Xt 
1 _ e -» ■= cLV 1 - eru < B > 

In equations (3), (4), and (5) X, Y and AY/dX are 
known so that X, g. and t are calculable and t does not 
depend at oil on the nuclei chosen, bo from the two 
clookB a true or ‘absolute’ scale of time is derived and 
also the decay constants of the two sorts of nuclei 
chosen 

It is not suggested that a useful practical system of 
this sort could be constructed, the accuracy in practice 
attainable in counting disintegrations is far too low by 
any presently known methods Even if counting were 
perfect the fluctuations occurring m these random 
processes would mako the attainment of anything like 
tho precision of a good ordinary clock only attainable 
if the number of disintegrations counted per second of 
ordinary time was \ ery largo indeed, and there would 
among other difficulties be cither that of ensuring that 
each clock was puro in the sense of the disintegrations 
counted all being of like atoms or of a much more 
complex analysis 

The interesting point remains that from two such 
clocks a scalo of time could, in principle, bo derived 
that is independent of their nature and could be of any 
desired precision if only the clocks contain enough 
ntoms The accuracy with which the derived scalo 
matched conventional time might bo a test of the truth 
of the assumption that the decay processes are random 

Perhaps, without stretching the significance of this 
curious result too far one maj suggest it implies that 
providing the universe is not composed solely or 
identical particles but contains at least two sorts 
capable of random disintegration at different rates 
there ia g natural rate of change inherent in the 
structure of tho universe itself independently of any 
man mado timepieces 

Another point of interest is that, with any set of 
finite clocks of this kind, tho uncertainty m measure 
mont of a time interval increases without limit as tho 
interval tends to infinity 

J A CAimoix, 

Admiralty, 

Whitehall, London S W 1 
June 1 


Signals from Satellite 1958 82 
(Sputn/k ///) 

In a recent communication Munro 1 reportod 
Australian observations of tho radio signals from 
Satollito 1058 82 winch led to tho conclusion that tho 
pulso modulation was absent when tho Satollito was 
not illuminated by tho Sun. This lapso of modulation 
wfifl first noted early in March 

Thoro has boon httlo opportunity for observers in 
Great Britain to dotcot such a lapso because on all 
near transits sraco lato February tho Satellite height 
has boon sufficient for it to bo illuminated over 
practicallj tho whole of its observablo track. There 
was, liowovor, a short period from April 14 to 28 when 
tho early part of the track was in darkness and 
observations mado at tho Radio Research Station 
Slough, during this period showed that tho signals were 
not received as early ns expected and did, in fact, not 


commence until the predicted time at which tho 
Satellite emerged from eclipse 
Up to the ond of February and afterwards, except 
during the abo\o period in April, signals have been 
received over the whole of tho obscri able track The 
condition of complete illumination on all noor tracks 
continued until mid August 

The Radio Research Substation at Singapore lias 
also reported the absence of signals at night Thia lapse 
was firat noted on March 27, and during June when tho 
conditions were appropriate it was observ ed that tho 
signals ceased abruptly within a mmute of the pro 
dieted time of the Satellite passing into eclipse 
Although our results confirm Monro s observation 
of the lapse of modulation the c w signal during these 
lapse periods, which he also observed has not been 
detected bo far oither at Slough or Singapore This 
may be due to lack of sensitivity in tho receiver at 
Singapore and to the absence of suitablo observing 
conditions at Slough 

This work was corned out as part of tho programme 
of the Radio Rosearch Board, and this communication 
is published by permission of the Director of Radio 
Research of the Department of Scientific end Industrial 
Research 

B G Pressev 

Department of Scientific and Industrial Research, 
Radio Research Station 
Ditton Park Slough Bucks 
Aug 10 

1 Munro O IT \<Hnrt I8J 1149(1950) 


Upper Atmosphere Density Variations 
Due to Hydromagnetic Heating 

This communication describes a mocliamsm which 
explains: (I) tho irregular orbital accelerations of 
satellites 1 *, and (2) tho sudden disappearance of 
trapped mdfnt/on from tlw Argus nuclear oxplosion 
coincident with a geomagnetic Btorm* Thcso two 
observations maj bo oxplnmed by tho calculated 
rates of ionospheric heat ing bv hvdromagnotio waves 4 
Tho hydromngnotio waves are gonorntod nt a distance 
of six to ten Earth radii from tho centre of tho Earth 
by tho instabilities as tho solar wind internets with 
tho geomagnetic field, and by variations in solar wind 
pressure * • 

Tho major features of tho satollito orbital decaj 
to ho explained are tho correlaion between tlio 
orbital acceleration and the 10 and 20-cm solar 
radio no 100 mtonsitj and tho increased orbital 
acceleration during magnotic storms Since 1 he orbital 
decay increases during a magnotic storm and not at tho 
timo of a solar flare Jocchm T lias concluded that it is 
probably corpuscular radiation from tho Sun, that 10 
tho solar wind which affects tho atmospheric drag 
Tho corpuscular radiation itself cannot jicnotmto 
tho goo magnotic Hold closer than about f> Earth 
radii from tho Earths centre (except during severe 
magnotic storms) However, as stated above, the 
solar wind can gone rat o h\ dro magnetic waves which 
will bo dissipated as heat in tho altitude range 150- 
200 km (tho F 1 region of tho ionosphere) The 
nmplitudo and frequency of tho fluttering at tho edge 
of the goomngnotio field vanes with tho strength of 
solar wind* -Therefore tho high temperature of the 
F region, which Is at least in part due to hydrornng 
not ic heating 4 wdlvnrj with the strength of the solar 
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w md Since the density above the -region depends 
on the temperature of the -region, the hydro- 
magnetic heatmg provides the mechanism whereby 
the solar wind can affect satellite drag 

The correlation between the 10- and 20-cm solar 
radio noise intensity and the orbital acceleration is 
mdependent of whether perigee is over the dark or 
sunlit hemisphere Since the hydromagnetic wave 
velocity varies with height in such a way as to refract 
the waves completely around the Earth 9 , the hydro - 
magnetic heatmg gives a natural explanation of why 
the correlation between the 10- and 20-cm solar radio 
noise intensity (which is apparently an mdex of solar 
wind intensity) and the orbital acceleration is not 
affected when perigee moves from sunlight mto 
darkness 

The ionosphere will also be heated by the hydro - 
magnetic waves which are generated dm mg magnetic 
storms Tire magnetic storm fluctuations have periods 
of the order of minutes which are much longer than 
the steady state flutter periods of about 1 sec The 
hydromagnetic heatmg rate is dependent on fre- 
quency m such a way as to make the low frequency 
disturbance fluctuations much less effective for 
ionospheric heatmg than the 1 c p s steady -state 
flutter frequency unless the amplitude of the low 
frequency fluctuations rises above some critical value 
Smce the magnetic K mdex is a measure of the 
amplitude of the low frequency fluctuations and is 
not sensitive to the 1 c p s flutter frequency amplitude, 
no correlation between orbital acceleration and K 
mdex should be expected unless the K mdex should 
rise to a rather high value (as it would durmg a mag- 
netic storm) Thus, ionospheric heatmg by the large 
amplitude low fiequency hydromagnetic waves 
generated during a magnetic storm can account for 
the mcreasod orbital acceleration observed dm mg 
magnetic storms 7 

Tlie same general arguments may be applied to the 
sudden disappearance of electrons from the Argus 
nuclear explosion These electrons had been trapped 
m the geomagnetic field It has been shown 4 that 
atmospheric heating will not distend the geomagnetic 
field even though the upper atmosphere expands 
(briefly, because (1) the slight mcrease m ion pressure 
is much less than the magnetic field pressure stress, 
and (2) even if the magnetic field were pushed out, it 
would very quickly diffuse back to its equilibrium 
position) Therefore, the shell of Argus radiation is 
fixed with respect to the earth and any ionospheric 
heatmg will mcrease the atmospheric density at the 
altitude of the Argus radiation This mcrease m 
atmospheric density well, of course, mciease the rate 
of loss of the trapped particles The radiation in- 
tensity of the trapped Argus electrons was observed 8 
to decav inversely wuth tune until a magnetic storm 
occurred Then, the rate of decay of radiation 
intensity increased markedly and the radiation 
disappeared m a few horns It has been pointed out 
that magnetic scattering of the electrons due to 
breakdown of the conservation of the magnetic 
moment is unlikely smce the cyclotron frequency for 
electrons is too high and the cyclotron radius is too 
small for hydromagnetic wa\es to have any effect 
on the mvanents of motion 8 That is, the olectron 
cyclotron frequency is much greater than the hydro- 
magnetic wa\ o frequency and the electron cyclotron 
radius is much less than tho hydromagnetic wave- 
length so that tho adiabatic conditions are maintained 
Howover, an mcrease in atmospheric density at high 
altitudes due to ionospheric heatmg would shorten 


the trapping lifetime of tho Argus electrons duo to 
scattering by atmospheric gas Thus, the loss of the 
Argus radiation and the increased orbital acceleration 
durmg a magnetic storm may bo taken to be two 
mdependent observations of the same phenomenon 
ionospheric heatmg by hydromagnetic waves 

Another phenomenon which may bo explained by 
hydromagnetic heating is tho increased X -radiation 
intensity observed at balloon altitudes durmg a mag- 
netic storm 10 (These observations were mado at 
latitudes far below the auroral zone and wore not 
associated with visible auroras ) The ionospheric 
heatmg mcreases the atmospheric density in the lower 
part of the Van Allen radiation belt and thereby 
mcreases the scattering loss of trapped particles 
The electrons which are scattered out of the Van Allen 
belt will emit bremsstrahlung upon being stopped 
m the atmosphere, and thus account for the increased 
radiation intensity measured at balloon altitudes 
durmg the magnetic storm This explanation 
requires that the intensity of tho lower part of tho 
Van Allen radiation belt decrease durmg a magnetic 
storm 

The conclusion reached is that ionospheric heatmg 
by hydromagnetic waves (generated by interactions 
between the solar wmd and the geomagnetic field) 
can explam ( 1 ) the observed variations m the orbital 
acceleration of satellites, (2) the sudden loss of the 
trapped Argus radiation coincident with a magnetic 
storm, and (3) the X-ray flux observed at balloon 
altitudes far below the auroial zone durmg magnetic 
storms This flux is presumably associated with 
changes m particle radiation intensity at tho lower 
edge of the Van Allen radiation belt Tho hydro- 
magnetic heatmg of tho ionosphere produces the 
above effects by mcreasmg the scale height of tho 
atmosphere and thereby mcreasmg tho atmospheric 
density at high altitudes 

A J Dessler 

Lockheed Aircraft Corporation, 

Missiles and Space Division, 

Palo Alto, California 
June 11 
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Academj of Sciences, April 29, 1959 (unpublished) 

M Brown, B P , J Geophys Res , 64, 323 (1050) 


Auroral Frequency Lines 

In his recent letter, Dr B Hultqvist 1 compares 
lines of equal auroral frequency diawn by E H 
Vest me and by C W Gartloin with amoral ffcquoncy 
lines deduced thooiotically Ho finds that his lmos 
agree better with Gartlom’s International Geophysical 
Year data m that both sets bulgo much farther 
south of the geomagnetic latitude circles ovoi north- 
east America than do Vestmo’s lmes which were 
based on a combination of the onginal Entz data 
with those collected m the yoars 1872-1942 

This is intei esting , but it is not surprising that 
the Vestine and Gartlem frequency-lines divorge and 
it can scarcely be taken as confirmation of tho theory 
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bohrnd Hultqvist 8 lines Afl noarlj as con bo judged 
from his Fig 1, he compares the position of Gartlein a 
once a } ear (I/yr ) froquencv with Vostmes 5/} car 
lino winch hcs southward of it , and Gartlein ’s 70/yr 
lino with Vestino’B for 50/yr lymg for tho most part 
'veil north of it This by itself would not bo critical 
bocauso the frequency Linos of onj ono famil\ should 
have tho same general shape But as tho bolt of 
greatest auroral frequency and associated geomagnetic 
disturbance expands southwards at times of greatest 
activity it is important that similar methods should 
bo used for reducing different Bets of data to a common 
basiB of activ it} it is also ncceesar} that surnlar 
adjustments oro nrndo for incidence of olond and 
daylight In liia redrawing of tho Fritz lines, Yestino 
introduced corrections to his later observations based 
on the data from the British First and Second Polar 
\ car Station at Fort Rao in tho zone of maximum 
troquoncj in north west Canada he also corrected 
for length of daylight But thoro is no ovidonco that 
any similar procedure was used for Gartlein s Inter 
national Geophysical loar data 

J M Staoo 

Meteorological Office 
Arr Mmietrj 
Kingsvvay 
London, W 0 2 
Juno 18 

IfaltqvUt B halm IgS 1478 (10^1 

DirFiOULTirg nro certainl} associated with tho 
preparation of observational auroral frequency linos 
In gcmornl somo of the most important ones are 
supposed to be tlioso duo to too low donmtv of tho 
observational not, individual variations among tho 
ohsorvora with regard to observational scliomo and 
definitions variations of tho sensitivit} of ob«or\a 
tional method, etc Correction for vnrintion of the 
solar ootmt} ovor tho observational periods for the 
dtfforont observers must )>e introduced In addition 
to this adjustments for cloud nnd da} light must bo 
made as mentioned by Dr Stngg 

Tho difficulties seem howovor, to bo least if only 
tho frequency linos over a limited part of tlio Earth 
uro to bo determined, if tho obsorvational material 
is restricted to a fairly Rmntl period in time and 
onpocmll} if tho net of observations is dense and all 
the observers nro using tho samo nomenclature 
definitions nnd obscrv ntiotml scliomo 

This Inttor advantageous case is that of Cartlem 
who has had nt his disposal tho closest and licet 
prepared not of well co-ordinated observers, winch 
so far ns I am aware lias o\ or worked ovor American 
torritor} In contrast Vestino 1ms used, a less 
homogeneous and less-defined obsorvational material 
obtained at f truer points in tho United States ns 
basis for his curves 

As Dr Stngg himself mentioned, tho fnmil} of 
froqucmc} curves mn} safol} bo supposed to imvo 
tho same general slinpo over a vvido mngo of absoluto 
frequency values 

hor tho reasons monUonetl it seems reasonable to 
suppose that tho sliajvo of Oartlom s curv cs nro at 
least os reliable as that of Vest tne a ov or Amorlcnn 
torritor} nnd to draw tho conclusion of m} earlier 
communication 

Benot Hultqvist 

Kimna Geophysical Observatory , 

Sweden 


Polarization and Resolving Time Effects 
in Photon Correlation 


Several papers 1 ’ 3 have boon published recent 1\ 
reporting an enhancement of tho coincidence rate duo 
to photons dotectcd b} photomultiplier tubes viewing 
coherent light beams Horo we wish to report on tho 
effect of v arying sev era! of tho factors which influence 
the magnitude of the enhancement, in particular the 
degree of polarization of the beam and the resolving 
time of the coincidence apparatus The variation of 
tho enhancement with spectral line width (0 000 \ 
and 0 000 A ) has been reported previous!} J to be m 
agreement with tho theoretical predictions 

To obtain simultnnoous recording of two resolving 
times (2t 8 x I0“* sec and 4 x JO - * roc ) ns well 

as to simphfv the running of tho experiment tho 
cable switching was made automatic and new co 
incidence circuits were designed similar to those ties 
cnbed by Moody 4 Tins chan go from our previous 
experimental nrrangomont, w hioh used a Bell Graham 
and Fetch coincidence circuit 5 with manual switching 
in addition gnv e improv ed accurac} Long (20 v 10-* 
sec ) and zero rolativ o dela} cables w ore automat icnllj 
switched oven 30 seconds Thu light sourco was nil 
olectrodeless mercurv 108 disehargo tube in a co n\inl 
chamber 3 oxcited bv 2450 Me /s radio frequenev 
power Tins lamp was vntir-eooled tlio water 
temperature being regulated at 45°C and run near 
tho maximum intensitv Tho 5401 A line of mercurv 
vros isolated bj means of Scliott filters Several tvpes 
of oxpenment wore performed, nUcmating the 
mercur} 198 lamp w ith a lugh pressure mercurv lamp 
alternating tho cases of pliotoimiltiplicrs ‘superim 
posed and displaced sufficient]} for the coherence to 
drop to zero nnd alternating tho eases with a j>olar 
izing filter in tho lienm and without this filter 

Tlio results of tho experiments ina} Is? expressed m 
terms of the enhancement of tho counting rate for 
roro d( la} over that for long dcln} after the nttenu 
ation corrections have been applied These corrections 
wero obtained by measuring tho counting rates with 
ono photomultiplier displaced so that tlio coherence 
factor was zero As n check on the performance of tho 
equipment a high pressure mercurv arc producing a 
broad omiwion line (about 1 5 A wide) wan used 08 
tho light source several tunes during tho course of tho 
experiment \\ ith tho mercurv 108 lamp (unpolonzcd 
light) tho observed enhancement was 0 0087 ± A 0008 
for 8 \ 10“» see resolving time For piano polarized 
light tho prodiotod enhancement* • is twico tho value 
for unpolarized light To compare with this prediction 
a Polaroid filter was placed betw ecn tho lamp and tho 
pmholo Under these conditions (polanzod light) an 
enhancement of 0 0230 ± 0 0042 vvns obtained 
2 75 ± 0 73 as largo as that without tho ‘Polaroid 
For a resolving tnno of 4 y 10- f roc with polarized 
light an onlmncoment of 0 0300^:0 0047 was ob 
tamed, 3 45 ± 0 80 as largo as tlio value for unpolnr 
izcd light with a resolving time of 8 X 10-* sec 
compared with an expected factor of four 

Tho experimental variation of tnliancement with 
resolving timo polarization of the beam nnd spectral 
lino width lmvo boon found to be in agreement with 
theory *“• within the oxpcnmcntnl error further 
experiments arc being carried out in imli r to obtain 
increased accuracv and to obtain result* under 
different conditions 
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Experiments on the Acousto-Electric 
Effect 


Parmentbr 1 , and later Gurevich 2 , predicted that a 
single longitudinal acoustic wave passing along a 
metal or semiconductor should produce a steady 
potential difference in the material Weinreich and 
White 3 and Sasaki and Yoshida 4 observed the effect m 
germanium 

We have attempted to observe the acousto electric 
effect m copper and aluminium In our most con- 
clusive experiment, vibrations of high energy, at 
25 kc /s , produced by an ultrasonic drill were passed 
along a copper wire, and uere absorbed at the other 
end by a mass of ‘Plasticine’ to prevent reflection The 
particle amplitude of the specimen was observed under 
tho microscope The vibrations were continuous over 
the whole length of the wire from the transducer to the 
absorber, showing that no standing wave3 were formed 
The acoustic energy m the wire was calculated to be 
about 9 watts, and its diameter was 0 07 cm , giving 
an intensity of 2000 watts/cm 2 According to Par- 
menter’s theory this should produce an acousto- 
electric emf of 400 pV /cm (For a good conductor, 
Gurevich calculated an even higher emf of 0 3 
pV /cm for each 0 1 watt /cm 2 acoustic intensity ) 
In actual fact, we observed at most only 1 4 pY on a 
specimen of 25 cm length, and also on another of 
160 cm length (The smallest detectable signal was 
about 0 3 pY ) As this potential difference required an 
appreciable tune to appear and to disappear, it was 
probably due to heating effects Thus the observed 
effect would be at most only a very small fraction 
(about 1/7000) of that predicted by the theory 

In an earlier experiment high-enery pulse trams, of 
300 kc /s , were produced in a nickel magnetostriction 
tube and passed along an aluminium specimen No 
effect v as observed 

The tests were carried out at room temperature 

Piboska Smith (nee Vermes) 

D O Sprotjle 

Department of Physics, 

Birbeck College, 

University of London 
May 29 
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Intensity of the (Ml) Reflexion for 
Diamond 

Recently 1 the intensity of the (111) reflection of 
diamond was measured A value was found which 
deviated from that given formerly 2 hut which agreed 
with the value based on McWeeny’s 3 calculations of the 
atomic scattering factor for carbon 

F - values given m the recent publication 1 were cal- 
culated from the experimental data using the absorp- 
tion coefficient for Ou3£a-radiation p/p = 4 52 as given 
m Compton and Allison, p 802, Table 1 (1942) and also 
m D’Ans-Lax, “Tascbenbuch fur Chemiker tmd 
Phy Biker”, p 83 (1949) But, since also the higher 
value of 5 50 is cited (for example, “Internationale 
Tabellen zur Bestimmung von Kristallstrukturen”, 
1935), and because the absorption coefficient also was 
found to vary from crystal to crystal 2 a determination 
of p/p was carried out on the sample used for the above- 
mentioned measurements It was found that p/p = 
5 56 ± 0 14 

With this absorption coefficient the mean value of 
$Fn i determined by the reflection-method becomes 
2 39 s and the weighted mean of all experimental 
values, that is, including the data obtained by the 
transmission method (which arc independent of p), 
is 2 35 in agreement with the former determination 2 
It must bo concluded, therefore, that while for higher 
sin 0/X values tho agreement of measurements and 
McWeeny’s calculations is generally good, an appre- 
ciable discrepancy is present at sin 0/> = 0 141, that 
is, for /m at diamond * 

It can be shown that this is due to the fact that the 
accumulation of binding electrons between two carbon 
atoms in diamond which gives rise to the appearance 
of 222, also strengthens the intensity of 111 It does 
not influence 220, however, and the experimental value 
of /220 agrees, indeed, accurately with McWeeny’s 
calculation On the other hand, /311 is expected to be 
weaker and this is also in agreement with the experi- 
mental observation 2 At higher orders these effects 
fade out The details and ail extended discussion 
will be given elsewhere 


R Brill 
H Babth 

Fntz-Haber-Institut der Max-Planck-Gesellscbaft, 
Berlin-Dnhlem 
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Fibre Surface Replication by Rolling 

A technique for replicating fibres by rolling has 
been developed m these laboratories It is only 
applicable to fibres which approximate to a cylindrical 
shape, such as nylon, ‘Terylene’ and wool, but with 
these it can give replicas with sufficient resolution for 
the full magnification available m light microscopy 
It is not known yet to what extent the replicas are 
suitable, either directly or m second stage form for 
electron microscopy 

A glass microscope slide is dipped in ‘Need’ cement 
(diluted with acetone to more than three times its 
volume) and allowed to dry, protected from dust 
"When it is sufficiently dry to be non- tacky, three 
lengths of fibre, each about 3 mm long, are placed on 
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the ‘Necol’ film m a triangular array, the fibres parallel 
to the short side of the slide Another glass slide is 
laid on top, then, whflo slowly pulling the top shdo 
along so as to roll the fibres, a weight between 200 and 
500 gin is carefully applied above the fibres to press 
them on to the ‘Necol film 

‘Neool* cement which is principally based on nitro 
cellulose has been used so far as the replica medium 
Other possible media are also being tried We 
produco the steady motion of the top slide (10 mi 
crons/seo ) bj coupling it to a considerably geared 
down “Drayton* motor 

The photographs ihuatmte tho me of the technlqao 
on nylon and wool Fig 1 shows a replica of a scratched 
length of an undrawn nylon filament clearly demon 
et rating the repeated replication of tho fibre surface 
This technique provides a means of chocking on one 
replica by the occurrence of identical detail at intervals 
across the replica that the features reproduced ore 
produced by the replication and are therefore presum 
ably true fibre surface detail 

The distribution of surface detail over the whole 
fibre circumferenoe is also immediately available on 
one replica and n better understanding of the signifi 
cunco of any particular feature is obtained 

Fig 2 is at a higher magnification, showing one 



complote re\olution of a wool fibre Both photo 
graphs are taken in phase contrast Fig 1 with a 
numerical aperature of 0 28 and Fig 2, 0 00 

I am indebted to Muw J I Tidmarsh for tbo photo 
micro graplis Mr J P Williams for valuable collabor 
ation in dovoloplng the tochnlquo and to British 
Nylon Spinnors Limited for permission to publish this 
communication 

J WoLOAAnn 

Research Department, 

British Nylon Spinners Limited, 

Pontypool, Mon 
Mnj 13 


CHEMISTRY 

Rotational Friction Coefficients of Models 
of Tobacco Mosaic Virus and the Size 
of the Virus Particle 

Muon valunblo information about the slmpo of 
mncromolcculcg in solution can bo derived from 
hjdrodynnmio studies Two recent measurements of 
tho rotational friction coofllojent or tobacco mosaic 
virus, by the electro-optical effect 1 and h} flow 


birefringence*, have, however, ltd to values of tho 
length that were more than 10 per cent greater than 
the length observed m tho electron microscope* 
This serious discrepancy which is well outside tho 
presumed experimental errors, could be explained by 
change e in tho dimensions of tho virus parficlo on 
drying, or by failure of tho aiaflable hydrodynamic 
formulre adequately to describe tho actual behaviour 
of the rod shaped particle 

It hoe boon generally behoved that the hydro 
dynamio behaviour of this highly asymmetric 
cylindrical particle (axial ratio 20 ij is practically 
the same as that of a prolate olfipsoid of tho same 
length and axial ratio, for which an oxoct formula is 
available ThiB belief baa been strengthened by an 
approximate calculation of Burgers 4 , which gave 
a result for tho cylinder that wag almost- the snmo 
as the ellipsoid Tho rotational friction coefficient, 
O, is the torque neoded to mako an objoct rotate 
about a givon axis at unit angular velocity in a 
viscous fluid that baa stationary bound an os at 
infinity For a prolato ollipsoid of semi axes a and 6, 
Perrin obtained* (for a/6 largo) 

O ~ 8r>ja*/3 [-0 50 + ln(ki/6) ] (1) 

For a cylindrical rod Burgers 4 obtained tho snmo 
formula except that tho nogativo constant m tho 
denominator was 0 80 instead of 0 50 For an objoct 
with a/6 equal to 20 tho valuos of O calculated from 
iho two formula) differ b} only 11 per cent 

Since the Burgora’s formula is admittedly approx 
imoto, it was docidod to test tho validity of tho 
hydrodynamic equations dnrcctlv in studying models 
of tobacco mosaic virus wore carofull} machined from 
brass An ellipsoid and a rod were in ado Irnvxng an 
axial ratio of 20 l and n length of 10 10 cm Another 
rod of Bimilnr dimensions was mndo haiing liorru 
spherical onds Anothor cjlindcr liod tho same axial 
ratio but was half as long (6 08 cm ) Experiments 
wore also mndo with a polymoth} I methnerv Into 
sphere having a diameter of 6 38 cm 

Experimental determinations of torque were mndo 
bj suspending tho modols in the centre of an oil bath 
from ftno calibrated tungston torsion wires Sihcono 
oil wos usod for most of tho experiments but con 
firming oxpenments were also made in a mineral oil 
of comparable viscosit\ Tho cylindrical oil bath 
was mounted on a tumtnblo and rotated about Its 
axis at spoods from 0 3 to 1 3 r p m Torquo wns 
invariably found to bo proportional to speed 
Reynolds's numbon? wore estimated to bo far bolow 
tho turbulent range 

For tho experimental values of O to bo meaningful 
tho walls of tho vessel must not interfere A rough 
estimato of tho offoct of tho walls on tho torquo A 
can be obtained from an oquation given bv Lamb* 
for a spherical container 

N « Nod (1 + A T «/0r t wT ) (2) 

whore N * is tho torquo in a \osscl of infinite radius, 
V is the x olumo of tho container, and o is tho ongulnr 
velocity Ono can arguo from dimensional cons idem 
tions tliat a verj similar equation should also bo 
valid for cylindrical containers For tho vessel used 
tho error is estimated in this vft\ as less tlian 1 per 
cent compared to a reliabihti in tho measurement of 
± 2 per cent 

Tho experimental frictional coefficients are sum 
mnrrred m Table 1 Tho value for the sphere agrees 
with theory quito close!} , wluch eonfinns tho vohditv 
of tho experimental procedure Tlu» Aftluo f°f^° 
ellipsoid is too large b> an amount outHido c*p"i 
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mental error Tins is believed, to be due to errors in 
the machining of the shape, since the volume of this 
model was measured and found to be about 4 per 
cent greater than expected The rod with hemi- 
spherical ends has a frictional coefficient somewhat 
lower than the rod with square ends, demonstrating 
the importance of the geometry at or near the end 
of the rod The data for the smaller rod are much 
less precise due to the reduction of sensitivity m the 
measurement, but they can be taken as a satisfactory 
confirmation of the a 3 relationship The most note- 
worthy point, however, is the difference between the 
rod and the ellipsoid The data given show very 
definitely that the rotational friction coefficients for 
rods having the axial ratio of tobacco mosaic virus 
are much higher than earher calculations indicated 
Apparently tobacco mosaic virus cannot be ade- 
quately represented by an ellipsoidal model, since 
the friction coefficient of the rod is 56 per cent 
greater than that of the equivalent ellipsoid Burgers’s 
approximation is also inadequate for the virus since 
it predicts only an 11 per cent difference 
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Table 1 Frictional Coefficients (dine/oii /sec /bad ) i\ Suicone 
On, at 26° C n = 54 4 CP 



* Formula of Stokes 
t Formula of l’crrln (ref 5) 
t Formula of Burgers (ref 4) 


S Broersma (private communication) has recently 
made impioved calculations for the rotational 
diffusion constants for cylindrical particles His 
results indicate a value for O within 10 per cent of 
our experimental value 

A revised length for the tobacco mosaic virus 

particlo can now be calculated, assuming tliat C 

vanes as vja* at constant axial ratio The relevant 

data are the value of 292 for O for the rod of length 

10 16 cm in an oil of viscosity 64 4 cp , and the 
value of 1 24 x 10 -18 previously found 1 for G for 
tobacco mosaic virus in water at 0 894 cp The 
length of the virus particle comes out t-o be 3000 ± 
50 A , m excellent agreement with the value of 
2980 ± 10 A found for the dry particle under the 
electron microscope 3 * The flow birefringence measure- 
ments of Boedtker and Simmons 2 now also agree 
In these calculations we have tacitly assumed an 
axial ratio of 20, corresponding to a diameter of 
150 A , winch is, m fact, the diameter of the virus 
as determined by X-ray scattering 7 * * 10 

It can bo concluded that the dimensions of the 
tobacco mosaic virus particle m solution are not 
significantly different from those m the dry state 
This precludes tlio notion that tobacco mosaic virus 
carrios with it a large, rigid, ice-like hydration shell 
as has been suggested for some proteins and nucleic 
acids* * 


A Modified Rotating-Sector Method of 
Measuring Kinetic Chain Lifetimes 

In order to evaluate the individual velocity 
coefficients for the propagation and termination 
reactions involved m polymerization and other chain 
processes, it is necessary to measure the lifetime of 
the kinetic chain This is usually done by means of 
the rotating-sector method*, or one of the non- 
stationary state methods 2 '* The mam disadvantage 
of the former method is that the complete determ- 
ination of a kinetic chain lifetime cannot normally 
be made with a single filling of a dilatometei, unless 
the reaction is taken beyond the initial stage which 
may lead to gel effects and other complications A 
number of dilatometers are therefore usually employed 
in a single determination of a lifetime, and errors 
often occur due to difficulty m reproducing the exact 
conditions, especially when the monomer mvolved is 
difficult to purify The non-stationary state methods, 
on the other hand, yield a value for the lifetime m 
<30 sec , but unfortunately they often are inaccurate 
when lifetimes of <0 5 sec occur, since instrument 
lags oi personal response times become particulaily 
important for the very short lifetimes The actual 
rate measurements, however, are quite accuiate m 
this range of lifetimes, and can be measured m about 
10 sec , that is, when 0 01 per cent reaction has 
occurred By combining the two methods it is pos- 
sible to cope with lifetimes of 6 sec , and to carry 
out a complete determination of a lifetime of the 
kinetic chain before I per cent reaction has occurred 
The method is not valid for lifetimes ^>0 5 sec , since 
when flashtmies of several seconds are used the 
measurement of the rate by non stationary state 
methods becomes inaccurate 

The procedure employed was to measure the reac- 
tion rates for a series of different sector speeds as in 
the normal rotating-sector method 1 , but the rates 
were obtained from the expansion /time plots as m the 
dilatometric non-stationary state method* instead of 
the usual contraction/time curves By so doing, it 
was possible to obtain a rate determination m 
approximately 10 sec compared with about 20 mui 
by the contraction method This clearly reduces the 
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oxtent of conversion involved in a gi\on number of 
rate measurement a bj a factor of more tlian 100 
This combined method has been used in evaluating 
the ratio of the velocity coefficients of propagation to 
termination (fcp/If) at 26® C for tho polymerizations 
of ocrylonitrilo in dimothyl formomido solution 
(30/70 \/v) initiated -with 3 8 X 10-* moles /I 

ozo bis tsobutyronitnlo, and of vinyl chloride initiated 
by 8 X 10** molos/1 bromotrichlorornotlmno Tho 
\aluos obtninod wore 3 4 y 1CM and 7 1 x 10 _T 
respectively Valuos of the ratio of the sectored to 
unscctored rate for a number of different flash times 
obtained in vinyl chloride polymerization are givon 
together with tho theoretical plot m Fig 1 It will 
bo seen that tho experimental points lie mainly on 
tho theoretical curve and that the agreement is hotter 
than is often obtamed in the normal sector method 


O 



Los (flash time) 

FIs 1 lUtlo of sectored to trasectored rate* A&Alrut I o« 

(flaih time) for the polymer! ration of rlrryl chloride at 25 C. 

O Experimental point* — theoretical curve 
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his mtorest m tho work, to tho Department of 
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to tlio Distillers Co for a gift of vinyl chlorido 
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Thermal Decarboxylation of Some 
Keto-Acld Hydrazones 

The 2 4-dmitrophcn}Hv\ droxonos of keto acids are 
froquentlj used to identify these metabolic inter 
mediates Tho clear Btntomcnt b\ Clift and Cook 1 
regarding tho rend} thermal dccarbox} latlon of tho 
2,4 dinitrophcnjlh}drnzonefl of oxnloocetio rind nccto 
ncctio acids lias sometimes been overlooked part leu 


larly in the uso of molting pomte ns a means of 
identification Some of our obsen ations bear on tho 
problem 

Oxaloacetic aoid 2, 4 duntrophenj lh\ drnzono (I) 
synthesized by the usual procedure, when inserted into 
a bath at about 190°C or abo\ o, melted with vigorous 
bubbling and resolidified lromodiotclj, with a final 
melting point of 214°C Tho mibstanco after rcsolidi 
fi cation (II) was ro analysed by paper chromatography 
(n butanol/ethnnol/0 6 ill ammonium hjdroxido 7 12 
in the dark) and was recrystallixcd After paper 
chromatograph} the spot was oluted and examined 
spectrophotometncally Authontio samples of trans 
(HE) and cw (IHa) pyruvic acid -dirut rophcn}l 
hydrazone wore prepared by tho method of Katsuki 
ct al* Ab shown m Table I, (I) was docarboxylntcd to 

T»ble i rBorcRTiM or 2, 4 pixrrxornE'nrLirrDiUMTra 


SuheUnra 


F 


MelUoji point 
(de®. 0 corr ) 


Ironx^cuj) 



II 

III 
1II« 


214 (Anal) 
217 

T’ 

1_1 (AqaI) 

123 

123f 


450 

446 

440 

410, 530 
in 5.4 
430 624 
430 OS'* 


1 


• With Urpe lample a vrt-ak ipot of Hr pyruvic •dd-dJaRrophrn\1 
hydnxono mu «l<o found 

t Mixed mrltloR point of IT an>l III Sl^O of V And VI 123 C 
; Melt log point oot *lmrp hee*u*o of thernul i*omerixitlon (o (nu 
form. 


pyruvic acid dinltrophenylh} drazono (chlofl} Iran*) 
under thoso conditions Wlion (I) was heated sloul} 
from a lowor temperature, for example 100*C , 
double molting was not observed and onl} the melting 
point of 2I4°C was obtninod Under these conditions 
too chromatography showed tlint most of tho 
hydrazono was converted to (III) during the longer 
heating 

When aoetoncetic sold 2, 4-dmitrophen} 111} drazono 
(IV) \vw placed in tho hath nt about 1 16°C or nl>ovo 
it molted, bubbled and resolidified tho final molting 
point was 123®0 The resolidified material after 
rccrystnllization (AO also molted nt I23®C Thus, (V) 
is acotono 2 4-dinltrophon} lh} drazono os shown b} 
comparison witli on authentic sample (VI) Tins 
con\oraion also took place when the heating was done 
slowly from a lowor temperature but only a singlo 
molting at 12J°C was observed 

Tho melting point of the 2 4*dmitrophon} lliy 
drazoncs is not a reliable cn tenon for confirmation or 
identification of oxaloacetic or ncotoacotlo acids 
Resolidification during molting point determination 
was observed b\ 6 noil 8 with a kotoisoca prole acid — 
dimtrophen}lh}drazono but no explanation wns 
suggested 

This investigation was supported by Grant G-4342 
from tho National Cancer Institute, U.S Public Health 
Serv ico 
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Synthesis of Boron Phosphide and Nitride 

A novel technique has been found for the synthesis 
of boron nitride and phosphide involving thermal 
decomposition of hahde addition compounds Further 
work is intended on the reactions involved but the 
information thus far obtained is felt to warrant a 
brief, preliminary report for the benefit of other 
workers m this field 

The addition compound BCl, PC1 5 was prepared 
by refl uxing phosphorus pentachloride in triethanol- 
amine and passing boron trichloride into the reaction 
mass The white product obtained was filtered off, 
washed with ether and dried in vacuo at room tem- 
perature Samples were then sealed into Carius’s 
tubes and heated under then own pressure develop- 
ment to about 300° C Thermal dissociation occurred 
with the production of chlorine, some sublimation 
of the addition compound and deposition of a material 
on the tube walls The colour of the deposit varied 
through the length of the tube and from experiment 
to experiment, from white through brown to black 
On breaking the tube after cooling, chlorine gas 
escaped , residual addition compound was then 
decomposed and washed out with water and the film 
deposit also floated out on to water The film was 
very resistant to hydrolysis and thermal decom- 
position, and could be heated m air to temperatures 
in excess of 1,000° C without decomposition or 
apparent loss of integrity X-ray and chemical 
analysis showed the material to be essentially cubic 
boron phosphide 

Further samples of the film were reheated at 
800° C m a flowing atmosphere of 5 per cent ammonia 
in nitrogen when even the darkest film became white 
m colour and phosphine was evolved X-ray analysis 
of the product showed it to be cubic boron nitride 
Addition compound was prepared from phosphine 
and boron tribromide or trichloride When sub- 
mitted to direct heating t?i vacuo, thermal dissociation 
immediately occurred, yielding again a film deposit 
of boron phosphide, but m better yield than before 
Analysis of several specimens prepared under appar- 
ently similar conditions showed the product to vary 
between BP and B t P a A mixture of boron phosphide 
samples produced by the second reaction was sub- 
mitted to reaction with dilute ammonia gas and 
again yielded boron nitride of cubic structure 
Thermal decomposition of BCl, PCI, or BBr, PCI, 
has not yet been examined, but it is felt that similar 
results would obtain m these systems 

The reactions involved would appear to be 

BG 1, + PCI, -i- BC1, PCI, -> BP + 4C1, 

BBr, + PH, -* BBr, PH, ->BP + 3HBr 

BP + NH, -> BN + PH, 

Addition compounds of boron and phosphorus 
halides have been known for several years, but the 
process of their thermal decomposition doe3 not 
appear to have been investigated before It would 
seem possible that this mode of metalloid reaction 
might ako be applicable to other similar systems 
Fuller experimental details shortly will he sub- 
mitted for publication elsewhere 

R C Vickery 

Bosearch Chemicals Division, 

Nuclear Corporation of America, 

PO Box 431, 

170 West Provideneia, 

Burbank, California 
April 28 


3,4,wTrihydroxyacetophenone 3-methyl 
Ether in Adrenal Extracts 

In the course of the isolation of aldosterone from 
adrenal gland extracts (‘Eucortone’, Allen and 
Hanbury), the English authors detected a compound 
with properties Bimilar to aldosterone m certain paper 
and column partition systems This compound had 
ultra-violet absorption peaks at about 230 mp and 
280 mp and gave a positive reaction with the FeCls- 
K 3 Fe(CN )8 reagent It therefore seemed probable 
that it was phenolic 1 It also gave a blue fluorescence 
on irradiation with ultra-violet (compound X) 2 and 
reduced blue tetrazohum at about the same rate as 
steroids having an a-ketol side chain The compound 
ran as though slightly more polar than aldosterone m 
the Bush B s paper system 3 and could be completely 
separated from the steroid by column chromatography 
using the same solvent system® 

Preliminary work 4 on a very small scale led to the 
conclusion that aldosterone did not absorb maximally 
at 240 mp It now seems likely that this was due to 
the presence of the phenol as a contaminant The 
combined peaks of the phenol and aldosterone at 230, 
240 and 280 mp tend to give a flat absorption curve 
obscuring the single peak of the steroid On separation 
of the phenol from aldosterone on the column, the 
steroid had maximum absorption 2 at about 240 mp 
A fairly pure sample of the phenol, which was not 
crystalline, was sent to the Swiss authors who later, 
during large-scale isolation work on aldosterone using 
freshly frozen adrenal glands as source of material, 
isolated the compound m crystalline form and 
determined its structure as 3 , 4 , co - tnhyd r oxyace to - 
phenone 3-methyl ether This has been confirmed by 
synthesis The later work will be reported m detail 
elsewhere 6 
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Incorporation of DL-[2- 14 C] Mevalonic 
Acid Lactone into Polyisoprene 

The incorporation of DL-3-hydroxy-3-methyl-[2- 
I4 C] pentano-5-Iactone (dl-[2- 14 C] mevalonic acid 
lactone) (MVA) into cholesterol m rat-liver homo- 
genates was first demonstrated by Tavormma, 
Gibbs and Huff 1 Subsequent work showing that 
this lactone is incorporated into squalene* and 
(3-carotene* supported the view that mevalonic acid, 
or a derivative containing the same branched carbon 
atom structure, is directly involved in the biosyn- 
thesis of a wide range of polyisoprenoid compounds 
Bark and Bonner* showed that when MVA is incubated 
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with freshly tapped Hevta latex ft is incorporated 
into polyisoprono, although the reported efficiency of 
conversion was only about 2 per oent Gascoigne 
and Jones* howovor were unnblo to observe the 
incorporation, trt vitro, of MV A into rubber with the 
aid of fresh latex We now wish to report an m\oe 
tigation whioh fully confirms the conclusions of Park 
and Bonner 

In our preliminary experiments, in which MVA 
was incubated with diluted fresh Hevta latex, no 
appreciable activity was detectablo in the rubber 
Howover, when undiluted fresh latex was used as 
described bolow, the MVA was converted into 
polyisoprone with an efficiency considerably higher 
than has been reported hitherto it was also eetab 
fished that the polyisoprono formod was of high 
molecular weight 

Two aliquots of freshly tapped undiluted latex 
from 7 year-old seedlings of Hevta brastltcnsis were 
incubated with MVA under the conditions shown in 
Table 1 Each reaction mixture was then coagulated 
with mothnnol and a weighed portion of the ooagulum 
was placed in compartment X of the extraction 
apparatus (Pig 1) Tins was constructed so as to 



magnetic Stirrer 
Fla 1 Extractor 


roduco manipulative losses in the subsequent treat 
mont of tho rubber Tho coagulum was dispersed 
over tho walls of tho central portion of X by slow 
rotation of tho vessel after tho addition of oxygon 
free chloroform, care being takon to pro\ont the 
rubber from ooming into oontact with tho sintered 
glass disc After removal of tho chloroform in vacuo 
tho dry rubber film was weighed tn sirt* and extracted 
with acetono for 24 hr to reroo\o unroactod MVA 
and othor non rubber components Tho solublo 
fraction of tho rubber was dissolved in chloroform 
ethanol (07 3 w/w), intermittent operation of tho 
magnetic stirrer causing tho levol of sol von t in tho 
outer tube to rise to Y and thon fall This ensured 
officiont extraction of tho film, insolublo material 
being rota mod above tho sintered glass disk 

To romo\o any compounds of low molecular 
weight, tho rubber solution was dialysed against 
throe changes of tlio chloroform /ethanol solvent in 
alkali pro- treated collophnno tubing winch was 


readily pormoablo to p -carotene but practically 
hn permeable to polymers with molecular weights of 
about 100,000 Subsequent experiments also showed 
that mixtures of (3-carotono and natural rubber could 
bo separated quontitatn oly using tho same membra no 
Tho rubber was then ozonized in othanol/chloroform 
(1 3 v/v) tho ozonide being decomposed with a 
mixture of hydrogen poroxido and formic acid 1 , and 
tho produot oonvertod to tho 2 4-duntrophonj 1 
hydrazono The latter was purified via tho sodium 
salt Aftor two rocrystaliizations from aqueous 
acotio acid this material had a molt mg point of 
199-200° 0 (unooiTocted) and gn\ o a ainglo spot of 
the samo Bp vnluo os authentic lnovuluno acid d mitre 
phenylhydrazono (LADNP) when chromatogrnphod 
on paper with n butanol/ethanol/ammoma as tho 
solvent 4 Isotope dilution of tho rocryBtnlhzod 
Ixovuhmo acid dmitrophenjlliydrozono, using an 
authentic sample of inactive material and rocrystal 
h ration of tho mixture from ethanol /pynd mo also 
indicated a high degroo of purity for tho final actno 
kovulimo acid dimtrophonylhydrazono All radio 
chomical assays of tho various rubber fractions 
and the derived lrovulinio acid dimtrophonj lhydra 
zone’s (Tablo 1) were carried out using a standard 
gas -counting tochm'quo, witli a counter having an 
efficiency of 46 per cont 


Table 1 IwoonroxiTios or MVA utro roLrisorM** 


| Experiment 1 

Experiment 2 

Weight of latex 




i 

(msm ) 

Weight of MVA 

613 


(num ) 

Time orlncabnUon 

0 58 (2 -67flC ) 

0*fl” (3 -03yc.) 





(min.) 

30 

SCO 

Temperature of 





IneubatJon (* 0.) 

TO 

29 

Weight of dried 
oonfulom (mgm.) 

s 

55 

3 

2 


Weight of 

Activity 

Weight of 

Activity 


fraction 

c.p.m / 

fraction 


as per 
cent of 

rrumolo 

aa per 
cent of 

rrumolo 


act Ire 

octlre 


eoaguhun 

carbon 

coagnlnm 

carbon 


weight 

dloxkle* 

weight 

dioxide* 

Dried eoagnlara 
Fxtraeled eoagn 

100 

- 

100 

17 400 

lam 

03 


03 


Chloroform In 
to tables 

Chloroform solnblc 

10 

- 

14 

17,0°0 

robber (borore 
dialysis) 

83 

1,3 CO 

84 

14 125 

Chloroform soluble 




robber (after 





dlalnlsj 

LADXP pnrifled 

— 

1 150 

" 

16 600 

rla sodium salt 
LAD VP twice 

fb 


63 

14 300 

recnutallUed 
L.VDXP anex 



— 

14 630 

Isotope dilation 



— 

14 600 


• Corrected for any Inactive carbon atonu Introduced. 


Tlio results of experiment 2 show tliat tho soluble 
rubber (84 per cont w /w of tho coagulum) was 
convortod to lie vul in ic acid dmitrophcnylhydrazono 
in 75 per cont yield Tlio fact that a highlv purified 
samplo of tho latter had at least 93 per cont of tho 
specific activity of tho dialvFod rubber shows that 
tho actho constituent lind been degraded to Jnnnilinic 
acid m a similftr yield Thcro is lit tlo doubt that onlj 
poh utoprono could givo lrovitluiia acid with such 
offioionoj Tlio incroaao in [ ,4 C]-actixi<y of tlio 
rubber after dialysis indicates tho ninovnl of somo 
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active material of low molecular weight Spectro- 
scopic analysis shows that carotenoid material was 
removed by the acetone extraction, and none was 
present m the chloroform-soluble rubber (limit of 
detection less than 10 pgm per gm of rubber) The 
increase in [ 14 C] -activity wnth time of incubation is 
further strong evidence that enzymic conversion of 
MVA occurred rather than physical adsorption of 
impurities on the rubber Taking the corrected value 
of 14,600 cpm/m mole of active carbon dioxide for 
the purified lievulmic acid dmitrophenylhydrazone 
torn experiment 2, and assuming all the carbon m 
the dialysed rubber was polyisoprenoid, calculation 
shows that 9 3 per cent of the mevalonic acid lactone 
was transformed into chloroform soluble polyisoprene 
of high molecular weight 

We wish to thank Prof M Stacey and Dr E G 
Cockbain for then interest and encouragement 

R G O Kkewick 

Chemistry Department, 

The University, 

Birmingham 16 
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G P McSweeney 
C G Moore 

The British Rubber Producers 
Research Association, 

56, Towrn Road, 

Welwyn Garden City, 

Herts 

April 17 
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BIOCHEMISTRY 

O-Phosphorylated and Unphosphorylated^ 
Peptide-Substrates suitable for 
Tryptic Action 

A previous communication reported the synthesis 
and action of trypsin on a-earbethoxy-L-lysyl-L-seryl- 
glycrne and its O-phosphorylated analogue 1 The 
striking resistance of the latter to the action of 
trypsin throws additional hght on the unusual 
resistance of various phosphopeptides obtamed from 
casern It was, however, felt to be of interest to 
further investigate the inhibitory role of the O-phos- 
phonc acid residue of serine along different Imes 
First it was felt necessary to exclude the possibility 
that a lysylsenne sequence is not attacked by trypsin 
unless the hydroxyl group of serine is free Therefore, 
a-carhothoxy-L-lyByl-L-(0-acetyl)serylglycme was 
synthesized as follows a-Carbethoxy-L-lysyl-L-seryl- 
glycrno benzyl ester 1 was treated with 100 per cent 
excess of acetic anhydride m dry pyridmo to produce 
a - earbethoxy - (e - carbobenzoxy) - l - lysyl - (O - 
acotj l)serylglycino benzyl ester (I), melting pomt 


163-164° C , [a YE — 17 6° (c, 1 7 m acetic acid), 
almost m quantitative yield Analysis calculated for 
C sl H 40 N 4 O 10 , C 59 22, H 6 4, N 8 9 , found, C 59 60, 
H 6 61, N 9 04 Hydrogenolysis of I afforded 
a-carbethoxy-L-lysyl-L-serylglycme (H) with an [a]V 
value of —22 5° as a 1 per cent solution m water 
Compound H was incubated with trypsin in 0 2 M 
Ins (hydroxymethyl ) ammomethane hydrochloride 
buffer pH 8 25 at 25° C Ascending paper chromato- 
graphy in butanol/acetic acid/waterr (4 1 5) revealed 
complete splitting of the lysylserme bond in the above 
tripeptide derivative after 30 mm When the course 
of the hydrolysis was followed by colorimetric 
nmhydrm analysis 3 , surprisingly enough, a decrease 
in the colour yield was observed after 3 nun (Fig 1) 
This could be well explained on the assumption that 
the ammo-group of the O-acetjI-L-serylglycme, 
resulted from the cleavage of n, was gradually masked 
by an 0— acetyl shift To confirm this hypo- 
thesis, O-acetyl-L-serylglycme was synthesized by 
acetylation of carbobenzoxy-L-serylglycmo benzyl 
ester 4 m a manner similar to that described for the 
synthesis of I Hydrogenolysis of carbobonzoxy-L-(0- 
acety 1 ) serylglycine benzyl ester, meltmg pomt 113- 
116° C , afforded O-acetyl-L-serylglycme (HI) with 
an [a] 7 , value of +5° as a 1 per cent solution m 
water Paper chromatography m butanol/acetic 
acid/water (4 1 5) revealed one ninhydrin-positive 
spot 

Samples of III wore tested under the experimental 
conditions used for the enzymic digestion of H A 
similar decrease m the colour yield, either m the 
presence or the absence of trypsin was also detected 
(Fig 2) This again is m agreement with the assumed 
O— vN migration of the acetyl group and strongly 
supports the following series of reactions 

Trrrsln 

Carbethoxy-L-Iysyl-L-(0-acetyl)seryIgIycmo — ^ 

Carbethoxy-L-lysine + O-acetyl-L-serylglycme 

0- Acetyl-L-serylglycme ^ 8 25 N-acetylserylglycine 

Guttmann and Boissonnas 6 have also mentioned 
an O— acetyl shift m the case of O-acetyl-L- 
seryl-L-tyrosme over pH 7 

As the next step it was of interest to study the 
effect of an uncharged phosphoric acid derivative 
attached to the hydroxyl group of a-carbethoxy-L- 
lysyl-L-serylglycme 

Though there are several analogues that come to 
mind, the one having a dnsopropylphosphoryl residue 
at this position held special interest to us For its 
preparation a-earbethoxy- ( e-carbobenzoxy )-L-lysyl-L- 
serylglycine benzyl ester 1 was treated with 100 per 
cent excess of d i wopropylfluoropho sphato in dry 
pyridine to give ec-carbethoxy-(e-carbobenzoxy)-L- 
lysyl-L-(di?sopropylphosphoryl)sery]g]yemo benzyl 
ester, (TV), melting pomt 175-176° C Analysis 
calculated for C 35 H 51 N, l 0 11 , N 6 91 , found, N 6 80 
Hydrogenolysis of IV produced a-carbethoxy-L-lysyl- 

1- (dusopropylphosphoryl)serylglycme (V) with an 
(a]°o value of — 23° as a 1 per cent solution in water 

When V was subjected to the action of trypsin for 
30 min and the incubation mixture was then checked 
by paper chromatography, the lysylserme bond was 
found to be almost completely hydrolysed In this 
connexion it was ascertained that the substrate V 
suffered no loss of its ch i sopropy lpho sphoryl residue 
by p -elimination' under the experimental conditions 
described here 
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Tho courso of tho enzymio hydrolysis of V by 
trypsin was also followed by colorimetric ninhydrm 
tvnah sis*, the result of which is mdicatod by Fig 1 



Fla- 1 JljnlrotjPtl* of T*rJma a-c*rl*thory L-lytyl wrryl 
glycine derivative* (0-01 JJ) with tryr*lo (0-0 17 mem N/ml 
cry*t*lliied twice M per cent Mff80< Lot 3388 Mann) In 
0-2 M tru buffer p IT 8 26 at 26 a □ a Carbothory L-ly«yl 
(O-dlirtTpcopytphafrliorylJ-L-aervlclycIne Q a-enrbctliaxy L- 
lyiyl L-terylgljxInc • a-carbethoxy L-ly*yl-{0-acetyl) L-«eryl 
glycine 



FIc 2 0-01 M *olul!on of O-arelyl L-*eryIaIyclne In 0-2 Jt tri* 

buffer, all 8-26 at 23 C. O Trrpiln added (U-022 mam. hi ml 
cryitalllzed twice 60 per cent JIgSO, Lot 3383 Mann) • , no 



Thus it Appears that a substituted and uncharged 
phosphono acid residue at tho vicinity of tho trypsin 
sonsitho poptido bond does not o\cn retard tho 
hydrolysis of this particular bond by moans of 
eterio effect Hottovor, a pliosphorio acid rosiduo at 
this position, probably duo to its negative chnrgo 1 
renders tlio suscoptiblo poptido bond resistant to 
trvptic action 


Work is in progress on tho inhibitory spectrum of 
tho O phosphoric acid residuo of serino 
This work was supported by grants from tho 
Swodish Medical Research Council to Prof O 
Mollandor 
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Unidentified Growth Factors 

It is well known that spent wash (tho liquor re 
maining in tho whisky still after distilling tho spirit) 
contains factors whioh increase the growth of chicks 
This growth promotion appears to bo unrelated to 
mineral components 1 , and although complementary 
to the effect of penicillin in chick feed*, it nun smulnrh 
result from obanges in tho gut flora 3 

In an attompt to test this theon, clucks were fid 
with a control diet supplemented with proenim* 
penicillin or with malt distillors dried solubles (made 
from spent wash) Comparison of tho duodenal con 
lonts of clucks fed with cither typo of supplemented 
diet, or with the control diot, revealed a shift for both 
tyq>es of supplement m tho balanco of bactonal flora 
m favour of a lactobacillus tvpo Suppression of 
sonsitno micro-organisms scorns to bo a likely 
explanation for tho shift caused by the penicillin 
supplemented diot on tho other hand diroct Htuuu 
lation of lactobacilli by malt distillers dried solubles 
is a more likely explanation on tho other diet. 

Tho dominant typo of lactobacillus culture was iso 
lated from the duodenum of chicks fed with distillers 
<lnod solubles, and used in a rough microbiological 
assay for comparing sources of growth factors It was 
confirmed that malt distillers dned solubles acted in 
vitro as a microbiological growth factor Other feed 
additions such as molasses distillers dnod solubles, 
dnod yeast and dried nhoy acted similarly by cn 
hancing tho growth of tho lactobacillus (although m 
vmying degreo), and when theso additi\ cs were gnen 
to chicks, stimulation of tho cluck growth occurred 
(following communication) correlating -with tho 
nucrobiological test 

Further estimation of tlio number of lactobacillus 
types m tho duodenal flora (b\ Sharpe s method 4 ) 
showed that tho increase nttnbutablo to tho supple 
moats was considerable (nliotit 100 fold; a difference 
which is significant at tho 1 per ei nt probability lei el) 
m birds rocon mg distillers dned solubles ar molasses 
distillors dried solubles Chioka and lactobarilh gave 
growth responses for !>o!h ndditues -wliieli u-en 
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roughly comparable Further work is m progress, and 
it is hoped to publish a more detailed account else- 
where 

K A Allen 
J Stephens 


The Distillers Company Limited, 

Research and Development Department, 

Great Burgh, Epsom 

W P Jaffe 

University of Bristol Veterinary School, 

Langford, Somerset 

J A Wakelam 

National Chemical Products Limited, 

172/3 Tottenham Court Road, 

London, W 1 
June 30 


Jaffe, W V and Wakelam, J A , Poullry Sci ,37, 620 (1058) 

* Wakelam, J A , and Jaffo, W P , Bnt J Nutr , 12, 147 (1958) 

* Coates etal.J Sci Food Affric 3, 43 (1952) 

* Sharpe, AL E , J Appl Fact 18 , 2 (1955) 


Unidentified Chick Growth Factors 

The previous communication refers to a tentative 
microbiological assay method for certain unidentified 
chick growth factors, based on their growth stimu- 
lating effect on a strain of lactobacillus isolated from 
chicks receiving distillers dried solubles in their diet 
This method derives from the hypothesis that the 
growth factors act by modification of the microbial 
flora of the chick’s gut 

Among materials submitted to the tentative 
microbial assay were fish meal, dried unextracted 
brewers yeast, dried whey and molasses distillers 
dried solubles The latter material is obtained by 
vacuum evaporation and subsequent spray drying of 
the liquid remaining m the still following the distil- 
lation of ethyl alcohol produced by the yeast fermen- 
tation of molasses Of these four materials only the 
first (fish meal) failed to elicit a marked response from 
the lactobacilli 

Using the purified diet which has been detailed 
elsewhere 1 , we endeavoured to co nfir m these findings 
with chicks Eight diets, as shown, were used in an 
effort to demonstrate whether or not such growth 
factors as may bo present m the various additives 
were the same The chicks were housed m two 
electrically heated, thermostatically controlled 
brooders with one replicate of each diet m each 
brooder Each replicate consisted of 25 Rhode Island/ 
Light Sussex cockerels and the buds went into the 
units as day olds The results obtained are given in 
Table 1 

There were no significant differences between diets 
2, 3, 4 and the corresponding double additive diets 
6, 7, 8 except that, at 4 weeks only, the mean weight 
increase on diet C was significantly higher (at the 
5 per cent level) than diet 2 

Examination of the feed intake figures showed 
considerable differences and when the above results 
v ere adjusted to a common feed intake by the use of 
regression coefficients the growth response to fish meal 
disappeared whilst the other responses remained, 
albeit at a lower level These results will be discussed 
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Table 1 



Diet 

Mean weight Increases (grin) 



Week 1 

Week 2 

Week 3 

Week 4 

Week 4 I 
Adjusted 

1 

Control 

41 8 

116 6 

220 4 

372-8 

383 5 j 

2 

Control + 6% fish 
meal 

47 2 

125 3 

250-Ot 

305-2J 

392 5 | 

3 

Control + 21 % 

dried whey 

61 0 

130-0 J: 

414 8* 

418 8f } 

262 2f 

4 

Control + 2J % 
dried yeast 

608 

4218* 

135 8{ 

206 8f 

425 4f 

5 

1 

Control + 21% 

molasses distillers 






1 

dried solubles (ethyl 
concentrate) 

63 H 

137 6{ 

271 4f 

423 2* 

420-9J 

! 6 

Control + 2} %EC 



+ 5 % fish meal 

48-0 

134 2t 

200 Of 

421 3* 

421 4f , 

I 7 

Control + 21%EC 
+ 2 4 % dried whey 

61 4 

430-8* 

135 2J 

205 4f 

424 0f | 

1 8 

Control + 21%BC 
+ 21% dried least 

65 0 

433 0* 

145 If 

272 8f 

420-0t 

Standard error of mean 





weight Increases 

42 

05 

80 

82 



* Differences from control significant at 0-1 per cont probability let el 
t Differences from control significant at 1 per cent probability level 
t Differences from control significant at 5 per cent probability lovel 


in more detail elsewhere but it appears that under our 
conditions fish meal acts only as a source of known 
nutrients (provided already m the control diet) and as 
an appetite-stimulating factor On the other hand, 
responses are obtained to dried yeast, dried whey and 
molasses distillers dried solubles which are evidently 
due to an unidentified growth factor common to them 
all It has also been established by other work 
including chick growth trials and the direct exami- 
nation of gut flora that malt distillers solubles and 
molasses distillers solubles are directly equivalent in 
terms of unidentified growth factor activity All these 
conclusions are consistent with the findings of the 
tentative microbial assay discussed m the com- 
munication already referred to, to which this letter is 
complem entary 

J A Wakelam 

National Chemical Products Limited, 

172/3 Tottenham Court Road, 

London, W 1 


W P Jaffe 

University of Bristol, 

Langford House, 

Langford, Bristol 
June 17 

’Jaffe, W P , and Wakelam, J A , Poultry Set , 37, 620 (1058), Bnt J 
Auirit , 12, 147 (1958) 


Heterogeneity of Human Foetal 
Haemoglobin: 

Incidence of Foetal Variants in 
Singapore 

Three variants of foetal 1 Hemoglobin have so far 
been described primarily on the basis of electrophor- 
etic mobility These are known as ‘Fessas and Papas- 
pyrou’ type 1 , ‘Bart’s’ type*, and ‘Alexandra’ type 3 
The ‘Fessas and Papaspyrou’ type appears to be 
relatively common and reports of its mcidence have so 
far appeared from Singapore 4 and Indonesia 6 ‘Bart’s’ 
haemoglobin has been identified in specimens from 
Texas (Dr R Schneider) and Thailand (Dr S 
Tuchinda) (Drs J A. M Ager and H. Lehmann, 
personal communication) and in one sample from 
Singapore 
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EHirrng tho period March 1058-March 1059, 2517 
blood samples were obtained from the umbilical cord, 
at birth, of babies delrverod at the Ken dang Kerbau 
Maternity Hospital, Singapore and the British Military 
Hospital, Singapore and submitted to filter paper 
electrophoresis using a horizontal arrangement with 
the filter paper (Whatman 3 MM) sandwiched 
between glass platee treated with silicone grease® The 
blood samples were collected in potassium oxalate 
bottles and prepared by washing twice in 0 9 per cent 
aqueous solution of sodium chloride, laked with a 
volume of water, shaken manually with half a volume 
of toluene and centrifuged (2600 r pun ) till a oloar 
hfcraoglobm solution was obtained 

It soon became clear that small amounts of faat- 
moving and slow moving pigments (appearing as a 
taint yellow-coloured front and trail) wero present 
in moat samples in addition to the dark rod band 
winch con ta mod the htemogloblns A + F These 
minor fractions could bo demonstrated well on staining 
with a protein stain (bromphenol bluo) or with a 
benzidine reagent (psoudoperoxidase reaction) os 
described by Liang* Tbo moidenoo of visually deteo 
table fast and slow fractions in unstained electro 
phorotograma is shown in Tablo 1 The amount of 


Table 1 Ikcidcscb or abhobxal JlAmooLOBiss tx Com Elodo 
BA lfTUB IS BlSOirOEB. 


Ethnic 

proap 

Nam her 
•tadJed 

Tmaa and 
ra poapyroo' 
l ri'- 

Hart a* 
typs 

Alexandra 

type 

Chtnne 

1032 

03 

2 

8 

Malay 

102 

* 

— 

2 

European 

uz 

1 

- 

1 

Indian 

2M 

2 

— 

- 

Enraaian 

to 

- 

- 

}. 

Ncpateao 

(OnrUia) 

10 

— 

— 


Total 

2317 

C3 

2 

12 


fast- or slow moving pigments m (hose samples varied 
between 8 and 20 per cent of tho total lircmoglobm when 
determined by a dyo-olution method, whflo m tho two 
samples listed under Bart s’ typo, tlio fast fractions 
nccountod for 24-20 per cent of tno total lirornoglobin 
In tho majority of cases when insufficient amounts of 
fast or slow pigment were present to bo detected by 
inspoetion of tho wet or fined untreated oloctropho 
rctogrnma with the naked eye, staining with bromo- 
phonol bluo or benzidine produced evidence of the 
presence of small amounts of these fractions Tlio 
electrophoretic mobilities of these fractions appearing 
on staining were very similar to those of tho fast, or 
slow moving fractions Iistod in Tablo 1 under Fcssas 
and Popaspyron’ typo and ‘Alexandra’ type At 
pH 8 0, on paper elect ropboroeia, using \ eronal buffer, 
tho fast fractions had tbomobflitj described bj Fessaa 
and Papospyrou 1 being slower than hrcmoglobm H 
and a eliodo slower than hiemoglobin J, whilo the slow 
fractions migrated just ahead of E or At and just 
slower than 6 or D At pH 0 5, tho fast fraction lmd a 
definitely nnodal mobility though much loss than that 
of Jurmoglobin H Eo abnormal Jucmoglobinrf were 


detected m either of tho parents when these wero 
available for study On starch block electrophoresis 
the mobilities wero very similar to those noted on 
paper 

The presence or absence of the slow or fast fractions 
did not appear to be related to the sox or bodj weight 
of the infant from which the blood had been obtained 
or to tho content of alkali resistant hiemoglobin 
(measured as doecribed by Chomoff*) In a study of 
more than 100 children between tho ages of a fen days 
and six months who were being investigated for 
aniemia with or without jaundice m the Paediatric 
Unit of the General Hospital, Singapore, during tbo 
same period, in only one instance was a fraction 
(approximately 15 per cent of tho total) idontical in 
mobility with the Fetsaa and Papaspyrou typo noted 
(FC 372, Figs 1 and 2) The child was treated in 



Jiff. 1 TO 3 ~t compared agalnrt b«a>rfolilRi A and J yTI 8 
veronal bolter Note mobility <A fart taction, iloxrr than that of J 



Kid 2 TC 372 compared apalnit a tamplc eontslntes TUrt* 
haino^loWn yll 8-3 veronal boiler Note mobility ot laat fraction, 
dBttactly iltnrtr than Oart i 


hospital for severe nnirmia and jnuitdico which 
developed 12 days after birth, but since his or\i liroc} tes 
wero foimd to bo deficient in tho enzyme glucose 0 
phosphate dchj drogenaso, which is known to bo rein I cd 
to drug induced hrrmolvtio antenna tho ftmcmia can 
not safely bo considered to be a consequence of the 
preecnco of tho fast haemoglobin* It thus seems that 
small amounts of fast and slow moving hrrmoglobin 
fractions nro present m tho cord blood of tl>e mniontv 
of now born babies and that in certain inch* idunbr mr 
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Fig 3 Direct comparison Of FC 890 against 
JBartV hemoglobin pH 8 6, veronal buffer 


no apparent reason, the amount of these fractions may 
increase so as to account for up to about 20 per cent 
of the total haemoglobin This picture is closely 
similar to that widely accepted for haemoglobin A 
Normal adult haemoglobin is a heterogeneous mixture 
consisting of at least three variants (At, the major 
component, A« and As, the minor components), of 
which the minor components can he demonstrated on 
filter paper electrophoresis by staining with a protein 
dye 9 

In two samples, obtained from Chinese male newly 
boms, a faster fraction was noted on paper electro- 
phoresis at pH 8 6 This separated well from the mam 
component (mixture of A and F), and had a mobility 
faster than that of haemoglobin J but slower than that 
of H It was possible to send one of these samples 
(FC 890) to Drs Ager and Lehmann m London for 
further study On paper electrophoresis at pH 8 6 the 
mobility was found to be that described above On 
ion-exchange resm chromatography, the fast com- 
ponent moved faster than H which is the position 
described for ‘Bart’s’ Actual comparisons against 
‘Bart’s’ haemoglobin revealed the identity of the two 
specimens The ultra-violet absorption spectrum of the 
fast component m FO 890 revealed the tryptophan 
fine-strueture band of haemoglobin F 

A further indication that the ‘Fessas and Papas- 
pyrou’ type of haemoglobin is a normal minor com- 
ponent of human foetal haemoglobin is obtained from 
the work of Fessas and Mastrokalos 10 Using a starch- 
gel electrophoresis technique these workers have 
found, m all sampes of cord blood studied, a well- 
defined zone which gives a positive pseudoperoxidase 
reaction, which amoimts to 0 5-1 0 per cent of the 
total haemoglobin and which has an electrophoretic 
behaviour which corresponds very closely to that of the 
‘Fessas and Papaspyrou’ type Both this variant and 
the ‘Alexandra’ (slow -moving) haemoglobin may thus 
represent abnormal amounts of fractions which are 
normally present only m small amoimts The ‘Bart’s’ 
haemoglobin may represent a truly abnormal variant of 
foetal haemoglobin In electrophoretic behaviour at 
pH 8 6 it differs noticeably from the ‘Fessas and 
Papaspyrou’ type, in bemg definitely faster and having 
the mobility, at pH 8 6, described for haemoglobin N 2 
It occurs at a much lower mcidence, only two cases 
having been detected m this study and when present 
amoimts to some 24—25 per cent of the total htemo- 
globin 

I am grateful to Dr H Lehmann of St Bartholo- 
mew’s Hospital, London and to Dr J AM Ager of 
St Thomas's Hospital, London for contmued interest 
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m this work and for help in identifying the sample 
FC 890 as ‘Bart’s’ haemoglobin Mr Stephen Pang 
rendered valuable technical assistance during this 
work 

F Vella 

Department of Biochemistry, 

Faculty of Medicine, 

University of Malaya m Smgapore 
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Biosynthesis of Chondroitin Sulphates 

Little information is available regarding the 
biosynthesis of acid mucopolysaccharides Knowdedge 
of biosynthetic pathways to the chondroitin sulphates 
in particular is practically confined to the fact that 
glucose is utilized for both the hexosamine and uronic 
acid moieties 1 and that 3' — phosphoadenosuie 5' — 
phosphosulphate (PAPS) is involved in sulphate 
transfer 2 Undine intermediates are thought to take 
part by analogy to the synthesis of chitm, cellulose, 
and hyaluronic acid 3 

This communication desenbes the effect of the 
addition of various mucopolysaccharides on the 
biosynthesis of chondroitin sulphate (CSA) in an 
isolated enzyme system 

One of the mucopolysaccharides isolated from 
cornea by Meyer and co-workers 4 was the sulphate- 
free chondroitin, the C4 hexosamine epinier of hyalur- 
onic acid They suggested that chondroitin w as 
probably the precursor of chondroitin sulphate, the 
polymer bemg first formed and then sulphated In a 
particle-free enzyme system derived from chick 
embryo condyles, chondroitin did not act as an 
accepter of sulphur-35 labelled sulphate however 6 
This system is able to synthesise chondroitm sulphate 
when incubated with adenosme triphosphate and 
magnesium chloride 2 

When a partially purified sample of umbilical cord 
hyaluronic acid was tested m this enzyme system, 
strong stimulation of chondroitm sulphate synthesis 
resulted Hyaluronic acid itself does not occur as a 
sulphate ester so that one possible interpretation of 
this result was that sulphation occurred at Ch of the 
glucosamine moiety with inversion at this position to 
yield the galactosamme sulphate, namely, CSA-A 
Chemical fractionation of a salme umbilical cord ex- 
tract however yielded hyaluronic acid ( containing 
protein) and a mucoprotem rich in sulphate (SMP) 
Stimulation of chondroitm sulphate synthesis was 
associated with this sulphated fraction — the hyalur- 
onic acid fraction w as without effect The SMP had an 
electrophoretic mobility about half that of pure 
chondroitm sulphate on paper and was strongly 
metachromatic When the paper was cut up into 
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sections, eluted and tho dilates tested for stimulating 
power, activity was found to correspond with tho 
metachromntio zono After treatment of tho paper 
electrophoretogrom with chlorine followed by starch/ 
potassium iodide, a band was evident whidi was super 
impoeable with the motachromatio band obtained by 
staining with toluidine blue Both reagents showed a 
slight rone at the origin Freo protom is then probably 
absent, the mucoprotem migrating as a stable co\ alent 
compound 

When SMP was digested with protoolytic enzymes 
a freo mucopolj saccharide was obtained which was 
identified as CSA C ( [ct] D — 1 0** Ratios hexosamine/ 
uromc acid/nitrogen/aulphur/acetjl 1 0/1 1/0 97/0 81/ 
1 2 The hexosamine was identified os gnlactosamine ) 
CSA C has previously been shown to occur m urn 
bilical cords* Stimulating activity of tho SMP and the 
( SA C were of tho same order on a weight basis 
< 'dA C isolated by enzymatic digestion of the cord 
n^uducs also stimulated to the same degree (ratios 
hexosomino/uromc ncid/mtro gen /sulphur 1 0/0*01/ 

1 04/0 91 ) In addition stimulation resulted when 
nrme sulphate 3 phosphondenosino 5 phospho 
Hiilphttto labelled with sulphur 35, w as usod ns a tracer 
m place of sulphur 35 labelled sulpliuto* * Activity 
vanes with tho particular enzyme extract used, the 
maximum degree of stimulation so far found has been 
3 5 times tho control 

CSA A isolated from bo vino trachea bv alcohol 
irnctionation ((a] D “34° ratios hexooainme/uromo 
noid/mtrogen/fliilphur 1 0/1 07/1 04/0 05) and further 
n lontifled bv its infra red spectrum,'’ was found to hnvo 
a low degree of stimulation compared to CSA C 
Tho reality of this was bom out by tho fact that tbo 
more soluble alcohol fraction obtained from the 
hi paration ofthe tracheachondroitm sulphato mixture, 
was strongly stunulatmg This fraction contains 
tbo CSA 0 presont in tho cartilage nnd was confirmed 
to bo a mixture of CSA A and CSA C by Its infra red 
spectrum Since the trachea cliondroitm milphato had 
been isolated by extraction with hot alkali ns com 
pared to the mild saline extraction used on tlio cords, 
CSA C was treated with alkali under tho conditions 
used for obtaining CSA \ No loss m activity resulted 

Cliondromucoprotom isolated from cartllngo by tho 
method of Mnlawisla and Schubert* was found to 
inhibit slightly tho formation of chondroitin sulphate 

Ro*oxtmction and ropreclpitation of tho counted 
samples lod to a loss m radioactivity Tins \om was 
about 00 per cont in tbo caso of tho controls and 
-10-50 per cont in tho presence of added cliondroitm 
sulphate A broadening responso nbo\o tho control 
becomes apparent after reprecipitation Tho loss of 
radionotivity is thought to bo duo to a higher solu 
bility of radioactive chondroitin sulphate composed of 
shorter chain molecules as compared to tlio chon 
droitin sulphate used as a earner Results are sum 
iruirizod in Table 1 

Tito infra red spectrum of tho mucoprotem isolated 
from 20-dav old chick rmhrto condvles b\ high speed 
homogenization sliowed it to bo predominately 
CSA A with porliaps small amounts of CSA C 
present Material derived from 15 da} old cluck 
embryo condvles ga\o aim sttnllar spectrum the 
hands corresponding to CSA C being slightly more 
intense 

It is ©v ulent that n pnmlng or template mechanism 
is m\ olved in the biosynthesis of cliondroitm milpliftte 
Bocauso tho enrymo system ns prepared necessarily 


contains relatively largo amounts of mucoprotem, 
this probably accounts for tho difference in stimu 
lating power of CSA A and CSA-C tho system being 
already noli m CSA A m the form of tho mucoprotem 
Addition of CSA C then results in a greater responso 
than addition of CSA A if we presumo that enzyme 
systems are present which synthesize both types of 
chondroitin sulphate 


TaiJe 1 E moT or Added Bumtatcts it Equal CoxccmuTToa ox 
the Radio AcTnrrrr or Chonphoitix Sulphatb toeked bt xxctjtutixo 

A PARTICLE FREE EXTRACT or 1&- DAT-OLD Cnicx Ex El TO COXOTIXS WITH 

AuEsoMEc TmrrnosnuTE ard Maoxesium Chloride aj described 
rRETiocsLY* The CHoxnioiTor Bolpeate idrxed was isolated bt 
AD nmOX or CARRIER A5D FRECirmTTOX WTTn CtTAUOR 




Radio nctlvtty ot CSA rrlaUro 
to control a< 1-0 

, Trarer 

Sulutaixe 

Added 

Initial 

PredfUtalR 

RffTedritatiuo 

, Xa a ”SO, 

C8A-C Podhim ult 

1 7 

2P 

Na,**80 t 

8VIP Bodhrta salt 
CNoodromneo- 

1*6 

2 3 

1 \*,">30 

juoteln 

Maro-prtRfla of 
dilck ccnd) Vrn (20 

OS 

J-n 

. - 

Ojijr old) 

OS 

10 , 

Na.'^O, 

PAIR'S 

CSA A Sodium mil 

1 3 


CSA A, Sod him ult 

1 1 

1 

Ns. ai SO« 

rAP»*s 

CHA-C Hodlum «alt 

1 8 

— . 

CSA 2 Sodlnra ult 

1-0 

— 

Xa,**S0 4 

*.•,“80, 

CSA A CaJrhnn lilt 
CSA A + C Cal 

1 t 

• J 1 

dam ult 

BO / mlcahoit notion 
from trachea 

m 

23 | 

1 


If primmg rather than template action is tho 
mechanism involved, it must function bv tho alter 
native addition of ncotyl galactosamino sulphnto nnd 
glucuronic acid residues or by tho addition of tho pro 
formed dwncchando or similar unit homo evidence 
for tho cxiatenco of a undino derivative containing 
both hexosamine and uromc acid has been presented 
by Dorfman ft al * When undino diphosplioglucuronlc 
acid was incubated with tho cluck condyle enrynno a 
suppression of chondroittn sulplinto synthesis was tho 
result 

Tho reason for this suppression is not clear, at tho 
present tune Undine diphosphoglucuronio acid lias 
however been demonstrated to bo utilized for tbo 
synthesis of hvnluromc acid by streptococci • 

A full report of this work, togctiier with results 
obtained on tho influenco of chain length on stimu 
lating power, will bo published elsewhere 

I nm indebted to Dr R I Cox, Dept of Vctcnnarv 
Physiology, UmverKitv of Sydney, for the infra red 
spectra 

J B Adams 

Now South !\ ales State Cancer Council 
Special Unit, 

Rnndwick, Now South II ales 
Australia 
April 15 
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Significance of Lactose in the Diet in 
Aminoaciduria caused by Maleic Acid 

In studies with, rachitic rats Harrison and Harrison 1 
established aminoaciduria as one of the signs of maleic 
acid intoxication Angielski et al 2 produced, by 
intrapentoneal administration of maleic acid, amino- 
aciduria m rats receiving a diet containing 50 per cent 
skim milk We have studied the effect of dietary 
lactose on the production of aminoaciduria by maleic 
acid Three groups of rats received the three diets 
described in Table 1 


Table 1 CoirrosmoN of Diets (gm./kgm.) 



Diet 

Component 

Milk 

With lactose 

Without lactose 


I 

n 

EH 

Dried 8kim milk 

480 




Cnseln 

— 

170 

170 

Wheat starch 

270 

270 

480 

Sucrose 

130 

130 

230 

Lactose 

— 

310 

— 

Rape-seed oil 

Wesson's* salt mixture 

88 

88 

88 

82 

32 

32 


To 1 kgm of diet were added. 331 mgm. of a vitamin mixture*; 1,000 
mgm. choline hydrochloride; G mgm. menapthone; 160 mgm. vitamin E, 
26,000 I U vitamin A 2,600 X TJ vitamin, D 


The rats -were kept in metabolic cages allowing 
quantitative collection of urine uncontaminated by 
faeces or diet They received unlimited food and 
water Neutralized maleic acid was given intrapen- 
toneally as a molar solution, in one dose of 400 
mgm /kgm body -weight a-amino mtrogen was 
estimated in urme by the method of Yemm and 
Cocking 5 The rats received their respective diets for 
7-14 days before injection of maleio acid The results 
are given m Table 2 


Tablo 2 Adult juts, Males and Females -imamuo 120-370 gh 
Mean values per Hat tor 24 hours por Groups op 6 Rats Figures 

IX PAREKTHESE8 SHOW THE RANGE 



o-Amlno nitrogen (mgm.) 


Diet I 

Diet n 

Diet IH 

Before administration ot 




maleic acid 

33 

62 

4 6 

(mean over 4 days) 

After administration of 

(1 05- 5 7) 

(4-0-8 1) 

(2 5-7 5) 

maleic add 

75 

22 5 

4 1 

Day 1 

(5-0-9 3) 

(14 8-31 6) 

(3 4-5 8) 

Daj 2 

10 9 

18-0 

1 7 

Day 3 

(6 4-15 3) 

20 5 

(15-0-22 0) 
37 0 

(1 1-2 2) 

32 

Day 4 

(11 5-27 5) 
0*5 

(18-0-57 0) 
25 5 

(1 1-7 7) 

7 1 

Day 5 

(6 5-12 2) 

4 6 

(17 3-30 5) 
118 

(3 1-12 0) 
68 



(2 6-9 5) 

(7 0-15 9) 

(4-0-9 4) 


400 mgm maleic acid per kgm body weight 
produced no aminoaciduria in rats on a diet devoid of 
lactose Rats receiving lactose, whether from milk or 
as such, responded by marked aminoaciduria to the 
same dose of maleic acid Maximum excretion of 
a-amino mtrogen was generally observed on the second 
or third day after administration, the values reached 
being five to ten times those before maleic acid was 
injected After a week the excretion returned to 
normal ogam 

Maleic acid is the causative agent of the amino- 
aciduria but lactose seems to be necessary for its 
appearance 


A full report of these findings will he published in 
Acta Biodnrmca Polomca 

Stefan Angielski 

Institute of Biochemistry and Biophysics 
of the Polish Academy of Sciences 

Jerzy Rogulski 

Department of Physiological Chemistry 
of the Medical Academy, 

Gdafisk, Poland 
June 26 

Tlarrison, H , and Harrison, H , Scie nee, 120, 006 (1054) 

* Anglelsld, S , Nlemlro, R , Hakarewici, W , and Rogulski, J , Acta 

Biocfnm Poton , 5, 431 (1958) 

* Wesson, L G , Science, 76, 339 (1932) 

* Farris, E J , and Griffith, J Q Jun , Editors "The Rat In laboratory 

In\ estlgatlon.” (Philadelphia and London, J B Llpplncott Oo , 
1649) 

* Yemm, E W , and Cocking, E C , Analyst, 80, 209 (1957) 


Extraction of an Actomyosin-Iike Protein 
from Human Thrombocytes 

Continuing the work of Luscher 1 , we have studied 
the metabolism of blood platelets in relation to clot 
retraction, as the latter seems to be one of the most 
important thrombocytic functions Luscher 8 and 
Bounameaux 3 have pointed out that m the presence 
of a buffered medium containing divalent cations 
(Mg++ or Ca ++ ), glucose is a factor which improves 
retraction On the other hand the existence of 
mitochondria has been observed with electron 
microscopic techniques and it has been known for 
years that blood platelets are able to consume oxygen 

In our experiments 4 we noticed a constant relation- 
ship between an active glycolytic system and maximal 
retraction capacity This relationship does not exist 
for oxygen consumption Using isolated and washed 
thrombocytes we were able to confirm the results of 
Bom 5 obtained with platelet-nch plasma This 
author observed that the adenosine triphosphate level, 
which is very high in thrombocytes, shows a rapid fall 
during clotting Also, fresh thrombocytes exhibiting 
maximal retraction have a high adenosine triphos- 
phate content (about 5 X 10~ 2 g moles/ 10° platelets 
for isolated and washed cells), whereas platelets, even 
if preserved at 0° C , hydrolyse their adenosine tri- 
phosphate and at the same time lose their ability to 
retract 

Luscher® has suggested that viscous metamorphosis 
is linked to the appearance of a viscous and retractile 
protein of complex composition, which was obtained 
from platelets and named ‘protein S' 

In view of these facts and the results obtained by 
Hoffmann-Berhng 7 on undifferentiated cells, from 
which he isolated a contractile protein, we tried to 
extract a contractile protein from thrombocytes, m a 
way analogous to the extraction of actomyosin from 
muscle 

Thrombocytes from normal human blood were 
isolated by means of centrifugal fractionation, they 
were washed twice m 0 9 per cent sodium chloride 
containing 1%, of the disodium salt of ethylendiamme 
tetra-acetic acid, they were washed once more with a 
Weber-Edsall solution (potassium chloride, 0 6 JL 
sodium carbonate, 0 01 M, and so dium bicarbonate 
0 04 iff) and after discarding the supernatant they 
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were reeuspendod in the some modi am For a single 
experiment 40 ml of a suspension containing about 
3 5 X 10 7 platelets per pi -with less than one leucocyte 
per 100 000 platelota, wero used This suspension was 
homogenized in a small refrigerated blendor turning 
at 17,000 r pan for 15 minutes. The homogenate was 
left overnight in the refrigerator and centrifuged for 
one hour at 00,000 g in order to eliminate undestroyed 
platelots (about 5 per cent of tho initial count), coll 
fragments and insoluble proteins All operations wero 
earned out at a temperature between 0 and 4° C The 
pH of the extract (13 ml ) was about 7 4 and the protein 
content about 6 6 per cent (Kjeldohl) The extract 
contained some flbnnogen (clottable with thrombin) 
but consisted mainly of a protom which had tho 
characteristics of aotornyomn it was soluble m a 



1 2 3 4 5 6 7 8 0 


Ffo l Coatnciloo and rrttfpUatfon of tb« aefotnyoabj-IO® prof e In 
Ircrm bn man tJirombocytr* 1-7 picture* of the tame tr»t tube taken 
0-6 1-0 1-6 20 30 50 and 20 0 rota ate* after the addition of 
adcooaloe triphosphate Tbo aaropto cant aim 0-15 ml. o! the 
extract (M rm. per cent protein dfcwolved In Waber CdaaD tola 
tion), adeooaine triphonjJuto 4 X 10'* lL m*pw*h:m anlptiale 
3 X 10~*M a-ater to 1-5 ml. 8 aame ccanpoaltlofl wnbrnit 
adenoalne triphoaphate 0 protefa. aoiattou and water onlp 


medium of ionic strength 0 0 and precipitated if tho 
joruo strength was lowered by dilution with water to 
0 1 If Mg* + and adenosine tnphosphnto wero added 
to tho protein at this lower ionic strength a super 
precipitation or a contraction took place After 
discarding tho supernatants, tho precipitates of the 
protein were readily soluble if resuspended in 0 0 M 
potassium chloride Tho viscosity measured after tho 
addition of adenosine triphosphate to tho actomyoein 
Jiko protom in 0 0 M potassium chlorido showed a 
significant fall as compared to tho \ aluo obtained with 
out adonomno triphosphate Tho \ wcoaity rises again 
after the ndonosino triphosphate has been consumed 
In conclusion a controotilo protoln has been ox 
tractod from normal human thrombocytes This 
protein shows characteristic* of muscle octomvosin 
and is most probably responsible for olot rotraotion 
The conditions under y\hich it functions during \ iscoua 
metamorphosis and olot retraction are under study 
Wo wish to thank Hr H Portzohl for critical dis 
cussion and Miss M Schnoidor for valuablo tcdmical 
assistance 

M Bkttux Gaixand 
E F LDsojier 

Theodor Kocher Institute, University of Bern, 
and Blood Transfusion Sen loo of tho Swiss Red Cross 
April 0 
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PHYSIOLOGY 


Response of Cholfnergically Innervated 
Sweat Glands to Adrenaline and 
Noradrenaline 


That the innervation of tho sweat glands in tho 
cat’s foot pad is cholinergic has been recognized and 
generally accepted since tbo classical demonstration 
in 1934 by Dale and Feldberg 1 However, Bwoat 
droplets have been seen to appear on the foot pad 
following intraderroal or systemic Injection of 
adrenaline or noradrenaline, most recently by 
Nakamura and Hatnnaka* Tho sweating is said to 
bo minimal and not regularly reproducible* In 
summarizing the situation, Rothman* takes tbo viow 
that the appearance of sweat droplets in response to 
adrenaline injection represents expulsion duo to 
myoepithelial contraction, rather than gocrotory 
aothlty On the othor hand a dual iruiorvntion, 
adrenergic and chohnorgic, has been postulated by 
Kuno 4 

In tbo course of the present experiments a few 
droplets of sweat have boon seen to appear following 
intmvonooa injection of adronalino, but only if tho 
ducts woro filled bv prior stimulation of tbo surio 
motor nerve supply* Interpretation is equivocal 
there is no wayof docidrag from this sort of experiment 
whether adrenaline causes expulsion through con tree 
tion or wbother it has a mild secretory action, enough 
to produce visible sweat if tho ducts are full but not 
if thoy aro omptv or partly empty through rcabsorp 
tion In anv ovont visual inspection is not a wry 
satisfactory method for it yiolds information only ns 
to s wont cm ergon co (rather than sweat formation) 
which fnot undoubtedly is responsible for tho vanablo 
results and confboting reports in tho literature 

Impodanco chango across tho cat’s foot pad i« a 
good, although lognrithmio, measure of tho course of 
tho sweat duct filling and omptying, which Is to say 
of sweat formation and reabsorption 4 T During 
stimulation of tho sudorootor nor\cs impodanco falls 
from a high to o low ■valuo at a rate doterminod by 
tho frequency of stimulation, ns can bo seen bv 
comparing A and E of Fig 1 At tho close of stun 
illation tbo impedance lo\ol slowly returns to initial 
resting lovol os reabsorption progresses After a 
maximal bout of activity up to DO min aro required 
for complete reabsorption and full roooyery to resting 
impodanoe lovel Injected ncotylcholino produces 
similar changes and tho effects both of norvo stun 
u la tion and injected acotylcholfne are blocked by 
ntropino, as would bo expected 

Adrennlmo and noradrenaline cause impedance 
changes similar to that resulting from ncotylcholino 
injection Fig 1 illustrates an oxponment in which 
tho action of noradrennlino was oxaminod Tho cat 
was in nembutal narcosis Stimulation was applied 
to tho centrally soyored plantar nerves which contain 
the eudomotor supply to tho foot pads Recording 
was done by means of zinc-xino sulphate electrodes 
(ono on tho central foot pad, tho other subcutaneously 
placed near by ) an impedance bndgo, tho generator 
supplying a 20 -cycle sine wave on amplifier and 
cathodo rtn osciUoKcopo Dnipi t»«. 

ratwcnounlj through tlio nntfbmchW 
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that all the sweat glands are cholmergically inner- 
vated, hut that m addition their secreting cells are 
responsive to adrenaline and noradrenaline 

Daviti p C Lloyd 


Rockefeller Institute, 

New York 

June 12 

1 Dale, H H , and Feldberg, W , J Physiol , 82, 121 (1034) 

» Nakamura, Y , and Hatanaka, K , Toholu J Exp Med , 68, 225 
(1053) 

* Rothman, S , “Physiology and Biochemistry of tho Skin" (Unlv 
Chicago Press, 1054) 

4 Runo, Y , "Human Perspiration”, American Lecture Series (Charles 
C Thomas, 1050) 

4 Lloyd, D P 0 , Proc U S Eat Acad Set , 45, 405 (1059) 
•Lloyd, D P C , Proc US A at Acad Scl , 46, 410 (1059) 

» Lloyd, D P O , J Physiol , 143, 48P (1058) 

■ Burn, J H , Physiol Pec , 30, 177 (1060) 
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Fig 1 Oscillographic recordings of Impedance changes across the 
foot-pad of the cat For each record A~h the impedance bridge 
was balanced Initially with tho sweat glands In the resting state 
Width of tho lino lndlcatos tho degreo of bridge Imbalance 
caused by a lowering of Impedance across the foot-pad Tho 
successUo lines of each lettered recording are continuous each 
with the nc’ct 

Record A illustrates the impedance changes due to 
a 10-sec electrical stimulation at a frequency of 
10 per sec There is, in the first lme, a rapid decrease 
in impedance and a slow return toward normal which 
is contmued in the second lme The entire recovery 
course m this and subsequent recordings is not 
illustrated Record B presents a typical record of 
change following intravenous injection of noradren- 
aline, 40 ggm per kilo Lowering of impedance 
progresses more slowly than in A and the beginning 
of return toward normal is delayed indicating that 
the noradrenaline continues to act for some time 

Between the making of records B and O atropine, 
0 5mgm per kilo, was injected Record O, containing 
the result of a 38 sec stimulation at 10 per sec , 
shows the effect of nerve stimulation to be completely 
blocked In normal circumstances the response to 
the 38-sec stimulation would be enormously greater 
than that seen m record A Record D, obtained 
immediately after record C, shows the response to a 
further injection of noradrenaline, 40 pgrn per kilo 
Although the response is smaller than that in record 
B tliore is ns yet no sure indication that atropme 
antagonizes the noradrenaline action 8 Certainly, 
however, it is not blocked by atropme 

Record E, from another experiment, illustrates the 
manner m which impedance change occurs when 
stimulation frequency is lowered, in this case to 
12 per mm Duration of this stimulation was 6 mm 
It is evident that response to electrical stimulation 
could he made to duplicate that to adrenaline or 
noradrenaline by careful selection of stimulus duration 
and frequency 

Since atropme completely blocks the effect of nerve 
stimulation it is unlikely that some sweat glands are 
adrenorgically rather than cholmergically innervated 
At tho present tune the most likely interpretation is 


Coating of Red Blood Cells with 
Antigenic Substances 

Coating of red blood cells with antigenic substances 
is used for titration of antibodies because the blood 
cells are a stable and uniform vehicle for the anti- 
gens 1-3 In our experiments red blood cells of slieep 
were first treated with tannic acid (1 20,000 m saline, 
pH 7 2) to stabilize them If the solution is stronger, 
spontaneous agglutination takes place The protein 
(bovine y-globulin) was coated on the cell at a pH 6 4 
The cells were lysed m distilled water The cell walls 
were then shadowed with gold -palladium, and studied 
in a Siemens Elmiskop I Fig 1 shows an untreated 



Fig 1 Ctll nail, untreated ( X 10 700) 

Fig 2 Cell wall, treated with tannic add ( X 10,700) 

Fig 3 Cell wall, treated ulth tannic arid nnd coated with protein 
( X 10,700) 


cell wall The surface is fairly smooth After treatment 
with tannic acid the surface becomes rougher (Fig 2) 
Coating with protein produces a mottled appearance, 
and the outlines of the shadow of the edge of the cell 
wall are somewhat diffuse (Fig 3) It is difficult to 
explain these morphological changes in terms of 
physical and chemical processes, especially ns the 
arrangement of the molecules on the cell surface is not 
fully understood Tannic acid acts presumably as a 
fixative like formalin and the micrographs show- that a 
change has taken place on a sub -microscopic scale 
It is possible that the protein adheres more readily 
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to the rough surface The roughening of the surface 
may also explain why a stronger solution of tannic 
acid produces agglutination of tho colls Judging by 
the electron micrographs it appears that tho protom 
co\ ere tho cell wall m shapeless masses, -which produce 
tho mottled appearanco 

I wish to express my gratitude to Mr D Dresser, 
Department of Zoology, University of Edinburgh, for 
preparing tbo red blood cells and also to tho Molville 
Trust for Cancer Research who equipped tho electron 
mtcroscopo laboratory m which tho experiments wero 
earned out 

K Deutsoh 

Department of Zoology', 

University of Edinburgh 
May 4 

* Hoyden 8 V J Etv Mnt , 93, 107 (1051) 

* BUvttiky A. J) J JuiiriUfW 73, 3C0 (1 Sj4) 

Intratuia J 8 /Voc 4b e. Bzp Bid ilrd n 99 4o* (1 958) 

Effect of Adrenalectomy on the Hormone 
Content of the Thymus in the Rat 

A lajioe number of publications have doalt with the 
influence of tho adrenal cortex on the morphology of 
the thymus Adrenalectomy has been found to result 
m an enlargement of the thymus 1 * Tho ndministra 
tion of various preparations of adrenal cortex (In largo 
amounts) resulted m atrophy of the thymus This 
was confirmed with purified cortico -adrenal extract 3 , 
cortisone 3 , dehydrocortioostorono* and dooxy'corti 
coeterone 4 Tlio snmo effect could bo obtainod with 
adronocorticotrophic hormone® Since tho notivo 
fraction of the thymus can be obtained m a purified 
form® and since a minute quantity of this fraction can 
be bionssaved 7 , wo thought it of interest to investigate 
tho effects of adrenalectomy on tho thvmus by theso 
tecluruquos 

50 malo rats of 120-160 gm were used Thoy were 
divided in groups of 6 animals and opo rated as 
follows 

(1) Bilateral adrcnnlectom\ throe groups: 

(n) Control, 

(b) 200 |igm of desoxy corticosterone acetate 
siiljciitonoously doily, 

(c) 200 pgra of cortisono ncotafo daily 

(2) Tliymcctomy one group 

(3) Tbvinoctomy, following 5 days later by adre 
nnloctomy TIjd animals wore autopeied 0 days after 
tho adrenalectomy , that is 11 day's after tho thy 
mectomv 

(4) Sham thymectomy and adrenalectomy Tho 
thymus and tho adrenals were remov od and replaced 

TaWo i lloimotiL AcnTmr or Tiirxr*, Lrxm Xodk* axd ftntcx 
15 thz Bit 
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without interruption of then \ oscular connections 
(6) Tho remaining 20 animals wero autopsied as 
controls 

In every group, at autopsy , the thymus (except, of 
course, groupe 2 and 3) tho spleen and the lymph 
nodes (jugular and meeontenc) wero pooled and 
extracted by tho method of Boxssonoff and Comsn* 
Theso extracts wore bioaraayod by the method of 
Comsn 7 The activity found was expressed in guinea 
pig umtB per gram of fresh organ weight 

Tho 20 normal animals were divided in 4 groups of 5 
animals eaoh Tims w*o obtained 4 normal extracts for 
control 

As can bo seen from Tablo 1, an activo extract 
could bo obtainod from the normal thymus and n less- 
actfvo ono from lymph nodes and sploon Tet th\ 
mectomy resulted in an important decrease in tho 
activity of lymph nodes and spleen Thus it can bo 
asserted that tho hormono found in those organs catno 
from the thymus This could also bo concluded from 
previous experiments on guinea pigs® 

Adrenalectomy resulted m a decrenso of tho nctiv ity 
of the thymus to less than half tho normal lo\eI In 
both lymph nodes and spleen, the activity decreased 
too, yet it cannot be said whether this decrease was 
parallel, smeo tho activity fell below meosurnblo 
limits 

Theso effects of adrenalectomy could bo prevented 
almost completely by repeated injections of dooxy 
corticosterono in normal amounts Cortisone has no 
comparable influence 

Tho difforenco between tho influence of dooxv 
corticosterone and cortisone is still more obvious if 
results aro recalculated with a weight correction 
Indeed tho rolativo weight of tho thymus in our 
animals was (parts per thousand) 

2 6 ;fc 0 3 m normal rats 
33±05in ndrennlectomircd rats 

5 4 ± 0 0 in ndrcnalectomirod rats treated with 
deoxy corticosterono 

3 2 ±04 in ndrenaloctoroized rots treated with 

cortisono 

Thus, for tho total activity of tho fliymua in ovory 
group, wo hn\ o 

In normals 23 units per 100 gm liv ing weight 
In ndrenaloctomixed 

15 units per 100 gm li\ ing weight 
In ndrcnalectomizcd deoxycorticosterone treated 

35 units per 100 gm living weight 
In ndrenalectomixed cortisono treated 

14 units per 100 gm living weight 
It can bo concluded flint tho hormonal activity of 
tho thymus is conditioned by tho adrenal cortex to a 
largo extent This influence of tho adrenal cortex upon 
tho thymus is supported bv the dcoxv corticosterono 
fraction In other words, it seems to be connected with 
the mmeralocorticoid and proplilogistio effects of the 
adrenal cortex 

I am grateful for tho technical assistance of A 
Moiscr 

T Comsa 

Medical School, Homburg, 

Saar, Germany 
May 20 
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Quantitative Changes in y-Aminobutyric 
Acid Induced by Low Temperature in 
Rice Plants 

Among the tree ammo-acids occurring in higher 
plants increasing attention is being paid to Y-amino- 
butync acid, although it has not been identified as a 
constituent of proteins The significance of this 
compound in the nitrogen metabolism of plants is 
clearly indicated by the work of Steward and collabor- 
ators 1 2 , and also by our recent studies on rice varieties 
exhibiting various degrees of resistance against the 
‘browning disease’ of rice (‘ brusone ,’ ‘ahi-ochi’) 

Our experimental material consisted of the brusone- 
resistant Precoce Allono and brusone-susceptible 
Dunghan Shah rice varieties The experiments were 
carried out in the field on bmeless sods The 
shoots of rice plants were removed shortly after 
flowering, the exudate yielded by guttation was 
collected and analysed for free ammo-acids by paper 
chromatography 3 in a solvent system containing 
butanol, acetic acid, and water m the proportions 
2 11 y-Ammobutyric acid was not detected m the 
exudate of Dunghan Shall (susceptible variety) for 
some days after apen od at a low temperature ( 1 2-14° G ) 
and of unfavourable light relation A similar decrease 
in Y* amirl0 butyric acid did not occur in Precoce 
Allorio which is regarded as a variety resistant to 
brusone The content of Y-ammobutyric acid of both 
varieties was similar and constant in rice plants kept 
at normal temperatures (20-22° C ) The experiments 
were repated several times with the same results 
(Fig 1) 

When, due to bad weather, the temperature of the 
inundation water and of the soil drops, the incidence of 
disease is higher Therefore, low temperature is 
regarded as one of the mam factors increasing the 
susceptibility of rice plant to brusone 4 It seems 
possible that the detection of resistant varieties by 
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rig 1 A.ITccocc AUorio (control) B, Precoce AUorio (Ion tempera- 
ture), C, Dunglian Shall (control), D, Dunghan Shall (low tempera- 
ture) 

1, leucine, 2, \nllnc, 3, y-aminobutyric ncld, 3, alanine, 5, glutamic 
acid, e, aspartic acid + w*lne + glutamine, 7, histidine + nrfllnlne 
8, cyst(e)tne 


means of some chemical characteristics will yield a 
reasonable tool which might substitute the long and 
empirical work of plant breeders 

F Zsoldos 

Institute of Plant Physiology, 

University of Szeged, 

Szeged, Hungary 

April 6 


1 Steward, F C , and Thompson, J F , Nature, 171, 1003 (1953) 

* Steward, F 0 , Bldwoll, R G S , and Yemm, E W , J Exp Hot , 9, II 
(1058) 

» Matthias, W , Nalurmis , 41, 17 (1954) 

4 Takahashl, 3 , Yanaglsawa, M , Kono, IT., Tarawa, F , and Yoshlda, T , 
Rice Monograph (Japan, 1055) 


BIOLOGY 

Plastron Respiration in the Eggs of 
Drosophila and other flies 

It has long been known that the conspicuous pro- 
jections near the anterior end of the eggs of Scopeuma, 
Drosophila, and other flies are concerned in respiration, 
and the projections have been called respiratory horns 
The site of entry of oxygen into the horn, has not 
previously been determined, but where not explicitly 
stated it has been implied that oxygen enters through 
holes m the distal end of the horn Reaumur 1 re 
garded the respiratory horns of Scopeuma as floats 
that served to prevent the submergence of the eggs 
and so their asphyxiation A similar function has 
been postulated for the respiratory horns of Drosophila 
by Wigglesworth and Beament 2 However, the eggs of 
Scopeuma stcrcoranum L and Drosophila mealnogeslar 
Meig , as well as those of many other species with 
similar respiratory horns, are heavier than water even 
when the chorion and plastron are air-filled and 
besides are normally stuck to the substrate they do 
not float if submerged, when under natural con- 
ditions they might he washed away from the larval 
food supply Portions of cow pats containing eggs of 
Scopeuma and Hebecnema umbratica Meig were 
repeatedly submerged in water, but the eggs were never 
detached Of course these eggs and those of Droso- 
phila and other species can be suspended from the 
surface film if they are freed from their attachment to 
the substrate and a line of contact with the water 
and air is established Under these conditions their 
centres and buoyancy and gravity are such that the 
tips of the respiratory horns often project above the 
surface film 

The term plastron has been restricted to describe a 
gas film of constant volume and an extensive water- 
air interface Such films are held m position by a 
system of hydrofuge structures and are capable of 
resisting water under pressure In well-aerated water 
a plastron enables the insect to remain immersed in- 
definitely, when it obtains the oxygen it requires from 
the ambient water What was known of plastron 
respiration m insects was summarized by Thorpe 3 m 
1950 Since then the plastron method of respiration 
has been found in a variety of insect pupai 4 > 6 and now 
in the eggs of Sepsis molacea Meig , Drosophila melano- 
gast-er Meig and other species of the genus, Muscat 
autumnahs Deg , Hebecnema umbracata M eig , Sco- 
peuma siercoranum L , and other flies 

A detailed account of the structure of the respir- 
atory horns of the eggs of Drosophila, Scopeuma and 
other flies will be published elsewhere In all the 
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surface of most of the respiratory horn consists of an 
open hydrofuge mesh work that provides a large 
water air interface, as shown m Figs 2 and 3 At the 
base of the respiratory horn the air in tho plastron 
moehwork is continuous with the air film contained 
between the vortical columns connecting tho inner and 
outer laminae of tho ohonon (Fig 4) Wiggleeworth 
and Booment* claim that m Drosophila tho air is 
contained m tho vertical columns and not m tho epaoes 
between them This claim is based upon the appear 
ance of eggs injected with cobalt sulphide Wien 
dipterous eggs are heavily injected with sulphide, tho 
sulphide fills tho spaces between tho columns, but 
whon thoy are lightly injected the sulphide adheres to 
the surface of the columns so that at first sight tho 
columns themselves appear to bo impregnated with 
the sulphide Tho vertical columns of the chonon do 
not contain air m any of the dipterous eggs examined 
by me (Syrphfdao, Spaeroccridao, Sepsidao, Droeo 
plnhdfto, Musctdae, Cordilurldao) 



4 


Flfi 1 Eft* oi Dratophiia a specie* with two pain of m- 

ptratorr bona Flfl. ~ Part of a km*HodlnaJ aectkm of tho larftr 
rwrtlralorr bom of DrotopMU fibt*T9*a riff * Horfa« network 
of jwrt of apical half of respiratory born of DtvtopKUa fibbmxa 


FIC. < B^ctlon throcth chorion of DrotopftQa vKfanopuUr 


Besides having a sufficient surfaco area, if a plastron 
is to bo on ofTiciont respiratory adaptation it must 
resist both wotting at pressures to which it is nor 
molly subject in nature and loss of water proofing 
from surfaco active materials It was found that the 
plastron of many species of flics (Sepsts, Drosophila 
Mttsca, Hebron etna, Scopcutna) resists in water a 
hydrostatic pressure of 3 foot for more than 24 
hours, and the plastron of no mo Bpocies of Drosophila 
resist* on excess pressure of I atmosphere for over 30 


minutes The plastron of none of tho throe spocics is 
wetted oven when tho contact angle is reduced bj 
surfaco active materials to 60°— 50°, which com? 
eponds to a reduction of tho surface tension of water 
to about 25 dyne /cm 

Insects with a plastron ore restricted to well 
aerated waters such ns rapidly flowing streams since 
a plastron is also a means of extracting oxjgen from 
the tissues if the oxygon pressure of the environment 
falls below that of tho tissues Tho plastron method of 
respiration therefore seems unlikely to bo found in an 
environment such as relatively fresh cow dung, where 
reducing conditions probably sometimes occur How 
over, the respiratory horns bearing tho plastron 
project above tho crust of tho cow pat and provide a 
direct rout-o for the entry of oxygen into tho la} or of 
air hold beneath tho relatively impermcablo chorion 
Tho significance of the plastron immediately becomes 
apparent when txm pats are observed in tho mint 
whon it nuns a rapidly moving and well aerated 
layer of water flows over tho con pat and over tho 
repiratory horns Tiro incubation period of tho eggs of 
Scopeuma and Hcbecntjna is only two to three days 
and thus in a rainy period much of tho incubation 
period may bo passed beneath a layer of water 

Tho respiratory horns of diptoroua eggs are adapted 
both for the extraction of oxygon dissolved in the 
water and for atmosphono respiration In water tho} 
provide a relatively enormous surfaco area for diffusion, 
and their struotnro is such tliat tho> do not collapse 
undor tho hydrostatio pressures to which tho> are 
normally subjoot When the ogg is not covered with 
water, tho roapimtory horns do not involvo wafir 
loss over an enormous surfaco area because tho con 
n exion between tho plastron and tin? layer of air in the 
chorion is relatively restricted Tho respirator)' horns 
of dipterous eggs are thus structures that enablo tho 
immobile eggs to meet tho contradictor} demands 
preecntod to them b} environments that are alter 
natcl} dr}’ and flooded 

II E Hinton 

Deportment of Zoology, 

TJniv orsity of Bristol 
May 26 
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A Seasonal Sex Difference In the 
infestation of Rabbits with the 
Nematode Trlchostrongylus retortaoformh 
(Zeder, 1800) 

Lahoeh numbers of nematodes in male than in 
f amnio hosts hav o been recorded for Ascaruha golh in 
chickens 1 and for Asptculuns tctraplera m mice 5 , 
with Stjngamus trachea in partridges, on tho other hand , 
infestations are more severe in females than in males* 
The present results, relating to Tnchostrotvpjlus 
retoriaeformts m European wild rabbits, Oryclolagus 
euntcnlus (L ), are of interest in indicating a seasonal 
change in host resistance males being more resistant 
in summer and females in winter 

The abundance of T rttoria ejo rtn t* was studied m 
1072 rabbits collected during ono }eor at Gwn\ft« 
Forest some 30 miles south west of Nnpier in tlw 
North Island of Now Zealand; mipp lemon tnrj sample* 
(Tablo I ) were obtained from Gw av as and rlsow «***• ,r > 
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Table 1 



Locality and date 
Bample collected 

No of 

Rabbits 

j 

Mean No 
worms in. | 

1 


males 

lcmales 

male 

rabbits 

female * 
rabbits 

Winter 

Gvravas, June 1056 

20 

19 

124 

57 1 

(June- 

Gwavas, July 1956 

18 

10 

62 

61 

Aug) 

Gwavas, Aug 1956 

52 

50 

72 

62 j 

samples 

Gwavas, July 1958 

74 

45 

69 

42 

•Walkoikol, Aug 1958 

44 

51 

374 

63 1 

1 

Summer 

Gwavas, Dec 1955 

10 

6 

24 

73 

i (Nov - 

Gwavas, Jan 1959 

21 

31 

37 

54 

1 Jan ) 

♦Duntroon, Nov 1953 

10 

To 

70 

210 1 

1 samples 

fltosc Is , Nov 1954 
tEnderby Is , 

Nov 1954 

40 

69 

185 

382 ) 

* 

38 

51 

05 
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Jvcrarnrau, Jan 1959 

18 

17 

80 

m 

| 

Taupo Jan 1959 
•I.nko Teknpo, 

14 

12 

30 

128 

1 


Dec 1958 

19 

18 

15 

31 | 


» South Island localities 

t Auckland Island Group, some 250 miles south of Stewart Island. 


subsequent years Worm abundance was assessed by 
a dilution-sampling technique 4 , the values obtained 
and shown in Fig 1 and Table 1 represent one tenth 
the number of worms present 

Fig 1 illustrates monthly variations in the mean 
number of worms in full-grown ( > 900 gm paunched 
weight) male and female rabbits collected at Gwava3 
during 1950-51 During March-September, levels 
of infestation were higher in males than in females, 
but this relationship was reversed during October- 
February, a period that covers the middle and end 
of the rabbits’ breeding season The differences 
between the sexes were statistically significant at the 
5 per cent level in June, July and m early August, 
when males had the higher infestations, and m 
December and m January, when females were the 
more heavily infested The supplementary samples 
from Gwavas and elsewhere m other years (Table 1) 
conform to the general pattern foimd at Gwavas m 
1950-51, males having the higher infestations m 
winter and females in summer The seasonal changes 
illustrated in Fig 1 are therefore both regular and 
widespread 

Rabbits of both sexes frequently graze over the 
same ground, so it is unlikely that females ingest 
substantially more worm larvae than do males m 
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S® numbers of worms per host In T17 full-grown male and 

i n?T c jnubiu collected at Gwavas between March 1950 and March 
ir" (V f a ®P Ica obtained at four weekly Intervals, not calendar 
SSlra Vr.d on a ™”? e n ? mbor r “bbto per sample was 31 for 
nSnSlifJ? “? Iot fem ales, each sample contained more than 10 
animals of each sox, except that only 0 males were obtained In October 
and 5 In November 
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summer or that males mgest more than females m 
winter The differing levels of worm infestation are 
therefore interpreted as due to differences m host 
resistance rather than as due to differences m the host’s 
opportunity to acquire infestation 

In districts where T retortaeformis is abundant, the 
presence of adult rabbits with no worms other than 
infective larvae indicates recent self-cure 6 At Gwavas 
m 1950-61, the proportion of uninfested male rabbits 
vas much higher from October to December (17 per 
cent) than in the preceding or foil owing 3-month periods 
(0 and 4 per cent respectively), and this implies that 
self-cure was important m causing the rapid decline m 
the level of infestation m male rabbits in October 
(Fig 1) Only 2 of 62 female rabbits showed self-cure 
during the period October-December It is concluded 
therefore that the March-September trend towards 
high levels of infestation was terminated in October 
by the onset of self-cure in male rabbits and that some 
factor prevented self-cure in females The October 
sample contained only 13 female rabbits and the 
apparent low level of infestation is probably for- 
tuitous, since, unlike the males, the females were 
heavily infested again m the following months 

In young females (900-1100 gm paunched weight), 
infestations were higher in pregnant than in non- 
pregnant animals, the difference being significant at 
the 1 per cent level Sex of host had little effect on 
the abundance of T rclortaeformis m sexually im- 
mature rabbits ( < 900 gm paunched weight) It 
seems therefore that the high levels of infestation in 
female rabbits m summer is associated with pregnancy 
A comparable situation occurs in sheep where a rise in 
nematode egg counts is associated with pregnancy and 
lactation® 

It is difficult to explain why male rabbits are more 
heavily mfested than females m winter The estab- 
lishment of Cysticercus crasmcollis 7 and the growth of 
Hymenolcpis dimmuta 8 m rats were favoured by male 
sex hormones, and something similar may occur with 
T retortaeformi-8 m rabbits, the effect being masked m 
su mm er by the lowered resistance of pregnant and 
lactatmg females 

The differing levels of worm infestation shown m 
Table 1 are due to two mam factors sex of host 
(involving differences m host resistance only) and 
locality of collection (involving differences m host 
resistance and m the availability of worm larva}, the 
latter resulting from variations m climate, vegetation 
and host density) It is interesting that the sex-linked 
differences m levels of mfestation are as great as the 
locality-linked ones even though the localities differed 
widely m climate, vegetation and density of rabbits 
This emphasizes the importance of host resistance m 
determining levels of nematode mfestation in -wild 
anim als The present results indicate the necessity of 
recording sex of host in parasitological studies in- 
volving wild or laboratory animals 

P C Burn. 

Animal Ecology Section, 

Department of Scientific and Industrial Research, 

Wellington, New Zealand 
April 21 
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Sodium Regulation in the Blood of Parr 
and Smolt Stages of the Atlantic Salmon 

The bog ward migration of tho salmon (Sal mo *alar) 
which coincides with tho parr smolt transformation 
involves tho solution of important osmotic and mineral 
regulation problems by the fish The lack of tolerance 
for Balt water at tho parr stago lias been noted 
previously 1 However neither the capacities for 
mineral regulation of this stage nor their probable 
shift in the smolt lmvo been subjected to an analysis 
made more desirable by the fact that, hho the 
endocrinological changes which occur at tho same 
time* they may bo causally connected with migra 
tion itself 3 

Working at Laholm in tho South of Sweden wo 
were able to investigate the regulation capacities for 
sodium of the y oung salmon in tho parr stago as well 
as those of ono and two \ car -old sin o Its reared under 
tho same conditions m running water of tho Lagan 
el ream Moreover an opportunity arose w Inch allowW 
us to conduct simultaneously similar experiments on 
inlrwdunls migrating downstream captured in the 
nearby Atron stream in water having the same 
iompornturo (fl 3° C ) The blood plasma of the 
animals in 10 X quantities was subjected to micro 
sodium analysis by means of flamo spectrophoto 
motry 

When abrupt!} transferred from fresh water to full 
sea water (at tho sonao temperature) nono of tho two 
y ear -old parrs survived for more than 20 hours Tho 
living individuals analysed showed, as tune went on a 
rapidly rising sodium concentration in their blood 
None of tho indiv idunla in the smolt stage w bother one 
or two yenr-old died wlion submitted to tho samo 
abrupt change in salinity The sodium concentration 
m their blood remained nearly constant in tho days 
following tho transfer Tho smolts trnppod on their 
down stroommjgratjonstfllshowed parr characteristics 
toacortamdegrco Two out often died within IS hours 
whon nbruptl} transferred to sea wntor A further 
tlirco showed great distress Tho sodium level in the 
blood of tho surviving individuals increased strong!}, 
tho normal lov ol being how over restored 4-6 days later 
Obviously they wore in a transitory condition which 
also includes tho sodium regulation or their blood 
Similar results w v oro obtained in other experiments 



It hna been obsorved in IiOllo dunng the parr smolt 
transformation that a large percentage of the smolts 
die when kept back in fresh wntor Tho osmotic 
capacities of tho smolts in fresh water soem to bo 
impaired at tho time when tho purr smolt Irons 
formation occurs Wide individual variation in the 
sodium lovol of wild smolts in fresh water is obvious 
from Fig 1 Details of this an 1 prev ions work will bo 
published elsewhere 

H J ICocn 
J C Ivans 

Laboratory of 7oophvsiology of tho University 
Louvain Bolgium 
May 10 

V BrnGsTnOst 

Migratory Fish Committee 
Salmon Research Laboratory, HOJlo, 

Dispforn Sweden 
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Release by Flight Exercise of a 
Chemotropic Response from Photopositiyo 
Domination in a Scolytid Beetle 

One of tho remarkablo features of harkbeetlcs and 
ambrosia beetle* is their power of discovery and 
soJochon of host tree material From n mass of varied 
mntenal in a forest they sslect and boro into specific 
parts of Bpecifto trees usuallv only when thov* tree* 
arc umlor strew of ago, environment injury or 
encroaching death Certain of tho ambrosia beetles 
show a strong preference for logs that have ‘ripened 
for a period of somo weeks or months afar being 
felled 1 lie Rpeciew Tri/podcndron (\ylotcru*) Uucatutu 
OHv cr fScolv tvdno), \s ono of three 

Tho present communication is a preltmmftry report 
on on aspect of behaviour In T Imcntnm fliot appears 
to bo n key to elucidating tho host finding process in 
tins insect and perhaps other Scoly tills 

Trypodetulrort , on waning from its overwintering 
quarters in tho litter of the forest floor 1 takes to 
flight nnil arm es in largo numbers at partlv ‘ripened* 
logs of coniferous species It appears to accomplish 
this result without ox ponding twno and effort on ntwwt 
nblomntorinl Theoretical eortsidomt ions of tho known 
physiology of trees and behav iout of insects, suggested 
that ml our must bo examined na a possible clue that 
these l>eotles use in boat discovers, nnd selection 
Studies were undertaken to determine whether thev 
show any kinetic or directionnl response to nirlx>me 
odours from attmetive wood Mnn\ failures under 
illuminated conditions to detect decisive or i\i,n 
statistical ditton-ncc* of nemitv in beetle* < \ptnod to 
woo<l odour led to the conclusion thnt tho ftnlurt 
lay not in tho environmental eondltons nor in the 
method of obvrvfttion, but in the photic onomatioii 
responses that doinmnted behnviour at a portioutor 
time Tins conclusion led to the i^mrch for a netunu 
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Table 1 



Locallt) and date 
sample collected 

No of 

Rabbits 

Mean No 
worms In* 


males 

females 

male 

rabbits 

female 

rabbits 

Winter 

Gwavas, June 1050 

20 

19 

124 

57 

(June- 

Gwavas, July 1950 

18 

10 

62 

51 

Aug) 

Gwavas, Aug 1956 

52 

50 

72 

52 

samples 

Gwavas, July 1958 

74 

4 3 

59 

42 

*Vt alkolkol, Aug 1958 

44 

51 

374 

03 

Summer 

Gwavas, Dec 1955 

10 

6 

24 

73 

1 (No\ - 

Gwavas, Jan 1959 

21 

31 

37 

54 

1 Jan.) 

♦Dnntrocra, Nov 1953 

10 

15 

70 

210 

| samples 

1 

tltose Is , Nov 1954 
f Enderby Is , 

Nov 1954 

40 

69 

185 

382 

\ 

38 

51 

05 
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Kourarau, Jan 1959 

18 

17 

80 


j 

Taupo, Jan 1050 
♦Lake Tekapo, 

14 

12 

so 

128 

I 

t 

Bee 1958 

19 

18 

15 

31 


* South Island localities 

t Auckland Island Group, some 250 miles south of Stewart Island 


subsequent years Worm abundance was assessed by 
a dilution-sampling technique 4 , the values obtained 
and shown m Fig 1 and Table 1 represent one tenth 
the number of worms present 

Fig 1 illustrates monthly variations in the mean 
number of worms m full-grown (> 900 gm paunched 
weight) male and female rabbits collected at Gwavas 
during 1950-61 During March-September, levels 
of infestation were higher in males than in females, 
but this relationslup was reversed during October- 
February, a period that covers the middle and end 
of the rabbits’ breeding season The differences 
between the sexes were statistically significant at the 
5 per cent level m June, July and m early August, 
when males had the higher infestations, and in 
December and in January, when females were the 
more heavily infested The supplementary samples 
from Gwavas and elsewhere m other years (Table 1) 
conform to the general pattern found at Gwavas m 
1950-51, males having the higher infestations m 
winter and females m summer The seasonal changes 
illustrated in Fig 1 are therefore both regular and 
widespread 

Rabbits of both sexes frequently graze over the 
same ground, so it is unlikely that females ingest 
substantially more worm larvae than do males m 



JSSX nun ,’,' x T ”1 1T ° nns P® 1 h03t In 717 lull grown male and 
inn 1 G , wa , v “ between March 1050 and March 

^i- Sampjca were obtained at four-weekly intervals, not calendar 

an^-VJ^T n ? mbCr rabbIts We was 31 for 
f t females, each sample contained more than 10 
animals of each sex, except tiat only 9 mates were obtained ta October 
ana 5 In November 
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summer or that males ingest more than females m 
winter The differing levels of worm infestation are 
therefore interpreted as due to differences m host 
resistance rather than as due to differences m the host’s 
opportunity to acquire infestation 

In districts where T rctortaeformts is abundant, tlie 
presence of adult rabbits with no worms other than 
infective larvae indicates recent self-cure 5 At Gwavas 
m 1950-51, the proportion of uninfested male rabbits 
was much higher from October to December (17 per 
cent) than in the preceding or folio wing 3-month periods 
(0 and 4 per cent respectively), and this implies that 
self-cure was important m causing the rapid decline in 
the level of infestation m male rabbits in October 
(Fig 1) Only 2 of 52 female rabbits showed self-cure 
during the period October-December It is concluded 
therefore that the March-September trend towards 
high levels of infestation was terminated m October 
by the onset of self-cure in male rabbits and that some 
factor prevented self-cure m females The October 
sample contained only 13 female rabbits and the 
apparent low level of infestation is probably for- 
tuitous, since, unlike the males, the females were 
heavily infested again in the following months 

In young females (900-1100 gm paunched weight), 
infestations were higher in pregnant than in non- 
pregnant animals, the difference being significant at 
the 1 per cent level Sex of host had little effect on 
the abundance of T reiortaeformts m sexually im- 
mature rabbits ( < 900 gm paunched weight) It 
seems therefore that the high levels of infestation in 
female rabbits in summer is associated with pregnancy 
A comparable situation occurs in sheep where a nse in 
nematode egg counts is associated with pregnancy and 
lactation 6 

It is difficult to explain why male rabbits are more 
heavily infested than females in winter The estab- 
lishment of Oysticercus crasstcollts 1 and the growth of 
Hymenolepis dwrnmta 8 m rats were favoured by male 
sex hormones, and something similar may occur with 
T reiortaeformts m rabbits, the effect being masked in 
summer by the lowered resistance of pregnant and 
lactating females 

The differing levels of worm infestation shown in 
Table 1 are due to two mam factors sex of host 
(involving differences m host resistance only) and 
locality of collection (involving differences in host 
resistance and m the avadability of worm larval, the 
latter resulting from variations m climate, vegetation 
and host density) It is interesting that the sex -linked 
differences in levels of infestation are as great as the 
locality-linked ones even though the localities differed 
widely m climate, vegetation and density of rabbits 
This emphasizes the importance of host resistance in 
determining levels of nematode infestation m wild 
animals The present results indicate the necessity of 
recording sex of host in parasitological studies in- 
volving wild or laboratory animals 

P C Bull 


Animal Ecology Section, 

Department of Scientific and Industrial Research, 
Wellington, New Zealand 
April 21 
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but in tonic smooth muscles tho diamotor is vorj 
\ unable (JSO-IOOO A in Mylilut, IBO-SOO A in 
Gryphaca) This range of diameters is seen in tho 
cross section of an} fibre and maj simply be duo to 
variations between filaments An alternative oxplan 
at Ion is that tlie filamonta are discontuiuous along 
Hie fibre each filament has the shape of an elongated 
spindle, and (theee being smooth muscles) the 
filamonta arc not tmnsvorsl} aligned 

There are large numbers of thin filaments (Fig 1) 
and bridges link them to the thick ones (Figs 2 3) 
Tho axial spacing of tho bridges is about tho samo 
(100-200 A ) as in similar]} prepared sections of 
striated and Lohgo muscles (soo electron micrographs 
in rofs 1 and 2) Again os in striated muscles the 
bridges may belong to the thick filaments, for in 
preparations of tho oyster muscle from which all the 
flun filaments have been extracted (bv a fixati\e 
< on ta hung too littlo salt) bridges can be seen on tho 
thick filaments 



Hu 1 CrflpJtasn tn»n<r\rr*c •ertlon Tip 2- Or///vUcfl tontf 
tuillnnl wctJoii J-lff 3 J fpttlna ItingHotUnal wet Ion 
(Scnlr*. 1000 V ) 

Evidonco that tho thick filaments in tho Nytilus 
inusclo do not start on ■when tho muscle shortens 
comes from mcosirromonts which wore made of tholr 
dnunotors in equivalent fibres in pairs of muscles 
wlucli had been fixed at different lengths Although 
tho short muscles were as littlo as one third tho 
length of their partners, tlioj showed no differences 
in filament diamoters or in tho relative numliers of 
filaments m each size category (It should bo noted 
that tho filament s aro thick enough to bo measured 
sufficiently accurate]} ) Thoso thick filaments thoro 
foro do not shorten and thov must bo discontinuous 
along tho fibre There is ainplo o\ ideneo that tho} 
remain straight and narallol to tho fibro axis 
Second!} , it was argued tlmt if tho thick filaments 
wero continnons from ono end of tho fibro to tho 
other, and oontmohxl then tmnsverso sections 
through stretched and shortened fibres should show 
considerable and predictable differences in tho num 
bem of filaments jx*r unit area thus o fibre w Ith an 
initial cross sectional area of a would after shortening 


by 60 per cent show the some number of filaments 
distributed over an area of 2 5 a if tho fibro remamed 
at constant "volume Making such a comparison wo 
find tlmt thoro is In fact no consistent difference in 
the numbers of filaments per unit area in long and 
sliort muscles, and no\or a differonco on tho scale 
predicted All theso results support the mow that 
the thick filaments are discontinuous and do not 
contract, but instead change their positions tlmt is 
the} shdo Whether or not this is also tnio of tho 
th\n filaments is still an open question But wo havo 
observed in Irons verso sections through extended 
fibres of tho oyster rausclo tlmt tho thin filaments 
aro absent around tho thickest of tho thick filaments 
but present around tho others m shorter fibres ail 
tho thick filaments ore surrounded b> thin ones 
This could mean that tho thin filaments nro dis 
continuous and, in an extended muscle do not reach 
as far os tho middle (thickest) part of tho thick 
filaments a stato of affairs w Inch wxnild bo comparnblo 
to that in tho B zono of a striated miwclo 

By analog} with tho contrnctilo mechanism in 
striated muscles it could be assumed tlmt in theso 
toruo smooth muscles of lomellibronch molluscs tho 
tonsion dovolopod during tho act ho stato is duo to 
tho formation of linkages botween thfok and thin 
filaments The next problem will bo to explain m 
structural torms tho observation that in such smooth 
muscles the decay of tension can bo two orders of 
magnitude slower than that of tho active stato* 
Ihotr capncit} for prolonged tonio contraction mn\ 
well bo due to this extreme!} slow detn} of tonsion 
Tho muscles wero hold taut at a defined longtli 
and oxtmeted with water ghcerol*, then equilibrated 
with 0 I M potassium clilortdo at pH fl 8 and fixed 
at 0° C for 1 hr in a 1 per rent osmium tetroxido 
solution buffered* at pH 7 0 or 7 4 mid contuuung 
0 4 JIV sofJJiim chloride (approximate!} isokinetic with 
sea wntor) After additional staimng with phospho 
tungstlo acid (in 100 per cent ethanol) tho fibres were 
ombeddod In Amldlto' and sectioned Similar result* 
wero obtained when li\ ing muscles wero prejwired b> 
tho Pftmo mothod but tho remoi al of rimtennl solublo 
in writer glcverol groat h clarified tho appearance of 
tlio eontrnctilo apparatus 

Wo understand from Dr Andrew G Szont 0}tirg}i 
that a paper describing the presence of two kinds of 
filaments in tonic smooth muscles of lamollibranch 
molluscs has been submitted for publication In tho 
Journal of Ultra structure Research bv Phllpott, 
Knhlbrock and Szent-Gyflrg} i 

Jean Hanson 
J Lovvx 

Modionl Research Council 
Biophysics Research "Unit, 

King’s College 
London W C 2 
Juno 1 1 
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ENTOMOLOGY 

Relationship between Larval and Pupal 
Periods of some Lepidopterous Insects 

Experiments have been earned, out in the United 
Kingdom and the United Arab Republic (Egypt) to 
show the effect of population density on the silver 
Y moth, Pluma gamma L and the cotton leaf -worm, 
Prodema litura (Fab ) respectively In these experi- 
ments two parallel cultures of solitary and crowded 
conditions were maintained for each species 

When discuss ing the results obtained, an interesting 
phenomenon attracted our attention That is, a 
negative relationship exists between the larval and 
pupal periods of each species irrespective of sex and 
culture In other words, the longer the larval period, 
the shorter the pupal period and vice versa This pheno- 
menon occurred in both solitary and crowded cultures 
as shown in Fig 1 Results also showed that the larval 
period was longer in the solitary culture than in the 
crowded culture, while the opposite occurred in the 



rig 


pupal period as the solitary ones had the shorter 
period (Table 1) Statistical analysis showed that the 

Table 1 


: 

j Species 

| 

Larval period (days) 

Pupal per 

o d (days) 

Solitary 

Crowded 

Solitary 

1 

Crowded j 

i Plana pamma (Jem ale) 
x (male) 

Prodema litura 

SS 3 
29-0 
233 

2G-2 

27*2 

22 4 

18 3 

18 8 
127 

19 5 

19 5 

13 1 


differences between solitary and crowded conditions 
for larval and pupal periods were significant 

It has been found that crowding accelerated 
pupation by the shortening of larval period of some 
Lepidoptera 1 and this was probably due to competition 
m the crowded culture Accordingly, it may be 
suggested that the longer pupal period in the crowded 
condition and the shorter period m the solitary 
treatment might be a result of the negative relation- 
ship between the larval and pupal period However, 
explanation of the nature of this negative relationship 
implies the need for further physiological investi- 
gations of both larvae and pupae of each culture 

M A Zaher 

Department of Plant Protection, 

University of Cairo 

Moufied A Moussa 
Cotton Insects Investigations, 

Department of Crop Protection, 

Ministry of Agriculture 

'Hirata, S, Researches on Population Ecologa, III (Entom oloplcal 
Laboratory Kyoto University, Japan, 105G) Long D B , Tram Roy 
Ent Sot , 104, (Part 15), 541 (1953) Zaher, M 4 , and Long, D B , 
(In the press) 



Possible Role of Glycerol in the 
Winter-Hardiness of Insects 

Dltrejg investigations into the carbohydrases of 
insects 1 m the winter of 1957-58 it nas found that the 
macerated tissue of the dormant larvae of the wood- 
bormg insect of the species Melandrya striata, found 
in felled wood of Salix amygdaloides An derss , con- 
tamed a considerable proportion of glycerol as revealed 
by paper chromatography. This preliminary obser- 
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vation indicated that glycerol might be noting as an 
anti freeze ' 1 a view supported by the observation that 
tho larvae and the adult insects of JLT stnata did not 
contain gly carol during summer 

The dormant black carpenter ants (i Camponotus 
pcnimlvanicus pennsilvamcus vor ) and their eggs 
found m Minnesota have now been shown to contain, 
in winter tirao, about 10 per cent of glycerol based on 
tho weight of the dormant ants, the water content 
of the dormant ants was 55 per cent Chromato 
graphic analysis also indicated that the ants contained 
gluooee and an unidentified oligosaccharide, whereas 
tho eggs contained no such compounds The same 
specie® of ants in an active state obtained in Novem 
bor, 1068, from Maryland contained glucoee and 
fruotogo but no glycerol That the glyoorol is probably 
playing a major part in tho winter hardiness of this 
specie® of carpenter ants is indicated by the obser 
vation that when tho Minnesota ants woro brought 
out of their state of dormancy by slonly allowing 
thorn to attain room temperature (20-26°C ), they 
become active and, after about three days, glycerol 
could no longer be detected in their macerated tissue 
When tho ants woro returned to tho dormant state, 
by cooling them slowly and keeping thorn for about 
6 days at 0-5°0 , glyoorol was again found to be 
present m their tissue We havo taken tho Minnesota 
ants out of, and returned them to, a state of dormancy 
3 tones by alternate warming and cooling During 
inducod dormancy the ants always contained glycerol 
and cadi time they rosumod an active state the 
glycerol disappeared 

Tho glycerol was isolated from tho Minnesota ants 
and from their oggB by extracting the maocratod tissue 
with methanol After purification by sheet paper 
chromatography, using pyridine/ethyl acetate/water 
(2 6 7) as the solvont, tho glycerol readily formed a 
tn p nJtrobcnxoato, m p and mixed ra p 106° (after 
recrystallization from acetone) 

The aotivo ante from Maryland seemed to show some 
resistance to induced dormancy by ooolmg sinco they 
showed slight movement even at 0 to 5°C whereas 
tho Minnesota ants, treatod in tho same manner, wore 
motionless Nevertheless after keeping tho Maryland 
ants at 0-5°C for 30 days thoy contained glycerol 
The dormant larvno of the European com borer 
( Pymusla nubilaha) have also boon found to contain 
glyoorol 

Although glycerol may well play a major part ui tho 
winter hardiness of insects it is ovddontly not tho only 
agent whioh enables insects to survive tho effects of 
freezing temperatures for wo hnv e found that tho larvae 
of tho wood boring insect Parandra bnmnea, and 
those of Osmodenna crcmicola, do not contain glyoorol 
It is of somo interest to note that tho finding of 
glyoorol m insects ofibra a biological analogy for tho 
techniquo of preserving bono marrow and semen in 
glycerol at low temperature* 

Wo ore grateful to Mrs Hewitt Fletcher, Sandy 
Springs Maryland for a supply of aotivo carpenter 
ants \\ o also thank Dr b F Cook, Dr A C Hod 
son and Dr F G Holdawny Department of Ento 
mology, University of Minnesota, for thoir assistance 
and interest in this work, and tho UJ3 Department of 
Agnculturo for their support 

P Dun a cn F Smith 

D Pratt C M Stewart 

University of Minnesota 
St Paul I, Minnesota 

« UtiUci, r rr»U, D Rlewt, 0 M. aad ftnUh, T (uapuWWmJ) 

• fcUt, R. W„ One J tod 37 50 (1050). 


Mode of Egg Laying in Tingldae 
(Hemiptera) 

According to Imms 1 tingid bugs insert their eggs 
into plant tissue Patel ana Kulkamy 3 , who studied 
the bionomics of the brmjal tingid, Urtnttus echinus 
Diat , and Shargn* and Samuol' 4 who studied tho ogg 
laying habit of JJonanthta globulifera IV’ Ik , merely 
state that the eggs are inserted into tho leaf tissue, 
none of these workers describes tho actual way m 
which tho eggs are thrust into tho plant tissue and 
what precedes the deposition of eggs The purpose of 
the present communication is to describe an nppar 
cnfcly unknown series of actions on tho part of the 
female tingid, culminating in tho deposition of an 
egg, which is invariably preceded by extensive 
probing and actual marking by tho rostrum 

The tingida inoluded m tho present study oro 
Go [cat us sp on Barlena crist at a XJ rent i us echinus 
Dist. on bnnjol and Monanthia globuhjcra Wlk on 
Coleus sp 

Tho throe speoioe insert their eggs into thotissuo of 
tender portions of their host plants The ovipositor 
is well developed dagger shaped and pointed 
at tho tip While ovipositing, the female bug in all 
these specie® followB a verv uniform procedure, tho 
exact significance of which Is not clearly understood 
Before depositing an ogg, tho female moves about on 
tho surface of the leaf or ternlor twig nil tho time 
probing by moans of tho tip of her rostrum, and 
occasionally even Insorting tho stylets into tho plant 
tissue and drawing thorn out finally, perhaps on 
finding a suitftblo site for ogg laying tho whole 
longth of the stylots is driven deep inside tho plant 
tissue 

With her stvlots still insido tho plant tissue the 
fomalo moves hor body forward by changing tho inch 
nation of tho legs, vsluoh woro formorly inclined 
backwards and now lean forwards carrying tho body 
with them Then tho stylots are withdrawn from tho 
plant tlssuo, apparently with some difficulty T)>e 
ovipositor, as a whole is slowly drawn out from 
underneath tho abdomen so that it almost assumes a 
poeition perpendicular to tho abdomen Tho tip of tho 
ovipositor begins probing, obviously In scorch of tlio 
puncture made by tho stylets, in order to insert an 
egg, and unless tho bug locates this puncturo with tho 
tip of tho ovipositor sho does not lay an egg, end mores 
on to find anothor suitable? place Tho ovipositor is 
inserted through tho eamo punoturo and the entire 
length is dnv on into tho plant tissuo Noxt a senes of 
nltcmato distentions and contractions of tho abdomen 
and a sort of pumping action culminoto in tho dopo 
sition of an egg and immediatG withdrawal of tho ovi 
posltor from the plant tissuo During tho process of 
egg laying tlie abdominal tip is very near tho surface 
of the plant and the body is inclined at 30° to tho plant 
surface 

Tho opercular end of tho egg is just vlslblo at tho 
mirfaeo of the plnnt The on tiro process from 
probing with the rostrum to tho withdrawal of the 
ov ipomtor takes 3-4 minutes 

Tho significance of tho rostrum m opposition m 
theso tingida is not cloarly understood 

Further work on tho egg laying liabit in different 

forma of tho group and tho significance of tins process 

13 aratofulThwk, ero duo to J> M rutt«rudri»J. 
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Government Entomologist, for providing facilities and 
encouragement 


T S Thontadahya 
G P Channa Basavanna 


Entomology Division, 

College of Agriculture, 

Hebbal, Bangalore— 6 

June 1 

■Imms.A D, A General Text Book of Entomolog) (Methuen, London. 
1057) 

1 Fntel, 11 0 , and Kulknrnj , H L ,J Bomb Sat Hitt Soc , 53,(1)86 
(1955) 
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PATHOLOGY 

Aneuploid Deoxyribonucleic Acid Content 
of Human Carcinomas 

The basic question of whether primary human 
malignant tumours consist of euploid or aneuploid 
cells has so far remained unanswered It has been 
possible to determine the chromosome complement 
and deoxyribonucleic acid content only of human 
carcinomas with cells exfoliated m ascitic fluid 1 - 2 , 
human carcinomas transplanted m rats and hamsters 3 
and carcinomas grown in tissue cultuie 4 - 5 Tins lack 
of information can be attributed to several technical 
difficulties Chromosome counts on solid human 
tumours cannot be generally obtained since a pre- 
treatment with colchicine is impossible The deoxy- 
ribonucleic acid measurement by the one-wave-length 
method has so far been limited to mterphase nuclei 0 m 
which the occurrence of deoxyribonucleic acid synthe- 
sis prevents any conclusions m regard to euploidy or 
aneuploidy 

This difficulty m interpreting the deoxyribonucleic 
acid data can be elunmated by selecting metaphases, 
anaphases or early telophases for the deoxyribonucleic 
acid determinations The deoxyribonucleic acid con- 
tent of these mitotic stages can bo considered to yield 
the basic amount, since synthesis is completed before 
the cells enter mitosis By choosing metaphases and 
telophases the deoxyribonucleic acid content, of 
dividing cells is revealed Tins eliminates the criticism 
that the observed abnormal values are limited to dying 
cells of necrotic areas, v hich do not contribute to the 
growth of the tumour 

Tlio tv, o-wave-length method of Patau has been 
applied for the deoxyribonucleic determination 7 
Each nucleus was measured twice The average values 
are given m Fig 1 Lymphocytes or polymorphs 
present in the same section as the tumour cells vere 
used to obtain the deoxyribonucleic acid value of a 
diploid cell The accuracy of the method applied 
becomes evident by comparing the ratio between 
lymphocytes and normal epithelium m metaphase and 
telophase, and between such metaphases and telo- 
phases The ratios expected theoretically are 1 2, 1 1 
and 2 1 , respectively The values actually obtamed are 
m close agreement with the theoretical ones, namely 
1 2 02, 1 0 99 and 2 1 



Fig 1 The deoxyribonucleic neld content of toloplia-o nuclei (solid) 
and of metaplin-'C plates (outlined) of normal opithcllum and adeno- 
carcinomas of breast, bronchos and largo Intestlno Tlio diploid 
amount of deoxyribonucleic acid Is gh cn In the Interphaso nuclei of 
lymphocytes 1, Lymphocytes, 2, epithelium, 3, breast carcinoma, 
4, bronchogenic carcinoma 6, Intestinal carcinoma 


The distribution of deoxyribonucleic acid m the cell 
population of lymphocytes, of normal intestinal 
epithelium and of carcmomas of bronchus, breast and 
large intestine is shown m Fig 1 All three carcmomas 
consist of cells uith aneuploid amounts of deoxyri- 
bonucleic acid The deoxyribonucleic acid content of 
the breast carcmoma cells accumulate around a 
hexaploid value and the carcinoma of the intestine 
around a hyperdiploid modal value, whereas the 
deoxyribonucleic acid values of the bronchogenic 
carcmoma cells are scattered over a wider aneuploid 
range The deoxyribonucleic acid content of the early 
telophases exhibits m both the carcmomas of the breast 
and bronchus a narrower range as compared with the 
values of the metaphase plates This indicates that 
several of the aneuploid cells are unable to finish 
the mitotic cycle, a conclusion which is supported 
by the results obtamed on human ovarian tumours 8 

Cells with aneuploid deoxyribonucleic acid contents 
have so far been found m 25 carcinomas of the large 
intestine”, m 4 carcmomas of the stomach”, in 5 
carcmomas of bronchus and 5 carcmomas of the 
breast The aneuploid modal value and the spread of 
the deoxyribonucleic acid values around this value 
vanes from tumour to tumour No correlation between 
a particular aneuploid deoxyribonucleic acid amount 
and histological grade of malignancy has been 
observed The only difference found so far was be- 
tween benign polyps and adenocarcmomas of the 
mtestme, the former having a normal diploid and the 
latter having an aneuploid deoxyribonucleic acid 
content” 

The results obtamed on different carcmomas of 
man demonstrate that primary malignant epithelial 
tumours regularly consist of cells with an aneuploid 
deoxyribonucleic acid content The aneuploidy of the 
viable dividing cells is clearly demonstrated by the 
presence of aneuploid deoxyribonucleic acid contents 
in metaphases as veil as m anaphases or early telo- 
phases It can be concluded therefore that primary 
carcmomas of man are aneuploid and that the Jesuits 
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obtained on ascites fluids 1 5 or on grafted tumours 3 are 
comparable to t ho conditions present in the tumour of 
origin 

H F Stick 

Saskatchewan Research Unit of the 
National Cancer Institute of Canada and 
Department of Cancer Research 
University of Saskatchewan 

H L Emson 

Department of Pathology, University Hospital 
University of Saskatchewan 
Saskatoon, Soak 
June 29 
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Effect of Bacillus Calmette-Gudrln 
Infection on Transplanted Tumours 
in the Mouse 

Durttso the growth of certain transplanted tumours 
considerable hyperactivity of tho rcticulo endothelial 
svstem is observed 1 Similar alterations arc also 
found in tho first singe of experimental infection* 
suggesting that tho host response to foreign tissue and 
some infectious agents is closol} related Agents auch 
as endotoxins zymosan products of tho (uberclo 
bacillus, and Bncillufl Calmotto Gu6nn infection 
vhioh enhance tho act hit} of tho reticulo>cndothclial 
system 5 and tho capacity for antibodv production 4 
also increase natural resistance to infection 5 In light 
of these observations, wo havo attempted to alter tho 
growth and lothaht} of various experimental tumours 
b) agents known to possess tho common proport} of 
stimulating tho phagocytic capacity of the rctioulo 
ondotholml system Ono such agent zymosan, has 
been demonstrated to increase significantly tho re 
gression rate of tho mouso tumour sarcoma 180 
(S 180) under certain conditions* Tlio present roport 
deals with tho course of three transplantnblo tumours 
L S 180 carcinoma 755 (Ca 755), and Ehrlich ascites in 
rmco infcctod with Bacillus Cnlmetto Guerin 

■\oung, female IlofICJi Swiss mico and <757 hybrid 
mieo (bred bv Dr J J Bittnor, Umvcrsity of 
Minnesota) weighing approximately 18-20 gm , were 
injected intravcnousl} with ono mgm Bncillufl Col 
omttoGutfnnwct wcJght Tho Bacillus Calmette Guerin 
{Phipps fitrnm) wasgrovrn in cither Bauton a (supplied 
througli tho eourtcsj of Mr II J Hondcrson Phipps 
Inst , Phila Pa) or tho Dubos liquid medium 
Neither morbidity nor mortality nttnbutnblo to 
Bacillus Calmette Gudrin infection alone was observed 
infected animals appeared nctivoand perfect]} health} 
At selected intervals following Bacillus Calmette 
Gutfrin inoculation infected animals and nppropnato 
controls were challenged with either solid tumour 
(S 180, Ca 755) implante<l subcutaneous!} or bv intrn 
l>cntonenl injection of Ehrlich nwitcsedh 


Growth of S 180 in normal HajlCE Swiss mice is 
characterized by death of 85-90 per cent of hosts in 
two to five weeks, the remainder of tho mice undergo 
spontaneous regression of their tumours Tho effect 
o£ Bacillus Calmetto Guerin infection on tho mortality 
associated with growth of this tumour is presented in 
Table 1 In mico implanted with S 180 one day 


T»We l JtocTAUTT roLiowiva S 180 iHfLAmno^ 



D*yi brtwci 

ra DCO infect km «nd tumour 
InccmUtkm 

Control* 

1 

7 

14 

10 

23 

C7 

M/7Dt 

13/15 

3/12 

0/12 

0/30 

0/8 

0»0 


t mortal 11 y/number per croup 


following infection the regression rate was normal 
whereas mice inoculated with the tumour seven dn}s, 
or longer, after Bacillus Calmetto Gu<5nn infection 
showed dofinito protection Of the groups at seven 
and mnotcen days post infection, 70-75 per cent of 
tumours regressed mico anoculatod with S 180 
fourteen twenty five, and sixty seven days following 
Bacillus Calmette Gu<5nn infection wero completely 
resistant to tumour growth Tho tumours m Bacillus 
Calmotto Gurirm infected animals developed nonnnll} 
for tho first seven to ton dayB and then began do 
creasing in sizo after tho second week Tho process of 
regression in animals infected with Bacillus Calmetto 
Gudnn was cssontiallv similar to that obsorved in the 
few control mice which rojectcd their tumours In n 
group of C 57 h}bnd mico implanted with S 180 
fourtcon days following Bacillus Calmetto Guerm 
infection only one out of eight animals regressed tho 
implanted tumour none of tho tumours in tho control 
animals regressed Tho finding t hat C57 h}bnd mico 
responded poorl} to 6 180 inoculation at a time when 
Swiss mico were completely protected correlates well 
with our unpublished olisorvotion that tho C57 hvbru! 
docs not attain us high a degreo of reticulo-cndothelml 
stimulation as Swiss mice following Bacillus Calmette 
Guerin infection 
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Fig 1 demonstrates the altered course of the 
Ehrlich ascites tumour m Bacillus Calmette-Guerm 
infected Swiss mice The average survival time in 
uninfected controls was 14 days In animals inoculated 
with Bacillus Calmette Gu&m eleven or thirteen days 
previously, it was 27 days Ascites formation m 
infected animals was not inhibited, in fact, during the 
course of the enhanced survival time, these animals 
frequently developed hugely distended abdomens 
Despite the presence of appreciable quantities of 
ascitic fluid, the infected animals remained healthy 
and active for a longer period than their corresponding 
controls 


Table 2 Ca 735 IMPLANTED 17 DATS FOLLOWING Bacillus Calmette 
Gufnn INFECTION IN C37 HTBIUIlS 


1 

1 

Average turn 
(ci 

our diameter 

a) 

Ter cent mortallt\ 
BCG /Controls 

13 Controls 

10 BCG 
Infected 

1 25 daw 

2 04 


0 82 

0/0 

1 33 daw 

2 08 


1 21 

0/23 

1 48 daw 

1 

3 50 


2 30 

0/92 


BCG — Bacillus Calmette 0 itcnn 


Table 2 summarizes the results of experiments con- 
cerned with the growth of Ca 755 in both normal and 
Bacillus Calmette -Guerin infected <757 hybrid mice 
In addition to the slower growth of this tumour, the 
Bacillus Calmette -Gu4rm infected mice lived sig- 
nificantly longer and frequently showed advanced-to- 
complete regressive changes m their tumours prior to 
death This retardation m Ca 755 growth and increased 
survival time has also been observed in mice of a (767 
inbied lme following Bacillus CaLmotte-Gwhin infec- 
tion 

The beneficial effect of Bacillus Calmette -Guerin 
infection on the outcome of (S'- 180 growth appears 
mo3t likely to be an expression of a more vigorous or 
accelerated liomogiaft reaction Most important, 
perhaps, is the finding that the mice are still resistant 
to the growth of S-180 sixty -seven days following 
infection The significant degree of protection to Ca 
755 in terms of tumour retardation and prolonged 
survival time also pomts to a more competent immune 
response in the infected host The increased survival 
time m infected animals with Ehrlich ascites may 
reflect an enhanced, though insufficient, antibody 
lesponso to the inoculated cells how ever the results 
obtained may also bo ascribed to a more efficient 
reaction to endogenous infection which frequently 
appears to be a contributing factor m the death of 
tumour bearers 

The Btudies reported herein have been exclusively 
concerned with transplanted tumours Present 
expenmen ts are in progress to extend these obser- 
vations to the behaviour of first and second transplant 
generations of spontaneous tumours m Bacillus 
Calmette-Guerm infected isologous hosts If some 
resistance based on an immunological response exists 
to the development and progression of spontaneous 
neoplasms, the Bacillus Calmette-Guerm infected host 
with its greatly enhanced capacity to respond to anti- 
genic stimulation deserves special attention in studies 
concerning tumour immunity 

"Wo msh to gratefully acknow ledge the assLSfance of 
Miss M Goldsmith This work i\ as aided by a grant 
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MICROBIOLOGY 

Lowered Bactericidal Efficiency of 
Hydrogen Peroxide on Milk from Cows 
treated with Penicillin 

During tho course of experiments on the intro 
duction of hydrogen peroxide as a routine means of 
ran milk preservation, the following anomaly was 
observed 

In a certain number of trials, the usual rate of 
bactericidal efficiency, xvlnch normally fluctuated 
between 80 and 94 per cent of chemically pure 30 
per cent hydrogen peroxide used at a concentration 
of 0 2 per cent -was considerably lowered, at times by 
30—70 per cent In certam extreme coses, after one 
hour of hydrogen pei oxide treatment, an actual rise 
m the initial number of milk microflora population 
occurred At the same time many raw milk samples 
with a high catalase content were examined, where the 
percentage of destruction by hydrogen peroxide was 
lowered to 75 per cent of normal compared It was 
therefore concluded that the anomalous results were 
caused by an unknown substance, present in raw mill 
The period of the investigation comcided with the 
summer of mass antibiotic treatment of tho cattle, so 
we investigated the possibility that antibiotics in fh® 
milk were the cause of the interference phenomenon 
Large number of milk samples containing pemcilha 
were treated v T ith hydrogen penoxide The results 
were consistent wuth the supposition that the inter 
ferrng substance was penicillin, which had be® n 
secreted into the milk during and after the treatment 
of the cows Total counts of milk by the pour plate 
method were made on Difco tryptone glucose yeast 
agar, and the observed results revealed significant 
differences in the percentage of destruction, as com 
pared w r ith those of normal raw milk 

Mixtures of 0 1, 0 5, 1 0, 5 0, 10, 20, ru /ml pent 
cdlin (crvstalline sodium O) with 0 2 per cent of 30 
pei cont hydrogen peioxulo in distilled watoi, and raw 
milk did not decompose hydiogon pei oxide directly> 
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as it could bo quantitatively recovered when titrated 
lodometncally with 0 1 N sodium thiosulphate 
It was reasonable to assume that tins was not a 
simple caso of ehomical interference between tho two 
drugs but a more complex interaction connected with 
tho bacterial coll itself 

When added artificially to normal raw milk, tho 
different concentrations of penicillin O in certain cases 
reproduced tho interference while in certain other 
trials the results were not satisfactory 

The experiments were carried out with different 
kinds of raw milk, ranging in total initial count from 
10» to 10 8 bacteria/m! and with penicillin concert 
(rations 1 0 0 76, 0 60, 0 26 0 10 0 05 1 U /ml When 
the milk microflora liad been in contact for two hours 
with tho ponlcillin and the milk was then treatod 
w ith 0 2 per cent of 30 per cent hydrogen peroxide the 
interference was directly proportional to the con 
contration of penicillin 

Tho unsuccessful results suggest that tho phono 
menon depends chiefly, not on tho quantity , but on tho 
quahtv of tho very unhomogeneons milk microflora 
Therefore tho behaviour of the various isolated 
groups of milk microflora, such an lactic organisms 
coli forms payolirophihc organisms, therm odunc and 
th< rmophiho organisms is now being investigated 
Re. suits obtained so far indicate that the thcrmodunc 
organisms may be responsible The phonomenon 
described above was also reproducible when tho 
micro organisms wore grown and treated in nutrient 
broth Further motaboho studies are in progress 
A. detailed description of this work will bo published 
elsowhero 

J Babad 

Dairy Research Laboratory, D L Boros 

Agricultural Research Station, F Baier 

Beit Dagon Israol 



Sex Chromatin ( , Ch^omoleme , ) in the 
Purkinje Nerve Cells of some Mammals 

The greater percentage of sox chromatin m tho 
nuclei of somatic colls has been used for determining 
tho gonotlc of tissues of most mammals, excepting 
the Rodent in and Lagomorphn, tho nuolei of whioh 
harbour chromatic masses which wore wrongly 
interpreted ns sox chromatin Ncvortholess tho studies 
of Lucre 1 on tho blood colls of Lagomorphn, and of 
Castro ti al - on the amcloblasts of Rodontia show od 
tho possibility of dotormimng the sox in these ammn Is 
Most authors state that tho dotoction of tho gonotio 
sox is based upon tho finding of a slnglo ecx chromatin 
of chromolomo’*, which is supposed to bo present m 
70-80 per cent of female nuclei, and 6-30 per cent of 
male 

T*tdo l Ncxur* or CnnoxoLxxn i* Vabioci Ctlli (raicrxrAQM 
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Nov ertholess, wo hop© to demonstrate that tho 
Ptirkinjo colls provide evidonco flgmnst the general 
applicability of such a viewpoint For, in somo 
animals wo encountered a greater percentage of two 
chromoleracs in tho female and a single ono in tho 
mate 

Cerebellum tissue from 5 pairs of each of the 
following species was studied dog cat, rabbit and 
human 

Fragmonts were fixed (12-24 hr ) in 10 por cent 
formalin buffered to pH 0 0 Frozen sections 20 p 
thick were treatod bv tho boulgcn techniquo and 
mounted in balsam after diaphnnization with creosote 
Onlv mtact nucloi in the centre of the section wore 
selected for counting 

As can be soon from Tablo 1 in so far ns tho dog and 
cat aro concerned we fully agree with other authors 
In fact, w e found many nuoloi with a Ringto chromo 
lomo in the femnlo and only a small percent ago m 
tho male (m the foraale, 70 por cent for tho dog and 
76 per cent for tho cat in tho male, 28 per cent for 
tho dog and 30 por cent for tho ent) 

On the other liand, with regard to humans and tho 
rabbit, os wo liavo alread\ remarked in a previous 
paper 4 a higher porcentngo with two chromolemcs in 
the nuolei was discovered m tho female, whereas 
many nuoloi from tho malo had a singlo cliromolcme 

Hi us eexing by tho method of Barr and Bertram 5 , is 
vnbd only within certain limits In tho caso of tho 
Purkmjo colls, which wo varied between tho different 
groups of mammals selected for study, tho diagnosis of 
sox is possible in both humans and rabbits, whon tho 
nuoloi containing ono or two chromolcmos aro con 
sidored 

For tho dog and cat, wo can apply the principles of 
Barr and Bortnm* that tho finding of a higher jicrcen 
tago of colls with a singlo cliromolcme points to tho 
fomale sox For practical purposes a largo number of 
colls containing ono chromolomo indicato n female, 
whereas those with no oliromolemo indicato n. malo. 

Similarly in tho caso of tho humans and rabbits, 
soctions which show a high porcentngo of colls with 
n single chromolomo indicato a malo and those with 
a greater number of nuclei with two chromolemcs 
indicate a fomalo 

It is our impression that fheso clianges £n tho 
number and behaviour of tho chromolemcs can be 
ascribed either to fusion of tho ltetcrochromatms of 
tho sox chromosomes 4 , or to a non specific fusion of 
hctcrocl ironist ins of homologous parts of otlior 
chromosomes 4 

According to our work in progress, such chromatin 
masses may confirm what Pavan and Brcuer 4 , m 
IihyncJioneiartx anyckis colled ‘genio secretion , which 
in mammals would bo a manifestation of tho bo - called 
‘motabollc chromatin 7 


Nyxoeo Marques de Castro 
Wilson da Silva Sasso 

Escola Pnulista do Modicma 
Department of Histology , 

Silo Paulo, Brazil 
May 15 
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GENETICS 

Effect of Different Wild-Type Isoalleles 
on Crossing-over in Drosophila 
melanogaster 

Eajrly experiments 1 had shown that wild-type 
stocks of Drosophila melanogastei carry different wild- 
typo alleles at the sex-linked, wlnte-eye (w) locus A 
more recent 2 detailed genetic analysis demonstrated 
that the w+ loci of the Canton-5 (C) and Oregon - R (0) 
wild -type stocks differ in the right-hand two of the 
four recombmationally separate w + loci Thus C and 
0 may be described by the notation CC and 00, where 
each letter represents two of the four loci Derived 
mid-types carrying the right and left halves of the 
two stocks, that is GO and 00, have been successfully 
synthesized 1 

Experiments were designed as follows to determme 
whether the wild-type isoalleles could differentially 
influence the frequency of crossing-over in then 
vicinity Three marker genes, yellow body (y), 
white-cherry eye (vf h ) and split bristles (spl) were 
selected and crossing-over studied among the progeny 
of females heterozygous for the three marker genes 
and either an mtact or derived wild-type X cliromo- 
some Since the cross-over frequencies for the two 
intervals are rather lows the standard distances for 
each being 1 5, the females were also made hetero- 
zygous for the autosomal inversions Cy and Vb% i3 °, 
thereby maximizing the cross-over frequencies Such 
a procedure, it was thought, might magnify any 
differences in crossing-over between the tw r o mid- 
types should they exist Paired, parallel experiments 
were carried out in order to minimize environmental 
effects on crossing over For example, crosses were 
made so that females heterozygous for CC and 00 
developed concurrently on the same lot of culture 
media Virgin females of each genotype w ere collected 
during the same eight-hour mterval and three females 
were collectively mated to yw spl sn 3 males in half-pint 
bottles Three such matings were made with each 
heterozygote After three days females w r ere trans- 
ferred to fresh media for an additional three -day egg- 
laying period followed by a third three-day period 
Culture media from the same lot was used for each 
egg-laying period, and flies were raised m a room whose 
temperature fluctuated between 22 and 24° C 


Table l Crossing over in Females or Qenottpe y icch spllic* 

ey/±, Dbx"‘l± 


Source of it* 
chromosome 

Cross-over frequencj and ; 

ier centage for Interval 

y tr'* 

u"> spl 

CC 

285/6526 (3 58) 

114/6525 (1 74) 

OO 

240/5210 (4 60) 

125/5210 (2 39) 

OC 

104/2705 (3 84) 

48/2705 (l 77) 

CO 

180/4037 (4 40) 

82/4037 (2 03) 

CrCr 

332/4375 (7 59) 

00/4375 (2 06) 

FF 

451/5787 (7 70) 

187/5787 (3 07) 

FCr 

232/6458 (3 59) 

92/6458 (1 42) 

CrF 

232/4458 (5 17) 

02/4458 (2 0.3) 




In Table I results of the crossing-over experiment 
have been compiled The frequencies listed represen 
summations of all the progeny scored for each cross 
It will be noted that the cross-over frequencies for eacl 
interval are greater among females heterozygous fo 
00 than for CC. That this difference is apparently i 


function of tho light segment of tho w + region is borne 
out by comparable crosses where the derived w'lld 
type chromosomes CO and OC w'ere employed These 
results, included in Table 1 , show that for each mterval 
tho cross-over frequency was greater among females 
heterozygous for CO than for those heterozygous for 
OC A comparison between the total cross over 
frequencies for all females whose right io+ segment was 
0 w ith that of females whose right w + segment w as C 
estabhshed this difference to be statistically significant 
(x 2 = 9 04, 1 d f , P < 0 01) 

That the aforementioned differences in cross-over 
frequencies are not spurious is supported by a com 
pletely independent set of crosses Crossing-over 
experiments w'ere repeated employing intact and 
derived w lid-type X chromosomes coming from two 
wild -type stocks of independent origin, Formosa (F) 
and Crimea ( Cr ) Genetic analysis of these stocks 5 
established that F and Cr carry different wild-type 
isoalleles in the right segments of their u> + loci Insofar 
as can be determined at present these wild-type 
isoalleles of F and C are identical as are those of Cr and 
0 Paiallel experiments were carried out In one 
crossmg-over m females heterozygous for FF or CrCr 
wold-type X chromosomes was compared, m the 
second females w r ere heterozygous for CrF or FCr 
Inversions w ere included as noted above 

The results of these experiments, listed in Table 1, 
parallel precisely those obtained w ith 0 and C Thus 
for each mterval the cross over frequency was greater 
in females whoso right-half w h loci carried the F 
isoalleles as compared wuth those carrying the Cr 
isoalleles Compared statistically the difference 
between the total cross-over frequency for all females 
whose right segment wms Cr and those whose right 
segment was F is highly significant (x 2 = 34 8, 1 d f , 
-P < 0 001) These data demonstrate that the 
presence of a particular wild type isoallele can 
influence significantly the cross over frequency m its 
immediate vicinity 

That the differences in cross-over frequency are a 
primary function of the distinctive wold-type isoalleles 
is supported by a number of facta A significant 
maternal effect seems unlikely since identical females 
w r ere used throughout in obtaining heterozygotes 
Specific autosomal influences are of doubtful impor 
tanee, especially since the autosomes w'ere randomize' 
while synthesizing the derived wold -types Internctioi 
effects are, how ever, not excluded Precisely how th 
different isoalleles effect cross-over differences is no 
clear One possibility is that they have dfferen 
pairing affinities for the mutated allele to which the; 
were tested 

These observations serve to explain, in part, th 
recombination differences between the Oregon an 
Samarkand wild-types of D melanogaster reported b; 
Lawo-ence 4 They also point to the fact that wild typ 
isoalleles may have important evolutionary signlfi 
cance by providing a base from which genotype 
produemg high or low r crossmg-over frequencies c& 
be selected 

M M Green 

Department of Genetics, 

University of California, 

Davis, California 

July 2 
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THE DISCIPLINE OF THE SCIENTIFIC METHOD 


T HE address, “The Message of Scionco'’, which 
Prof P Weiss doliverod at tho Univarsal and 
International Exposition at Brussels on June 25 
1968 and which has now boon issued as an Occasional 
Paper of the Rookofoller Institute, develops tlireo 
main points Man’s hopo Uee in the advance of 
civilization, of which science ib a part., and to under 
stand the role of scionco requires insight into its 
nature, power and limitations First Prof Weiss 
argues, man will continue to reap rich fruit from 
scientific progress Socondly, understanding the 
process of science gives man a firmer grounding in 
reality against his floundering and fumbling in 
abstractions and thirdly tho task of science is to 
sorvo man by mastering Nature and not to become 
man’s master In porvmtr man, scionco, Prof Woles 
urges, must oloso ranks with other servants of 
humanity — the creative arts, philosophy, religion — 
all striving for a now integrated humanism 

In tins view, BCionoo which has helped to dethrone 
man from his self appropriated station ns tho centre 
of the universe, can help him now to grow into his 
rightful statu ro Prof Weiss s address is thus esson 
tiolly a contribution to tho discussion on tho place 
of tho universities in the scientific revolution which 
Sir Erie Ashby oponod in “Technology and tho 
Academics” and which Sir Chnrlos Snow has 
devolopod further in bis Rode Lecture, “Tho Two 
Cultures and tho Scientific Revolution"* Prof Woiss 
docs not disparage tho material benefits which scionco 
can pro vi do, but ho lays his stress on tho contribution 
which scionco can offer to man’s intolioctunl and 
! moral advance It would bo a distortion to suggest 
I that ho is advocating scionco for its own sake but, 
l like Sir Edward Appioion in his presidential address 
< tn 1953 to tho British Association, ho maintains that 
i soionce itself is one of tho groat human valuoe 

The power of scionco Dr Woiss points out, comes 
i from tho strict mental discipline and critical detach 
roent that it imports to thoso who llvo and practiso 
by its codo , and if living by this oodo can holp men 
! to lead more satisfying lives, bo as more fully to enjoy 
, arid Bharo promised reloaso from want and drudgery , 

J if scienco will not just extend man s span of life but 
a also givo tho content of that span more purpose , 
t l if scionco can convmco man that many of tho evils 
and errors and convulsions of tho present ago anao 
4 from his ignoranoo and nogloct of tho very codo of 
scionco then science will havo given him another 
noble gift, namolj , a basis for responsible and judicious 
self-direction ns a doeign for living Tins presupposes 
that man is free to choose his course for bettor or for 

l * Tho 'Two CnUam and tho Scientific Ite relation. By Sir Chirto 
flnow fTTie Redo Eitaro 10^0 ) Pp tr+6_ (Cambridge ; At the 
UntTenntT ITcm 19^9 ) Si W net 


worse, and in this choico, tho scientific approach con 
holp him to avoid predictably disastrous turns and 
missteps Science is not to blnmo for man’s mis 
directing scientific knowlodgo to ovil ends 

If the scientific spirit con teach man reason, tho 
m ossa go of soieneo must, however, first bo accepted 
by man and it is Sir Charles Snow’s contention that 
one of tho two oulturos ho predicates os existing docs 
not and will not occopt that mossago First, however 
tho characteristics which Dr Woiss describes ns 
marking tho scientific spirit as superior to tho mere 
application of logic, tho Goldon Rulo or just plain 
common sense should bo notod It is tho categorical 
domand for validation and verification of each pro 
miHo each contention and oach conclusion by tho 
most rigorous and critical tests of ovidonco Rvorv 
rulo and law have to be tostod and onforcod, and 
nowhoro olso is tho penal tj for error or infringement 
so prompt and tolling 

Tins discipline of the scientific method broadh 
applied, could go for toward clearing tho underbrush 
c f superstition and projudico that hampers civilization 
m its moreli, but it lias its limitations Smco according 
to tli© codo of scionco, no posit ivo assert ions are final 
and all propositions approximations and indeed 
provisional, science is seen to advance more b\ 
donying what is wrong than by assorting what is 
right — by reducing and ovontunlly eradicating 
errors rath or than by lion ding straight toward sorao 
preconceived final truth From am point along tho 
frontier of knowledge which mankind faces tho 
imagination and curio sit} of individuals inav start 
tracks that radiate in all direct ions mto tho unknown 
Through trial and error tho right path ib gradualh 
singled out from tho multitudo of blind alloys by tho 
fact that it has mot, instead of missing other now or 
familiar lines starting from other points, merging 
with thorn m mutual reinforcement Success lies in 
tho confluence of thoughts from man} divorso 
directions, and this gives ecicnco its cohoronco and 
consistonc} with a stable inter -convertible currcno} 
of terms and units, modes of operation and standards 
of proof or disproof, all gained b} gradually removing 
tho inconsistencies and incongruities within tho 
system, by tho systematic reduction of margins for 
error 

Dr Woiss points out that this is tho method or 
organio ovolution, but on the infinitely faster scale 
of thought processes, which require much Ices time 
to establish thoir soundness ; and from this comes 
man’s unprecedented chanco for rapid progress — 
from tho incessant wooding out of error Moreover, 
for scionco as n whole, truth Is tliat strip of possJ 
billties lofl over after all demonstrable untruths 
lin\o been olimlnntfxl , (hem TrOI rruuitn n MrU 
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broad band of uncertainty, including tbe indeterm- 
inate, the unknown, the indeterminable and the 
unknowable The limits of science are frankly 
acknowledged, and Dr Weiss has no place for either 
the shallow optimism that Sir Charles Snow marked as 
contributing to the divergence of the two cultures he 
describes, or for the uncritical claim that science is a 
cure for all the ills of mankind and that it can pre- 
scribe ultimate goals to guide man’s conduct On 
the contrary, the humility and courage required to 
live with partial answers and the disturbance of 
complacency should assist science — and the scientist 
— to live with the other claimants to a share in 
human destiny The scientific spirit, by stimulating 
man afresh to search and strive again rather than to 
conform, to face problems and not to accept past 
solutions, and to exercise ingenuity instead of 
abdicating to authority, could rekindle flames which 
mechanization threatens to extinguish 

Dr Weiss’s view of the relations of science with 
the creative arts, with philosophy, with at least the 
kernel of religions (not of creeds) and with the lessons 
taught by history, all of which are companions with 
science m shaping the fate of mankind, presupposes, 
however, a bridge rather than the gulf which leads 
Sir Charles Snow to speak of the two cultures — it 
invokes comprehension rather than incomprehension 
on both sides If the attitude which he depicts 
should prevent the scientist from contributing to 
misunderstanding or stirring up resentment, there 
must none the less be understanding and not prejudice 
on the other side It will not suffice for science to 
be objective, to recognize soberly its own limits, and 
to claim no greater share of man’s allegiance than it 
can ask on scientific grounds It can scarcely act as 
educator unless there is sympathy and receptiveness 
on the other side That must precede the abatement 
of suspicion and resentment, the removal of barriers 
due to prejudice and the disappearance of any fears 
of aggressive expansionism of science 

This exposition of the message of science ends 
with an appeal that men of Bcience Bhould close the 
ranks with those m other walks of life against the 
dehumanization of our culture, and that they should 
look and work for a broad humanism in which science 
is accepted, not grudgingly but with understanding, 
by all men in all walks of life, not for its fruits alone 
but for the ideal of rational thought which it can 
carry to its highest culmination At the same time, 
men of science must ever be on their guard against 
the danger of specialist isolation to the neglect of 
other human values, and finally Dr Weiss pleads 
that science should re-acclaim diversity as the source 
of progress, including the diversity of human minds 
in then responsible expression Simultaneously, he 
pleads that those humanists who are not scientists 
should not regard themselves as the prime custodians 
of civilization, shunning science as if it were inhuman 
The conception of the message of science and the 
place of the scientist m our civilization which Dr 
Weiss expounds m this address is dignified and noble 
as v oil as restrained , it could well ehcit the response 
he seeks from the non-scientists if it can reach them 
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But while Dr. Weiss recognizes as clearly as Sir 
Charles Snow the gap between the two cultures and 
tbe imperative need for co-operation between 
scientist and non-scientist, be does not indicate how 
the gap is to be bridged It is true that, if his counsel 
is followed, scientists could do a good deal to remove 
the prejudices and suspicions which have enlarged 
the gap — or at least to remove the substance of those 
prejudices and suspicions , but something more is 
required to restore unity to the intellectual life of 
Western society, or even to provide a meeting place 
for the two cultures The lack of comprehension of 
science and technology on the part of the non- 
scientist which leads Sir Charles Snow to describe the 
literary intellectuals as natural Luddites must he re- 
moved also, and this as he sees clearly is a problem of 
education Until intellectuals and the nation gener- 
ally come to understand the scientific revolution and 
its implications, Britain cannot hope to cope with the 
problems offered and either avert the dangers or 
exploit then possibilities 

Sir Charles Snow faces this question in the last 
part of his lecture He behoves that we need as many 
outstanding scientists as the country can produce 
They present no problem, but their number is 
limited , and they need a much larger number of 
professional scientists for the supporting research 
and high-class design and development , here the 
problem is not so much that of quahty as numbers 
These m turn require a large number of supporting 
technologists and technicians for the secondary 
technical jobs, some of whom will take major 
responsibility, particularly m the human jobs Sere 
our problem is both the numbers required, whioh 
will throw an unmenso strain on the universities, 
university colleges, colleges of technology and tech- 
nical colleges of Britain, and the distribution of 
ability m order that proper and efficient use may be 
made of then services Lastly, there must he not 
merely politicians and administrators, but also' an 
entire community knowing enough science to have a 
sense of what the scientists are doing 

Sir Charles offers no prescription as to how all this 
is to be achieved He simply presonts the challenge 
to the educational system of the country, with the 
reminder that our real assets in the world to-day are 
our wits — our capacity for co-operation and our 
inventive and creative ability The survival of 
Britain as a world power requires that we should 
fully understand the scientific revolution, educate 
ourselves to the limit and give the lead to the world 
W e cannot do this without breaking the existing 
pattern of education , but unless wo do so and 
educate ourselves adequately, we must experience in 
our own life-time a steep decline m our standards of 
living To close the gap between the two cultures is 
a necessity m the most abstract intellectual sense, as 
well as in the most practical, m order that we may 
be able to achieve even the pohtieal techniques 
which will enable us to bring our human capabilities 
into action Once again we are summoned to look 
at education m the broadest sense, and Dr Weiss’s 
message is an invaluable contribution to such a task 
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LATIN IN UNIVERSITY ENTRANCE REQUIREMENTS 


T HE controversy about comprulnory Latin for 
entrance to Oxford and Cambridge flares up 
sporadically, like the ploguo, but it does look as 
though tlie recent outbreak may bo the lost Truo, 
Oxford lias roverrsod its docision to make Gorman 
and Russian alternatives to Latin, but wlion tlio 
rnmnuttoo at preeont looking into the qualifications 
for um\erBitv entrance roports, it seems likely that 
some means will bo recommonded whereby Latin 
tan ho a\ oidod 

It is difficult to see what bonofit the averago boy 
(or girl) who wants to specialize in scionco can dorivo 
from Latm at Ordinary lo\ol m tho Goneral Corti 
fl< ate of Education Ho will not bo ablo to rood tho 
simplest texts with any ooso, oven if he wanted to 
and tho fooling among many scientists that Latin Is 
a v us to of time makes it \ory' unlikoly tliat he will 
His nttitudo to Latin which is often arammed m a 
few months and as qiuoklv forgotten, is ono of 
resigned hostility 

Without Iiatm tho specialists will become even 
more specialized is a favourHo argument of tho 
anti abolitionists, yot very few peoplo wish to 
abolish it imconditionally At Oxford tho suggestion 
was tliat Russian and G on nan should bo altomntiv os 
and a scientist witli French and German is no nioro 
a vjw einlist than one with Fronoh and Latin* Besides, 
tin re is for moro clionco that a modem language 
w ill bo kopt up, slnco oven tho least materialistically 
tnindod con soo its usefulness Moro and more peoplo 
go ftln-oad oven, yoar especially school children and 
unuorelty students, and lator on tlio profofwional 
m icntist will want to rend papers m foreign languages 
Few are publish od in Lai in 

riiroo mam arguments are ad\ niiced by thoso who 
wish to sco Latin rotalnod besides tho ono muntionod 
nbovo 

hirst, they say that it is tho key to tho under 
Ktanding of Western culture Quito apart from tlio 
fact tliat Latin nt Ordinary level is not oven o koy 
to tho understanding of Latin in ordor to under 
stand Wostom culture ono has to know a good deal 
about it, and, ns is so frequently pointod out most 
scientists do not — though many aro moro knowledge- 
able than is ofton allowed Latm is no doubt, an 
immense asset to tho scholar with n wide knowledge 
of tlio htomturo, philosoph\ nrt and histon of 
Luropo and America but to tho scientist it is rather 
like studwng tho quantum thcor\ without knowing 
what radiation and algebra aro, or to toko a non 
hth ntifio simile to study tho sources of Shakespeare s 
plat's without hating read “Uninlot* 'With an 
educational system which imposes specialization at 
tho ago of fifteen wo cannot afford tho timo for 
intellect uni luxuries It is tlio Bluff of Western 
culture that should l>o studied not Latin grammar 
Secondly Latm Is said to ho a uniquo training for 
the nimd Tlds argument is difficult to refuto sinco 
it is so vague and is so seldom ole bo rated It is 

significant tliat it is usual lx advanced b\ people 


whoso montal training ims largoly based on Latin 
Furthermore, mathematicians can raako a similar 
claim for mathomatlcs with oqual justice Part of 
tho uniqueness of Latin is said to he in its being a 
highly inflootod and bo a \cry precise, languago 
but eo are Gorman and Russian 
Thirdly, Latm i& said to improve ono a Enghsla 
Maybe it docs, but it is an oxtraordmorilv round 
about way of doing bo, and one for which tho scientist 
8 imply docs not have tho timo 

In fact, Latin tends to defeat tho vory objocts it 
is meant to attain It becomes associated with other 
non scientific subjects and produces an anti cultural 
roflox — Latm is a wasto of time thoroforo french 
JuHtory and English aro a wosto of timo It also 
takes up valuablo hours in school which might bo 
dovoted to arts subjects likely to interest tho potential 
scientist It is not suggested tliat tho tlruo spent 
on Latm should bo givon o\ or to moro science A 
debate held recently in tho University of London on 
the motion “That the Education of our Future 
Rulers should bo primarily in tho Sciences rathor 
than tho Humanities ’ whore scarcely a speaker 
from an nudionco containing many soiontists sup 
portod tho motion, allows how much basic ngroomont 
there is tliat education ought not to booomo too 
specialized In \ iow of this, it is a pit\ tliat euch an 
issuo should hn\o boon mado out of tho rolativoh 
unimportant Latm question 

It is high timo that sorao ofiort was made towards 
improving the general as opposod to tho specialized 
standards for university outran co If tho Latin 

disputo does nothing olso, it focuses attention on tins 
nood Scientists ontermg for Stnto scholarship* 
already havo to take a gonoral paper in English, but 
it is a special paper for scientists and so m a sense 
it condones tho oxistonco of Sir Clinrles Snow s two 
cultures, instead of tending to re unite thorn If onlv 
tho umvorsitios would demand from ovoryono tliroo 
mibjocts at Advanood lovol, ono a scionco and ono an 
arts mibjoot, there would bo no nood to qutbblo about 
trivial it torf liko Ordinary lovol Latm Quito apart 
from tho wider knowlodgo this would bring scientists 
and arts men would bo working togother right up to 
tho timo thoy loft school, and this is surolv essential 
if thoy aro not to soparnto into two groups It has 
boon suggested Hint ns a conscquonco there would 
l>o a slight lowering of standards in tho entrance 
scholarships, and tliat tho colleges would not accept 
this If so, it would bo a groat pity, but it would 
bo a very Email price to pay Besides it is illogical 
to oomplam about specialization and to object to 
measures which comlwvt it 
Anyono who wants to son compulsory Latin n tamed 
for scientists should sit bock and rv-k himself two 
questions What am I trying to nchimt t Wlint 1 m 
the host way of going about it T It is vtrv peculiar 
reasoning that produces Latin at Ordinary h vid as 
nn cwrontfnl port of llio flnnl nnsvnr rho 
cmwo of o widnr rdurntlon ih IK-Inq ilivrollt'd 
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THE LIFE OF FREDERICK SODDY 

Pioneer Research on the Atom 
The Life Story of Frederick Soddy By Muriel 
Howorth Bp 352 + 16 plates (London New World 
Publications, 1958 ) 75 s 

T HIS is an uneven and uneasy book The 
scientist who reads it is likely to be exasperated 
by its not infrequent confusions and repetitions — and 
the general reader will almost certainly find its 
detaded chronology difficult if not impossible to 
disentangle, although the framework of the story 
is simple enough It is the life-story of Frederick 
Soddy, pieced together from his casual remarks, 
from reluctant replies to leading questions, from 
more sustained and possibly more spontaneous 
reminiscence, and from the residue of his papers, 
by his literary executrix and friend of his later 
years It is a work of obvious devotion, forcefully 
and at times movingly written, but it achieves no 
real synthesis 

Readers of this journal will remember Paneth’s 
tribute to Soddy (Nature, 180, 1085 , 1957) within 
the compass of a short article, that was generous, 
just and discerning, written by an expert m his own 
field who had known him when he was still active 
m it Paneth wrote “The duty to clarify his picture 
is specially incumbent on us, as it is the tragedy of 
his life that members of the younger generation may 
know him only as the person who adopted the term 
‘isotope’, and, perhaps, as the author of provocative 
statements m economics and other fields far remote 
from science The number of those who knew Soddy 
m his creative period is dwindling He was gifted 
m many, perhaps too many, ways He was such a 
good writer of English prose that it was all too easy 
for him to give his polemical essays the sting he 
wished” 

Frederick Soddy died on Septombei 22, 1950, m 
lus eightieth year His last contribution to the 
literature of radioactivity was a letter to Nature 
published on September 3, 1932 His present bio- 
grapher met him first m January 1953 She had then 
recently read “The Interpretation of Radium” 
(1909) and had been so impressed by its phdosophy 
that she had sought out its author At their first 
meeting she suggested to Soddy that they should 
“together write the record of his scientific investi- 
gations” Within a few days she had his agreement 
With m two months the preface, at least, to “Atomic 
Transmutation the Greatest Discovery ever Made” 
had been written This was to be Volume 1 of the 
Momoirs Volume 2 was unfinished at Soddy’s 
death Then Major and Mrs Howorth came into 
possession, through Soddy’s will, of “all his original 
papers, letters, and records” In that way the book 
now under review had its beg innin g, its conception 
replacing that of the half-finished Memoirs “Having 
these [original papers] as my guide”, Mrs Howorth 
confides in her new preface, “I can now write, with 
less presumption and more confidence, the story of 
this remarkable man who was destined to play so 
great a part m the discovery of one of Nature’s 
phenomena, unique m its potentialities and for- 
midable in its power” 

It appears to me necessary to give this brief history 
of Mrs Hom orth’s book — essentially m her own 
words but having done so I am left with scant 
space to comment on it furfhor In any event I should 
require many pages to deal with it in detail I can 
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only indicate its shortcomings and its virtues by 
further quotation “Later, when the speaker at 
one of the Royal Society Popular Lectures m Canada 
fell sick. Professor Cox telephoned Rutherford to 
take his place and this led to his being accorded a 
Fellowship of the Royal Society of Canada and 
eventually to the full London Fellowship m 1903” 
(p 78) , “Superb chemist that she was Marie Curie 
had foreseen these events, but it was left to Frederick 
Soddy to establish each one of them by experiment — 
natural transmutation, 1901 , disintegration theory, 
1902 , displacement law, 1911” (p 93) , “By 1905 it 
was still not confirmed that the alpha particle was a 
helium nucleus” (p 114) , “In 1932, Harkins’s ‘neu- 
tron’ had been experimentally established by Chad 
wick Later Chadwick went to study m Germany 
under Nemst and Rubens ” (p 129) , “ when 
Cockcroft and Walton in the Cavendish Laboratory 
succeeded in ‘splitting the atom’ Cockcroft alone 
received the award [of a Nobel prize]” (p 188) , 
‘What exactly is a beautiful equation V I asked 
[Professor Dirac] ‘Is Emstem’s httle mass-energy 
equation beautiful ?’ ‘No, that is not beautiful,’ he 
replied, ‘but some equations are very beautiful 
indeed’ (p 257) , “One can say that on Soddy’s 
perception the whole of nuclear science has been 
built” (p 267) , “The loneliness which such inatten 
tion from the scientific world creates is sometimes not 
easy to bear without resentment It may be also, 
in the case of Soddy, that the loneliness of his early 
days returned One could imagine that his mother 
died three times, once in his infancy, once with the 
death of his wife, and once on his retirement from 
academic life” (p 277) 

I do not think that the historian of the science of 
this century will pass over the work and the worth 
of Frederick Soddy, as he himself found it for a 
season passed over — or imagined that he found it 
passed over — m his later years He is assured of the 
esteem of posterity, without special pleading Mrs 
Howorth’s book contains much that will be of 
interest to the historian, but her special pleading is 
likely to pass him by Norman Feather 

GUIDE TO MODERN PHYSICS 

Handbook, of Physics 

Edited by Dr E U Condon and Dr Hugh Odishan 
(McGraw-Hill Handbooks ) Pp xxvi + 1462 (Lon 
don McGraw-Hill Publishing Company, Ltd , 1958 ) 
194s 

T HIS is a magnificent book It contains about 
1 ,500 pages and weighs nearly 3 kgm , dimensions 
which are achieved bv solid packing of authoritative 
information, with httle padding or wordy intro 
ductions We have considered it from the points oi 
view both of the senior who has had ample oppor- 
tunity of forgetting his physics, and of the student 
who is m the process of acquiring it For both it 
seems to be an excellent work of roference 

It is divided into nine parts mathematics, mech 
aiucs of rigid bodies, mechanics of deformable 
bodies, electricity and magnetism, heat and thermo 
dynamics, optics, atomic physics, solid state, and 
nuclear physics Each part is divided mto about ten 
chapters, each written by a specialist , there are 
nearly ninety contributors, practically all from the 
United States The list of chapters would be too long 
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to enumerate hero but sorao idea of tho contonts con. 
bo gi\ on by en\ ing tliat tho topics are those in wluoh 
there ih cormidorable interest at the present time 
The book gives a general impression of tho rapid 
dcvolopmont of physics in many different directions 

Tins development lias introduced the usual diffl 
tnlties m kooprng the subject matter up to dato, and 
m tlio preface tho editors express some concern about 
their success They need not lia\o worried , most 
phvmists would be onl\ too dolighted to keep 
witlun hailing distance of tho amount of physics in 
this book. 

In fact tho mam criticism of tho book is that it 
does not seem clear about its own purpose In the 
pn face tho editors imply — but do not dearly state — 
that they regard the contents os “Wliat over) physicist 
ought to know Surely the claim is outrageous ? 
There can bo very few peoplo who havo the raontal 
inimcitj for absorbing all this matorial , and it is 
qiuHtionable whether suoli poople would best servo 
physics by spending the tfano noodod for its absorp 
tion 

In our opinion tho main purpose of the book is to 
wne ns a work of reference for the export who lias 
otiosion to wander into a field related to his own 
but unfamiliar to him Ho will find the general 
principles authoritatively and clearly set out and 
will bo ablo to boo tho types of mathematical ap 
pr* ►aches tliat are used Ho will not usually find 
experimental dotafls — except for occasional chapters 
on such subjects as experimental stress analysis and 
uicuum technique — since tho book is essentially 
theoretical 

The mathematical part of tho book is porliaps tho 
li ast satisfactory It contains some olomontarv 
material such as logarithms which scorns out of 
place and some such os tho theory of probability 
which is likely to bo of more use to biologists tlian 
t > physicists on tho other hand tho theory of 
t rrors is not treat od Nov ortheloes tho main contont 
is extremely good and woll BOt out 

Tho book is boautifulh pnntod and produced, and 
we hft\e noted only very few misprints and mistakes 
l nfortunatoly , tho very high prico — which us quite 
reasonable for tho amount of material contained — 
will probably rulo it out for most individual physicists 
It should novortholos* lie in ov cry library and more 
important o\ory physicist should know of its 
t xistcnco 

II Lrraox 
S G Lrrsox 


REACTION KINETICS 

Some Problems In Chemical Kinetics and Reac- 
tivity Vol I 

By N N Semenov Translated by Michael 
Boudnrt Pp \il 4-230 (Princeton, NJ Princeton 
l ntversity Press London: Oxford Univoreitv 
IO'jB ) 10a not 

T HIS is tho second English translation of tho 
first \ olumo of Prof Semenov s hook on So mo 
Problems m Cliomical Kinetics and Reactivity to 
appear in the past few months Reading if one is 
immediately struck by tho strength of the authors 
grasp of tho fundamental ishuos of reaction kmoties 
mid In Ins ability to marslinl tho ov idenco in a subjoct 
where tho experimental results ore often confnsod, 
and their interpretations conflicting 


'Kie v olumo imder reviow has no pretensions to 
boing o text-book, and is in fact an oxtondod version 
of on introduction to a synmposium hold in Moscow 
it thereby retains a certain froslmoes and is notablo 
for the provocative and stimulating points of viou 
which it takes It begins with a classification and 
aocount of reactions of monorndicals (no nonsense 
about hvhat is a radical 7’), a chapter which is to bo 
commended for its discussions on bond energies and 
the relation of energy of activation to heat of reaction, 
and for the cautious but tolling way in which tho 
relation of struoture to react iv ity is dealt with Tho 
noxt section is on competition bo tween monoradjeal 
reactions, and hero a oloar account of tho role of 
peroxides in oxidation of hydrocarbons is to bo 
found a great deal of modem Russian work of 
value much of it unfnnubnr to this rev iovor is dealt 
with here The inocliarvism of chain decompositions 
of hvdrocorbons is discussed 

In dealing with dimdtcals a distinction botweon 
tho physical concept (triplot state paramagnetism) 
and the chemical conoept (absenco of activation 
bamera, tending to dimoriro, weakness of the second 
bond) is oxomplifiod at tho outset although there 
is a general coincidence Tho chemical aspect* as 
would bo expected are *tres*wl 

After tins survey tho second (anil final) part of 
tho volume deals with cliain initiation and tormina 
turn This is divided into chapters on dissociation of 
molooulofl and recombination of radical* (e*csentiallv 
by horoogonoouB processes) initiation by ions of 
vanablo balance, and tho influence of the walls of tho 
reaction vessel All theso are oxcollont tho lost being 
particularly recommended It leads to some interest 
ing speculations on the processes of heterogeneous 
catalysis 

Tho standard of production of tho book is not 
high, tho typescript being rather urwitisfacton with 
an irritating and unnecessary' symbol for tho cldorme 
atom The translation is quito good, although marred 
by a few words liko 'orgnnicist , mid expressions 
such as the ion impact method imagined by 
V L Tal rozo For a phvsieal chemist how 

over this book of Semenov s should Ik. compulsorv 
reading T M v 'unntx 


CHEMICAL OCEANOGRAPHY 

Apparatus and Methods of Oceanography 
Bv Dr H Barnes Part 1 Chemical Pp 341 
(London George Allen and Unwin, Ltd 1039 ) 
40a net 

T HE spocial mothods of analysis used in chemical 
oceanography and manno biology ore to be 
found in ft great many different publications some of 
which havo limited circulation* There is a need for n 
collection of working methods, prefcrablv with *oino 
guidance for the inoxpononced Tho need is very 
compotentK met bv this book Although suitable 
for tho experienced annlvBt it J*i also explicitly in 
ttndod to help biologists with less chemical know 
ledge, and to be useful to those with small libraries 
Tho author lias therefore dovoted tho first quarter 
of the book to throe chnptor* on colour comparators 
and photometric analysis to errors and preemon, 
and to tho calculation of results It is difficult to 
judgo tho vftluo of this part of tho booh It is vreH 
Uono mdml it m udmimbl> clcnr but muoh of 
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seems unnecessarily elementary, and some of the 
instruments described are surely obsolete 

The rest of the hook is very useful mdeed Separate 
chapters (several for nitrogen and phosphorus) give 
methods for determination of chlonmty, pH, nitro- 
gen, phosphorus, silicon, carbon, oxygen, alkalinity 
(an account of the carbon dioxide system is inter- 
polated), conservative elements by micro methods, 
trace metals and plankton pigments Others describe 
filtration methods, and sediment analysis In each 
chapter, introductory notes explain the apphcation 
and chemistry of the methods, which are then given 
tersely in a form easy to follow at the bench Remarks 
on matters of technique, interference, and accuracy 
come last The methods are well chosen and it is 
evident that Dr Barnes is drawing on considerable 
experience It is a little surprising that he does not 
mention the determination of pH with indicators, as 
it is easy to get quite good results with very simple 
gear He should be well able to exp lam and set out the 
corrections needed for this method, which is still in use 
There are more than 420 references, some 60 of 
which are in an appendix bringing them up to July 
1968 These are invaluable, although there are few 
from Russian sources The 45 tables are mostly 
relevant , but it is not easy to see the need for 
reciprocals of atomic weights, nor for a complete 
list of the symbols recommended by the Chemical 
Society The index is thorough The binding and 
paper seem rather too absorbent for a book which is 
certain to be used a great deal on the laboratory 
bench F A J Armstrong 


ATLANTIC HYDROMEDUSAE 

The Carlsberg Foundation’s Oceanographical Ex- 
pedition round the World 1928-30 and Previous 
“Dana” Expeditions 

“Dana” Report No 46 The Hydromedusae of the 
Atlantic Ocean and Adjacent Waters By P L 
Kramp Pp 283 + 2 plates (Copenhagen Andr 
Fred Host and Son, 1969 ) 60 Danish kr 

T HIS work, by one of the world’s most know- 
ledgeable experts on the subject, is a valuable 
addition to the excellent series of Dana Reports 
It will partly replace and partly help to guide us to 
the multitudinous works on medusae m so many 
scattered journals, although it has not a complete 
literature list 

One might, wonder how far this new volume over- 
laps Russell’s monograph on the “Medusae of the 
British Isles” published m 1963 and if it is necessary 
or desirable for both to be at hand That there is 
considerable overlap is inevitable and as it should 
be, but the two serve distinct purposes Russell is 
confined to British waters — but not as defined by 
the Convention ! — and it has much more detailed 
descriptions with details of the hydroids and then 
development where these are known Kramp covers 
a much wider field An example which illustrates 
tlus difference is given by the genus Plnahdium 
Russell describes two species but Kramp twelve and 
four doubtful ones Kramp s description of P 
hcnusphaencum is contained in ten lines, and Russell’s 
in ton pages 

This newroportismthreesections Thefirstoccupies 
74 pages and is a systematic account of the species 
taken on the Dana cruise, 1928—30, and in collections 
made at the request of the Dana Committee Not 
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only are very full taxonomic descriptions given, often 
clearing up doubtful nomenclature, but also brief but 
useful summaries of distribution, both geographically 
and m depth It contains descriptions of three new 
species and one new subspecies 

The second section, of more than a hundred pages, 
is a survey of all the liydromedusae which have up 
to now been found m tbe Atlantic and adjacent 
waters, a term interpreted to include the Caribbean, 
Davis Strait and Baffin Bay, the Mediterranean, Black 
Sea and the waters north of European USSR 
truly a wonderful coverage This section will be a 
boon to those struggling with the systematics of 
medusae as it has a diagnosis of every family, genus 
and species, and with keys to all species at present 
considered vahd It makes extensive use of Russell’s 
book and his Plankton Sheets for those species that 
are given therein, but its wider field will make it a 
most valuable aid towards the determination of 
medusae by workers everywhere The descriptions 
are concise and their arrangement helps to make 
them simple to follow The keys, too, are clear, and 
if only the medusae themselves were always as clear 
their determination would be much easier It is 
scarcely the author’s fault that medusae aTe so often 
damaged that m practice the answer to some of the 
questions may be just a question mark Because of 
the changes during development the section is con- 
fined to the adult forms This is a pity because so 
often the young stages found m the plankton can be 
puzzling I was disappointed to see that Kramp had 
not done more to link the medusae with their hydroids 
as there is now a great deal of information on this, 
but he probably considered it to be outside the par 
ticular relevance of the book Doubtful species are 
mentioned m case future research should point to 
their validity In this section, too, their distribution 
is concisely mentioned 

The third section is for the ecologist and it describes 
the composition of the fauna of the hydromedusae 
within eaoh of the zoogeographical regions of the 
area — the Black Sea excluded — and based on the 
distribution of the water masses The number of 
regions is generous in its coverage, 'with details 
separately given for four ecological groups — neritic, 
slope, oceamc epipelagic and bathypelagic — each 
being regionally subdivided The neritic group is 
given extensive subdivision, first into eight major 
regions, for example, Arctic, East Atlantic Boreal, 
etc , and then into provinces, for example, Atlantic 
coasts of the British Isles, Channel, North Sea, Baltic, 
Norway north of Bergen, Iceland Russell, in 1936, 
laid stress on the value of certain medusae as ‘indicator 
species’, and the detail given m this section of Kramp ’s 
book will be invaluable m this respect It is only to he 
expected that further research will widen our know 
ledge of the distribution of many of the medusae, 
and although it is obvious that Kramp realizes this 
(for example, at the bottom of p 266), I found some 
of his statements too dogmatic, and once in error 
On page 210 he says that Ptychogena laciea is “en 
tirely lacking in the East- Atlantic boreal region ’ 
The Scotia took this species in the Faroe Channel 
m June 1968, and mdeed Kramp himself confirmed 
the identification 

Like other Dana Reports, the proof-reading and 
production have been excellent Those interested in 
the systematics of medusae or m the ecology of the 
water masses will certainly want to have tins volume, 
and I have no doubt that their copv will before long 
be well thumbed * J H Fraser 
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An Anthropologist at Work 
Writings of Ruth Benedict By Margaret Mead Pp 
xi li + 683 -f 8 {Hates (London Martin Sookor and 

Warburg Ltd , 1969 ) 42s 

R UTH BENEDICT and Margaret Mead are two 
of the best-known names in American on thro 
pology, and certainly the beet known to the general 
public because their writings have a pop ular appoal 
and have appeared m cheap editions This is a book 
by the second about tho first, or rathor it is a book 
about Ruth Benedict and her circle among whom 
Margaret Mead was a prominent figure, as she is in 
the book It contains a number of articles — and 
also poems— by Ruth Benedict interlarded with 
introductory pagee by Margaret Mead Some of the 
articles have already appeared in print elsewhere, 
and the unpublished ones oontam so little of scientific 
interest that it scarcely seems worth while committing 
them to print , and, indeed it must be said that 
much of Ruth Benedict’s writing foil into tho class 
of higher journalism rather than into that of scientific 
anthropology It could, howovor bo said that it is 
often helpful m ovaluating an anthropologist’s 
writings to have some knowlodgo of him as a person 
and of his private interests That would bo true, but 
a brief memoir would have served the purpose hotter 
than a book of more than COO pages and so constructed 
that tho subject of the momoir is constantly intor 
ruptod by its editor and tho oditor by its subject 
Moroovor oven an English anthropologist who might 
be eipoctcd to find an account of his American 
colloagues of interest, may find as I have the 
company somewhat dull Those who aro not onthro 
pologistfl will, I foar, find it tedious for what can bo 
more tedious than tho doings and views of persons 
wo have scarce]} hoard of, and persons of no very 
great importance ? An answer to that question might 
bo the revelation of thoir fouds and porsonnl nnti 
pathies Some of tho gossip may bo truo and might 
be spoken, but it ought not to fmvo been published 
m print so soon — for cxnmplo what is said about tho 
lato Prof RadolifFe Brown for it is not os though 
relations between other porsons mentionod are 
treated with complete candour It is n pit} that tho 
initial sympathy and admiration which many of us 
bavo folt towards Ruth Benedict an able woman who 
loft some important writings behind her, and also 
towards tho contro of tho circle, Franz Boos should 
m tho course of reading this memo rial volumo be 
joet E E Evans Pritchard 

Nuclear Reactors for Power Generation 
Edited b\ E Oponshaw Taylor Pp vk + 144 
(London * Goorgo Newnos Ltd , 1068 ) 21s not 

T HE basis of this book is a short courso of lectures 
grvon at tho Horlot-Watt Collogo, Edinburgh 
Tho first and tho final chapter* pro\ido a reasonable 
sur\e> of tho application of nuclear power Tlio 
first of tlieso chapters deals with tho world onorg} 
requirement, and tho importance of nuclear power 
to tho United Kingdom, tho United States tho 
USSR, and tho remainder of Europe Tho final 
chapter considers tho economic application of 
nuclear power, dealing w ith tho choice of steam c\ clc 
ftiol bum up and tho importonco of a high load 
factor In this latter contoxt pumped storage schemes 
aro discussed 

Tho fi\o intermediate cliaptera provide a short 
technical survoy aimed at providing engineers con 
corned with the construction and operation of nuclear 


power plants with a background of information 
The text is not intended for tho designer Tho 
chapter on materials is tho exception, howovor 
and is more do tail od. Certain!} tho designer -would 
find it a useful sum ey of the likol} reactor materials 
The potential reactor operator would probably 
advocato more space boing allowed for safety and 
instrumentation, to onablo tho control systems of 
the current oloctncity authorities nuclear power 
stations to bo desenbod in detail 

A considerable training programme for technicians 
and operators will bo nocessnry as tho large nuclear 
power stations begin to bo commissioned from I960 
onwards This book provides a summary of a typical 
course R Vaux 

Disposal of Radioactive Waste 
By K. Saddington and W L Templeton Pp x 4-102 
-f8 plates (London Georgo Nownos, Ltd , 1958 ) 
17 s 6d not 

T HE disposal of radioactive wasto material is a 
problem which had to bo faced when tho pro 
duction of radioisotopoe commoncod on a largo sealo 
both m Great Britain and elsewhere It will of 
course, bocomo of increasing importance as tho 
atomic energy power programme expands and tho 
use of radioactive material increases in industry and 
tho modicnl fields 

The authors have provided a book wluch should 
do much to onlighton the general reader and at tho 
Bomo tune, act as a useful work of reference) for those 
working in the field of atorruo energ} 

Although it is claimed that tho book is designed to 
assist sanitary engineers, the main omphosts is on 
tho wastes arising at reactor stations and fuo! 
procoesmg establishments A moro dotailod account 
of tho problams arising In mdustrv would linvo been 
an advantage 

Tho important biological aspects aro described \ or} 
fully, perl m {78 too fullv, having in mind tho class of 
reader for whom tho book in intondod Certain of tho 
other chapters could have been oxpanded to prov ldo 
moro guidon co to thoso outsido tho U.Iv Atomic 
Enerp} Authont} 

It is quite impossible in a book of tins size to givo a 
comprehensive account of all tho problems anti thoir 
solutions Novortholess tho authors aro to l>o con 
grotulatcd on o good attompt to provido a general 
survov of tho disposal of radioactivo wastes 

Selections from Modern Abstract Algebra 

By Richard V Androo Pp xiI + 212 (London 

Constable and Co Ltd. 1958 ) 42* not 

A BETTER tltlo for this book might bo “An Easy 
Introduction to somo Ideas in Modem Abstract 
Algebra 1 ’ It is often said that abstract algebra 
doroands littlo manipulative toclmiquo but a con 
sidcrablo degroo of mathematical maturit} , tho 
object of this book is to onablo tho novico to acquiro 
tliat maturity starting from little more tlian basic 
notions about mtogers and real and complex numbers 
Tho carl} chapters discuss logical Ideas and concepts 
such as equivalence classes and congmoneo in detail 
with plontv of illustrations and exorcises chosen over 
a wido field , explanations aro full and general 1} 
careful though tho reader mav bo loft in doubt on 
whether a postulate is or is not tho snmo thing as an 
axiom (p 11) and tho description of a senes ns 
“convergent perhaps finito (p 24) is unfortunate 
Boolean nlgobra receives adequate discussion wiUi 
oxomplon from loffical punlw rnid oircult 
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Groups, matrices, determinants, fields, rings and 
ideals are then brought in at a gentle pace, with a 
wealth of concrete illustration The author does not 
disdain to exlnbit a diagram of the inter -relations of 
fields, integral domains, commutative rings, rings, 
which should help the beginner in the rather tiresome 
task of remembering the connexions and differences 
of these concepts The Cayley-Hamilton theorem for 
matrices is proved, and in dealing with groups the 
reader is led to see the importance of the Jordan— 
H61der theorem, though the proof is omitted 

The author tells us that the lecture courses on wluch 
tins book is based have been increasingly popular in 
the University of Oklahoma, and that engineering 
students have found the work on Boolean algebra 
and matrices valuable and stimulating One can 
readily believe this, for the style is easy and informal , 
most readers will be keen to go further, and for them 
the caiefully selected references to more advanced 
works will be useful T A A Broadbent 

The Terpenes 

By the late Su John Simonsen and Dr W C J 
Ross Vol 5 The Triterpenes and their Derivatives 
—Hydroxy Acids, Hydroxy Lactones, Hydroxyalde- 
hydo Acids, Hydroxyketo Acids and the Stereochemis- 
try of the Triterpenes With Addenda to Volume 3 
by the late Sir John Simonsen and Dr P de Mayo 
Pp ix + 662 (Cambridge At the University Press, 
1957 ) 84s net 

V OLUME 5 of tins well-known senes contains a 
comprehensive summary, up to about 1954, of 
work on the subjects named m the title A few 
references and rather more ideas date to about 1956 
An important section is concerned with the classical 
stereochemistry of the various then known triterpene 
skeletons, with some consideration of conformational 
questions As in previous volumes, conformational 
formulae are inadequately used, but the volume marks 
a distinct improvement m this respect There is a 
considerable addendum bringing up to 1956 work on 
configuration and structure in the sesquiterpene and 
diterpene series 

Inevitably m a lapidly moving field the book is 
seriously out of date For example, a number of 
structures quoted lia\ e been superseded and many 
others then unknown have since been determined 
There is, inevitably, no consideration of important 
recent methods such as rotational dispersion, but a 
rather full account of the use of molecular rotation 
differences However, it can form a starting point 
for the research worker and provides some useful 
summaries of more classical aspects of the subject 
for teaclung purposes A J Birch 

Carbon Dioxide in Water, in Wine, in Beer and 
in other Beverages 

ByF Justin Miller Pp 49 (Oakland, Calif F Jus- 
tin Miller, 3166 Birdsall Avenue, 1958 ) 15 00 

dollars 

T HIS memoir comprises three almost independent 
essays on (a) a numerical method of representing 
the gas pressure relationships in various carbonated 
beierages, ( b ) the rate at which such beverages 
become impregnated by the gas, and (c) the rate at 
which, the gas is lost from the carbonated liquids 
under various conditions Ho radically new con- 
ceptions are developed but numerous graphical and 
tabulated data are included and the discussion covers 


many vexed questions such as the role of nuclei and 
agitation in the effervescence of carbonated drinks 
and the suggestion, not supported m the present 
thesis, that various forms of bonding of carbon 
dioxide, for example, to proteins or as “carbonic 
acid”, play a part Some readers may find the 
presentation rather verbose and obscure and may 
feel somewhat perplexed by the description of 
numerous ‘experiments’ where it is not always easy 
to appreciate either the objects or the results Further 
more some at least of the ideas well be provocative as, 
for example, the view that solutions of carbon dioxide 
m aqueous liquids may be regarded as dispersed 
systems similar to emulsions It is further suggested 
that increasing the level of disturbance during 
carbonation results in a coarser ‘emulsion’ so that the 
gas is entrapped m comparatively large aggregates 
which are unstable and tend to give rise to over 
foammg (‘wildness’ or ‘gushing’) when the pressure 
is released While this view may help m describing 
the phenomenon of gushing, it leaves out of account 
much that is known from scientific experiment about 
this behaviour and moreover does not in any material 
way contribute towards means of controlling or 
avoiding the defect As this is only one example 
illustrating the general character of this monograph 
it will be clear that the latter makes no claim to be 
comprehensive , but, nevertheless, it contains a good 
deal of mterest to the physical chemist as well as 
much that will be stimulating to the more technical 
reader A H Cook 

Animal Behaviour 

By Dr John Paul Scott (The College Library of 
Biological Sciences ) Pp xi + 281 + 16 plates (Chi 
cago, 111 University of Chicago Press , London 
Cambridge University Press, 1958 ) 37s 6d net 

T HE particular value of this book is that it is 
comprehensible to reasonably intelligent people 
who have not steeped themselves in the jargon of the 
ethologists It may be used as a text-book because 
it covers well the general field of animal behaviour, 
especially m basic social aspects, but the book is also 
an mtroduction which will subtly draw tbe student 
forward mto a wider range of reading The scientific 
discipline throughout is commendable 
Animal behaviour is concerned with the activity of 
the whole organism and groups of organisms what 
an animal is doing is as nnportant as what it is, and 
behaviour is one of the central problems of existence 
Dr Scott develops his work from tbe elements of 
behaviour, the limitations imposed by anatomy, and 
tbe internal causations from physiology, to the sub 
ject of learning and the effects of experience Tins is 
straightforward going with field and laboratory 
illustration, but when the study of organization of 
behaviour and social organization is reached Dr Scott 
becomes an inspiring teacher He is not to be classed 
with those practitioners in ethology who cannot see 
wood for trees he becomes a naturalist seeing 
individuals and populations m their larger environ- 
mental setting The problems of developing sociality 
and social disorganization m relation to ecological 
factors are well chosen and illustrated and the readei 
is left wondering — a valuable mental state — about 
the puzzling field of the gene complex in relation to 
homceostasy and habitat selection m very slighth 
different races of animals It is something of an 
achievement to write so simply without writing down 

F Fraser Darling 
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THE TANDEM GENERATORS OF THE UNITED KINGDOM ATOMIC 

ENERGY AUTHORITY 


By K W ALLEN and F A JULIAN W D ALLEN and A E PYRAH 

Atomic Weapons Research Establishment Aldermaston Atomic Energy Research Establishment Harwell 

AND 


J BLEAKS 

Metropolitan-VIckers Electrical Co Ltd^Trafford Park, Manchester 


T HE eloctroetatio generator, associated with the 
name of Robert J Van do Graaff, hoe emerged 
during rocont years as ona of the principal instruments 
in nuclear physics in tho ran go 1-0 MeV Ita odvan 
tagos aro those of flexibility and precision Tho tyj>e 
ol ion accol orated (proton, deutoron, liohum 3, otc ) 
an 1 its energy can bo readilj varied wlulo at a given 
sotting tho beam onergy can bo 
controlled to 0 02 per cont Tho 
prim lpal limitation of the mocluno 
is tliat terminal voltages groator 
than 0 MV aro difficult to attain 
and until very recently , no eloctro 
st at 10 generator had pro du cod 
h\ drogen ions with energies in 
excess of 10 MeV As a result, 
studios of miolei using electrostatic 
generators liavo boon limited to the 
lighter and medium weight elo 
nients With onorgies of 12-14 MeV , 
thvso studios can bo extended to 
tho heaviest olomonts 

Tho idea of utilizing the principle 
of charge -changing to obtain doub 
ling of on orgy in an ooeolorator is 
duo to W H Bennott, who patented 
tho idea about twentj two voars 
ago Ronowod mtorost was shown 
in tho proposal following an article 
writ ton in 1051 by Alvarez 1 , who 
pointed out many of tho advantages 
associated "with voltago -doubling 
and an important contribution was 
niado bj Weinman and Camoron 1 , 
who dovolopod an ion source which 
\ loldod 25 gamp of nogntivo hydro 
gen ions 

Briefly, tho tandem generator* 4 
dojxmds on tho voltago multiplied 
tion which can bo ochiovoa b\ 
injecting nogntiv o ions into an 
electrostatic gonerator in which tho 
stack, instead of being single-ended 
as in a conventional machine 
extends throughout tho length of 
tho pressure vessel Tho negative 
ion sourco in thus at earth potential 
and outside the prewmro vessel, a 
factor which is of importance as 
wo shall boo below Negative ions 
are conveniently formed bj tho 
passage of positive ions through 
gases at volooitios corresponding 
approximately to tho -velocities of 
tho outer orbital oloctrons These 
conditions favour tho formation 


of nogatt\ o ions at onorgies of 10 koV for example 
a hydrogen ion boam passing through In drogen gas 
can o in ergo with 2 por cont m tho form of H~ 
Unwantod particles such ns noutrons and electrons, 
are removed from tho nogntivo ion beam b\ tho 
action of a weak magnetic fiold before injection 
into the olectrostatic gonorator Tlio beam Ib then 



FI e, 1 Model of tho UmJem cmermtor huildlnR »t tb** Alcralc l wm 
E*UhU*hm*ol H*n«eU 
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accelerated by the positive volt- 
age on the central electrode, and 
as a result of this acceleration, the 
ions are moving with a centre of 
mass velocity large compared with 
that of the outer electrons about 
the nucleus In these circum- 
stances, the passage of the ion 
beam through a thin fod or tube 
containing gas at low pressure 
causes electrons to be stripped off, 
so that the emergent beam con- 
sists of positively charged particles 
The energy lost by the beam m 
passing through the stripper is 
negligible (<0 6keV ) The positive 
ions are then further accelerated 
through the second half of the 
stack Thus, an H~ ion of charge e, 
injected into a stack with a central 
electrode of V volts, will emerge 
with energy of 2 Ve electron volts 
Oxygen ions which are injected as 
O - and lose, for example, five 
electrons at the central electrode 
will finally emerge with an energy 
6 Ve, and so on 

The tandem generator has many 
possibilities Proton and deuteron 
beams with energies of ~12 MeV 
and oxygen ions with energies of 
30-40 MeV can readily be obtained 
In the more distant future, ion 
beams of helium, lithium, fluorine 
and any other element capable of 
forming negative ions (a criterion 
which includes about half the 
periodic table) may be produced 
The fact that the ions are generated 
outside the pressure vessel at or 


utai 

rnci 



IE1K 



Fig 2 Arrangement of the gas etripper nsed to convert negatlvo Ions Into posit h c ions In 

the high-voltage terminal 


near ground potential means not only that the 
source of most of the troubles in an electrostatic 
generator is readdy accessible for maintenance, but 
also that there are virtually no limits to the power 
consumption, size and complexity of the injector 
system Thus, millimicrosecond time of flight 
techniques, which are important in many experi- 
ments, are more readdy apphed m the tandem 
generator than in the conventional machines, since 
deflexion and bunching can be applied to the low- 
energy beam before injection Finally, it may be 
possible m the future to polarize the nuclei of negative 
ions, and eventually to produce beams of accelerated 
polarized protons 

A horizontal tandem generator has been developed 
by the High Voltage Engineering Corporation, of 
Burlington, Massachusetts, for the Chalk River 
laboratories of Canada, and came into operation m 
January of this year, following successful trials m 
Burlington In 1950 interest m the tandem generator 
was growing m the United Kingdom Atomic Energy 
Authority, because the potentialities of the machine 
as a tool for nuclear research have a direct bearing 
on tho atomic energy programme Thus, precision 
studies of the energy-levels of the heaviest elements 
can for tho first time be made with beams of protons 
or doutorons from the machine , similar studies can 
bo made of the onorgy-levels and level densities in 
tho region of the periodic table occupied by the 
fission products Finally, the availability of high- 
onorgy deuteron beams mokes possible neutron 


sources m tbe region of 8—12 MeV , a region .which 
has hitherto constituted a gap in the energy of 
neutron sources readily available from conventional 
machines 

In June 1950, therefore, it was decided to build 
two macliines for the Atomic Energy Authority, one 
at the Atomic Weapons Research Establishment, 
Aldermaston, and the other at the Atomic Energy 
Research Establishment, Harwell A contract was 
placed with Metropohtan-Vickers, Ltd , for the 
engineering components of tho British machines, 
the Atomic Weapons Research Establishment under- 
took the development of ion sources and strippers, 
vhile the provision of accelerating tubes was the 
responsibility of the Atomic Energy Research Estab 
lishment A vertical design was chosen because there 
is no experience m Great Britain of the construction 
of horizontal machines, and it was felt that tho 
engineering difficulties m a vertical machine would bo 
less severe 'There are, however, other advantages m 
a vertical design In a vertical machine, a much 
greatei weight of equipment can be placed m the 
centre terminal, so that the possibility presents itself 
o using the machine as a conventional smgle-ended 
machine as well as a tandem Also, with a vertical 
machine, the beam can be delivered to any point m 

plane T b ? 90 ° deflexion in a suigle 
rotatable magnet In Fig 1 18 8 hown a photograph 
of the model of the tandem generator at Harwell , 

» yge rooms are disposed m a semi-circle, with 
two shielding walls dividing the area into three 



NO -4683 


August 1, 1959 


NATURE 


305 



Up S VertJeat ration of tbe Undcm generator 

Roctionfl In this wnj , experimental equipment can 
be eot up in ono room whllo an experiment is m 
progress m a neighbouring room. 

In tho Aldormftston mnohino, stripping of the 
negati\ o ions m tho centre terminal is achieved bv 
passing tho beam through a tubo 24 m long and 
0 14 in in diamotor containing oxj’gtm gna at low 
pressure Prociso control of the injected beam is 
required m order to maintain an accumto focus at 
tho centre of tho stripper tubo for all centre terminal 
\ohoges in the operating rnngo of tho machine Tho 


advantage of tho gas stripper is its indestructibility , 
however, considerable success has been ocium od at 
Harwell in stripping with thin carbon films 4-5 
pgm /cm.* thick, and analysed proton booms up to 
2 gamp bavo boon focused on targets The com 
ponenta of either gas stripper or foil stnppor are 
mounted on a flat plate which forms the greater part 
of one side of tho aluminium alloy chamber (Fig 2) 
which joins the two accelerating tubes Tho tvpo of 
stnppor or any of its components may therefore bo 
changed at will Without affecting the overall align- 
ment of the accelerator 

The mjoctor system, which is described o Iso where 1 
is based on a Thonemann ion source used in tho 
manner first suggested by Phillips and Tuck* It 
is essentially a positivo ion source in which electron 
exchange with neutral atoms takes place m tho exit 
canal Lena voltages following tho canal are ro\ orsed 
os compared with tho typical positivo ion sourco so 
that only negative ions omorgmg from tho canal are 
accelerated After magnetic analysis to romovo oloc 
trons and unwanted ions, the ion boom from tho 
source is furthor accelomted and focusod by electro 
static lenses It enters the first accelerating tube of 
tho mam maohine with on onergj in tho range 
40-120 keY , depending on the centre terminal 
voltage An optical mothod, suggested by R Middle- 
ton, of observing the beam m tho centre terminal 
has shown that a focus about 3 mm in diameter can 
bo obtained 

Identical accelerating tubes each 14 ft long nro 
used in tbe two halvos of the machine Tho tubes 
consist of highly polishod aluminium electrodes 
comantod to accurately ground glass rings As in tho 
Chalk River machine*, the bulk of tho gas used m 
stripping is pumped down tho lower accelerating 
tube. Tlus minimize© tho loss of negative ion beam 
due to charge neutralization m tho upper tubo 

The engineering of tho machino which vail bo 
desenbod olsowhoro is shown in section in Fig 3 
Tho pressure vessel is 45 ft long woigfis 45 tons, 
and when fully prossunwxl contains about 2 tons 
weight of nitrogen mixed with carbon dloxido or 
freon. Access to tho machino for gonoral servicing is 
bj tbo manholes at tho base from wluch personnel 
can bo hoistod bj a lift with driving mochanlsm 
situated outsido tho pressure vessel near tho top 

Tho accelerators at both Establislimonte have boon 
operating satisfactorily for so\ crml months. Proton 
and douteron beams with energies up to 115 MoV 
have boon used in experiments, and currents up to 
8 [iA at somewhat lower energies are also available 

We wish to express our gmtttudo to our many 
colleagues in Harwell Aldermaaton and Metropolitan 
Vi chore who liavo contributed to tho success of these 
machines In particnlar wo should Uko to montion 
A. J Momott, J R Honry and F A. Howe of 
Aldermaston, R H V Dawton and J H. Partridge 
of Harwell and Q W C Coglo and J Roxburgh of 
Metropolitan Vickers 

It is also a pleasure to acknowledge tho support and 
encouragement we hnvo received at all times from Sir 
William Cook and Mr D W Fn, of tho \tormc 
Energy Authority and tho Directors of Metropolitan 
Vickers 


1 Alnrcz. L. Rtv Sd Itutr tS ««t) 

* Weinman J i and Cameron J tU E* r Sfi Intt t7 Cl^C) 


• Danfortt J L. Can, EUt Eny 18 (July 19*>3) 

• Allen W D , Can, Ebt Eny 28 (February 1059) 

■ Coffin L. E. amUUtirrr A. C J \\ k In? 4 

• phUDr» J A- and Turk J I- Err Sri pr 
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UNIVERSITY OF MALAYA IN KUALA LUMPUR 

By Prof R D PURCHON 
Professor of Zoology, University of Malaya at Singapore 


W ITHIN less than, ten years from its foundation 
(October 8, 1949) the constitution of the 
University of Malaya has been radically altered by 
ordinances enacted by the Governments of the 
Federation of Malaya and of the Colony of Singapore 
The chief purpose of these enactments was to create 
a new Division of the University at Kuala Lumpur 
m the Federation of Malaya The new constitution 
came into effect on January 15, 1959, and the 
University now comprises three bodies 

The University of Malay a (chancellor, the Bight 
Hon Malcolm MacDonald , vice-chancellor, Dr A 
Oppenheim) The mam functions of the University 
of Malaya are the maintenance of co-ordination 
between the two Divisions, and the conferment of 
degrees The authorities are the Court, the Central 
Council and the Guild of Graduates 

The University of Malaya m Singapore (principal, 
A A Sandosham) The authorities are the Divisional 
Council and the Divisional Senate This Division of 
the University continues to function as before, except 
for the transfer to the newly created Division at 
Kuala Lumpur of the Departments of Geology and 
Engineering and of certain Departments m the 
Faculty of Arts 

The University of Malaya m Kuala Lumpur 
(principal, F Mason) This is similarly administered 
by a Divisional Council and a Divisional Senate, and 
is accorded equal status with the establishment m 
Singapore This Division comprises Faculties of 
Arts, Soience and Engineering, while the Department 
of Agriculture will doubtless be accorded the status 
of a faculty in the space of a few years The Depart- 
ment of Engineering was transferred as a whole from 
Singapore a year ago, and is now fully developed m 
new buildings in the Pantai valley at Kuala Lumpur 
The Department of Geology is m the process of 
moving, only first-year students being taught in 
Kuala Lumpur during the present session , when 
the move has been completed, this subject will cease 
to be taught at Singapore, thus diminishing the 
diversity of subjects taught in the University of 
Malaya in Singapore However disappointing this 
may be, this rationalization is unavoidable, at least 
m the early years under the new constitution 
Development of the University site m the Pantai 
valley at present includes the completed buildings of 
the Faculty of Engineering, one residential college 
and an estate of staff houses Plans are already at 
an advanced stage for the buildings for the Faculties 
of Arts and Science and for the Department of 
Agriculture Although these buildings will not be 
completed for a year, students have been enrolled 
into the ‘intermediate year’ of the science course and 
teaching has begun with skeleton staffs in temporary 
quarters in a local school, the Victoria Institution 
The Asia Foundation has made a most generous 
offer of help regarding the provision of a nucleus of 
books for the library at Kuala Lumpur Consideration 
is being given by the University authorities to the 
methods whereby the books and journals m the 
library at Singapore can be made available to students 
m Kuala Lumpur, but care must be taken to ensure 
that the one excellent library is not split mto two 
mediocre ones 


Appointments to the newly created chaus in 
science subjects are as follows 

Agriculture The creation of a Faculty of Agri- 
culture at the present time has been made possible 
by the generosity of the Government of New Zealand, 
which provided £NZ250,000 specially for this purpose 
under the Colombo Plan Technical Co-operation 
Scheme It is therefore a happy circumstance that 
the first professor of agriculture should himself be a 
New Zealander Prof G M Davies, who was bom 
m Dunedin, graduated at the University of Otago 
and Massey Agricultural College and then spent a 
further year at Canterbury Agncultural College 
Dm mg the Second World War he served with the 
Boyal New Zealand Air Force, and won the Dis 
tmguished Flying Cross m 1942 After the War, Mr 
Davies worked for three years in New Zealand, first 
as a farm appraiser with the State Advances Cor- 
poration and then as senior lecturer in soils and 
fertilizers at Massey Agricultural College In 1948 
Mr Davies moved to the United Kingdom, where he 
remained for ten years as a regional grassland hus 
bandry officer m the National Agricultural Advisory 
Service 

Botany Prof MED Poore, the first incumbent 
of the chair of botany, hr mgs to the newly created 
Department several years of ecological experience 
Graduating from the Botany School at Cambridge, 
Dr Poore gamed his doctorate in 1964 He studied 
for a time with Braim-Blanquet m the Montpellier 
School and then joined the Nature Conservancy at 
Edinburgh, where he initiated a Burvey of Scottish 
mountain vegetation, for which he is well known 
He then joined Hunting Technical Services as a 
consultant ecologist and spent some three years in 
the Middle East Here, Dr Poore surveyed the soils, 
vegetational units and agriculture of Cyprus, Jordan 
and Iraq with the view of outlining potentialities for 
agricultural development in these countries 

Chemistry The University of Malaya m Kuala 
Lumpur is fortunate indeed to have been able to 
attract Prof B A Bobinson to this important 
appointment Prof Bobinson graduated at the 
University of Birmingham, where he was awarded 
the degree of Ph D m 1929, and the degree of D Sc 
in 1936 Dr Bobinson held a Commonwealth Fund 
F ollowship at the University of Pennsylvania and at 
Yale University, and then held a Sterling Research 
Fellowship at Yale Dr Bobinson had appointments 
at University College, Exeter, and at Auckland 
University College until the Second World War 
During most of the war years he held a senior post 
in a Chemical Warfare Department In 1948 he w r as 
appointed to the chair of chomistry at the University 
of Malaya (in Singapore) and holds that post until 
he returns from a period of study-leave abroad to 
take up his new appointment in Kuala Lumpur 
During his years at Smgapore, Prof Bobinson has 
served a full tour of duty as dean of science, and has 
also served for a period as acting vice-chancellor 
He will therefore bring to Kuala Lumpur an invalu- 
able store of administrative experience Prof 
Bobinson is best known for his research m the field 
of electrochemistry, and is the author of a standard 
monograph in this subject 
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( eogmphy Prof Robert Ho, who has been ap 
pointed to the chair of geography in tho University of 
Malaya m Kuala Lumpur, graduated from King’s 
College, London He was awarded the degreo of MA 
m the University of London in 1050 He has studied 
soil survey at Rothamstod, and soil analysis in the 
Department of Agriculture at Oxford. Ho was 
appointed to tho staff of the Department of Geo 
graphy in the University of Malaya (in Singapore) in 
1048 and has been acting head of that Department 
from 1967 until his present preferment 

Mathematics The University of Malaya m Kuala 
Lumpur is fortunate in recruiting Prof 0 J” Eh exor 
to the chair of mathematics Prof Ehexer is of 
0\ lonese nationality he graduated from the 
Department of Mathematics at Cambridge, was 
avoided the degree of D So in the University of 
London, and has occupied tho chair of mathematics 
at tho University of Ceylon sinco 1949 Ho is a 
mathematical physicist who is best known for lus 
fundamental research in tho field of quantum 


mechanics. Having served for throe years os dean 
of science in the Uni varsity of Ceylon Prof Eliezer 
will have much experience to ofTor in tho develop 
ment of tho now Faculty of Science at Kuala 
Lumpur 

Zoology Prof J" R Hendrickson, who has been 
appoi nted to the oluur of zoolog} , was trained at the 
University of Arizona and at the Um\ersit\ of 
California at Berkeley and joined tho staff of tho 
University of Malaya (in Singapore) in 1951 Ho is a 
vortobrato zoologist with wide oxperionco anil with 
special interests in herpetology and ecology His 
study of the biology of the green soa turtlo will 
doubtless bocome known os a classic example of 
objectivity in field research under difficult conditions 
His practical experience of the fauna of tho Malayan 
jungle will onablo him to endow his Department 
with an appropriate trend in teaching and research 
whde his fluonoy in oolloquial Malay will make him 
special!} acceptable in this virile and newly emergent 
country 


CONTINUOUS-FLOW CULTURE OF THE FILAMENTOUS MOULD 
PENICILLIUM CHRYSOGENUM AND THE CONTROL OF ITS 
MORPHOLOGY 

By S J PIRT and D S CALLOW 

Microbiological Research Establishment, Ministry of Supply Porton 


I NT a recent report 1 we described tho application of 
continuous flow technique* to culture of the mould 
Pent a Ilium chry*ogenum, which is used for penicillin 
production This technique has now been used by 
us to eluofdato the influence of pH value on tho mor 
phology of P chrysogonum in submerged culture 
The morphology of tho mould is considered to bo of 
importance in tho process of pemoillin production* 
The rolo of agitation m determining the morpholog} 
of tho mould has boon stressod by Duckworth and 
Harris* and by Dion, Corflli, Sormonti and Chain* 
but so far tho influence of pH value on the mor 
phology has remained unknown Tho elucidation of 
the influence of pH valuo has boon made possible by 
the advent of roliablo moans for tho acournto control 
of pH \ aluo in cultures ov or long periods* 

Aberrant Forms of Fungi In Submerged Culture 

Ono of tho problems of continuous flow culture 
which wo encountered was that the mycolia of newer 
stnunB of tho mould (IPts 40-133 and T1 tt G4 1255) 
Bolectod for high poniofllin production prow initially 
in a filamentous form but after a time in continuous 
culture tho pollot form of g rowt h was obtained Tho 
main morphological differences between tho filn 
mentous and tho pollot tvpos of mycelium can bo seen 
by reference to >igs la and 3 Tho pollot type of 
mvcolium was undesirable boenuso with it stead} 
state growth that is, a constant mvcolium con centra 
tion in continuous culture, could not be maintained 
and also its rate of poniofllin production was much 
lower than that of tho filamentous form 

Camioi, Sermonti and Chain* showed that, in hatch 
oulturos tho mvcolium devolope in tho pollot form if 
tho inoculum is bolow a certain stzo , hut in our 
experiments tho inoculum was sufficiently large to 
ensure that tho mould grew in tho filamentous form 


until after tho maximum drv -weight concentration 
was reached 

We found that pellet formation was linked with tho 
production of swollen, distorted short hvplirc which 
mark an aberrant form Duckworth and Hams* in 
thoir observations cm tho production of this aberrant 
form, included a senes of references which omphasized 
that agitation played n part in tho process The 
production of short swollen hyph© in vigoroush 
agitated cultures of P chryeogenvm under penicillin 
producing conditions was confirmed by Dion ci al * 
who Attributed it to mechanical dnrrmgo caused b} the 
shearing action of stirring 

It does not soom to liavo boon pointed out prov i 
ously tliat abnormally short much branched swollen 
liyphro similar to thoso found to bo characteristic of 
agitated cultures of P chrysogetwm lmvo also been 
found to occur m un agitated cultures of fungi undor 
Bomo conditions Foster 1 , in a short review of this 
aberrant form, gives roforonces to it going aa far back 
as 1857 Pasteur (quoted at longth by Foster 1 ), 
Wohmor*, Frey* and Saknmum 1 * have reported tho pro 
daction of this aberrant form by Mucor, Penxcilltum 
and AepcrgiUus species Tho many diiToront condl 
tions for example, lack of ox}gen or high aciditv, 
considered necessary for the formation of these 
abnormal cells have been summarized b} Foster 1 

In this articlo we describe bow to produce in a 
vigorously agitated culture of P chryaogcni m either 
tho normal, long thin hvphro or tlio short, swollen 
typo and also how to prevent pellet fonnntfon in 
continuous culture Tho importance of control of 
morpholog} in continuous flow cultures ami in 
aeration is dlscussod 

Continuous-flow Culture Method 

Cultures were grown in n contmuous-ouUuro 
apparatus dov doped from the type de-erd**^! 
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(a) 00 



(c) (<0 

Flff 1 Mycelial forms of strain IPi* 64-1266 In cultures grown at different pH values (a) pH 
0 0, (6) pH 66, (e) pH 09, (d) pH 7 4 


Elsworth, Meakin, Pirt and Capell 11 The pH control 
system was as described by Callow and Prrt 6 The 
composition of the medium was (amounts in gm / 1 ) 
crystalline magnesium sulphate, 0 25, ferrous sulphate, 
0 10 , copper sulphate, 0 005 , zmc sulphate, 
0 02 , sodium sulphate, 0 50 , manganese sulphate, 
0 024, calcium chloride, 0 075, ethylenedianune 
tetraacetio acid, 0 566 , dihydrogen potassium 
phosphate, 2 0 , ammonium sulphate, 6 15, glucose, 
20 0, phenylacetic acid, 1 0 The pH value was 
adjusted with sodium hydroxide In the inoculum 
culture, which was seeded with Bpores, phenylacetic 
acid was excluded from the medium and the glucose 
concentration was 10 gm / 1 Growth was limited 

by the amount of glucose supplied There was an 
excess of available oxygen Vortex aeration was used 
with a stirrer speed of 1,200 rpm , the impeller 
diameter was 0 42 times the vessel diameter , the 
volume of culture in the vessel was 171 An antifoam 
agent (‘Alkaterge-G’ (Commercial Solvents, Terre 
Haute, USA) 30 per cent (v/v) m liquid paraffin) 
was added periodically to the cultures at a rate of 
0 1 ml every hour The temperature was 25° The 
dilution rate (flow rate/culture volume) was 0 05 
hr -1 , so that the average residence time of the 
mycelium m the culture was 20 hr The duration of 
culture varied from 200 to 2,000 hr Changes in pH 
value were made at a rate of 0 1 pH units/hr for the 
reason given elsewhere 11 , and where, also, additional 
details of the continuous-culture method may be 
found 

The mycelium was stained with cotton blue for the 
photomicrographs 

Morphological Observations 

During the initial batchwise growth before flow 
was started, the mould grew m the filamentous form 


until the dry-weight concentration 
was near the maximum, 0 9 per 
cent (w/v) Then continuous flow 
was started and the pH value, 
which initially was 7 0, was raised 
to 7 4 in order to bring it near 
the optimum for penicillin pro 
duction Under these conditions, 
for about the first 100 hr , steady 
state growth was obtained and the 
dry weight remained at the maxi 
mum value The mycelium form 
was of the aberrant filamentous 
type described by Dion et al 3 
The aberrant filamentous form is 
illustrated m Figs 26, 4o and Id 
The characteristics of the aberrant 
form were the presence of short, 
much-branched, swollen and often 
distorted hypha; For comparison, 
the normal filamentous type is 
shown m Fig la The normal 
type is characterized by long, thin 
hypha! of constant thickness and 
few branches 

After about 100-200 hr m con- 
tinuous-flow culture at pH 7 4, 
strains Wi-b 49-133 and Wts 54-1265 
began to form pellets of mycelium 
and gradually, during a further 
100 hr , the aberrant filamentous 
form gavo place almost entirely 
to the pellet form The initiation 
of pellet formation seemed to he agglutination of the 
hypha! within tho individual fragments of mycelium 
When the mycelium was completely m tho pellet 
form it sedimented like a suspension of sand grains 
The pellets resembled the sclerotic typo described by 
Thirumalachar and Gopallcrishnan 13 

The strains differed m their abihty to form pellets 
Although all three strains investigated formed the 
aberrant, filamentous type of mycelium under the 
conditions stated, strain Wis 47-1564, unlike its 
descendant strains TFw 49-133 and Wts 54-1265, 
formed pellets only to a small extent and those that 
were formed did not persist more than about 100 hr 
We discovered, first with strain Wrs 47-1664 and 
confirmed later with strain Wts 54-1255, that pellet 
formation and the formation of the aberrant and 
normal filamentous forms were determined by the 
pH value of the medium The influence of pH value 
on the morphology of tho mould may be seen in Fig 1> 
which shows the appearance of the mycelium grown 
at pH values 6 0, 6 5, 6 9 and 7 4 The average 
length of branches decreased progressively from the 
order 200(i at pH 6 0 to 20p at pH 7 4 The thickness 
of hyphie was 2-3 p at pH 6 0, hut at 7 4, owing to 
the formation of swollen cells, the thickness covered 
the wider range, 2-1 8p Fig Id shows the large num 
her of swollen, yeast-like cells produced at pH 7 4 
and also the beginning of pellet formation Pellet 
formation was most marked at pH 7 4 but it did occur 
to a lesser extent at pH values down to pH 6 7 with 
stram TFts 54-1265 

Lengthening of the hyphie resulted in a marked 
increase in the viscosity of the culture The culture 
produced at pH 6 7 and higher values flowed easily 
like a bacterial culture, whereas the culture grown at 
pH 6 0 had a porridge-like consistency and flowed 
with difficulty The dry weights of mycelium in tho 
culture were the same at all pH values 
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Fit • 'Torraml aberrant type* of mycelium of *tr»ln IT a 
17-1 Ml («) Long thin liypn* (normal typo) produced by 

growth at pll 0-0 (6) abort liypruo containing swollen cells 

(aberrant typo) produced by growth at pH 7-1 

The oh an gee in morphology and vascomly nccom 
ponying change In pH value wero reversed when the 
pH change was reversed, bo that, for example, tho 
pellet or short filamentous form gavo placo to the 
long filamentous form when tho pH vnlue was lowered 
and vi co versa Microscope obsen, at Ions showed that 
tho now form of my cohum produced as a result of a 
pH change arose by now growth from tho old form 
it was not a transformation of tho old form This 
was confirmed bj tho faot that tho rnto of appear 
an co of tho non form was approximately oqunl to 
the growth rato after a pH chango it took about 
three dnvs for tho old form to disappear almost 
completely 

Tho pH xaluo was not tho only factor which 
nfTcctod hyplrnl length and morphology , nutrition also 
was shown to be a controlling factor Substitution 
of the nitrogen sourco, ammonium sulplinto, by com 
stoop liquor (filtered 4 fi por cent (v/v)) which Is n 
common constituent of tho media used in penicillin 
production incroasod tho hypliat lenpth, reduced tho 
irequonct of hyphal bran oiling ana proventod tho 
formation of swollen colls at pH 7 4 Tlio effect of 
addition of com steep hquoris shown in Fig 4 These 
results strongly suggest that com steep liquor contains 
seme substance which stimulates the production of 
tho normal morphological typo 



Flc 3 PeU#t mywlimn of strain WU 40-133 produced at y»U 7 4 



It) 

FIb 4 ilywllam ofilratn ITir 40-133 immn *t pH 7 4 («) With 
ammonlnm sulphate u tb* TtHrOftn source (fc) with coro-«twp 
liquor u altrojtfn source 

Conclusions Possible Role of Cell Wall 
Tlio conclusions wo draw arc tlmt during growth 
nf P thry*og*tmm in agitated oulturo tho hypbal 
length decreases with increase in (ho pit vnluo nbovo 
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6 0 , the hyphal length is a minimum at pH 7 0-7 4 
and higher values Extensive formation of swollen 
cells occurs at pH values above 7 0, this property and 
the hyphal length being influenced by the medium 
composition Pellet formation occurs at pH values 
above 6 7 but it also shows dependence on strain 
The increase in the length of hyphie rvith decrease 
in pH value we interpret to mean that the resistance 
of the cells to shear increases with decrease m pH 
value We attribute the varying resistance to shear 
and the production of swollen cells to variation m 
the coil-wall structure This idea was suggested 
to us by the recent bacterial studies which have shown 
that the mechanical strength of a bacterial cell resides 
in its cell wall, and by analogy we suppose that the 
resistance of the fungal cell to mechanical forces is 
determined by its cell-wall structure This hypothesis 
implies that the cell-wall structure or composition 
depends on the pH of the environment during growth 
Also swollen cells could be due to a change m cell-wall 
structure involving loss of rigidity and consequent 
inability to resist the internal osmotic pressure 
Prom the practical point of view the long hyphie 
produced at a low pH value are undesirable because 
they make the viscosity of the culture high and con- 
sequently lower the efficiency of mixing and rate of 
transfer of oxygen 11 On the other hand, to prevent 
the extensive formation of pellets and the swollen 
aberrant form, the pH value during growth should 
not be greater than 7 0 

Since the optimum pH value for penicillin produc- 
tion is about 7 4 it seems likely that a contmuous- 
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flow process for penicillin production will require 
two stages, the first stage for growth of the mould 
with the pH value not exceeding 7 0 and a second 
stage with a higher pH value for penicillin produc- 
tion 15 

We are grateful to Prof M P Backus of the Hmver 
sity of Wisconsin for the gift of strain Tfis 54-1265 
Strains TFts 47-1664 and Wis 49-133 were obtained 
from the National Collection of Industrial Bacteria, 
Department of Scientific and Industrial Research, 
Teddmgton The technical assistance of Mr JED 
Stratton is gratefully acknowledged 
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TRANSLOCATION OF COBALT-60 AND C/ESIUM-137 BY FUNGI IN 

AGAR AND SOIL CULTURES 

By Dr ERNA GROSSBARD 

Grassland Research Institute, Hurley, Berks 
AND 


Dr. D. R. 

School of Chemistry, 

A LONG-TERM research project has been initiated 
at the Grassland Research Institute on the 
mechanism of microbial decomposition of grass 
swards after ploughing back mto the soil These 
investigations comprise, among others, studies on 
the manner by which saprophytes progress through 
the soil from one food-base, that is, an aggregate of 
plant debris, to another This will be determined by 
the phase m which the fungus exists m the soil — 
whether as dormant spores and resting bodies or as 
an actively growing, progressive mycelium In this 
connexion the mechanism of translocation of nutri 
ents by fungi growing in the soil requires elucidation 
Translocation is the movement of nutrients and 
other materials from one part of the plant to another 
As regards higher plants the mechanism of transloca- 
tion has been studied extensively , but for fungi 
comparatively little work has been published 
Bullor 1 investigated protoplasmic streaming m fungi 
On the basis of Ins own work and that of others he 
concluded that this phenomenon was the principal 
agent of translocation of nutrients in fungi Schutte 1 , 
after studying translocation by means of dyes and 


STRANKS 

University of Leeds 

fluorescein, postulated that fungi can be divided into 
two groups, translocating and non-translocating, 
and he, too, associated translocation with proto 
plasmie streaming The work of Molm and Nilsson 3 4 
and that of Harley and lus collaborators 5 5 on the 
transfer of nutrients into the host by means of 
mycorrhiza indicates a translocation mechanism via 
the mycelium 

Preliminary notes have been published by Gross 
bard and Stranks 7 -' on their attempt to study the 
growth of soil fungi in situ by inoculating soil with a 
fungal culture labelled with a nuclide emitting gamma- 
rays It was hoped that those f ung i which produce 
hyphte in the soil would form a fresh mycelium grow 
mg out from the radioactive inoculum The new 
hyphse would m turn become radioactive and their 
distribution could be detected by virtue of the gamma 
radiations which have the power to penetrate the 
soil This technique would depend primarily on the 
translocation of the nuclide from the radioactive 
inoculum mto the new hyphie, and could provide 
not only a useful research tool for tracing the growth 
of fungi m the soil but also help to elucidate the 
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mechanism of transport of nuolidea through tho soil 
via fungal hyphro This work has been extended 
and n brief aocount is given hero 
The fungi used in the latest studies were Pelli 
cularxa filanumtosa (Pat ) Rogers (BhxxocLonta solani) 
kindly supplied by Dr S D Garrett , HeZmxnthospor 
turn xatxwtm Pamm, King and Bekko, kindly eupphod 
In Dr J PL Western Phycomyccs blaltslteanus 
BurgeffHerb Imp Mvool Inst 44142 Phytopfitfiora 
cartorum (Leb and Cohn) Schroet Herb Imp 
Mjcol Inst 02471 Rhizopus stolonxfcr (Ehrenb 
n Fr) Lind Herb Imp Mycol Inst 42844 

The nuclides used were cobalt-00 and crosium 137 
Thov were chosen because thoy emit y photons in 
addition to p particles Tho fungi wore labelled by 
out luring in media containing the nuclides (1 pc/ml ), 
which wore readily taken up by the mycelium 1 * 
When grown in broth cultures, 25-50 per cent activity 
(Mining with the conditions of the experiment) could 
be detected in tho total mat after thorough washing 
Tho main test organisms for the aoQ oultures were 
P fUanxentom and P stolonxfcr Glass tubes filled 
ftith storilo soil woro usod, though occasionally also 
reef angular boxes The Inoculum for the soil-growth 
tubes consisted of a number of disks of a radioactivo 
agar culture mixed with sod. This was dividod into 
two halves of approximately equal activity, one of 
which was killed by heat Each half was then placed 
at one end of tho soil column in a growth tubo From 
thu inoculum y rays woro emitted which penetrated 
the soil Immediately after incorporation of the radio 
active mycoliam (living or killed) the tubes wore 
hi turned with a dlreotional scintillation counter with 
a collimator (Ekoo model N G69A) This Initial 
measurement served as a standard to check whethor 
migration of the radioisotopo via the fungal mycelium 
occurred after inoculation and to wluit extent the 
radioactive inoculum contributed to the counting 
rate ns observed at points away from the initial 
reference source The figures in Tablo I, ooiumna 
1 and 3 rofomng to P filamentosa cultures show that 
the highost counting rate outside the wall of the tube 
svas just abovo the point whore tho rodioaotivo 
mycelium had boon incorporated A similar observn 
tion was made with 7? atolonxjer and also with 
Phytophihora met o rum The inoculum of tho latter 
labelled with cobalt-00 was bunod several cm doop 
m soil in a box and tho preliminary scan was 
performed latorallv nnd longitudinally In soil box 
cultures of 77 sativum label! od with crosiara 137 
(ho greatest number of counts was also obtained 
just abovo tho inoculum This method is useful 
and can locato with considorablo occuraov tho position 
of a radioactivo inoculum through soil and tho lid 
nnd wall of tho oontamor 

Aftor mooulatlon the growth tubes woro incubated 
and counts were mndo at weekly intervals Columns 
> and 4 in Tablo 1 show tho counts after 3 wooks No 
significant cluing© in counting rate could bo observed 
as compared with tho first scan Also tho ratio of 
activity botwoon ‘living’ and 'doad 1 inoculum tubo 
-was the smno after 3 wooks Howovor, by that time a 
fresh mjcolluni had grown out which could be seen 
to nonotmto tho cat ire boi! column Tills w as pnrticu 
lark evident in tho Pdltrulana culture However, 
radioaotn it} could not bo detected in this fresh 
grow tli Similar observations were mado with tho 
fungi which were inoculated into soil boxes The 
failure to dotoct any radioAotiv itv in tho fresh m> col 
him bv scanning with tho scintillation counter may 
have been duo to one of throo causes First tho fungi 
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toe to<i lacked tho oapaoity to translocate cobalt-00 
or cioaium 137 , second the scanning technique 
with tho scintillation counter was inadequate and 
third, tho dilution of radioactivity by tho outgrowing 
hyphro was so great that insufficient actmtj was 
produced in tho volumo being scanned to onoblo 
detection 

Regarding the first point no information could bo 
found in tho literature on whothor fungi In genoral 
are capable of translocating cobalt 00 or caesium 137 
in a manner similar to tliat reportod for highor plants 
os regards cam ium 137 11 ana cobalt 60“ It was 
therefore nocossary to study translocation in fungi In 
agar and broth oultures 

Beginning these studies with P filamantnxa the 
transport of cobalt-00 from submorgod into nonal 
mycelium was Btudied by autoradiography employ mg 
Pale's 11 stripping film technique Cobalt is ofton 
considered to bo a microbial toxin Howovor the 
addition of cobaltous chlondo to tho medium- 
whethor as tho stable or tho rodioaotivo isotope— 
o nh an cod the growth of P flUimcntoaa Details of 
tho orpenroentnl tochniquo were dosenbod b) 
Grossbard 1 *, who suggested that accumulation of 
cobalt 00 occurred inside hyphro submorgod in radio 
activo agar, for ns tho autoradiograms showed, tho 
density of silver grams iruddo tho hyphro was greater 
than in tho agar film between tho mycelium Yot, 
in autoradiograms of aerial mycelium growing just 
abovo tho octivo submorgod mycelium tho gram 
donsitv within tho aerial livphra was similar to 
thftt of tho background This suggoetod that tho 
tracer was not transjiortod into tho nonal hyphro 
Similar negative results woro obtalnod from noonl 
mycelium m broth cultures It was therefore 

at first bollovod that P jUnmentosa mhorentlv 
lacked tho capacity for transporting colmlt 00 
tlirough its system and was ono of tho group of fungi 
which— after SohQtte*— had no translocation 

mechanism 1 • Howovor, when using tho stopping 
film tochniquo vory thin preparations lmvo to bo 
made nnd a fow hyphro onl\ were used Tho ab'enco 
of silv or grains in the nonal m> cohum may ha\ e born 
duo merely to the fact that tho dilution of tho nuclide 
whon transported from tho submerged into tho aerial 
hyphro was so groat that not enough tracer was 
avail ablo for a positive autoradiogram to bo 
formed That Bus reasoning was correct was shown 
whon on autoradiogram was produc^l of largo 
quantities of im cohum placed on an \ mj - film 
Adapting a leehiuquo described d 

small dish of agar containing cobalt CO wo* p 
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w ith collodion and autoradiograms prepared Pigs 2a 
and b show the eporangiophores of P blakeslemnm 
labelled with cfesium-137 and cobalt-60, respective]} 
The sporangiophores as well as the sporangia of 
both fungi displayed considerable gram density giving 
rise to intense blackening which formed a true image 
of the morphology of the fungal structures However, 
m the sporangia the blackening was far more intense 
From these observations it was inferred that the 
nuclides were readily transported from a food base, 
frequently 6-6 cm an ay, through the sporangiophores 
and that they accumulated in the sporangia It is 
tentatively suggested that the two nuehdes were 
translocated by means of protoplasmic lion Many 
workers have reported on this phenomenon m 
Rhizopits and other Phycomycetes and have observed 
that the direction of the protoplasmic streammg was 
towards the sporangia m which the protoplasm became 
concentrated prior to spore formation The analogy 
with the movement of cobalt-60 and cffisium-137 
is thus apparent Furthermore, Grossbard 10 re- 
ported that where cobalt 60 labelled hyphal frag 
ments of Phytophthora caciorum were ruptured, 
the tracer could be found in the cell content which 
had oozed out but not m the empty fragments 
The fact that the translocation of cohalt-60 could he 


t 

V* 

« 

» 

Pic 1 Autoradiogram of PeUicularia filamenlosa, ‘Cellophane 
strips 4- mycelium 

w Original outline of container (diagrammatic) with agar + 
cohalt-60 and Inoculum of fungus 

Arrow Indicates Inactive agar with fresh mycelium which became 
labelled with cobalt-60 

Gradual decrease In Intensity of blackening with increase In 
distance from active container 

inside a large one filled with similar but mactive agar 
In the centre of the radioactive dish P filamenlosa 
was inoculated The mycelium grew out of the dish 
over the glass edge on to some ‘Cellophane’ strips 
situated on top of the mactive agar of the outer 
container The strips together with the mycelium 
were removed and fixed on microscope slides which in 
turn were placed m close contact with an X-ray 
film ‘Industrial B' (Ilford) After exposure for 3 
weeks a clear image of the mycelium developed, 
suggesting translocation of cobalt-60 from the inner 
container via the mycelium (Fig 1) The blackening 
was most intense at the pomts where the ‘Cellophane’ 
strips were nearest to the container with the radio- 
active agar and decreased m intensity with an 
increase in distance However, when tufts of hyphfe 
were removed from the ‘Cellophane’ 


demonstrated m individual fungal structure far more 
readily m the aseptate Phycomycetes than m the 
septate Pelhcularza, when using a medium with the 
same activity, provided further support for the 
hypothesis of transport by protoplasmic flow 
Buffer 1 has shown that both J? stolomfer and P 
filamentosa displayed protoplasmic streammg, but he 
postulated that the type of streaming and the rate 
differed because of the presence of septa m Pelltcvlaria 
The flow passed only via a single pore in the septum 
and thus was slowed down, and this may have affected 
both the rate and efficiency of translocation It 
seems likely that cobalt-60 is held firmly by the 
protoplasm and moves through the fungus only m 
chemical combination with the protoplasm (by co 
ordination of cobalt with the ammo functions of 
proteins, etc ) Tins fits m with the results of 
Abelson and Aldous 14 , who, working with cobalt-69, 
showed m the case of Eschertcfna coh that the nuclide 
was “very tightly bound, within the experimental 
error no tracer was lost by either the exchange with 
magnesium or mactive cobalt” They suggested as one 
alternative a “non-specific, non-metabolic attachment 
to the proteins and other groups of the organism” 
Thus, if cobalt-60 is transported through the mycelium 
it is assumed that it is carried along by the protoplasm 
as an integral part of it 


strips at intervals of 5 mm the 
resulting autoradiograms were nega- 
tive These observations indicate 
that a translocation mechanism 
for cobalt-60 and probably other 
materials does occur m P fila- 
mentosa but that it cannot be 
demonstrated readily m individual 
hyphee 

Translocation was then studied 
in some Phycomycetes, that is, m 
R stolomfer and P blakesleeanus 
Those two fungi wore grown in 
flasks with a layer of radioactive 



b 


INACTIVE 




LABELLED CeS° 


agar at the bottom Individual 
sporangiophores or tufts were re- 
moved and fixed to a glass slide 


t'E - Photographs of autoradiograms of sporangiophores of Phi/comt/ce* btrtkrtlaanus 
a , ; 1 i m S ° e ,t° a cti\e preparation Is merely a photograph of the actual 
slide while the labeled shows intense blackening especially In the sporangia b, Apposition 
on X-rnv dim Inactive preparation formed no Image at all 
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The abo\ e results suggest that all tho fungi tested 
display a translocation mechanism for the two 
nuclides m agar media though this ia probably more 
offlciont in tho case of tho Fhjcomycotos Failure to 
d< tect radioactivity m the new mycelium growing 
from a labelled inoculum m tho soil cannot tlioroforo 
lx explained satisfactorily in terms of an inherent 
lack of a translocation moclmmsm m tho funsi 
tested h 

While tho scanning technique with tho scintillation 
counter could bo depended upon to locate a radio 
actno inoculum in the eod, it may not havo been 
stiiHitivo onough to trace email alterations in tho 
distribution of cotivity, especially m view of the foot 
that the strong radiations emitted from tho inoculum 
maj obscure any small clrnngo in counting rate duo to 
genuine radioactivity Having established that 
ls>tli P filamtntosa and It atoTonrJar have the ability 
to translocate cobalt 00, a more direct method for 
testing transport via tho fungi m tho soil was 
employed Tho soil columns after incubation for 
so\ oral weeks uoro cut into soot ions of 2 c c in tho 
com of P Jllrrmentosa and 4 and Coe, respectively, 
m tho caso of I? 8tolon\frr Aliquots of 0 5 gm of 
soil of each section were extracted with concentrated 
nitric acid (10 ml ) and tho extraot counted in a 
mandat'd OM 0 liquid Ocigor counter tube (Tablo 2) 
In addition a very thin smear was made on a gloss 
slide of 0 5 gm of v ory finely ground soil taken from 
t nch section, placed on an X ray film backed with a 
If 10 in lead sheet and exposed for 3 weeks Figs 
J-7 and b show a ropreoontativ o photograph and 
corresponding autoradiograms of a preparation and 
Table 2 summarizes tho results 
From both the counts and the autoradiograms, it 
con bo concluded that somo slight migration of tho 
nuolido occurred from tho soil soction containing tho 
inoculum but ovor a short distanco only Tills was 
observed both in tho tubes with the killed and living 
inoculum Frequently though not always movoment 
of cobalt 00 tondod to bo greater from the killed 
inoculum This may bo explalnod in terms of In 
creased pormoability of fungal colls after death 
\s tho inocula consisted of disks of ngnr cultures tho 
nuolklo might also have diffused from the ogar and 
not from tho fungal structures only Tho agar 
disks were usod, bocmiso by providing a food baso tho 
sulwoquont growth of the mycelium was greatly 
onhancod Other inoculation methods such as bv 
washed mycelium from n broth culture are under 
investigation in order to oliminato this complication 
What migration has taken place may bo interpreted 
on one linnd as diffusion of tho nuolido from both 
tho ngnr baso and tho mycohum and thon through 
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tlio soil, or else as a oaso of genuino translocation. 
Tliore is somo indication tlint tho migration mto uns 
somewhat plower in Pclltculana than in Jiht-opu* 
since m tho formor activity was rarely found farther 
than 2 cm. from tho inoculum. An analog} with tho 
more efficient translocation mccliamam of Phizoputt as 
obeorvod in agar culture suggests itself but further 
confirmatorv experiments are necessary before draw 
ing final conclusions, for tho migration mto is depend 
ent on many environmental factors not casilv 
standardized Whatever tho mechanism of tho 
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migration of cobalt-60 and -whatever the difference m 
rate between killed versus living inoculum or 
P filamentosa as compared with B stolomfer, the 
percentage of cobalt-60 and the distance over which it 
is transported are very small indeed In every case 
most of the activity is retamed m the section of the 
soil containing the inoculum There the nuclide may 
be held by either adsorption on the soil colloids after 
having diffused through the cell wall of the fungi or 
within the hyphse of the original inoculum, possibly 
bound to the protoplasm 

Regarding the first point, this would fit in with the 
observation of Jones et al 15 , who have shown that m a 
soil with moderate exchange capacity cobalt-60 re- 
mains close to the surface even after repeated applica- 
tions of water These workers placed the cobalt-60 
directly in the soil, while in the experiments described 
here it was mtroduced via the fungal inoculum , the 
soil used was one of moderate exchange capacity 

On the second possibility, Harley and McCready 5 
have shown that m the case of excised mycorThizal 
roots of the beech 90 per cent of phosphorus-32 
absorbed from aerated media was found to be held 
m the fungal sheath and only 10 per cent diffused 
into the core This ratio varied with environmental 
conditions” By analogy it could be assumed that 
cobalt-60 also is firmly held within the fungal tissue, 
especially in view of the observations that migration 
is of lower order from the living than from the dead 
inoculum Thus, the possibility is not ruled out 
that the small migration which had occurred from 


OB ITU 

Prof Kaj U Linderstrom-Lang, For b em R, S 

The death of Prof Kaj Ulrik Lmderstrom-Lang on 
May 26 was a great and irreplaceable loss, not only 
to his colleagues and friends but also the scientific 
community at large The Chemical Division of the 
Carlsberg Laboratory in Copenhagen, which he led 
with such force and inspiration for twenty-one years, 
is perhaps unsurpassed m terms of the number of 
individuals who identify it as a major scientific home 
Lmderstrom-Lang was bom m Fredenksberg, 
Copenhagen, in 1896, the son of Dr C F Lmderstrom- 
Lang His education at the Danmarke tekmske 
Hojslcolo led to a degree in chemical engineering m 
1919, following which ho became assistant to Prof 
S P L Sorensen at the Carlsberg Laboratory In 
the environment of Sorensen’s fundamental research 
on the physical chemistry of proteins m solution, 
Lmderstrom-Lang’s natural talents for mathematics 
and laboratory experimentation led him to conceive 
in 1926 lus classical paper “On the Ionisation of 
Proteins”, which stands to-day as the fundamental 
theoretical treatment of protein titration curves 

During the period 1926—27 he studied in the 
laboratory of Prof R Willstatter in Munich, and 
there ho developed his continuing interest in the 
chemistry and mode of action of proteolytic enzymes 
Upon lus return to Copenhagen he completed his 
earlier mi estigations on the olectrophoretic properties 
of proteins and presented his doctoral dissertation in 
1929 

His investigations of the nature and determination 
of proteolytic enzymes, developed m collaboration 
with the increasing flow of visiting scientists m the 
Laboratory, became directly applicable to the work 
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living inocula was due to some extent to active tram 
port mside the fungal tissue, perhaps by protoplasmic 
flow This is a hypothesis, and more work is required 
to distinguish between migration by diffusion or by 
active translocation Probably both factors will 
operate simultaneously 

Our thanks are due to Dr William Davies for his 
interest m this work, for encouragement and guidance 
and for providing facilities to carry out these studies 
We are indebted to Mr G E Barton for lus valuable 
collaboration and technical assistance, without which 
this work would not have been possible, and to Mr 
D Smith for the preparation and counting of sod 
extracts 
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ARIES 

he afterwards undertook m collaboration with Dr 
Heinz Holter, who went to the Laboratory in 1930 
Lmderstrom-Lang and Holter developed, over tlio 
succeeding ten years, a tremendous array of delicate 
and sensitive techniques for the study of the dis- 
tribution of a largo variety of enzymes and othor 
constituents m cells These micro methods, now 
standard procoduro m many laboratories throughout 
the world, made possible an enormous advance in 
our understanding of many aspects of cellular 
physiology It is characteristic of the methods that 
Lmderstrom-Lang developed that they were based 
on extremely simple but basic physical principles 
Well-known examples are the Cartesian diver tech 
mque for the measurement of metabohsm in single 
micro-sections of tissue or of individual colls, and 
the extremely sensitive gradient technique for the 
determination of the densities of minute quantities 
of material A whole generation of young chemists 
and biologists was stiongly influenced by these 
methods and profited enormously by direct col- 
laboration with Lmderstrom-Lang 'during this period 
of his scientific career 

When S P L Sorensen retired in 1938, Linder 
strom-Lang was chosen as director of the Carlsborg 
Laboratory Continuing along the lines begun by 
Sorensen, which had already made the Laboratory 
world-famous m protem chemistry, Linderstroro- 
Lang initiated an outstanding senes of studies on the 
internal structure of protem molecules Using a 3 
probes such phenomena as the volume contraction 
occurring as a result of proteolytic cleavage of peptide 
bonds, he began to develop during this period lus 
strong interest in the limited modification of proteins 
as one means of elucidating internal structure, and 
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published many fundamental papers on such systems 
as tho conversion of chymotiypainogon to ohymo 
trypsin and ovalbumin to plakalbnmln An example 
of Ills moxhausttblo ingenuity m the dovolopmont of 
experimental techniques woa the ‘doutorium exchango’ 
teoliruque, -which permitted tho estimation of tho 
relative rates at whioh individual hydrogen atoms 
withm the primary , secondary and tertiary structures 
of a protein moloculo could reach equilibration with 
deuterium atoms in tho water m which tho samples 
wore dissolved 

Lmderfitrom Lang’s scientific talents, combined 
with Ins clmrnctonstics of warmth and perception, 
brought him early and frequent recognition by many 
organizations both scientific and civic In addition 
to receiving numerous honorary dogroee from umver 
sit los throughout the world ho was a member of tho 
Royal Swedish Academy of Scion cos, tho Academy 
of Scioncos of the U S S.R , tho Royal Society of 
London, the Finnish Scientific Society and the 
National Academy of Scioncos of tho United States, 
to montion only a few He was, at various ponods 
during lus lifo, president of the Danish Acadomy of 
Technical Sciences, the Akadomiot for do tclouske 
Vidonskabor, and in 1058 of tho International Union 
of Biochemistry 

Tho list of honours and accomplishments scattered 
through his career aro too numerous to list in detnQ 
Perhaps oven moro important than thoeo tangibles, 
however, was tho impact of his warm personality on 
ovoryone who know him Knj Lindorstrom Lang 
had talents in many areas of human endeavour and, 
bad ho not ohoson scionco as his major interest could 
cloarly have contributed prohflcally in a variety of 
pursuits including music, art and literature Those 
who know him will not forget his uni quo combination 
of wisdom, humour and intellectual intogritv With 
lus (loath tho world lost not only a great scientist 
but also a groat man C B Anjtnsen, juv 

Dr M Copisarow 

Maurice Copisarow, who died on April 1G, In 
his seventieth yoar, was a scientist of quite out- 
standing ability His university education was 
acquired between 1009 and 1013 in tho Scliool of 
Chemistry at Owens Collogo, whore I know him aa a 
follow student Ho stayed on for postgrad unto Btudy 
as Dalton Research Scholar during 1014-10, working 
with Chaim Weizmann on "Phthnlidos of tho Bonxcno, 
Naphthnlono and Corbnzole Scrioe" (published in 
1015) Afterwards, as Honorary Research Follow 
(1910-19) ho launohed out into independent in 
quinos concerned mninlv with reactions promoted by 
aluminium ohlorido 

During tho First World War, Copisarow worked 
for tho Ministry of Munitions and was responsible 
for a change in tlie method of washing TNT which 
greatly reduced tho risk in handling this oxplosivo 
At tho end of tho War he oxponmontod on tho con 
version of various oxplosivns and also phoegeno into 
products for which industrial usoa could bo found, 
and in those operations his ovosight Buffered sovoro 
injury Most unluippilv tho damage was progressive 
and In a relativolv short timo, whllo still at tho outset 
of his career, ho bocarao blmd Howm or, by 1925 
ho lind to his credit mnotcon publications of high 
quality, and in that year ho was awarded tho D So 
of tho University of Manchester 

In his work os a chemist ho could novor hove con 
fined himself to narrow specialization, nis mind 


ranged over whole fields of scientific activity, and his 
koonness of perception allied to his uncommonly 
active imagination gave nse to a v ersatihty which is 
woll exemplified by his generalized theory of allotropy 
{J Cheni Soc , 1021) and by f his work on tho pbon 
omonon of periodic precipitation, reported botwoon 
1927 and 1032 m various BCiontifio journals. There 
publications illustrate admirably his ability to rooog 
nizo certain apparently unrelated cliomicnl processes 
and structures as forms of expression of a unifying 
pnnoiplo and to enunciate it 

After ho liad lost his sight. Dr Copisarow’s 
scientific activities bocamo restricted principally to 
the preparation of review articles and essays dealing 
with matters calling for theoretical consideration. 
His blindness scorned indeed to intensify his insight, 
and ho extended his thinking to such subjects as tho 
functioning of certain oxidation enzymes, the effects 
of radiation on onzvmos and tho biochemistry of 
virus infection He studied tlioso matters with tho 
ultimate object of selecting and co-ordinating know 
ledge wliich might throw light on problems associated 
with tho malignant growth of cells Observations on 
biochemical work in tho field of cancer research woro 
published over a period of years m several journals 
including a comprehensive review on tho “History of 
Human Cancer’ , which appeared in tho Edinburgh 
Medical Journal in 1052 Copisarow b writings on 
these matters woro promptod by lus great desire to 
contribute all he could to tlie furtherance of progress 
in tho war on disooso 

Further evidence of his fooling for tho woll being 
of Ids follow-countryTnon is afforded by tho interest 
he liod in tho application of appropriate scientific 
knowledge to agricultural pursuits, and during tho 
Second World War ho was actlvo in advising on 
methods for grassland Improvement And for tho 
reclamation of brockon -covered areas In all ho 
published oighty throe scientific papers and in 
recognition of special services to his country he was 
placed on H.M Civil List 

Dr Copisarow waa a man dedicated to tho work ho 
had chosen, end though in later years, ho had to 
endure much ill health and many worries, ho remainod 
oouragoous in adversity, sustained to no small degree 
by religious faith and by the devotion of his wife and 
family T K Walker 


Dr D S Grade 


Volunteering in tho Koval Scots at bov ontocn, 
Dav id Smart Oracle was bo<ilv woundod on July 1 
1010 at the Somino, and spent tho rest of tho Fust 
World War as a prisoner in Rulilobcn, an oxpenonco 
which mnrkod him for life 

In tho lato ’twenties, after graduating at Edinburgh 
with a modal and lecturing on agricultural chemistry, 
ho went to tho Colonial Service and camodout a 
notable “Prolimmarv Survey of tho Sods of Konya’ 
before tho Colonial Agricultural Service Imd been 


■©constituted 

Moving to tho Egyptian Ministry of Agriculture in 
1030, Graclo spent two decades investigating tho 
aecLnating problems presented bv a pod which has 
sixty centuries of cultivation history, capped by its 
ditmgo to irrigation all tho tear round during tho 
last hundred vears As the lost survivor within tluvt 
Ministry in 1040 of what had once been a stromr team 
>f some twentv British scientific ex patriate svorkrr^ 
w finish ( h! with <v nbnttwin* Bnm-nipn l>r ry.imtlm. 
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and analysmg his results from, sixteen continuous 
voars of field experiments on the cotton crop One 
side-issue during the Second World War from Ins 
■work on other crops was to economize tonnage of 
merchant shipping by showing that imported artificial 
fertilizers produced much more food for the Egyptian 
than gram imported as such, which the British army 
had to bring in for its own use 

In 1949 Gracie started afresh in the dusty piecinets 
of Amman with scanty resources, locating cultivable 
areas in the Jordan valley and the desert for the 
United Nations Arab Relief In 1955 he transferred 
to Ran with bettei resources, wheie he created a 
large efficient laboratory organization for the United 
Nations Technical Assistance Board at Teheran In 
1958 he broke down from heat exhaustion, and retired 
to his Edinburgh home too late, dying there on 
May 31 of this year, leaving his wife Vera and one 
son 

With all his work done overseas, m countries 
not notorious for gratitude, merely increasing the 
resources of those countries by many acres of cul- 
tivation or many more tons of annual crop, he is 
likely to be one of those for whom theie is but little 
remembrance — a depressing reflexion on those fine 
pohtical projects for under-developed countries 

Gracie has been described as “a fierce seeker for 
truth, who could never suffer a rogue gladly”, though 
he might tolerate a fool He held on to his standards 
of precision, find made sure that his native assistants 
did the same 

Out of thnty years joint experience, a mutual 
friend writes of “the qualities of integrity, judgment, 
and application m good and indifferent health which 
he brought to Ins work He had none of the narrow- 
ness with winch specialists are sometimes charged , 
he was widely read m a diversity of subjects and 
worth listening to on any of thorn Unbending m his 
uprightness with an inner light which lit for him so 
clearly the path he held m all affairs, yet he was not 
stiff , human, kindly, generous, and considerate, his 
friendship was one of the wholly good things a man 
could be blessed with” W Lawrence Balls 

Dr W W Francis 

Da William Willoughby Francis, librarian of 
the Osier Library at McGill University, Montreal, 
since 1929, diod on August 10, aged eighty-one A 
relative of Sir William Osier (his mother was Osier’s 
first cousin, and Osier always spoke of him as a 
nephew), he was bom at Montreal on April 2, 1878, 
and was educated at Trinity College School, Port 
Hope, and at Johns Hopkins University, Baltimore, 
where he graduated A B m 1898 and M D m 1902 
After further study m Montreal, Baltimore, Vienna 
and London, he returned to Montreal m 1906 In 
1912 he was appointed assistant editor of the 
Canadian Medical Association Journal and secretary- 
treasurer of the Canadian Medical Association, and 
in 1915 he went overseas with No 3 Canadian 
General Hospital (McGill) as registrar On demobil- 
ization m 1919, he lived in Oxford (where Osier was 
regius professor of medicine) before he became editor 
of the International Journal of Public Health at 
Geneva 

Dr Francis’s magnum opus was started m 1622, 
when ho joined R H Hill, Archibald Malloeh and 
Leonard Mackall m compiling the catalogue of Osier’s 
magnificent library at Oxford Working for 14-16 hr 
a day for seven years, he succeeded nobly m inter- 


preting Osier’s dream of an ideal biobibliography of 
epoch-making books and in staging it as a pageant 
The catalogue under the title “Bibliotheca Osleriana” 
was published by the Oxford University Press m 
1929, and the Osier Library at McGill was officially 
opened on Maj^ 29 of that year Dr Francis was 
president of the Medical Library Association during 
1935-37, and honorary consultant to what was then 
called the Armed Forces Medical Library at Wash 
ington 

Bearing a str ikin g resemblance to Oslor in the 
shape of his head, his ohve complexion, his dark, 
humorous eyes, the lightness of his step, and several 
of his mannerisms, ‘Bill’ or ‘Billy’ Francis was a 
charming man Someone said of him that he was 
bom under a dancing star and sang Ins way through 
life His lea rnin g was vast and bizarro, but never 
pedantic, his memory was rich and retentive, his 
humour w T as spicy and puckish His seemingly 
infinite leisure was at the disposal of the young and 
old who went to him for inspiration and for help A 
classical scholar, a painstaking bibliographer (“his 
meticulosity exceeds anything you ever met with” — 
Osier), and an unsurpassed writer of whimsical 
letters, Dr Francis married m 1921 Hilda Colley, 
who survives him, with his daughter, Dr Marian 
Kelen W R Bett 

Prof A Preece 

The William Cochrane chair of metallurgy in the 
University of Durham at Kang’s College, Newcastle 
upon Tyne, becamo vacant last November with the 
untimely death of Prof Archibald Preeco at tho age 
of fifty -three 

Preece was educated in South Wales and graduated 
from University College, Swansea, in 1926 He first 
joined the Pressed Steel Company of Great Britain 
as metallurgist, and later became a research officer 
to the South Wales Siemens Steel Research Associa- 
tion, but he returned to academic work in 1933 whon 
he became a lecturer m metallurgy m the University 
of Leeds There he pursued researches on the effect 
of high temperatures upon steel The importance of 
his work was recognized by the award of the Sir 
Robert Hadfiold Medal by the Iron and Steel 
Institute and by lus promotion to a readership in 
tho University of Leeds in 1946 

In 1948 he was appointed to succeed C E Pearson 
as professor of metallurgy in King’s College, Now- 
castle upon Tyne He took charge of a small but 
active department of teachers and research workers 
who carried out important work on tho scaling of 
metals, temper brittleness and tho solidification of 
steel castings, which were Prooce’s particular in- 
terests, though he encouraged others to work on a 
wide variety of different metallurgical topics Just 
before Ins death he had the satisfaction of moving 
his Department into more commodious quarters and 
installing new equipment 

Prof Preeco was a deeply religious man who could 
be stem or kindly as the occasion demanded He sot 
himself extremely high standards both in his work 
and m Ins dealings with students and colleagues 
Probably tho most outstanding quality by which ho 
■will he remembered was his unwavering integrity 
and his strict adherence to tho truth as he saw it 
He was deeply devoted to his work and to his Depart 
ment, and his sudden death was a great loss to all 
who came m contact with him 


A F Btxbstall 
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NEWS and VIEWS 


Commonwealth Scientific and Industrial Research 
Organization Dr F W G White CBE 

Db F W G Wiute, deputy chairman of tho Com 
momveoltli Scientific) and Industrial Research Organ 
jzution Australia, lias been appointed cluurman in 

succession to tho lato Sir Ian CJuruegRo-^s Dr White 
alio is a Now Zealander, -wont to Australia tn 1041 
at t ho invitation of the Commonwealth Government 
to help m Australia a ofTort to provido radar equipment 
fur tho Australian and United States Forces Whon 
tho Organization was formed in 1940 ho bocamo chief 
executive officer, and in 1957 deputy chairman 
During tho period of reconstruction following tho 
\\ ar Dr White played a leading part in building up 
tho laboratories of 0 8.1 R O , which liavo ainco thou 
HRMhtod in tho growth of Australia a secondary 
industries Ho was largely responsible for tho ostab 
lislunont of laboratories for moteorologicol physics, 
i oal research and building research Ho lias been 
ait no m sponsoring the formation of industrial 
n •search associations and in helping firms to creato 
tiioir own research facilities Dr White lias taken a 
direct mtorost in tho development and work of tho 
OrgnniMit ion’s laboratories concornod with biological 
research and has travollod vv idely to stud} agricultural 
and pastoral problems at first iuuid Sinco 1040 
when spocial funds woro made availablo for wool 
roseoroh ho lias devotod a considerable ofTort to tho 
founding and dovolopmont of tlio C SJ I< O Wool 
Research Laboratories, which liavo done much to 
Mist am wool in tho competitive fibre markets of tho 
world 

Dr Whito graduatod as AI Se In 1028 m tho 
Umvorfllty of Now Zealand and lator wont to do 
research work at tho Cavendish Laboratory, Cam 
bridge Ho was awarded tho l’h D degroo of tho 
Umv orsity of Cambridge in 1032 Aftor a period as a 
University toucher in the University of London, ho 
uos appointed professor of physics at Canterbury 
I m\ orslty Colloge in Now Zealand 

Dr R. N Robertson 

Da R N RotiprtRos a distinguished Australian 
plant physiologist luvs been appointed a Full tnno 
member of the executive of tho Commonwealth 
Sciontifio and Industrial Research Organization in 
succession to Dr i \\ 0 White Dr Robertson 

ia an outstanding research worker who line un 
usually w (do interests m both bosio and appliod 
nspect« of plant physiology Mom of tho complex 
problems fining tlio farmer and tho fnut-growor can 
only lio solved If wo 1 now liow tho plant fiuietlons — 
how it ahfiorl)* mineral 8 from tho soil and 1 k>w it uses 
them to build up its structure Dr Robortson boa 
law. ii concerned with theso basic problems througliout 
his rureur and particularly in Ills proont position oh 
leader of tho Plant Physiology Research Umt jointly 
ojHjrntod hv tlio Division of Food Preservation and 
Transport of tlio Comnionwaalth Suontific and 
Industrial Research Organization and tho University 
of Svdnoj W ork h\ J>r Robertson and Jus collcnguos 
on tho growth and dovolopmont of apples lias led to 
on understanding of tho reasons for tho poor keopmg 
quality of largo fruit and fruit from light crops JI/s 


investigations on tho maturity of peas liavo boon of 
particular importance t-o tho vegetable canning and 
freezing industries During tlio Socond World War 
Dr Robertson gave vnlunblo help to tho food control 
authorities through his investigations on tho causes 
of hooting in stored wheat Dr Robertson has spent 
the past year as visiting professor of horticultural 
scion co at tlio Umvorsity of California and is at 
prosont on a abort visit to tho Umvorsitv of Cam 
bridge 

Dr Robortson was bom m Molboumo m 1013 Ho 
graduatod m science with first-class honours in botanv 
at tho Univorsity of Sydney in 1033 and continued 
postgraduate research at that Univorsity as Lin mean 
Mnoloay Follow Ho was awarded a research scholar 
ship of tho Royal Commission of tlio Exhibition of 
1851 and went to work at tho University of Com 
bridge, receiving the Ph D degree for research m 
plant physiology In 1046 ho joinod tlio staff of tho 
Division of Food Preservation and Transport oT tho 
Commonwealth Sciontifio and Industrial Organization 
and took chargo of work on tho storage of fresh fruit 
and vegetables Whon a Plant Physiology Research 
Unit was formed m 1052 as a oo opomtivo venture 
botwooa tho Division and tlio Botanv School of tlio 
Univureitv of Sydney, Dr Robortson bocamo its 
Ieador Dr Robertson is a Fellow of tho Australian 
Academy of Scion co and a corresponding monitor of 
the American Socioty of Plant Physiologists Tho 
Roy al Sooioty of Now South Woles awarded Jum its 
Clark Momonal Modal m 1054 For many voars Pr 
Robortson was secretary to tho Australian National 
Roeoarch Council 

Agricultural Chemistry In Aberystwyth 

Prof R O Davies 

Poor Davies Jins retired from tlio chair of ogncul 
tural ohoraistry University CoUogo of Wales Aberyst- 
wyth His sorvlces to tho University Colloge of 
Wales and to tho agricultural industry of tho Prlnci 
pahty liavo extended from 1920 whon ho was 
appointed locluror in agricultural chemistry , m 1039, 
ho bocamo Iioad of tho Dopartraent of Agricultural 
Clionustry m tho Collogo, which then also sorvod oh 
tlio agriculturol advisory contro for tho Mid Males 
area On tlio establishment of tlio National Agncul 
tural Advisory Somco in 1040 ho relinquished his 
jx)st as adv isory chomist and devoted his activities 
wholly to College work and to his interest a in research 

Prof Davies has boon especially concerned with 
problems of tho nufntiv o \ aluoa of lowland and upland 
swards and of milk composition, particularly m 
rolation to thoir mmoml constituents His with 
work with A L Provnn and \\ T Pugh established 
that an increase m tho protein and mineral const! 
tuents of milk occurred when cows were changed from 
■winter rations to lowland p.wttiro Experimental 
work on upland swards with W I 1 Milton (of tho 
Welsh Plant Brooding Station) was begun in 1930 
it shows tlint the mineral deficiencies of theso swards 
can bo rectified without resort to ploughing and 
reseeding Long term treat merits of upland swards 
liavo led to tho extinction of tho native lull hortokO 
and its replacement bv species of high product hit \ 
and minimi content which linvo l»coom< .-doWniwii 
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voluntarily in the favourable environment created 
through the improvement of soil status and the control 
of the gra zing animal More recent work with D I H 
Jones has shown that the mineral content is one factor 
that influences the nutritive value of the orgamc 
nutrients in upland swards, and that the digestibdity 
and the utdization of the digested nutrients of unim- 
proved hill herbage can be increased by feeding 
calcium carbonate with the grass 

Prof T W Goodwin 
Prof R O Davies has been succeeded by Dr 
T W Goodwin, who since 1949 has been senior 
lecturer m biochemistry in the University of Liverpool 
Dr Goodwin’s early work on vitamins A and C has led 
on to a wide interest in the biosynthesis of carotenoids 
and m comparative biochemistry , in these fields, 
the range of his own studies and those m co operation 
with other workers has formed the basis of notable 
developments as well as for a wide series of reviews 
and contributions to reference texts He has had 
considerable opportunities of contacts with overseas 
research in his own particular and cognate fields of 
plant biochemistry, having held a Rockefeller 
Foundation travel grant m 1954, when he worked m 
the University of California with Profs Fox and 
Maekmney, visited many other American universities, 
and later having taken part in symposia and lec- 
tured in several of the leading research centres in 
European countries At Liverpool he has been con- 
cerned m the presentation of fundamental and apphed 
biochemical principles, not only to honours B Sc 
students but also m the schools of medicine, dentistry 
and veterinary science Dr Goodwin's wide experi- 
ence m teaching and research wdl enhance the 
resources of the Rural Science Departments at 
Aber y s t w y th, which, with the closely associated Welsh 
Plant Breeding Station, have long had special interests 
in problems of crop, grassland and animal production 

British Gelatine and Glue Research Association : 

Dr D A Sutton 
Dr D A Sutton, chief biochemist of the South 
African Council for Scientific and Industrial Research 
Pneumoconiosis Research Umt at the South African 
Institute of Medical Research, Johannesburg, has 
been appomted director of research of the British 
Gelatine and Glue Research Association in succession 
to Mr A G Ward, who is going to the University of 
Leeds as professor of leather industries (see Nature, 
182, 1707 , 1958) Dr Sutton graduated with first- 
class honours m chemistry at the Imperial College of 
Science and Technology, London, and after holding 
posts with the British Rubber Producers’ Research 
Association and the Paint Reseaich Station, went to 
Pretoria m 1949 where, until 1950, he was head of 
the Division of Organic Chemistry of the Council for 
Scientific and Industrial Research, m charge of groups 
■working on various aspects of industrial organic 
chemistry He has since been in charge of investi- 
gations of the collagen in various h\ ing constituents, 
the chemotherapy of silicosis, and carcinogen liver 
protein bonding 

Uranium as Fuel 

Great Britain’s nuclear power programme is 
based on the Calder Hall type of nuclear reactor 
which ‘bums’ natural uranium as fuel Uranium 
oro is mined m Australia, South Africa, Canada and 
the^ United States and processed to an oxide known 
as ‘vollow cake’ Material from the Commonwealth 


is shipped to Great Britain and processed at the 
Spnngfields factory of the U K Atomic Energy 
Authority mto uranium metal and then into fuel 
elements for British reactors A special feature of 
the March 1959 issue of Atomic World (10, No 3) 
is a series of three articles linked by the theme “From 
Mine to Fuel Element, 1959”, m which the procedure 
from the initial mining of the uranium oro to the 
final fabricated fuel element is described In the 
first article, “Mining and Processing at the Mary 
Kathleen”, the mining and treatment of the ore to 
the ‘yellow cake’ at the recently completed £13 
million installation at Mary Kathleen in Australia is 
considered This is followed by an account of the 
processing at the Spnngfields factory' where new plant 
is bemg commissioned, and the final article in the 
series, entitled “Fabricating the Fuel Elements”, 
describes how the billets of natural uranium are 
cast mto rods which are then machined, heat treated 
and canned m ‘Magnox’ (an alloy of magnesium and 
aluminium) to give the fuel elements used at Calder 
Hall and Chapel Cross The complete senes of opera 
tions has been summarized m a composite flowsheet 
drawn by the staff artist of Atomic World The draw 
mg, 11m x 22 in , is very suitable for use in science 
sixth forms m schools and in technical colleges, and 
copies may bo obtained (price 2s Gd ) from the 
publishers 

Time Ball at Greenwich 

After an absence of more than a year, the Time 
Ball has recently been erected on a new mast on the 
roof of Flamsteed House, the oldest of the Royal 
Observatory buildings at Greenwich A timo ball 
was first erected there m 1833 and it was m 1919 that 
the aluminium sphere now used was fitted It was 
taken down for overhaul m 1958 and as the operating 
machinery is not yet complete it is not intended to 
resume daily droppmg until the summer of I960, 
when Flamsteed House will be opened to the public 
as an annexe of the National Maritime Museum 

The Ageing Worker 

In a report recently published by the Nuffield 
Fou n dation (“Age and the Working Lives of Men an 
Attempt to Reduce the Statistical Evidence to Its 
Practical Shape” Studies of Agoing within the 
Conditions of Modem Industry' Pp 68 London 
Nuffield Foundation, 1959 3s net) F Le Gros Clark, 
who has been responsible for a number of mono 
graphs on ageing, has addressed himself to answering, 
as best as present evidence permits, the question, 
what happens within the conditions of modem 
British industry to ageing men when failing powers 
make them no longer fully employable on their nor 
mal work He is concerned, that is to say, not noth 
the psycho -physiological aspects of agemg and the 
changes that take place m the agemg organism, but 
with the sociological aspects — the fate of ageing 
individuals m the contemporary industrial milieu 
Rehable evidence on this topic is remarkably hard 
to come by, and Mr Le Gros Clark has made skdful 
use of the available statistical data to arrive at his 
tentative conclusions Total incapacity for work 
mcreases stead dy from the age of 55 onwards, and 
by the age of 65 about 10 per cent of all male workers 
are totally incapacitated By the age of 70 this 
percentage has approximately doubled The real 
industrial problem, however, concerns men who are 
still fit for work, but who because of failing powers 
need different and less exactmg work At the age of 
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05 tho author estimates that some 20 per cent fall 
into this category, whilo a smaller but still considor 
able number need alternative work well before their 
mid sixties There are, of ooureo, wido differences 
between occupations and the report provides some 
provisional data relating to thirty occupational 
groups The Report suggests that an important 
question is whether an increasingly mochanizod 
industry will be able to provide the kind of work 
needed by agoing workora and by those who do not 
wash to retire at 05 If not, wliat other social arrange 
monte wall bo needed to onsure tho well being of the 
agoing man ? 

Staff for Industry and Commerce 

Two important publications dealing with the 
control and development of staff in industry and 
commerce have been issued bj tho Institute of 
Personnel Management The first, by E M Darling, 
lato director of personnel of tho John Lewis Partner 
whip is concerned with tlie management of workers 
whose akiils are mainly mental or social rather than 
manual Mach of the pmctioe described by Miss 
Darling will be of interest to those dealing with similar 
problems in largo industrial and commercial organ 
lzntions, Govommont departments, public corpora 
tions hospitals and scientific estabhslimonts The 
subjects cov ored include training and oduoation, pay 
and incentives consultation and communications 
and welfare amenities (Pp 40 London Institute 
of Personnel Management, 1959 4« Grf) Thoseoond, 
by F I do la P Gorforth, of the Department of 
Work Stud} and Staff Training, Engm coring and 
Allied Employers’ West of England Association 
provides a systematic approach to the provision of 
supervisors and managers The subjects covered In 
the broadsheet moludo organization charts staff 
reviows and appraisals, forecasts of vacancies recruit 
mg pohen, further education and training for staff, 
job rotation and oxaluuigo and a section on tho 
initiation and oporotion of a systomatio management 
dovolopmcnt polio} (Management Development 
a Systematic Approaoh to tho Provision of Super 
viBora and Managers Pp 72 London Institute of 
Porsonnol Management, 1950 2&r Od ) 

I CS U Review 

The activities of tho International Council of 
Scientific Unions have groatly expanded during 
rocont years Joint Commissions havo boon appomtod 
oovonng Adds of interest common to two or moro of 
tho constituent unions and other committees havo 
boon formed to orgomxo specific programmes of 
research The recent International Gooplnsicat Year 
was initiated and sponsored by tho Connoil through 
a spocial conunittoo appointed to supon iso tho 
programme Dospitothcao outstanding achievement* 
there is still widespread ignorance concerning tho 
organization and activities of tho International 
Council of Scientific Unions Tlio lack of ndoquato 
information concerning its affairs has boon fi It to bo 
detrimental to tho continued growth of the Council 
As a step towards romod\ ing this stato of affnirs and 
w»tl\ the mow of oncoumglng tho flow of information 
botweon individual unions tho Fxecutho Board of 
tho Council lias appro\ed tho establishment of a new 
quarterly journal to bo colled tho / CJS U Heine ir to 
provldo information to members of tho Council and 
to nil w}io ore interested In international co operation 
in nuance about tho activities of tho Counoil and of 
the scientific unions Tho TOJSV Jlertew will contain 


reports of meetings of tho Bureau the Executive 
Board and the General Assembly of tho I CJ5 U , m 
formation about epocial activ ities, roports of some of 
tho moro important symposia reviows of certain pub 
heations, special articles on various aspects of inter 
national co operation m science, and announcements 
about forthcoming moot mgs, symposia or congresses 
organized by tho unions In tho first issuo (May 1959 
Pp i+60 Subscription 10 florins 30* or 
4 60 dollars por volume of four issues Amsterdam 
Elsovior Publishing Co , 1959) Prof A von Muralt 
treasurer of the International Union of Physiological 
Sciences and former prosldont of tho International 
Council of Scientific Unions, has wnt ton an nrticlo 
entitled What docs ICSU stand for ? There are 
other articles on international collaboration in 
soionoo b} L V Borknor, on tho International 
Geophjsical Year by Prof Sjdnoj CHiapman on tho 
marine sciences by Roger Revollo, and a review of 
Some aspects of tho origins of hfo considered in tho 
light of tho Moscow international symposium of 
August 1057, b} N W Pine With tho increasing 
importance of international co-operation in science 
in rocont years, and tho growing status of tho 
International Conned of Scientific Unions ns nn 
essential part of tho organization of soientifio activities 
on a world wide scalo tho I O S U lictnnc will 
undoubtedly fill an important moho in tho htoraturo 
of science, and will find a placo on tho sholvw of all 
scientific libraries and information son icos 

Russian Journal of Inorganic Chemistry 
A translation of tho Russian Zhurnal Neorgan 
tchesloi Khnnu , fho only Russian journal devoted 
exclusively to inorganic chemistry, is being publiahod 
b> tho Chemical Society under tho title Hum tan 
Journal of Jnorffanio Qheimstry In an introduction 
to tho first numbor tho President of tho Chemical 
Sociotv states that it marks a furthor stop m a plan 
to rnako Russian chemical literature more gem mil} 
available Many chomists Iwv o bccorao aware of their 
loss in bomg unable to read in tho onguiat tho numcr 
ous important scientific pnpors now being published in 
tho UbSR Although increasing attention is bomg 
paid to tho teaching of Russian, tho need for English 
translations will raevutabl} jiermflt for a long time 
Tho publication lms been mndo possible by the fhr 
sighted support of tho Department of Scientific and 
Industrial Research Tho Coiuicil of tho Chemical 
Sociotv bohovos t lint tho venture will not onlj bo of 
direct \aluo to many research workers, but tlrnt it 
will Borvo to strengthen still further tho sonso of 
international partnership in tho advancement or 
chomicnl science Tho translation is b\ oxports Tho 
distributors are Cleavor Humo Press Ltd, 11 
IV right * 8 Lano, London B S Tho ordinary mibscnp 
tion mto is £30 (00 00 dollars in tho United States) 
por annum to libraries of universities and technical 
college £22 10* (07 60 dollars m tho United States) 
in both cases inolumvo of postage Tlie first numlxr 
has 105 pagas in tho largo format of tlie Journal of 
the Qhcmiral Society and Includes thirt} lime jwipcrs 
and eight bnof communications in all cases in full 
Tho topics co\ or a wide range of interests in inorgonio 
ohemism , somo of the papers bordering on physical 
chemistry and tho standard is high As indicating 
tlio general interest of tho journal, mention mo\ !>e 
made of onu paper m which «MnS is shown to Ur 
photo oxidized during the recording of thx powder 
X mv pattern and tho published data on a MtjN 
are wrong 
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Digest of Soviet Technology 
A Digest of Soviet Technology is being published each 
month by Engineering Information Services, Ltd 
(No I , April 1959 8 Victoria Boad, Kirkham, 

Preston) The subscription rate is £6 6s annually 
Such a new digest, with an editorial pohcy of giving 
“express information on recent technological develop- 
ments in the Soviet Union and Eastern Europe”, 
should be of great value to all persons concerned 
with technical progress m industrial and academic 
research It is claimed that the information supphed 
is obtained by critical reading of a large number of 
periodicals and non-periodical literature published m 
Soviet countries The fields of coverage are essentially 
mechanical engineering, production processes and 
methods, instruments and automation The material 
is divided into the following sections Design and 
Production , Metallurgy, Welding and Foundry Pro- 
duction , Instruments and Automation , General 
News, including inventions and book reviews In the 
third number (June), the editors state that m future 
greater attention will be paid to ‘non-periodicals’ This 
follows when one realizes that a considerable propor- 
tion of Soviet technical information is given m books 
before it appears m periodicals Certainly when this 
pohcy is brought into force the Digest will be able 
truly to provide “express information” 

Journal of Research of the National Bureau of 
Standards 

It is announced m the April issue of the Journal 
of Research of the National Bureau of Standards that 
the Journal is now to bo published in four sep- 
arate sections Section A (Physics and Chem- 
istry), to be issued bi-monthly, will cover a broad 
range of physical and chemical research, with 
major emphasis on standards of physical measure- 
ment, fundamental constants, and properties of 
matter Section B (Mathematics and Mathematical 
Physics), to be issued quarterly, will be devoted to 
pure and applied mathematics, mcludmg mathe- 
matical statistics, theory of the design of experiments 
and numerical analysis , theoretical physics, chemis- 
try and engineering, with emphasis on the mathe- 
matical content , and logical design, programming, 
and computers Section O (Engineering and Instru- 
mentation), to be issued quarterly, will mclude new 
developments m instrumentation, data processing, 
test methods, and some of the work m acoustics, 
apphed mechanics, building research and cryogenic 
engineering Section D (Badio Propagation), to be 
issued bi-monthly, will report research m radio 
propagation, communications, and upper atmospheric 
physics The soparate sections may be subscribed 
foi individually 

British Scientific Instrument Research Association 

Publications 

It is announced m a recent issue of the Bulletin 
of the British Instrument Research Association that 
soveral changes are to be made m tbe regular 
publications of the Association Henceforth, the 
Bulletin, Sira Technical News and Research Reports, 
togother with other office matter, are to be printed 
by the Association For this purpose an office type 
composing machine (supplied by Van-Tvper Ltd , 
London) and a Rotaprint rotary printing machine 
have been installed The type faces used for the 
Bulletin and the Neics will differ from those at 
present, but the 10-pomt size will be retamed The 
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Bulletin, which was originally intended to be circulated 
to members of tbe Association only and which now 
is generally available, contains abstracts from current 
literature relating to the construction and use of 
scientific instruments, and news of tbe Association’s 
activities in a section entitled “Association Notes” 
However, since March 1953, the second monthh 
pubhcation, Sira Technical News, with a circulation 
limited to members only, has been issued, the specific 
aim of which is to tell tbo members about the 
Association’s work “Association Notes” will there 
fore, m future, bo transferred from tbe Bulletin to 
Sira Technical News, and the title of the Bulletin is 
to be changed to Instrument Abstracts 

Feltmaking Research 

The eleventh annual report of the Director of 
Besearch of tbe British Hat and Allied Feltmakors 
Bescarch Association for tbe year ended August 
1958 (pp 20 Manchester British Hat and Allied 
Feltmakers Besearch Association, 1959) refers to tho 
inclusion of research on finishing processes as a full 
time activity Work on the carrottmg of furs has 
shown that tbe quality of the felt produced is related 
to tbe method by which it is obtained and further 
work has established the importance of body size, 
weight and build, relative to tho size and substance 
of tbe bat Work is to start on the stoving of skins m 
tbe carrottmg process and work on wool nods indicates 
that only 36 per cent of the overall variabdity of the 
felt-quality parameters can be explamed by chemical 
tests for damage Further work was carried out on 
tho determination of the solubility m alcohol of grades 
of lac, and a study of a new multiroller machine for 
both settling wool and felting fur bodies indicates 
that multirollers can be made to give a rapid rate of 
feltmg without adversely affecting tbe quality of the 
felt, by using a balanced combination of pressure, 
jig amplitude and frequency, together with a pre 
determined traverse rate and controlled temperature 
and acidity A detaded study was made of tho 
technology of a fur-hardorung machine as it affects 
the quality of the hardened forms and hat bodies 
produced, and in further w r ork on the use of polyethan- 
oxy compounds as dyeing assistants a relation was 
found between dyeing properties and the partitioning 
of tbe dyes into a layer of etlianoxy compound above 
water dyes with the highest partition coefficients 
gave the best results on dyeing Studies on frictional 
properties of felt indicate that frictional behaviour 
against wood depends on the surface roughness, 
whereas against phenol-formaldehyde resins, the nature 
and structure of the fillers are important Work was 
initiated on the measure of hat felts for tensile pro- 
perties 

The Regional Research Laboratory, Hyderabad 

The annual report for 1957-68 of the Begional 
Besearch Laboratory, Hyderabad (pp ix-fl36 
Hyderabad, 1958), emphasizes the further reorienta- 
tion of tbe research programme both for team-work 
and the grouping of schemes into projects For the 
internal pi aiming and conduct of research tho 
operational research approach has been followed, and 
tins is outlined in the report A striking feature of 
tbe year was the increase m pilot-plant work, and 
particular attention is also directed to tho work on 
‘Citicide’, a powerful new insecticide from turpentine 
developed m the Laboratory ; on ‘Hykole’, active 
carbons produced from coke, the production of 
pbenylacetic acid and phenylacetamide, for use m 
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the production of pome ill in , and on Txmnginin’, a 
flavouring agent which haa twenty times the strength 
of vanillin Besides brief notes on progress in the 
various research schomes, arranged under some thirty 
projoot headings, the report includee notes on X ray 
instrumentation and physico chemical studies, analyt 
ical work, oquipmont and machinery, aa well os a 
list of publications and patents, oolloquia hold during 
the yonr, and lists of research staff Exooutive Council 
and Scientific Advisory Commit too Somewhat fuller 
details are givon of tho castor-oil project, which 
embraoes the refining of tho oil, tho preparation of 
tnnomoloin, using box one as solvont, the hydro- 
genation of cas tor-oil and tho preparation of but 
factante, tho cotton-seed project (including refining, 
storage, pilot-plant processing and hydrogenation to 
fatty acids), tho fatty acids projoot tlie dehydrated 
castor oil project, entomological studies on msoot- 
ictdee, tho hand made paper projoot, tho utilization 
of tho products of low tempo return carbonization of 
coal (including tho preparation of pitch and road tar 
preparation of creosotoe for wood presorvat ion, 
recovery of motor spirit recovery and fractionation 
of tar aoids and their chomical examination) and the 
glass and ceramics dovolopmont project 

Fencing Posts In Australia 
Millions of miles of fences divido and subdivide 
grazing and farm lands in Australia Thou const ruo 
tion, replacement and maintenance form a major 
cost item for primary producers A Rurvuy carried 
out a few years ago by tho Commonwealth ScIontLfic 
and Industrial Research Organization I)i vision of 
Forost Products, with tho assistance of tho Stato 
Departments of Agriculture, gathered essential 
information on materials, mothods, costs fonoo-lifo 
and onuses of failure of fences on hundreds of farms 
across the country (Rural Rosoareh in CS I.R O , 
27 Molbourno, March 1059) Mucli of tho coat is 
m tho posts, and years earlier the Di\ ision had begun 
testing small, round, wooden posts to soo if tno\ 
would bo suitablo After some thirty yonre trinl 
thoy proved to bo efficient if preserved against decay 
and insect attack by treatment with creosoto An 
oltornativo method of treatment using vntor-eolublo 
preservative* has boon do\ eloped more recently 
Tlie Postmaster Gonoral s Department has adoptod 
full length preservative treatment for its tologmph 
polce and, os a consoquonco, oxpocts an average 
ing of £3 million a j oar over tho next forty yoara 
Tliis figure sliov's tho pavmgn tliat oould bo mado if all 
farmors used round prosor\ od posts for thou: fencing 
requirements Thoso who are already using such 
posts have considerably altered tlioir outlook on 
foncing An important stop In reducing foncing 
costs lias been mado Other aspects, such ns design 
hare been negloctod and appear to offer fruitful 
fields for research 

Inflorescence Inception and Leaf Size In Gramlneae 
M Boubill, in a study of tho snocessno loa\os on 
tho flowering shoots of Olyce ria, I^ohum and Tntirum 
has olwoiwod that tho blades of suecoesho leaves wore 
jirogressh ol\ longor e\ontunUy reaching a maximum 
after wliloli tho bladoe of tho last few Iemos pro 
ducod boforo hooding were shorter When tho longest 
leaf blade was elongating, direction of tho shoot 
apices showed that inflorescence initiation was taking 
place Rpidormal coll measurements in Tnticum 
indicate that differences in lilade longth are duo to 


difTerences in tho amount of coll extension It appears 
that a correlated change occurs in blado morphology 
associated with the onset of tho reproductne stato 
of the shoot apex brought about through changes in 
the amount of coll extension A stud} of tho ofToct 
of different amounts of low tomporature and different 
day lengths on tho relation between inflorescence 
inception and the production of tho longest leaf blade 
showed that, under somo conditions, this relation can 
be disturbed {Annals oj Botany NS 23, 217 (1050)) 

Belgian Ollgocene Foramlnffera 

The socond of a series of studies ou the Belgian 
Palfoogene by o team of micro paleontologist a nt tho 
"University of Utrecht consists of a momoir by D A J 
Batjee on “Foram im fora of tho Oligocene of Bolgium 
(Institut Royal dea Sciences Naturelles do Belgique 
Mdmoire No 143 Pp 188 + 13 plates Bruxollcs 
1958) Hithorto very little was known nbout them 
although tho Belgian Oligoceno inclados tho typo 
areas of the Tongrmn and Rupohan di\isiona Tho 
samples mvestigated wore col looted both from sur 
face outcrops and from bonngs and mineshafts, so 
that essentially the wholo Oligoceno was covered 
Further, somo German and Dutch Oligoceno and 
Belgian and Gorman Miocono doposits were examined 
Altogether somo 140 spocioe (of whicli two nro now) 
ore described, all, with tho exception of Nummtililes 
gennanicus (Bomomann) belonging to tho smaller 
fommhufem Die author considers that somo eight 
mflj bo index fossils for tho Oligoceno or m any 
event for the Boom Clay and Soptarin-olay One 
Cassulultna carapttana Hedberg vndoly distributed 
in the Tortiary of tho Caribbean Antillean area, w 
doscrlbod for the first time from Furopo Dio faunal 
assemblages haw oloso nftmitics for mucli of Obgo 
cone time with thoso of north western Furopo and 
not with thoso of areas farther south Dr Batjcs 
also mado detailed observations on the lithology and 
lateral \nriation of (ho doposits in different parts of 
Belgium Correlating these with tho fommimfeml 
assemblages, bo is led to postulate that pnrt« of the 
Tongrian and Rupohan doposits are of the snmo ngo 
and that similar relations may exist between tho 
Rupolinn nnd Cbattmn 

A Reinterpretation of Charnockltes 
SrxCE tlio publication of Sir Thomas Holland's 
classic inomoir on tho charnocldto senes of peninsular 
India nearly sixty y oars ago, similar rocks havo boon 
diflcoxcred and studiod in many parts of tho world 
and various thoonos of tlioir origin ha\o boon put 
forward without, howover, a thorough knowledge of 
tho typo area near ^ladms from which theso rocks 
were first recorded A detailed ro-exnm/nntion of tho 
rocks of this area lias been mado bv A P Subm 
maniam ( lmcr J Set , 257 331 May 1050) Mineral 
ogical petrogrnphical, nnd chemical data nro pm 
sen tod which indicate tliat Holland's "Chomockito 
Scries" m fact contains members which are gcncticalh 
unrelated to one another Chomockito is re defined 
as a hyporstheno quartz felspar rock with or without 
garnet characterized bv greenish bhto felspars and 
groy ish blue quartz Tho term 'chnmockitic suite is 
suggested for a group of related nlaskitcs cbnmoct. 
ites (birkromito) onderbites nnd hypcrstliem -quartz 
syenites nil of which nro parth gametifirous Thf* 
senes corresponds to the Acid division of Holland h 
"Chnmockito Senes Dio Intermcdinm » dh Won 
of Holland consists of an as^cmhlace ofliylnfl 
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derived by interaction between chamockite magmas 
and pyroxene granulites of tbe basement The “Basic” 
division of Holland consists principally of pyroxene 
granulites and mterstratified quartzo-felspathic gar- 
netiferous sillimamte gneisses (khondalite), while his 
“Ultrabasic” division is represented by pyroxemtic 
scliheren, neitlier the “Basic” nor “IJltrabasic” 
divisions bemg related to the chamockite suite 
The chamockite suite of rocks is considered to be 
of primary igneous origin, and to have been emplaced 
as thick sheets and lenses in gently folded basement 
rocks , all the rock units have later suffered intense 
regional deformation 

Automatic Centrifuge 

An eight-page folder issued recently by Ivan 
Sorvall, Inc , Norwalk, Connecticut, illustrates and 
describes the super-speed Servall SS-3 Automatic 
Centiifuge and the SS-A Enclosed Centrifuge 
Both instruments are table-top models with a 
marked versatility in accepting any one of five 
different rotors covering a wide range of batch 
capacities, speeds and gravitational forces After the 
desired operating speed, running time, and rate of 
deceleration have been pre-set on the SS-3’b con- 
veniently angled control panel, the circuit is actuated 
by the push of a button A particular advantage of 
the automatic controls is the accuracy with which a 
given operation may be repeated and complete 
uniformity of result maintained The SS-^i is a 
manually controlled instrument and the complete 
control panel is removable for remote operation 
This is convenient when work demands opera- 
tion in cold rooms or fume hoods Both centri- 
fuges are designed for rapid adaptation to continuous 
flow operation with the Servall ‘Szent-Gy6rgyi 
and Blum’ system, which allows the collection 
of small amounts of precipitate, in tubes, from 
gallon quantities of samples 

University News Queen’s University of Belfast 

The following appointments to lectureships are 
announced Dr C J II Stirling, organic chemistry , 
Dr J S Pate, botany , Dr B V Jayawant, electrical 
engineering , N C Mitchel, geography , W D Ryan, 
light electrical-engineering 

Bristol 

The appointment has been announced of Dr W M 
Shepherd, reader in the University, to the chair 
of theoretical mechanics The following have been 
appomted to lectureships P W Bothwell, pubhc 
health , D R Coles, medicine , D G Osmond, 
anatomy , R Park, civil engineering , N G 
Sanerkin, pathology 

London 

The following appointments have been made 
Prof J L D’Silva, professor of physiology at London 
Hospital Medical College, to the Halliburton chair of 
physiology tenable at King’s College , A H J 
Rains, senior lecturer in the University of Birming- 
ham, to the chair of surgerv tenable at Charing 
Cross Hospital Medical School The following have 
been appomted readers Dr G R Hilson, bac- 
teriology, and Dr D Dexter, morbid anatomy, 
tenable at St George’s Hospital Medical School , 
,T P Smith, morbid anatomy, tenable at University 
College Hospital Medical School .REM Thomp- 
son, bacteriology, tenable at the Middlesex Hospital 


Medical School , Dr P J Grant, engineering 
science, and Dr B W Martin, applied thermo 
dynamics, tenable at the Imperial College of Science 
and Technology , E M Rawstron, geography, tenable 
at Queen Mary College The title of reader m 
the University of London has been conferred on 
T E Hughes, zoology, m lespect of his post at 
Birkbeck College , Dr J Wynn Reeves, psychology, 
m respect of her post at Bedford College , Dr J H 
Trounce, therapeutics, m respect of his post at Guy’s 
Hospital Medical School 

University College of North Staffordshire 

The U S Rubber Co has founded a second post 
graduate research studentship at the College J Pen 
fold (Nottingham) and J Beard (Southampton) have 
been appomted to these studentships The Phillips 
Petroleum Co of Bartlesville, Oklahoma, has founded 
a postgraduate research studentship at the College, 
to which C J Panton (Southampton) has been 
appomted All three research students will work 
with Dr P H Plescli on problems related to 
catiomc polymerization 

Announcements 

The Institute of Physics is to hold a conference on 
Some Aspects of Magnetism during September 23-24 
at Sheffield Further information may be obtained 
from the Secretary, Institute of Physics, 47 Bel 
grave Square, London, S W I 

An informal Discussion on Flow Properties of 
Blood and Other Biological Systems, sponsored 
jointly by tbe British Society of Rheology and tbe 
Colloid and Biophysics sub-Committee of the Faraday 
Society, will be held m the Department of Physiology, 
Oxford, during September 23-34 Further mfomia 
tion may be obtained from Dr A L Copley, Medical 
Research Laboratories, Charing Cross Hospital, 
Strand, London, W C 2, or from Df G Stamsby, 
British Gelatme and Glue Research Association, 
2a Dalmeny Avenue, London, N 7 

A symposium on Depression will be held at the 
University of Cambridge Post-Graduate Medical 
School during September 22-26 Information may 
be obtained from the Secretary, Medical School, 
Tennis Court Road, Cambridge 

The 250th anniversary of the successful use of coke 
m ironmaking is to be celebrated by a meetmg at the 
University of Birmingham and at Coalbrookdale, 
Shropshire, during September 23-25 Further infor 
mation can be obtained from the Secretary, Iron and 
Steel Institute, 4 Grosvenor Gardens, London, SWl 

The Institute of the Rubber Industry is to hold a 
conference on Industrial Teohnical Organization at 
the Palace Hotel, Southport, during October 9-10 
Information can he obtained from the Conference 
Secretary, Institution of the Rubber Industry, 4 
Kensington Palace Gardens, London, W 8 

The Committee on Geodesy and Geophysics of the 
Academy of Sciences of the USSR published m 
195/ a short report of 75 pages on the recent work 
done in the Soviet Union m the field of soismology, 
seismo-geology , seismological survey, physics of the 
earth, teetonophysics and the age determination of 
minerals and rocks A list of seismological stations, 
abstracts of some of the papers and bibliographies of 
others aie given 
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BRITISH CAST IRON RESEARCH ASSOCIATION 

OPEN DAYS 


T HE British Cast Iron Research Association, 
Ai\ ochurcli, Birmingham, hold two open days 
on May 28 and 29 The first day was arranged for 
visits by representatives of member firms and tho 
second day for visitors from other research assoc in 
tioiiH Government laboratories universities, tech 
meal colleges and local schools 

Tho president of the Association, Mr E Player, 
inaugurated a new experimental cupola installation 
The cupola ib a shaft furnace in winch motal, coke 
and fluxes are charged alternately and air is blown 
through tuyeres up the furnace shaft This furnace 
is likely to remain the most important molting unit 
lor cast iron m Britain for veny many years Tlio 
reactions occurring are luglily complex and tho unit 
ib capable of innumerable variations in design This 
experimental installation is on a full industrial scale, 
has moolianlcftl charging anil an oxtensive stockyard 
Use can be made of cola or hot blast, the latter being 
achieved by moons of a soparato oil fired blast hooter 
built with radiation and convection eoctions. It is 
expected that air blast temperatures of up to 800° 0 
will bo acluo\od in tho experimental work Tliia 
range of blast tempo raturo is far higher than that on 
which there is any industrial oxpenonco at present 
The furnaco will melt up to about six tons an hour 
and the molten motal producod will bo disposed of 
by means of a pig-casting machino Interchangeable 
woll and molting zono sections bn\e been provided so 
that the molting zono profilo can bo changed and tho 
furnace oporatod without a refractory lining in tho 
molting zone and with water cooling Tho equipment 
is full} instrumented so that materials and thermal 
balances can bo accurately computed 

Dr J G Poorco, formerly director of tho Associa 
tlon, opened a now laboratory block to bo do\otod 
solely to study of fumo and dust in iron foundries 
and its elimination. This laboratory lias a largo 
experimental ball covered b\ a gantry crane, and is 
equipped for full sealo Btudios of tho various dust 
extraction and ventilation problems which nriso in 
iron foundries There is also a dust -estimation 
Ini juratory' with n coinprohonsivo rango of instruments 
for sampling industrial dusts Estimation of tho free 
silica content of collected dusts is carried out b\ 
X ray diffraction Demonstrations wore inn do of 
various devices dovolopod by tho Association for tlio 
control of dost produced during tho manufacture of 
iron castings 

In tho chomical anal} tical laboratory fho most 
important display dealt with tho application of 
liquid/liquid solvent extraction and tho removal of 
iron b} extraction as chloride, and tho acctv Incotono 
complex was demonstrated In connexion with sing 
analysis tho extraction of heavy metals as dicthvl 
dithiocnrhfunnto complexes is boing applied to tlio 
dotonninntion of aluminium Another important 
display in tins labomton dealt with tho dotormma 
tion of trnco olomonts For tho determination of 
alummmm in cast iron tho clement is separated as 
tho cupforron complex after removal of interfering 
elements b\ extraction with diet livid ithiocnrbamnto 
and chloroform Tho separation of cobalt copper 


lead and bismuth was also illustrated Tho dotemi 
motions w-ero completed by cathode ray nolarogrnphy 
or spootrophotomotry The demonstration of sjKxual 
methods of analyse was augmented by tho display of 
a catliodoraj polarograph modified by tho British 
Cast Iron Research Association to improve its utility 
and a spectrophotometer modified for singlo beam 
recording spoo trophot ometry m tlio ultra violet 
region and for use as a high sensitivitv recording 
flame spoetrophotometor 

The work of tho Association not only covers tho 
material cast iron, but also the material us oil for the 
moulds into which tho molten motal is cast Thewo 
are usually clay bondod sdica sands, and tho pro 
duction of cast mgs with good surfaco finish and free 
from dofocte involves consideration of thoir bolrnv iotir 
when rapidly heated by molten metal Tlio simulation 
of this cannot be achieved in tho laboratory bv 
boating moulding sand tost pieces m normal labor 
atorv furnaces mneo, bocatiso of tlio low thermal 
conductivity of tho materials, anv organic or carbon 
ncoous materials are deetroyod before tho test pieces 
aro uniformly heated These carbonaceous materials 
contribute m an important manner to tho properties 
of moulding sands and are substantially not destroyed 
before a casting solidifies m a normal mould To 
ovcrcomo tins difficulty a testing machine using 
dioloctrio heating luw boon dovolopod winch enables 
sand test pieces to be rapidly and uniformly boated 
to anv desired temperature Load /deformation cun os 
can bo automatically recorded when tho tost pioto 
has reachod tho required tempemturt Ono such unit 
lias now boon thoroughl} tested and an attompt is 
bomg made to build similar equipment using a higher 
frequency and greator power input for still more rapid 
heating rates The tochniquo should l>o of interest 
for tho tosting of other ceramic and refractor}' 
materials at Jugh tomperalures, particulorlv whore 
rapid rates of boating aro important 

Cast iron is a complex alloy capable of dev doping 
a wide rango of properties depending upon tho 
matter m which solidification procoodn Tho proper 
ties of grey cast iron are determined bj tlio dispersion 
of tho grnphito phaao which onguiatcs at a outoctio 
transformation during solidification. Tlio displays 
indicated tliat tho solidification of this eutectic hnd 
recoivod detailed study m terms of nucloation and 
growth. It appears that olomonts which reduce the 
intorfacial onorg} between graphite and tho mdt 
incroaso tho number of nuclol growing at a given 
degree of undercooling Sulphur and hydrogen apjxmr 
to nxlueo tho rate of growth of tho eutectic cells 
Tlio todmiquo b\ wlucli tho nucloation of tho iron is 
estimated b\ moans of outoctio cell counting was 
demonstrated and stcreophotomicrogmplis of the 
graphite skeleton within each eutcctio cell were shown 
to Hlustrato tho growth mechanism A spcxinl 
coohng-curv o fumam used for solidification studio 
wns also displayed Tins nnplovod a mohlxlonum 
heating clement and was construct od bo that tlsTO 
wns nbvnys a constant tompemture difiVrenco lie* 
twetn tho surroundings and tho sampl * iltirjng 
solidification and recakvcencv* 
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The application of the results of the fundamental 
work on nucleation to practical problems was well 
illustrated, particularly in connexion with the sound- 
ness of iron castings Increasing the degree of eutectic 
nucleation mcreases the tendency to shrinkage defects, 
and methods for reducmg eutectic nucleation are 
being tried The laboratory findings have been well 
confirmed by industrial trials 

Fundamental work is also proceeding on the inter- 
play of thermal and nucleation effects in the pro- 
duction of chilled castings, and also on the mechanism 
of solidification of white cast irons m which the 
eutectic of austenite and iron carbide can appear m 
various patterns related to the nucleation of the melt 
and the amount of undercooling before solidification 
The detection of eutectic cells m white cast irons has 
proved difficult and the use of the reflecting polarizing 
microscope has so far proved to be the most useful 
tool 

The mechanism of the corrosion attack on cast iron 
m diesel engine waterways has heen studied and the 
special test rig used was demonstrated Evidence at 
present shows this to be caused by the accumu- 
lation of acidic oxidation products of the glycol 
m the coolant, the chief of which is formic 
acid The formation of formic acid is probably 
accelerated by the loss of the copper corrosion 
inhibitor 

The problem of phosphorus in foundry pig non was 
illustrated To a large extent British iron ores of low 
phosphorus content are exhausted, and foundry pig 
irons produced from home ores generally contain 
more than 1 per cent phosphorus Tins element has 
many harmful effects m cast iron when present in 
such amounts and the Association has just com- 
pleted an extensive survey of the possibility of 
utilizing high phosphorus iron ores for the production 
of low phosphorus foundry pig iron It has been 
possible to demonstrate that by top-blowing with 
oxygen m a rotary Kaldo converter, the phosphorus 
of phosphoric pig iron can he substantially eliminated 
and the iron cheaply recarburized 
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Cast iron m steam engineering applications is 
generally limited to temperatures not exceeding 
450° F The Association has just completed the first 
part of an investigation showing that this is an 
unrealistic limitation smce almost all cast irons have 
dimensional stability up to at least 750° F Creep 
tests are m progress to provide additional evidence 

Cast iron is not a truly elastic material When 
stressed the strain can be shown to mvolve a recover 
able anelastic component and an irrecoverable com 
ponent By a study of the stress/stram ourve the 
latter has been shown to mvolve true plastic deforma 
tion and also a mechanism by which the graphite 
voids are increased in size The application of 
triaxial stress systems by means of mild notches is 
shown to modify the mechanical properties Typical 
results obtained m this investigation were demon 
strated 

For many years the Association has heen studying 
the influence of the gaseous elements m cast iron, and 
the practical implications of this work were illus 
trated In particular, the influence of aluminium m 
cast iron m causing the decomposition of water 
vapour, leading to the solution of hydrogen, was 
emphasized with many industrial examples 

The Association maintains a Foundry Operations 
Section to provide the iron-foundmg industry with 
an advisory service on productivity and working 
efficiency Recently, considerable interest has been 
displayed m a form of time-lapse cind photography 
known as ‘Memo-motion’ and the equipment used 
and typical results obtained on foundry operations 
were demonstrated 

The exhibition material was designed to demon- 
strate that the work of the Association mvolved 
largely applied research undertaken specifically in 
support of the iron-founding industry, its materials, 
processes, working conditions and productivity 
Many examples were given illustrating how the worker 
m a more or less fundamental field could receive 
inspiration and ideas by contact with the day-to day 
problems of industry H Moiiiiogh 


ATOMIC MECHANISMS OF FRACTURE 


A CONFERENCE on “The Atomic Mechanisms 
of Fracture” was held at Swampscobt, near 
Boston, Massachusetts, during April 12-14, organ- 
ized by the National Academy of Sciences — National 
Research Council. More than 400 people attended, 
including about twenty from overseas, and twenty- 
five papers were presented 

Although the mam emphasis was on the properties 
of metals, there were a number of papers dealing 
with non-metalhc crystals, and non-cryBtalhne sohds 
In the last category interest centred on dynamic 
effects H Sohardin presented some rather precise 
results on the measurement of crack velocities m 
glasses of various compositions which showed that, 
although it is approximately true that the maximum 
crack velocity is proportional to the speed of longitud- 
inal elastic waves, there are significant discrepancies 
which appear to be correlated with the chemical 
constitution of the material H Kolsky discussed the 
similarities m behaviour of plastics and viscous 
liquids when subjected to tensfle-stress pulses of 
short duration, caused by the stress waves from an 
explosion At the other extreme end of the time- 


scale, R J Charles discussed the dependence upon 
time of the strength of silicate glasses under static 
loading Attributing tins to the chemical action of 
atmospheric water vapour at the tip of a crack, he 
adduced supporting evidence from the behaviour of 
crystalline oxides under similar conditions 

In the mam field of interest of the conference, it 
was clear that the complexity of the process of fracture 
is now agreed Four types can usefully be distin- 
guished (1) ductile , (2) brittle , (3) creep , (4) 
fatigue It should, however, be emphasized that 
this is no more than a classification of convenience , 
each heading probably covers a variety of processes , 
and when any particular body ohanges from one 
piece into two pieces a selection of these processes 
may have been mvolved, according to the conditions 
of the experiment An extreme case arises when a 
crystal of a soft metal draws down, m tension, to a 
chisel edge or a point The mechanism, doubtfully 
mcluded under the general heading of fracture, is 
the flowing of material away from the developing 
neck, by single or multiple ghde processes It was 
suggested that the central, fibrous part of the typical 
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cup and -cone tensile fracture of, say, a copper bar 
might bo essentially similar to this A paper by C 
Crussard et al emphasized the value of the electron 
microscope in the study of such fracture surfaces — 
a value whioli arises not so muoli from its high resoh 
mg powor as from its groat depth of focus Crussard 
showed that in such a fibrous duotilo fracture there is 
evidence of repeated nucleation of new cracks ahead 
of the growing tip of the major crack, such nudoation 
ta king place usually at minute inclusions in the metal 
The new cracks maj thon join with tho major crack 
by a process of repeated necking down as just sug 
gestod 

R W K Honeycombs and C J Bee vers showed 
tlrnt by suitable choice of conditions, such nocking 
con bo suppressed, oven in single crystals of a face 
centred cubic material, and that when this is done ono 
obtains a mode of separation which can be more 
properly called a true auctilo fracture, tho separation 
of the two parts taking placo along a previously 
heavily deformed glide plane and boing apparently 
c ontrolled bv tho resolved shear stress on this plane 
On the other hand single crystals of iron tested at 
low temporatures bv N P Allen and B Edmondson, 
either neck down to 100 per cent reduction of area, 
as already described, or elso oleavo along the {100} 
cleavago piano without obvious prior slip Tho 
choice between the two modes of boh a vi our is determ 
mod by tho direction of tho tonsile stress relative 
to the crystal axes and the transition is quite slinrp 

Tho topic which received tho greatest amount of 
attention during the conference was tho well known 
ductile -brittle transition in polycryatallmo iron 
which normally takes placo rather below room tern 
poraturo A paper bj G T Holm B L A\erbach 
M Cohen and W S Owen reported an oxtensivo 
series of observations on tho tensile fracture of mild 
stools, of various compositions and gram sizes, over 
tho temperature range 20-390* K which showed that 
tho plionomona are more complex than had porhapa 
previously been reelizod In particular tho authors 
claim that different processes are important m 
different ranges of tom poraturo — other things being 
equal — and that mechanical twinning plays a decisive 
part at tho lowest temporatures 

Microscopic observations of spocimons broken, or 
almost broken, under conditions near thoso obtain 
mg at tho brittlo- duotilo transition showod tho 
existence of numerous micro-cracks each usual lv 
confined to a single grain Thefroquoncy of occurrence 
of suoh crooks vanod systematical!} with tho condi 
lions of tho tost and tho authors maintain that it is 
nocessnry to subdivide tho process of fracture in this 
transition ran go into t (a) truo initiation in which 
some plastic doforroation Is probably essential, 
(b) growth witlnn tho original grain, (c) propagation 
through tho rest of tho specimen A ueoful concept 
which anscs is tlrnt tho ‘effective valuo of tho 
surface energy of tho nowlj formed surfaces mnj bo 
muoli largor — the authors doduco 10 times larger — 
for (c) than for (6) This Is indeed reasonable m tho 
light of somo of tho fractogmphio studies of T R 
Low, which show v crj dearly tho clmngo of chornotor 
of a olwungo surface which can take place when tho 
crack posses from ono grain into anothor less favour 
ablj oriented for cleavago 

A contribution from N J Potch summarized his 
own extensive work, relevant to tho more metalling* 
cal aspects of tho snmo problem In addition to 
tho gram fibre, temperature, and strain rate, which are 
commonh recognized as important variables, ho 


discussed also tho mechanisms b> which the carbon 
nitrogen and other elemonts commonly present in 
steels affect tho various stages of tho fracture process 
and the ways in which thoir influeneo can bo modified 
by previous moclianicnl and thermal treatment The 
introductory paper by A H Cottrell also dealt with 
tho brittle -duotilo transition at somo length, m 
addition to giving a general sur\ey of the whole 
subject of tho conference Although somo points of 
controversy remain and although much detailed work 
remains to be done, it appears that the broad outlines 
of the explanation of the duotile- brittle transition 
are becoming eottlod 

The two main contributions on creep fracture 
namely on slow fracture at temperature* which are 
high relative to tho molting point come from N J 
Grant and R C Gifkins The feature* which dis 
tinguish this typo of failure from tho others are tho 
conmdomblo importance of gram boundary sliding 
and grain boundary migration, tho comparative ease 
of dislocation climb processes and tho possibiht} of 
deformation by the migration of point defects under 
tho action of stress It w as mndo v orj clear that these 
four processes can bo inter related in sov oral wavs 
and that they can all bo intor related to anj doformn 
tion by dislocation glide which may bo taking place 
in the body of tho grains Failure is often, but not 
always intergranular, and is often, but not alwajn 
associated with tho prcsonco of voids’ In tho gram 
boundaries Tho fracture boha\ loar was reported to 
bo particularly sensitive to the presenco of small 
amounts of impuntj in a nominally pure metal 
Tho paper by Gifkins summarized somo of tho earlier 
experimental work which is considerable in quantity 
and not always self-consist ont It is clear that it is 
likely to bo somo timo before tho present confusion 
approaches anything approximating to n unified 
body of knowledge although tho general lines of tho 
pattom are beginning to cmergo 

Tho problom of fracture during fatigue is perhaps 
in tho loast satisfactory stato of all Of tho papors 
presented at tho conference mast wore concerned 
with tho oarly stages of tho process XV A Wood 
desonbed tho interesting results obtained bv a taper 
sectioning method apphod t-o a partiallv fatigued 
copper specimen As with so mam other papers 
on other topics, the impression pven bj this work is 
that tho mechanism of fracture is more complex than 
had hithorto boon supposed Tho emphasis is on 
tho oventfl taking place closo to tho surface of tho 
solid and loading up to tho formation of a true 
craok E S Machhn and A J McEnly described 
experiments on four inorganic crystals which scorn 
to show an intor relation botween liability to fatigue 
fracture and tho ability of tho crystal to become 
deformed b> cross slip , tho possibility of tho forma 
tion of ‘oxtruBlons from tho metal surface also sooniH 
to be correlated with both thoeo features A similar 
point emerges from a comparison of two papers on 
copper b\ XV A Bachofon and N Thompson rospoc 
tivoly, ono of which dealt with tho offoct of crystal 
orientation on babiliU to fracture while tho othor 
rclatod crystal orientation to oxtruraon* 

Mention must also bo mado of tho contribution In 
E R Parker on the cleavago fracture in tension of 
fungi e crystal* of magnesium oxide These observe 
tions and similar work b> Stokes tt al mentioned 
in tho courso of discuwion demonstrate tho advon 
tapes to bo gamed b} experimenting on ionic rather 
than metallic crystals and emphasize a point that 
was mndo on n number of occasions Tills U that on 
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close examination, no crystal breaks in a truly brittle 
manner , the fracture is always preceded by some 
small amount of plastic deformation This is one 
of the key points in connecting theories of fracture 
with current views on the mechanical behaviour of 
crystalline solids The other general feature of the 
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proceedings, already mentioned, was the evident 
faot that in no circumstances is fracture a simple 
process The realization that “when a problem is 
difficult, it is probably two problems” is perhaps the 
most important step on the road to a solution 

1ST Thompson 


OXIDATION OF ORGANIC COMPOUNDS 


A SYMPOSIUM on the oxidation of organic com- 
pounds was held in the Stem Hall at Queen 
Mary College, University of London, during April 
13-14 

In his opening address Mr D A C Dewdney, 
director of Esso Petroleum Co , Ltd , spoke of the 
importance of a free exchange of scientific information 
and the need of still further fundamental research into 
basic problems , an improving standard of living 
and higher productivity are largely dependent on the 
commercial application of original scientific discover- 
ies In welcommg visitors to the symposium, he 
referred especially to those from the USSR and 
Czechoslovakia 

The first part of the scientific discussion was con- 
cerned with the course of the oxidation of saturated 
hydrocarbons by chromic acid in acetic acid contain- 
ing some sulphuric acid From the papers and the 
discussion which developed there was general agree- 
ment that the first recognizable stage m the oxidation 
is hydrogen abstraction from the hydrocarbon, and 
that the factors which influence the speed of the 
reaction are mainly stenc and configurational The 
same factors also determine the rate of oxidation 
by chromium trioxide in anhydrous media 

Dr J Rocek (Institute of Chemistry, Czechoslovak 
Academy of Science, Prague) reported that n -paraffins 
are oxidized at a rate directly proportional to the 
number of methylene groups, the rate constant for 
any individual member bemg Ln = Ich, ( n — 2), 
where n is the number of carbon atoms and Ioh, the 
rate constant for the oxidation of a smgle methylene 
group The relative rates of oxidation of the methyl, 
methylene, and methme groups in open cham hydro- 
carbons have been found to be 0 015 1 * 32-77 
Measurements of the rate of oxidation of cycloalkanes 
disclosed some interesting anomalies 

The oxidation-rate of the tertiary CH-group is 
foimd to vary somewhat with the bulk and structure 
of the neighbouring alkyl groups , these variations 
are due mainly to polar factors and are similar to 
changes m rates of solvolysis of the corresponding 
tertiary chlorides Only m special cases has stone 
retardation been found , stenc acceleration does not 
play any detectable part m the acyclic senes It is 
concluded that the rate-determining step is the 
formation of a carbomum ion by way of a hydnde 
ion transfer from the hydrocarbon molecule to an 
oxygen atom of the oxidizing agent 

Prof K B Wiberg (University of Washington) 
from a study of the rate of oxidation of diphenyl- 
methane and of its nuclear substituted denvatives 
in 95 per cent acetic acid concluded that the oxidation 
proceeds by initial removal of a hydrogen atom 
to give a benzhydryl radical which is then oxidized 
directly to benzophenone In support of such a 
mechanism, oxidation of optically active 3-methyl- 
hexane gives an optically active tertiary alcohol, 
a result which seems to exclude the initial formation 


of a carbomum ion The formation of camphenilaruc 
acid by the oxidation of isocamphane is also cited in 
support of that view Further evidence of an indirect 
nature is derived from a study of the action of chromyl 
chloride on propylbenzene-(3pd s , benzyl methyl 
ketone is among the products, and it was found to 
have one deuterium atom m the a-position, indicating 
a deuterium shift during the reaction 

The oxidation of tertiary paraffins by cliromic acid 
in presence of sulphuric acid is known to lead to 
tertiary alcohols, and the course of the reaction can 
be interpreted m terms of dehydration of the alcohol 
to olefin In a study of the oxidation by Dr W J 
Hickinbottom (Queen Mary College, London) the 
conditions were selected so that tertiary alcohols could 
not be formed, by using chromium tnoxide m acetic 
anhydride Under these conditions, paraffins gave 
products which were qualitatively identical with 
those from the corresponding olefins in presence of 
weak acids Further, some of the paraffins gave 
unsaturated products From these results and from 
quantitative measurements of the rates of oxidation 
it was concluded that tertiary paraffins are attacked 
preferentially at the tertiary carbon atom with the 
subsequent formation of an olefin 

A possible key to the oxidation of paraffins by 
chromic acid may lie in the behaviour of the alcohols 
which may be derived from them by oxidation Our 
knowledge of the course of the oxidation of alcohols 
is based on the work of Prof F H Westheimer 
(Harvard University) In continuation of this work, 
he described, with Y E Chang, a study of the 
oxidation of pinacol and its monomethyl ether A 
feature of the pinacol oxidation is that it proceeds 
2 7 times as fast m deuterium oxide as m water 
This was interpreted to mean that the hydroxyl 
bond is not cleaved in the rate controlling step of the 
oxidation The relative merits of an ester mechanism 
and hydride abstraction were discussed and many 
useful ideas exchanged 

Dr W A Waters (Oxford) reviewed the relation- 
ship between vanadate and permanganate oxidations 
The role of trivalent manganese and of orgamo free 
radical intermediates m permanganate oxidations 
was reviewed Features diagnostic of one-electron 
oxidations were brought to notice It was stressed 
that lack of diagnostic evidence need afford no grounds 
for the rejection of a reaction mechanism 

Dr J W Ladbury (I C I , Ltd , Plastics Division, 
Welwyn Garden City) and Dr C F Culhs (Imperial 
College of Soience and Technology, London) dismissed 
the oxidation of inorganic and orgamo compounds 
by permanganate The development of reaction 
rate with time depends on the nature of the compound 
undergoing oxidation The observed types of 
behaviour fall, broadly speaking, into four categories 
according to the shape of the reaction - time curves 
Thus there may be (1) a continuous decrease m 
rate with time, usually not strictly according to a 
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second-order kmotic law , (2) an Initial autocataly tic 
development of reaction rato followed evontuallv 
by a decrease due to consumption of reaotants 
(3) an Initial high rate of reaction which rapidly 
decreases almost to zoro and is then followed by an 
autocatalytic reaction of typo (2) (4) an initial high 

rate followed by a linear reaction - time curve 
These -various kmds of bohaviour were discussed and 
reasons proposed for the characteristic differences 
observed according to the nature of the substrates 
In the discussion on this Prof N M Emanuel 
(Moscow) directed attention to the resemnlance 
between type (3) and the oxidation behaviour he had 
observed using oxygen 

Dr 8 Littlcr and Dr W A Waters (Oxford) 
reported that pentavalent vanadium become*? an 
oxfdizer In acid solution, tho active agents being 
cations, for example, VO** V(OH),*\ depending on 
tho acidity which reduce only to the oxidation level 
of quadrivalent vanadium with organic compounds 
Kmetio studies were reported of somo glycol fissions 
and of the oxidation of ey /oliexanol In tho tattor 
case an initial rapid esterification seems to bo involved 
though the rato-dotermining stage involves C — H 
bond fission Isotope ofFeots in ct/cfohexanol dopend 
mg on the oxidizing ion were discussed and a cyclic 
mechanism proposed 

Tho oxidation of saturated hydrocarbons in tho 
liquid phase by air is now a matter of both industrial 
and theoretical importance Prof A N Bashkirov 
(Moscow) described his work on tho oxidation of tho 
higher paraffins In this ho described a very important 
development , namoly, that tho oxidation can bo 
arrested at a prodotemiinod stage Bv using borio 
acid and selecting suitable conditions — a temperature 
of 105-170* C and ft nitrogen -oxygen mixture con 
taming 3-4 6 per cent of oxygen — tho higher paraffins 
can be converted into the corresponding alcohols in 
70 per cent yiold There is practically no degradation 
of tho hydrocarbon molecule and aU tho possiblo 
eoeondary alooliols aro formed 

Prof N M Emanuol (Moscow) discussed a numbor 
of interesting aspoots of slow bmnchod-cham oxfda 
tion reactions of hydrocarbons and roforonco was 
particularly mndo to tho capacity for auto-accoloration 
and self propagation and tho control of theso reactions 
by homogeneous catalysts Some of tho ideas 


dovolopod in this paper wero shown to have npphen 
tion m biological processes such as retardation and 
suppression of tho growth of malignant tumours in 
animals 

Prof H B Hen best (Queen’s University , BoJfflst) 
reported that tnalky laminos are readdv oxidized 
by a largo vanoty of reagents, ho initial products 
being usually N -oxides enaminew or eatbinolnmines 
Depending on its stnioture and the renotion condit ions 
a compound of the last type mav bo oxidized further 
to an omido or may deav o to a mixture of a secondary 
amine and a carbonyl compound Analogous com 
pounds may be formed m tho oxidation of dialkyl 
anilines but in this aeries additional products are 
possible if nuclear positions becoino mvolv od in tho 
reaction 

A gonoral survov of the flold was presented followed 
bv a more dotailed discussion of some of tho reactions 
of trialky. lamrnes and dialky lanflinos with N bromo 
8uccinimide, oeno Balts, p qumones di tert butyl 
peroxide, and benzoyl poroxido Tho results with 
dinlkvlnnUinos suggest that tho three primary 
oxidation processes of electron removal hydrogen 
atom removal, and hydndo ion removal can all 
occur, tho choice for any particular nmino being 
mainly dependent on tho typo of oxidizing agont 
used 

Somo known features of oxidations by poraulphatcs 
wero summarized bv Dr B G R Bacon (Queen’s 
Univorsity Belfast) and now data presented Per 
sulphates may bo omployod (a) as aqueous solutions, 
undergoing thermal or photo inducod decomposition 
(6) in strongly acidio solutions ; (c) in nlkalmo solu 
tiona , (rf) in redox systoms, where persulphate 
acts m conjunction with, for examplo an oxidizablo 
motel ion Tho uso of persulphate m redox systems 
was discussed with omplmsis on tho vnluo of silver 
ion as tho rodox partnor Applications of this mothod 
to oxidations of alkylbcnzones, phenols, alcohols, 
carboxylic acids, and amines, wore dcecrilied 

In summing up tho proceedings of tho symposium, 
it can bo said that its success as b scientific mooting 
dopondod very largoly on tho froo and uninhibited 
oxclmngo of ideas and tho discussion of current and 
unpublished work now in progress 

A\ J Hickivuottom 
R F Gahwooo 


GAS CHROMATOGRAPHY 


T HE Gob Chromatographv Discussion Group 
associated with tho Hvdrocnrbon Research 
Group of tho Instituto of Petroleum has now com 
ploted its reorganization following an inaugural 
gonornl meeting last autumn hold at Univorsity 
College London, on September 23, 1058 and tho 
first annual gonornl mooting at tho Imperial College 
of Scionco and Technology London on April 10, 1059 
Both meet mgs wore hold in conjunction wdtli an 
informal symposium and were attended bv more than 
two hundred participants 

Tho success of tho now organization mav bo judged 
from tho total enrolled membership, which is now 
about 220 of which Borne fiftv aro from tho Con 
tinent or tho United States Tho Group lias now 
organized four one day informal symposia in Britain 
and tho second formal symposium in Amsterdam in 
the Rpnng of 1958 which was attended bv nearlv 


five hundred participants from twenty one difiVrent 
oounlnos In addition it has published two papers 
and ammgod for tho manufacture and salo in tho 
United Kingdom of specially prepared stationary 
phases and supports in an endeavour to standardize 
experimental procedures for determining and methods 
of presenting gas chromatographic data Arrange 
monts are being completed for the collection and 
distribution of tho latter to membtrs together with 
abstracts of papers on tho technique from moro tlrnn 
sixty journals Tho future programmo tentatively 
includes another informal symposium to bo hold at 
Bristol intho autumn of 1059 and tho third formal svm 
posium in Edinburgh during 1090 Tho outstanding 
contributions of Dr A J P Martin both in on gmotmg 
gas-liquid chromatography and in many important 
later developments havo Iks n recognized by tlwi Group 
by bestowing on him honomrv life rocmbnivliip 
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The technical part of the meeting at University 
College, London, on September 23, 1958, was intro- 
duced by Prof E D Hughes, who gave a short 
welcoming address commenting on the rapid growth 
of the Group Dr D Ambrose, the local organizer, 
then presented proposals on behalf of the Group for 
the determination of retention volumes under stan- 
dard conditions Various practical points about the 
experimental procedures were discussed, including 
temperature control and the life of columns 

Dr GAP Tuey described the work done in his 
laboratories m preparation for the sale of standardized 
materials for use as stationary phases Extensive 
tests had been made of volatility in an apparatus 
which simulates conditions m the chromatographic 
column but allows a gravimetric determination of the 
loss at a particular temperature The rate of loss 
with time was determined and a final specification 
includes a figure for initial loss, the steady rate of 
loss and relative and specific retention data 

The comparison of detectors for gas chromato- 
graphy was the subject of a paper presented by Dr 
I G McWilham Detectors were discussed in terms 
of sensitivity, response tune, relationship of detector 
output to molecular parameters and ease of con- 
struction and operation The sensitivity is best 
stated in terms of gas concentration, and the unit 
gm /ml of carrier gas was advocated Base-lme 
noise (pV ) and drift (gV /hr ) should also be stated 
The response time must be small enough for negligible 
distortion of the true peak shape to occur If the 
relationship between detector output and some 
molecular parameter is known, quantitative analysis 
without calibration is facilitated Although all these 
factors must be considered in selecting a detector, 
the final choice frequently depends upon the ease of 
construction and operation Of those in use, Dr 
McWilham considers the single-jet flame ionization 
detector the simplest 

Dr K R Garrett presented a report on a pro- 
gramme of co-operative analysis of hydrocarbon gases 
organized by the Institute of Petroleum Cylinders 
containing sales butane and a cracked C^mixture 
have been circulated among participating labora- 
tories, wheie they have been analysed using a range 
of techniques Preliminary results indicate the 
importance of standardization of methods of taking 
samples from the cylinders and enable some assess- 
ment to be made of the reproducibility of possible 
standard procedures 

An interesting study of alumina as a packing was 
described by Mr C G Scott Several methods of 
achieving different levels of adsorption activity had 
been tried, but the most promising seemed to be the 
addition of small quantities of water and silicone oil 
With optimum proportions it was possible to main- 
tain the ability of the adsorbent to separate hydrogen 
and methane but with much reduced retention 
volumes for the lugher hydrocarbons An analysis of 
a gas mixture containing hydrogen, Cj-, C.-, C 3 -, C 4 - 
and C 5 -hydrocarbons was therefore possible m a 
single run at constant temperature 

Prof R M Barrer welcomed the Group to the 
Imperial College of Science and Technology, London, 
on April 10, 1950, congratulating it on the excellence 
of the meetings it organized and the vigour and enter- 
prise shown by such a comparatively new organiza- 
tion The local organization of this meeting was 
earned out by Dr G J Minkoff The first paper, 
presented by Dr A Goldup, was concerned with the 
potentialities of the new coated capillary columns in 
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the petroleum industry He described a compact 
practical apparatus with which capillary columns 
had been operated at temperatures up to 250° 0 
Column efficiencies m excess of 100,000 theoretical 
plates had been obtained with metal tubes ten 
thousandths of an inch m diameter and 250 ft long 
coated with squalane or ‘Apiezon’ grease A novel 
sample mtroduction device was described in which 
the very small samples required for the column wore 
obtamed by a dynamic division of the earner gas at 
the column head The use of these high-efficiency 
columns m the analysis of vanous petroleum products 
and in geochemical prospecting was illustrated Mr 
B H E Whyman, another of the authors of this 
paper, m a prepared contribution to the discussion, 
described a simple apparatus for drawing long 
lengths of coiled glass capillary, which show certain 
advantages over metal capillary 

Mr R P W Scott then described the use of fine 
nylon tubes (0 01 in , 0 02 in and 0 1 m in diameter) 
as capillary columns Simple coating procedures 
were used, the transparency of the nylon being help 
ful in adjusting the rate of flow of the solution of 
the stationary phase through the tube A column 
1,000 ft m length of 0 02 in diameter coated with 
dinonyl phthalate gave a maximum of 750,000 plates, 
but the efficiency tended to fall off rapidly with in 
creasing retention time to about 250,000 plates 
Operating temperatures were limited to about 100° C 
with present tubing, but 180° C seemed feasible with 
other polymers A very active discussion took place 
following these two papers and it is obvious that 
there is much interest in these new capillary columns, 
winch M J E Golay described for the first time in 
the autumn of 1957 

A new detector employing changes of dielectric 
constant developed primarily for preparative-scale 
gas chromatography was described by Mr D W 
Turner For this application, where high sensitivity 
is not so important as for analytical work, the 
detector has the advantages of being largely inde- 
pendent of flow-rate, non-destructive and reasonably 
robust It employs a novel cirouit which is very 
sensitive to the minute capacity changes produced 
in the detector cell, and with slight modifications is 
easily used with solutions such as are encountered m 
liquid chromatography 

Mr V Willis presented a paper on the application 
of gas chromatography to process stream monitoring, 
where an instrument is required automatically to 
sample and analyse a gas or liquid stream over long 
periods A column-life of two years is aimed at, hut 
is difficult to attain with many stationary phases 
Although a useful survey of requirements was 
given, unfortunately few constructional details were 
available 

Finally, m the last paper Dr S H Langer dis 
cussed bus work on improvement m stationary phase 
selectivity He exemplified this with his results using 
tetrahalophthalate esters for the separation of the 
aromatic hydrocarbons These esters had been 
selected m an endeavour to exploit the complex 
formation known to exist between tetraehlorphtbahc 
anhydride and condensed aromatic hydrocarbons 
Effective separations of the lower aromatic hydro- 
carbons had been obtamed and separation factors 
and activity coefficients were compared with other 
stationary phases It seems likely that the olectron- 
deficient tetrahalo-substituted ring interacts with the 
aromatic compounds by a charge -transfer mechanism 

D H Desty 
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RADIATION SAFETY AND HEALTH PHYSICS 

By J W LUCAS 


T HE Wradscale reactor incident of October 1957 
involving the release of radioactive fission 
products into the atmosphere 1 , undoubtedly served 
to focits the nttontion of tho goneral pubho on to the 
hazards of ionizing radiation and to tho increasing 
risks of exposure Interoat has also been aroused by 
tho publication of reports by tho Ministry of Health, 
Medical Research Council* and tho UN Scientific 
Committee* The rapid expansion of the nuclear 
power programme coupled with tho increasing 
omploynnent of sources of ionizing radiation in 
industry modioine and research institutions, and 
also nuclear weapon testing demands an increasing 
v lgilunco and knowledge of tho risks and safety 
precautions on the part of many people The U K 
Atomic Energy Authority has an excellent record of 
safety both with respect to its own staff and to the 
general pubho in tho vicinity of its establishments 
and has also exorcised a rigorous control ovor the 
dischargo of wnsto radioactlvo products into tho 
environment 4 Tho Fleck Committee set up to inquire 
into tho organization for control of health and sofoty* 
nevertheless recognized the noed for a rapid oxpan 
sion of hoalth physics and safoty staffs in tho 
Authority, and ro commend od that tho Hoscarcli 
Establishment at Harwell should sot up a national 
training centre for health physics and nuclear safety 
Rtaff to cater for persons both insido and outside tho 
Authority 

A number of short courses on "Radiological 
Protection" have already been hold at tho Isotopo 
School Hnrwoll , but it was felt that there was scope 
for a collcgo of technology to undortnko similar work 
An approach was therefore made to tho United 
Kingdom Atomic Energy Authority, Industrial 
Group, at Risloy, m tho spring of 1058 with tho view 
of introducing couraos In tho Liverpool Collcgo of 
Technology lator In tho year A schomo was prepared 
m conjunction with the Authontv and this nrticio 
provides a brief interim report based on experience 
of threo courses which have been run in late 1058 
and early 3059 

Each courro is of a fortnight’s duration Tho 
avnitnblo places on tho threo courses linvo l>ccn taken 
up by representatives of tho UK Atomic Energy 


Authority public health departments, factory in 
spoctorato, local industry, insurance and education 
members attending include medical officers phvruc 
ists engineers insurance accident surveyors, chemists, 
public health Inspectors and safolv officers 

The aim of tho courses has been to provide an 
introduction to and a general survoy of, tho problems 
of radiological protection against all forms of ionizing 
radiation* The vory HpocinUzed problems of reactor 
safotv and tho processing of nuclear fuol Moments 
liave not been dealt with specifically except in so fur 
as environmental effects may be involved Special 
attention in both lectures and practical work is 
however given to subjects such as tho comparative 
properties of radiations, tho sources of radiation 
including background and fall-out, tho effects of 
radiation on plants animals and man, contamination 
and decontamination vrasto disposal health physics 
instrumentation and monitoring procedures nbsorp 
tion of radiation and shielding Table 1 summarizes 
tho lecture and practical topics which have been 
covered on tho early courses tho programme 
rounded off bv visits to local institutions nnd works 
by the exhibition of films, and by discussions 

Tho programme of practical work has been dov isod 
to prov ido a series of short term experiments under 
lining the basic problems of a comprehensive pro- 
tection service Some aspects of tho practical work 
nnd tho results wlilch have boon obtained have 
already proved of considerable interest and nro 
briefly described It is hoped to publish the detailed 
ob«ervnt ions at a later dato 

Tho oxporunents m mdiobiology liavo l>ccn smgu 
larly successful in demonstrating the fato of various 
radioisotopes whon brought into contact with bio 
logical organisms to bo found in a natural environ 
monfc The techniques have been previously described 
by D 0 Pickering nnd mvsolf* Tho experiments 
with blankot weed (Mtrrospora) have demonstrated 
conclusively tho ability of tho algno to concent rato 
manv isotopes from thoir environment and liavo 
particularly served to emphasiro tho importance of 
properly planned disposal procedures A safo pro- 
cedure for radioactive liquid waKto is afterwards 
demonstrated to members of the course 
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The technical part of the meetmg at University 
College, London, on September 23, 1958, was intro- 
duced by Prof E D Hughes, who gave a short 
welcoming address commenting on the rapid growth 
of the Group Dr D Ambrose, the local organizer, 
then presented proposals on behalf of the Group for 
the determination of retention volumes under stan- 
dard conditions Various practical pomts about the 
experimental procedures were discussed, including 
temperature control and the life of columns 

Dr G A P Tuey described the work done m his 
laboratories in preparation for the sale of standardized 
materials for use as stationary phases Extensive 
tests had been made of volatility in an apparatus 
which simulates conditions in the chromatographic 
column but allows a gravimetric determination of the 
loss at a particular temperature The rate of loss 
with time was determined and a final specification 
mcludes a figure for initial loss, the steady rate of 
loss and relative and specific retention data 

Tlie comparison of detectors for gas chromato- 
graphy was the subject of a paper presented by Dr 
I G McWilham Detectors were discussed in terms 
of sensitivity, response time, relationship of detector 
output to molecular parameters and ease of con- 
struction and operation The sensitivity is best 
stated in terms of gas concentration, and the unit 
gm /ml of carrier gas was advocated Base-lme 
noise (pV ) and drift (pV /hr ) should also be stated 
The response time must be small enough for negligible 
distortion of the true peak shape to occur If the 
relationship between detector output and some 
molecular parameter is known, quantitative analysis 
without calibration is facilitated Although all these 
factors must be considered in selecting a detector, 
the final choice frequently depends upon the ease of 
construction and operation Of those in use, Dr 
McWilliam considers the single-jet flame ionization 
detector the simplest 

Dr K R Garrett presented a report on a pro- 
gramme of co-operative analysis of hydrocarbon gases 
organized by the Institute of Petroleum Cylinders 
containing sales butane and a cracked C 4 -mixture 
have been circulated among participating labora- 
tories, where they have been analysed using a range 
of techniques Pieliminary results indicate the 
importance of standardization of methods of taking 
samples from the cylinders and enable some assess- 
ment to be made of the reproducibility of possible 
standard procedures 

An interesting study of alumina as a packing was 
described by Mr C G Scott Several methods of 
achieving different levels of adsorption activity had 
boon tried, but the most promising seemed to be the 
addition of small quantities of water and silicone oil 
With optimum proportions it was possible to main- 
tain the ability of the adsorbent to separate hydrogen 
and methane but with much reduced retention 
volumes for the higher hydrocarbons An analysis of 
a gas mixture containing hydrogen, C r , C 3 -, C,-, C«- 
and C;, -hydro carbons was therefore possible m a 
single run at constant temperature 

Prof R M Barrer welcomed the Group to the 
Imperial College of Science and Technology, London, 
on Apul 10, 1959, congratulating it on the excellence 
of the meetings it organized and the vigour and enter- 
prise shown bv such a comparatively new organiza- 
tion The local organization of this meetmg was 
carried out by Dr G J Mrnkoff The first paper, 
presented by Dr A Goldup, was concerned with the 
potentialities of the new coated capillary columns m 


the petroleum industry Ho described a compact 
practical apparatus with which capillary columns 
had been operated at temperatures up to 250° C 
Column efficiencies m excess of 100,000 theoroticnl 
plates had been obtained with metal tubes ten 
thousandths of an inch m diameter and 250 ft long 
coated with squalane or ‘Apiezon’ grease A novel 
sample introduction device was described m which 
the very Bmall samples required for the column were 
obtained by a dynamic division of the carrier gas at 
the column head The use of these high-efflcicncy 
columns m the analysis of various petroleum products 
and in geochemical prospecting was illustrated Mr 
B H F Whyman, another of the authors of this 
paper, m a prepared contribution to the discussion, 
described a simple apparatus for drawing long 
lengths of coiled glass capillary, which show certain 
advantages over metal capillary 

Mr R P W Scott then described tlio use of fine 
nylon tubes (0 01 in , 0 02 m and 0 1 mm diameter) 
as capillary columns Simple coating procedures 
were used, the transparency of the nylon being help 
ful m adjusting the rate of flow of the solution of 
the stationary phase through the tube A column 
1,000 ft in length of 0 02 in diameter coated with 
dinonyl plithalate gave a maxnnum of 750,000 plates, 
but the efficiency tended to fall off rapidly with m 
creasing retention time to about 250,000 plates 
Operating temperatures wore limited to about 100° C 
with present tubing, but 180° C seemed feasible with 
other polymers A very active discussion took place 
following these two papers and it is obvious that 
there is much interest m these new capillary columns, 
which M J E Golay described for the first time m 
the autumn of 1967 

A new detector employing changes of dielectric 
constant developed primarily for pieparativo sealo 
gas chromatography was described by Mr D W 
Turner For this application, where high sensitivity 
is not so important as for analytical work, the 
detector has the advantages of being largely mde 
pendent of flow-rate, non-destructive and reasonably 
robust It employs a novel circuit which is very 
sensitive to the minute capacity changes produced 
m the detector cell, and with slight modifications is 
easily used with solutions such as are encountered in 
hquid chromatography 

Mr Y Willis presented a paper on the application 
of gas chromatography to process stream morutoringi 
where an instrument is required automatically to 
sample and analyse a gas or liquid stream over long 
periods A column-hfo of two years is aimed at, hut 
is difficult to attain with many stationary phases 
Although a useful survey of requirements was 
given, unfortunately few constructional details wero 
available 

Finally, m the last paper Dr S H Langer dis 
cussed his work on improvement in stationary phase 
selectivity He exemplified this with Ins results using 
tetrahalophthalate esters for the separation of the 
aromatic hydrocarbons These esters had been 
selected m an endeavour to exploit the complex 
formation loiown to exist between tetrachlorpbthahc 
anhydride and condensed aromatic hydrocarbons 
Effective separations of the lower aromatic hydro 
carbons had been obtained and separation factors 
and activity coefficients were compared with othor 
stationary phases It seems likely that the electron 
deficient tetrahalo-substituted ring interacts with th® 
aromatic compounds by a charge -transfer meehaniBfli 

D H DESiri 
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titles f a card index is leaned free to members and 
can bo bought by others It consists mainly of films 
on pure and applied science, but no subjoct Is ignored 
which is within the scope of a university Medical 
films ore alao listed, but the Committeo tries to 
avoid duplication of the work of the Film Committee 
of the British Medical Association, and rolated 
organizations Catalogues are, os a rule, easily access 
lble in university reference libraries, and many mem 
bor institutions have os many as three copies m 
constant use Index cards are 2 d each to non 
members (minimum ) and a revised list was 
published early m 1957 The Council also publishes 
the University Film Journal about throe times a 
year which contains relevant articles of interest to 


Btaff and students in umversitios, important reprints 
and as much news material from homo and overseas 
os poasiblo At tho time of writing, inquiries are being 
circulated throughout all member universities on tbo 
quality and kind of film needed b\ lecturers and 
professors, and what special film equipment is being 
held and would be available to colleagues 

The Council has successfully sponsored special 
confcroncee on the use of films in such dlverso fields 
as modern languages (at tho Institut franca is) arts 
subjects (at the Institute of Education, London) 
chemical engineering (at Birmingham) psychology 
(at University College, London) it has also in tho 
past, assisted in the selection of films for tho annual 
British Association meet in gB J Horne 


UNIVERSITIES AND ADULT EDUCATION IN BRITAIN 


T HE total number of courses conducted in Britain 
by university extra mural departments during 
1967-58 were rather fewer than during 195C-57, but 
still above the figure for 1955-56 Although this may 
give cause for modest satisfaction, the alight decline 
which took place was not ovonly spread over the whole 
of tho work but offectod with disproportionate 
severity tutorial classes and residential courses, two 
brandies of work which universities havo traditionally 
cherish od* Since the beginning of the current docado 
the tendency lias been for the number of tutorial 
classes to decline, but tho sharp drop during 1957- 
58 is without recent procodent 
There are Bigns that the polioy of financial 
limitation initiated a few yours ago is now affecting 
extramural work particularly in the type of course 
provided In such work it is difficult to stand still 
an attompt to curb developments inherent in tho 
work is apt to lead to retrogression. Mony extra 

• UolrertHlrt Council tor Adult Education. Report on (]tt F*r 
1057-1058 rn 28 (BrUtol V B- Salt Hon Secretary and Treas- 
urer The Unfrmlty 1050 ) 


mural departments were just able to hold their 
own, or reported small increases in tho number of 
classes (usually shorter olassee) in spito of grant 
problems 

At Glasgow it was reported that during tho post 
year some of the emergency cuts which had to bo 
made, such os tho reduction of tho library grant 
are likely to have a harmful effect on tho quality of 
tho work unless thej can soon bo restored * Not t mg 
ham had to reject ten requests from classes because 
of shortage of funds At Oxford also there wore 
financial problems. “Tho University Choet found 
itself forced to cut its grant for extra mural work, 
with tho result that the adult scholarship scheme was 
suspended and the number of classes fell more sliarply 
than at any other university ' The Dolcgncy for 
Extra Mural Studies restated, in a memorandum 
submitted to tho Hebdomadal Council, its firm 
belief in tho value and importance of extra mural 
studios, and “its regret that tbo work must be 
contracted at a timo when the need for it. lind become 
oven more urgent ’ 


THE CENTRAL AGRICULTURAL RESEARCH STATION, 
CARAPICHAIMA, TRINIDAD 

By Dr. A. J VLITOS 

Director 


T HE now Central Agricultural Research Station 
located at Corapiohaimo, Trinidad, is an mstltu 
tion mtondod to fostor fundamental and appliod 
research relative to sugar cano Supported by 
pronto funds (Cnroni Ltd and S to Mndololne Sugar 
Co , Ltd ) tho now Research Station is concomod 
with tho agronomy, phvsiologj, pathology, ontomo 
logs , and biochemistry of sugar cane with tho ultimate 
aim of applying m tho field now information ‘which 
mnv bo forthcoming from tho basic in\ estimations 
Tho mam section of tho Station houses tho physio 
logy, pathology , cntomologj , and biochemistry units 
m an air conditioned laboratory, fully oquippod with 
tho facilities required to carrj out the reeeorch 
programmes Adjacent to mam laboratories are dark 
rooms and a temperature-controlled light room 
suitable for tho growth of plants under controlled 
cm ironmcntnl conditions. A hbrarj, containing tho 
portinont sciontifio journals is located m tho east 
wing of tho mmn building 


An ogronomlo programme, rooro applied in nature, 
will complement tho fundamental studies in physio 
logy A major offort is being direct oil towards tho 
control of frogbopper ( Aeneolamia varta sacchanna) 
and tho other major insoct posts of cano in Tnmdod 
Chemical wood control, as well as now methods of 
cultivation, are also under investigation Physio 
logical and biochemical studios ore concorncd with 
tho auxin relations in tho dovolopmg cano seedling 
from sood to flowering In addition to tho mmn 
studtoe, several imestigatians on mineral nutrition 
and photosynthotic oflicioncy will round out the 
physiology programme Tho pathology programme 
is devoted to a thorough atudj of tho rhiroiphero 
of sugar cano, including n taxonomic invosticrntion 
of tho micro flora and microfnunn residing in tho 
immediate wcmit\ of tho root system us woll n* 
an analysis of tho interrelationships between tho 
secretions of tho root system nml tho microbial 
population 
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T I1E lopoit of the Go\ommg Body on the work 
of the Lister Institute for 1959 describes a -wide 
lango of investigations * In the field of microbiology 
the Gumness-Listei Unit continues its exploiation of 
the genetics of Sa.hnoncU.CL bacilli, mainly in terms 
of the biochemistry and gemc control of the synthesis 
and function of flagella, using the bacteriophages 
that infect these bacilli to transduce genetic material 
Hom one kind of bacillus to another The bacteiio- 
phage transduction technique has been extended to 
staphylococci The other purely biological study con- 
cerns the cytology of certain free-living, flagellated 
protozoa 

Studies by Institute staff into the immunology 
and pathology of infective diseases are concerned 
•with infections by viruses, pleuropneumonia -like 
organisms, bacteria and protozoa 

The isolation of the viruses of trachoma and of 
inclusion blennorrhoea has opened up a large field 
of study, both m Gambian laboratories of the Medical 
Besearch Council's Trachoma Unit, -where the epi- 
demiology of trachoma is being studied, and in the 
Council’s Unit in the Department of Virology The 
ready infection of the baboon’s conjunctiva -with the 
\ irus of inclusion blennorrhoea provides an experi- 
mental model in -which to study the practicability 
of prophylactic immunization in the related infection 
by trachoma virus In the Smallpox Vaccine Depart- 
ment, there is continued progress towards making 
vaccine from vaccinia virus grown m tissue culture, 
as an alternative to virus harvested from the skin 
of infected sheep 

The investigation of a bacterial urethritis in man 
established a genital type of pleuropneumonia-like 
organism as a possible cause In man, however, the 
incidence of antibodies to pleuropneumoma-bke 
organisms was not correlated with the presence of 
the organisms m the genitalia, so a detailed study of 
the relation of the pleuropneumoma-like organism 
antibody response to infections by the organism is 
being made, in the first place in experimental 
infections of the rat 

The immunological study of bacterial infections 
shows further progress m identifying the two antigens 
of the whooping cough bacillus responsible for 
prophylactic immunization and the exclusion of the 
histamine-sensitizing antigen as being immunogenic 
as well as a search for immunizing somatic antigens 
in the diphtheria bacillus and an analysis of the iota 
toxin of Clostridium welchu, a bacillus that may 
play an {etiological part m infective hemorrhagic 
fever The study continues of the biologically active 
substances formed when diphtheria anti-toxins are 
refined by proteolysis, and of the actual enzymic 
process of refinement 

With pathogenic protozoa, the antigenic analysis 
of Trichomonas species continues and a new field 
has been entered m an attack on the immunology 
of trypanosomiasis Soluble trypanosome antigens, 
formed during experimental trypanosomiasis of the 
rat, are under investigation and the m vitro culture 
of trypanosomes is being attempted to provide bulk 
material for antigenic analysis of these protozoa 


* Lister Institute of Preventive Medicine Report of the Governln 
IflVn 1059 ^ 3i <Ltmd011 Llster Institute of Preventive Medicine 


The refined serological methods devised to identify 
the animal source of food for blood-sucking insocts 
continues to piovide valuable facts about tho feeding 
habits of tsetse flies and mosquitoes m regions where 
these insects are vectors, or possible vectors, of 
disease 

Work on the relation of early tissue reactions to 
defence against miciobial infection continues Tho 
tissue response to various kinds of injury, including 
infection, was explored to determine tho role, if any 
of the serum proteases which mcreaso capillarv 
permeability The investigation of oaily non-specific 
resistance to bacteria was extended to infections by 
tubercle bacilli 

The biochemical researches mainly concern three 
lands of substances — tho blood group substances, tho 
cellular phospholipids and starches 

During the year the problem of homogeneity of 
the blood-group specific substances isolated from 
secretions and digests of tissue has received careful 
attention and new methods of analysis have revealed 
that in tho natural secretions blood specificity is 
associated with at least two types of mucopoly 
saccharide molecule Progress was made m the 
separation and purification of enzymes wluch destroy 
the serological activity of tho blood-group substances, 
and the chemical changes associated with loss of 
activity were investigated 

The phospholipid study is at prosent directed to 
defining the constitution of tissuo phospholipids 
which, although ill -described, are known to be mot a 
bolically active Tho structure of one of theso, 
cardiolipm, has been elucidated and work is proceed 
mg on the fatty constituents of the plasmalogens and 
the polyglyceroj5hosphatos 

The plant enzymes established as responsible for 
the synthesis and degradation of starch have boon 
characterized m terms of their individual actions on 
starch These enzymes wore studied particularly 
in respect of their combined actions m systems 
thought likely to reproduce the conditions in which 
starch is synthesized m vivo, and of their separate 
actions on chemically modified substrates, designed 
to yield information on tho specificity of tho 
enzymes 

On human plasma proteins, tho Institute’s work 
is concerned with the isolation, refinement, char 
actenzation, assay and m some cases cluneal trial of tho 
various biologically active proteins of human plasma 

The difficulties of specifying the potency of pm 
parations of anti-hsemophilic globulins for use ® 
hsemophihacs has necessitated a re-examination o 
modes of assay ; clinical studies of the efficacy ° 
the human preparation are m progress The them 
peutic value of yglobulm m the treatmont of hyp 0 
gamma-globulmremia is the subject of another clmicfl 
study Studies of the isolation of active proton 1 
include that of plasmin for clinical use and th< 
conditions of its activation from tho precurse 
plasminogen during the fractionation of sen® 
as well as that of oxidase caeruloplasmin Pa^ 1 
ological studies include investigations of 
so-called ‘macroglobulms’ that occur in hyp (,r 
global msenue sera and of the proteins that appe® 
m the urine of man and animals poisoned by beft' r ' 
metals 
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A THEORY OF THE ABRASION OF SOLIDS SUCH AS METALS 

By J GODDARD, H J HARKER and H WILMAN 

Appllod Physical Chemistry of Surfaces Laboratory Chemical Engineering Department, 

Imperial College of Science and Technology London S W 7 


A BRASIVE -near Is particularly important in 
machine bearings and gears 1 as well as in the 
mechanical surfacing of metals Nevertheless, 
hitherto there has been no adequate theory to 
account qunntitativ oly for the observed friction and 
wear of metals during abrasion In particular, no 
siraplo relation between wear and friction has been 
observed Wo have now observed such a clear and 
intorpretablo relation (see equation 1, below) and 
this has led us to develop the theory outlinod below, 
vvluch accounts well for tlio abrasion phenomena m 
the case of metals and similar solids, where the 
deformation to mainly plastic 

As the hard abrasive surface we have used emery 
papers having a mean particle diameter of 6, 10, 15 
35, 45, 70, 100 and 160 microns (grades 0000 to 3) 
since theso represent at least approximately defined 
degrees of roughness down to a fineness not easily 
obtained bj machining The metals (copper silvor 
platinum, nlumfmum, iron molybdenum tungsten) 
were blocks having about S cm* nominal bearing 
area and thoso were slid at about 6 cm /sec under 
loads (TT) of up to 2 kgm on these emery papers 
Practically identical results wore obtained with the 
emory oithor dry or wot with propyl alcohol, except 
in tho enso of aluminium which showed neghgiblo 
pick up of omory when wot, but oxtonsive pick up 
and abnormally high friction when dry 
Figs 1 (curves a and b) and 2 show for oxamplo 
in tho case of copper and tungsten the typical 
variation of tho coefficient of friction, p and the 
wonr per unit distance M respoctivolv , with tho 
mean diamotor D of the emery particles 

Bpurr and Nowoomb* mado similar experiments 
but with loading via a lev or arm on which tho 
sjxHnmon (3/10 in diamotor rod but probably about 
0 1 cm diamotor of bearing surface) was fixed and 
under which tho omory papor passed on a trollov 
Instead of tho form of variation of p with D shown 
in Fig 1 (ourvos a and b), with its fall at low D to a 
vnluo oloso to that for tho motel sliding on a similar 
metal surface thoj concluded p mcreasod linearly 
with D tho rise (~ 0 1) boing duo to tho ploughing 
component* Pj,, winch was assumed to bo zero at 
V ox 0, ami proportional to D In our more general 
conditions wo lmvo used specimens of considorablo 
longth (~2cm for curves a and 6 in Fig 1) in tho 
hiding direction Wo conclude that on tho finer 
grades of emery (D small), onlv in a limited front 
region of tho specimen bearing face aro there offoctivo 
contacts and indentations of tho omory particles into 
tho motal This rogion is estimated to bo only 
<—'0 1 cm for 0000 emery but it must increase 
(roughly proportionally) with increasing diameter of 
tho ahrnsivo particles In Uio remaining rear part of 
tho face, tho motal is mainly In contact with metal 
which has been worn away from tho front specimen 
region and is almost completoly clogging tho emerj 
in tho oporativo bearing areas In agreement with 
our quantitative theoretical estimations, wo find the 
v armtion of p with D is much less (npproximatclv 
tlmt found b> Bpurr and Newcomb*) when a shorter 



Emery particle dinner D (mlcroi «) 

Fit 1 Sforconiw • — • 2cm «peclmfn length O — O 0 18cm. 
ipctdmcn Icdrui «nd tuoffiten x — x 2 cm tpcrlrm n lonjitb 
•lldlos on TMlon* unde* of emery paper 

copper spool men (0 18 cm ) is used as in curve a of 
Fig 1 

Wo find a corresponding form of variation of M 
with D (Fig 2), also not previously described The 
data of Figs l and 2 al**o give Fig 3 indicating an 
efToctiv ely linear variation of M with p Rmeo M is 
ab*o proportional to tho load II , wo have 

M ■=> ITT (n — n.) (1) 

where £ is a constant (different for different motols) 
and p# is also a constant whioh wo find is virtually 
identical w ith the coefficient of friction of t wo surfaces 
of tlio given motal sliding against each othor at 
similar loading (Experiments in tins labomtorv bj 
P V K Porgcss J N King and P S Dobson hav o 
shown howevor, that for the non motats graphite 
molybdenum dlsulphido and sodium chloride, tlio 
Af ji locus is curved ) 

In considering tho abrnslvo process thoorotically, 
wo concludo that if tho abrasive particles wore 



Flp 2 Wcarnficm copper and tunyoen ipcclmmi on various 

HT«d^ of emery paper • — • enp per 1 kvm load v — y 

tunpifo 2 k^ta load 
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Fig 3 The linear variation of M with p for the copper and 
tungsten specimens x — x, tungBten, 2 kgm. load, • — •, 
copper, 1 hgm load 


spherical, and all those contacting the metal shared 
the load equally, then p would mdeed be very small, 
the ploughing component pp being correspondingly 
small and of the order suggested by Spurr and 
Newcomb’s results 0 1) , but that it would be 
practically constant, mdependent of D. We find, m 
agreement with these views, that p is, m fact, very 
small, — 0 15 (and thus p P still smaller), for metals 
such as copper and silver sliding under 1-2 kgm 
load on a two-dimensional array of glass spheres of 
about 125 microns diameter ( — D for grade 2 emery) 
bonded on to a backing sheet (namely, “Scotchhte” 
reflective sheeting) Correspondingly, a negligible 
wear is observed m this case, although shallow, 
smoothly rounded grooves are formed , and little 
wear would he expected m view of the small in- 
clination of the sphere surface to that of the metal 
near the contact, due to the low degree of indentation 
into the metal m the present conditions 

On the other hand, for metals such as copper and 
silver sliding on a glass-paper or emery-paper sheet 
having this order of particle diameter ( ~ 125 
microns), p was high, ~0 8, and practically mde- 
pendent of D for values of D between 50 and 150 
microns We conclude (see below) that of this p, 
Pp is about 0 5, much higher than Spurr and New- 
comb 1 suggested The wear rate was also lugh and 
approximately constant for D within this range 
The individual angular abrasive particles caused 
grooves m a smooth silver surface (sliding under 
1 kgm load) largely by removal of more or less 
curved, waved or coiled strips of metal of length up 
to about ten times the groove width (which was 
~ 1/3 — 1/7 of D) These metal strips were often 
observed still integral with the metal at the front 
ends of the grooves The high p and M that we 
observe in this range of D is thus evidently due to 
the emery (or glass) particles being mostly angular 
(ns can be seen m the microscope) and not spherical 
Theoretically, if n pyramidal or conical particles 
share the load TF equally and are indented into the 
metal surface with their axes along the direction of 
the loading, then the sum of the areas of contact 
(between the particles and the metal) projected on 
to the plane normal to the loading direction must 
bo constant and equal to TF/p m , where p m is the 
maximum flow pressure of the metal Thus, n is 
determined by IF and p m , together with 0, the angle 
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between the pyramid axis and one of the radial 
edges For square pyramids, azimuthally randomly 
oriented, we find that 

F = Fp + Fa = (2/~) [V2 (P'm/Pm) cot 0 -f 

(s/Pm) (2 cosec 1 0-1)1] (2) 

and for equilateral triangular pyramids : 

F = Fp + Fa = (2/ir) [2 25(p' m /p m )cot 0 + 

1 473 ( alp m ) (1 333 cosec* 0 - 1)1] (3) 

while for conical particles 

F = Fp + Fa =* (2/ir) [(p'mlPm) cot 0 + 

(s/pm) cosec 0] (4) 

where po is the adhesion- or shear-component of p, 
8 is the tangential force required to shear unit area 
at the operative surface where shear occurs, and p' m 
is the apparent p m for forward ploughing against an 
mcreased pile-up of metal ahead of the moving 
particle We conclude that alp m is about 0 3, that is, 
about equal to the coefficient of friction of the metal 
(oxide) on the metal (oxide), that is, p 0 Although 
P'm > Pm » we can take these as approximately equal 
To account for the observed maximum p ~ 0 55 
for tungsten (see Fig 1), the mean 0 would thus have 
to be about 70° for square pyramidal particles 
(20 = 140°, minimum profile angle 125°) giving 
Pp = 0 33 , 75° for triangular pyramidal particles 
(mm profile angle 137°) giving p p = 0 37 , and 
62° for cones (profile angle 124°) giving pp = 0 33 
This corresponds well to the sort of obtuse angularity 
of the particles mostly seen in the microscope This 
theory thus accounts well for the observed p, which is 
much larger than for the case of the more shallowly 
indenting spheres, which approximate to cones of 
nearly 180° angle, that is, 0 ~ 90° 

The constant value of p observed at D > 70 
microns appears, m general, to be smaller the harder 
the metal, for example, ~ 0 78 for copper, nickel, 
silver and gold, 0 65 for platinum, ~0 6 for molyb- 
denum, chromium, iron, beryllium, and ~ 0 55 for 
tungsten This variation is partly associated ■with 
the differing values of a\p m (this variation is appar- 
ently small), but it appears to be mamly r duo to the 
ratio p'mlPm varying from 1 for the hard metals such 
as tungsten to ~ 1 5 for the softer metals such as 
copper, sdver and tm 

The above model could be made more general by 
including the case of pyramids or cones having their 
axes inclined away from the direction of loading, but 
this would still be only an idealized approximation 
to the extremely complex actual case of irregularly 
shaped abrasive particles Our model shows, how r 
ever , that in the absence of clogging, p is mdependent 
of the particle size of the abrasive, and that gp forms 
the major part of the observed total p 

Now considering the wear rate, ilf, suppose a part, 
fW (where 0 < / < 1), of the load TF is supported on 
n identical emery particles, and the remaining load 
(1 f) TF is supported on metal-to-metal contacts 
Let A j be the groove cross-sectional area (normal to 
the direction of sliding), A 0 being the equivalent 
part of this area corresponding to metal removed 
from the groove space but finally remaining on the 
specimen (for example, as the pair of piled-up ridges 
at the sides of the groove, and also as re-adhering 
wear particles) Then we conclude that 

M = ( fWplp ' m ) a {1 - (AclA,)} gp (5) 
== (T VPlP'm) a {1 - {A 0 ]A X )} 

[1 + (F - FoJ/Fp)- 1 (p - po)] (G) 
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■where p ia the density of the metal p m is the maximum 
flow pressure across A x to causo ploughing, and a is 
the fraction of the emery particles shaped and 
on on tod favourably for producing wear particles 
Comparing the observed linear form, Pig 3 and 
equation (1), with this theoretical relation (6) shows 
that A e /A 1 ib independent of the emery particle 
diameter Uising an equation suoh as (2), (3) or (4) 
to express Pp in terms of 0, equation (5) gives M 
directly m terms of 0 and the properties of the metal, 
that is, p, p m , p n , etc 

Since M «= anp f/4 1 — A 6 ), and nA h flVlPm we 
may wnte as on alternative to equation (6) a more 
direct expression of in terms of the properties of 
the metal 

Mlp » cc KfJWjpn) {1 - (A, /A,)} (7) 

- O (/TT/Hx,) {1 - (A, /A,)} (8) 

whore K is a constant doflnod as A t divided by the 
horizontal component A * (that is, normal to the 
direction of loading) of the mean contact area per 
particle supporting the load during eliding— thus K 
depends on the shape of the particles , 2 ?d ib the 
diamond pyramid indentation liardncsa number of 
the immediate surfaco region (which is very heavily 
work hardened by the ploughing action of the 
obrosivo partlclos) , and 0 Ib a constant Equation (8) 
shows that if A,fA x is the same for all motels, at 
constant IT, then 

(M/p) Hp constant (9) 

Our results in Table 1 givo an approximate check on 
the constancy of A^A l for various metals using 
equation (7) to calculate Mp^/pW = <xK {1 — 
(A # /A,)}, taking / « 1 and Vm three times tho 
ultimate tensile strength for tho metal in a heavily 
work hardened state (of pm ~ 00 kgm /mm * for 
copper) 1 It is seen that aK (1 — (A ,/A,)} Is of the 
same order for coppor silver platinum and iron 
The small differences nro probably due to the uncer 
tainty of the valuo of applicable to the work 
hardened surface layer and the moro widely differing 
results for aluminium, molybdenum and tungsten 
scorn likely to be mainly duo to this uncertainty in 
pa, par til or circumstantial evidonoe of tho con 
stanoy of A ,/A t for all pure motals is given by our 
interpretation of tho results of Kruschov* (see below) 
Tho constant K depends on tho shape of tho abrasive 
particles and is ~0 5 in our caso whore 0 ~ 00 -70\ 
and 0 5 < a < 1 from direct observation, and by 
consideration of tho experimental Af/(fx — p«) values 
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10 

0 

"■0 
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21 3 

2 7 
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420 

280 

17 

84 

31 

31 

15 
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AlpvilpW ■>* aK 

22 

30 

13* 

3±t 

OR 

125 

60 J 

(l - UWAO) 

CKT 

0 14 

0*02 

0-04 

Q-04 

Q 03 
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• Measured Nicker* hirdnme* (kem >min } were W 4 WJ 
Mo 242 Fe 100, Co 08 Ap.T 1 1 118 AI 27 
t Data from Tumlbook of Cbanjitrr and Flij-slci 30th edo 
pp 2002 fT (CbemlcaJ Rubber Publi*hln(f Co. Cleveland Ohio 10j"-^8) 
p» (• taken a* ~ 5 x U Tj3 

J Remit* ruing 1 kgm. load, all other* at 2 kgm. 

( Data ruing imery paper flooded with propyl alcohol all other 
data for dry emery papar 


in the light of equation (0) Tho values of Afp„/pW 
m Table 1 thus mdicato that A,}A X > 85 per cent 
Khrusohov 4 showed oxpenmon tally that for all 
metals in the annealed etato (of hardness H/mK 
pbdmg on the same grade of abrasive cloth (corundum 
particles ~ 8 Op. diameter) under tho same load tho 
volume of wear per unit longth, il//p ln our notation, 
is proportional to l/B^j Ho further obsened 
however, for various metals that M is actually 
practically independent of the degree of work 
hardening of the initial metal, and ns ho concluded 
this shows that tho process of abrasion work hardens 
the surfaco region of tho motal (which undergoes 
further abrasive woar) to about tho maximum 
possible extent, though this maximum hardm ss 
(Hzdmm., was not dofinod Our thooroticnl result (8), 
that (for not too small distances of abrasion) ilf/p 
should be proportional to tho reciprocal of this hard 
nose of tho abraded surface, can bo considered as 
allowing in conjunction with KhrttsohoN s obsorvn 
tion of Af/poc l/(Jf/>j) that this (HnW is practically 
proportional to (Him) for all pure metals tho faotor 
A e /A , bolng also tho same for all pure metals 

Tho work described lias been corned out under 
the ten ns of tho extra dopartmontal contract between 
tho Mochnmcal Engineering Research Laboratory of 
tho Department of Scientific and Industrial Research 
and tho Imponal College of Science and Technology, 
University of London 

‘Ftarott.M and Nrtbnan.il. Par*t 18 Confrrenee on Lubrication 

and Wear I nit Mfcb floe London October 1037 

* Sjrorr B- T .and Newcomb. T I* Tap«r 28 Conftrroce on Lnbrl 

cation and Wear I nit Meet. Luff London OetoKr 105 

* Bowden F P and Tabor D 'The Trie 11 on and LnbricaUon of 

Bolldi'* 2nd edn (CUrcodon rrc*« Orford 1051) 

* KlrruwbOT M. 1L Taper 48 Conference on Lubrication and V. car 

I nit Meeh Enc. London October 10^" 


A CAPACITANCE METHOD FOR FOLLOWING VINYL 
POLYMERIZATIONS INITIATED BY r-RAYS 


B/G 1 K ACRES and F L DALTON 

Isotope Research Division Wantage Radiation Laboratories, U K. Atomic Energy Authority 


D ILATOMLTKY lias long been accepted ns the 
most satisfactory method of following tho course 
of vinyl polymerization The change in \olumo as 
tho monomer polymerizes is measured bv following 
tho fall in tho lo\ cl of the monomer in a capillary tube 
using n cathotomcter Direct opt ical measurement is 


lmpo*mblo when radiation is used for initiation, and 
ntthough the uso of a mirror svMcm Is sometimes 
feasible, parallax errors tend to reduce tho accuracy 
or tho method Also, since polvmcrizntiow react ions 
often require several hours for their % 

continuous recording method U 
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A dilatometer in which the capillary is filled with 
mercury was developed by Schultz and Harborth 1 
to obviate difficulties in following the movement of 
the surface of highly viscous fluids, and later modified 
by Burnett for use under high vacuum* , we have 
adapted this dilatometer by using the falling-mercury 
col umn as one plate of a condenser, the other plate 
bemg a sheathed metal rod parallel to the capillary 
Polymerization is followed by measuring the change 
m the capacity of this condenser using a commercially 
available capacitance bridge and feeding the output 
signal to a recorder The equipment has been 
designed for use with the radiation sources at Wantage 
Radiation Laboratory these have been described 
m detad by Dove, Murray and Roberts* 

The sample is prepared m a breaker-seal tube under 
high-vacuum conditions and sealed off Above the 
breaker seal a B 7 socket is attached and the sample 
may be connected to the body of the dilatometer by 
means of this joint as shown m Fig 1 The bore of 
tap is filled with mercury, and with T, open and 
T 1 closed the apparatus is connected to the high- 
vacuum line and evacuated via the B 7 cone A 
Reservoir Rj is filled with mercury and tap T. closed 
T x is then partly opened and the mercury ml?! 
allowed to spray slowly into reservoir 22, This 
procedure was found to ‘flash off 7 any small quantities 
of air trapped in the mercury After the mercury has 
run into i?., T. is opened cautiously and the mercury 
allowed to flow into the dilatometer until it reaches 
the level B The seal is broken by an upward move- 
ment of the breaker O , T, re-opened and mercury 
allowed to fill the entire vessel An is allowed into 
the system above A , the reaction vessel removed 
from the high -vacuum fine and reservoir Ii 1 detached 
A capillary tube of appropriate diameter fitted with 
a jB. 7 socket and with an earthing connexion sealed 
through it is held by two short lengths of rubber 
tubing against a -J-m steel rod covered m polythene 
The polythene shield prevents fluctuations due to 
surface adsorption of water vapour by the capillary 
tube The steel rod has a small metal plate attached 
to one end for connexion to the capacitance 
bridge 
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The capillary and fittings are shown m Fig 2 
This capillary is connected by means of its B 7 
socket to A picem wax is used to seal the joint 
By applying compressed an pressure above i?, and 
opening T mercury is forced through A into the 
capillary tube T t is then closed and the whole 
apparatus immersed in a water thermostat in the 
radiation source 

It was found essential that the measuring capillary 
should be above the surface of the thermostat water, 
smce otherwise a balance of the proximity meter 
could not be obtained , also, smce stabilized glass 
tanks were not available, it was an advantage to have 
the capillary above the level of the thermostat tank 
so that the initial and final mercury-level could be 
accurately measured with a cathetometer 

TO CAPACITANCE. BSIQSE 



Fig 2 Capillary and electrode 

Fig 3 shows the dilatometer in position The 
capacitance bridge used was a Fielden PAL 2 proximity 
meter (Fielden Electronics, Ltd , Wytbenshawe, 
Manchester) This instrument offsets the large 
constant capacity of the system and measures only 
changes m capacity Smce the length of the probe 
is only 6 ft the meter remains inside the radiation 
cell and is shielded by conventional interlocking 
4-in. lead bricks The sensitivity may be changed 
during the run if the fine sensitivity control is 
removed from the instrument case and mounted 
outside the cell This enables the first few per cent 
of reaction to be followed m detail at high sensitivity , 
if the sensitivity is then lowered an overall conversion 
curve may be obtained from the same sample To 
enable the proximity meter to be attached to a 
recorder, a 10-ohm resistance was put in senes with 
the 1-m amp meter of the instr um ent and the 
voltage drop across this resistor fed to a Sunvic 
single-pen 10-millivolt recorder , clearly other values 
of this resistance may be chosen to suit any available 
milli volt recorder To obtain stable readings of the 
recorder it was found essential to earth the mercury 
and this was done by connecting E (Fig 2) to the 
earth of the mams Earthing of the thermostat tank, 
clamps and any other metal near the apparatus was 
found to be necessary A senes of calibration graphs 



NO 46B3 


NATURE 


337 


August 1, 1959 

wore made for various settings of the sensitivity 
control and various capillary diameters The 
dependence on sensitivity sotting for a 1 mrp 
capillary is shown In Fig 4 Tho uso of narrower 
capillaries tends to lower the sensitivity of tho equip- 
ment slightly In praotice, initial and final mercury 
levels were measured with a cathetometer in order to 
avoid any slight errors m tho sensitivity setting 

At Wantage the apparatus has been used to follow 
the emulsion polymerization of styreno and methyl 
methacrylate, and tho preparation m emulsion of 
graft oo polymers of polystyrene and methylmotha 
cry Into and poly methylmethacrylate and styrene 
It has also boon used to follow the hulk polymerization 
of acrylorntrilo and the graft polymerization mltiatod 
b> gamma rays of acrylonitrile on to poly-dimothyl 
Biloxanes In use, the following precautions have 
been found necessary 

(1) A stablo power supply is required, and it is 
therefore advisablo to supply tho proximity meter 
from a voltage stabilizer Mams fluctuations at 



Fljr 8. The dtUUxnoter Id position 



0 4 8 12 10 20 24 SS 

Contraction (cm.) 

Fig 4 Calibration plot for 1 mm capillary 


Wantage ore exceptional, hovvev cr, and this precaution 
may not bo generally necessary (2) Tho proximity 
meter should bo allowed at least 30 min to warm up 
before each polymerization run (3) It Is essential 
to earth tho mercury the thermostat tank, source 
tube and other motal oquipment near tho capillary 
to the instrument earth 

Tho equipment lias boon used to measure contrac 
tiona 0 0-30 cm in capillaries tho dmmoters of which 
range from 2 mm to 0 5 mm Tho limit of 0 C cm i« 
imposod by the maximum sansitivity of tho proximitv 
motor Contraction* greater than 30 cm hiu o not boon 
used in order to keep tho size of tho capillary small 
and for contractions greater or loss than these values 
for any givon capillary, change in capfllarj diameter 
was used The limit of this process, so far as small 
contractions are concerned, appoars to bo tho stabilitv 
of tho thormostat tank, since if tho capillary is made 
too narrow, fluctuations duo to tho slight nso and 
fall in temperature of tho tank amounting to porhaps 

0 01 or 0 02 dog C , are observ od. Greater sonmtivitv 
may also bo obtain od by increasing the diamotcr of 
tho stool rod (Fig 2) 

1 Schnlti 0 V and Harborth 0 CArw B9 90 (104") 

Bcnrttt O AL Tram Farad. See. 40 7"2 (1050) 

•Dot* D Murray 0 8 .and Roberta IL. 0,0 International 

Conference on Radiation In 8d entitle Rc*eareh Un^«'o/V8./ 

R.L0./19 


PRODUCTION OF COLICINE BY SINGLE BACTERIA 

By H OZEKI, Dr. B A D STOCKER and HELENE DE HARGERIE 

Gulnncjs-Llstcr Research Unit, Uttor Institute of Preventive Medicine, 

London S.W I 

C OL1CINES oro baotoncidal substances produced ously or after induction* by ultra violet irradiation 
b\ certain strains of Entorobactonoccno and is synUioelzcd and released by n fraction of the 
active on others 1 Colicinos in many respects bactonal population, and that these colls are in con 
rosomblo bactonophnges ; but, unlike them, do not soquenco non viable No direct test of this hypo thesis 
multiply in tho cells thoy kill a flinglo pnrticlo or has boon possible hecauso colicino production has 
molooulo of colicino therefore does not produce a hithorto been tested only bv observation on the 
'colony* (plaque) in tho confluent growth of a eenm antibiotic activity of mass cultures Wo have now 
tlvo strain, os docs a singlo plrngo particlo From tho demonstrated tho release of colicino by individual 
analogy with the production of phngo by lysogenic bactonat (i) through tho produotmn bv 
strains it has boon surmised that nil tho colicino bacteria of small clear spots in i Uio confluent gro^| 
produced b} a oollcmogenio culture, oither Hponfano of a colicmo-scnsltiv o strain (*-) ' ° 
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action of products released into micro-drops of 
broth by single colicinogemc bacteria isolated by 
micro -manipulator The results ob tamed by these 
techniques support the above hypothesis 

The colioinogemc strains used were derivatives of 
Salmonella typhimurwm strain LT 2 made cohcmo- 
genic by growth in mixed culture with colicinogemc 
Escherichia coh or Shigella strains 1 , or by phage- 
mediated transduction 2 The cohcme-sensitive indi- 
cator strains were E coli strain <p s and antibiotic- 
resistant mutants derived from it 

To demonstrate the clear spots caused by the 
colicine released by single bacteria we used a modifica- 
tion of the soft agar layer method used m phage work 
3 ml of soft agar (0 35 per cent) seeded with about 
10® cells of the indicator strain and about 10 4 cells 
of a yo ung broth culture of S typhimunum producing 
colicine E2 l were poured on to a nutrient agar plate , 
after 6 hr incubation at 37° about 100 small clear 
spots, 0 2-0 8 mm in diameter, were visible in the 
confluent growth of the indicator strain No such 
spots were produced by cells of a non-cohcmogemc 
Salmonella strain, nor with an indicator strain 
resistant to cohcmes of the E group Cohcme E 2 
is destroyed by trypsin , crystalline trypsin (200 
(igm /ml ) m the soft agar prevented the appearance 
of clearmgs Although the spots looked like phage 
plaques, no lysis was observed when they were 
cut out and tested on a fresh plate of indicator 
bacteria 

It thus appeared that the clear spots resulted from 
the production of cohcme JS?2, either by the colicino- 
genio bacteria inoculated, or, perhaps, by their 
descendants The following results show that a clear 
spot can be produced by the cohcme synthesized and 
liberated by a single bacterium 

Cohcmogemc bacteria when plated with a strepto- 
mycin-resistant indicator m soft agar containing 
sufficient streptomycm to prevent their -growth still 
produoed some clear spots Similar results were 
obtained with chloramphenicol Furthermore, some 
clear spots were produced even when the cohcmogemc 
cells had been killed by treatment with chloroform 
for 5 mm at 37° before inoculation The number of 
clear spots produced in the presence or absence of 
streptomycm was directly proportional (about 
1 per cent) to the number of cells of the cohcmogemc 
strain incorporated mto the soft agar layer Blendor 
treatment, sufficient to break up any cell clumps, 
apphed to the cohcmogemc culture just before its 
inoculation mto the soft agar, did not affect the num- 
ber of clear spots produced The number of clear 

? pots appearing m the presence of streptomycm was 
0- to 100-fold less than without it , this suggests 
that most of the clear spots formed m the absence of 
streptomycm are produced by bacteria which synthe- 
size cohcme on the plate, but that there are a few 
oells m the culture each of winch at the time of 
platmg already contains enough cohcme to produce 
a clearing 

Clear spots were produced, either m the presence 
or absence of streptomycm, even when the cohcmo- 
gemo cells had been grown m broth containing 
trypsm , provided the trypsin was removed by 
washing, or neutralized by soy-bean trypsm inhibitor, 
at the time of platmg As all free cohome in the 
inoculum culture was destroyed by the try psm, the 
cohcme causing a clear spot cannot have been 
adsorbed from solution by a cell of the inoculum 
culture, and released later, a hypothesis proposed by 
Fred6rioq 5 to explain the small plaque-like clearmgs 


he observed when dilutions of a cohcmogemc culture 
killed with chloroform were plated with a cohcme 
sensitive indicator stram , it now seems probable 
that these clearmgs, like those here reported, resulted 
from production of cohcme by single bacteria 

In certain cohcmogemc strains, cohcme production 
is inducible by ultra-violet irradiation 1 The number 
of clear spots produced by a stram cohcmogemc for 
E2 was much increased by irradiation before platmg , 
if cells irradiated for a time which reduced the viable 
count by about 70 per cent were plated in a strepto 
mycm soft-agar layer 90 mm later, the number of 
clear spots which appeared was half or more of the 
total number of cohcmogemc bacteria inoculated, 
determined m a counting chamber 

We propose the term ‘lacuna’ for the clear spots 
produced by the cohcme released by a smgle bacter- 
ium, m distinction from a phage ‘plaque’ The 
soft agar of an area 0 8 mm m diameter contains 
about 6,500 colicine -sensitive bacteria at the time of 
inoculation , the presence of laounte of this size 
indicates that some cohcmogemc bacteria liberate 
at least 6,600 bactericidal particles of cohcme E 2 
The production of cohcme by individual bacteria 
has also been demonstrated by micromampulative 
isolation Cells of the colicine-sensitive indicator 
stram grew as non-motile filaments, easily distin- 
guishable from the short motile cells of Salmonella 
typhimunum Cells of the indicator stram inoculated 
mto droplets of broth containing cohcme E2 failed 
to multiply, and became abnormal m appearance, 
showing alternate bright and dim segments when 
exammed by low-power dark-ground mioroscopy , 
cells of a cohcme-F2-resistant mutant of the indicator 
stram multiplied normally m such droplets To test 
the production of cohcme by individual bacteria, a 
stram of S typhimunum cohcmogemc for cohcme 
E2 was ‘induced’ by ultra-violet light and mcubated 
for 30 mm. at 37° m broth, containing trypsm 
(500 figm /ml ) to inactivate extra-cellular cohcme 
The irradiated cell suspension was then introduced 
mto a mioromampulation chamber, and each of a 
senes of droplets of broth with trypsm inhibitor 
2 mgm /ml was inoculated with a smgle bactenum 
from the suspension , volumes of the suspension not 
containing any cells were added to control droplets 
2 hr later the cohcmogemc bactenum had multiplied 
m about 20 per cent of the droplets , m the remainder 
it had not multiplied but was still visible The 
proportion of smgle bactena able to multiply m the 
micro-drops agreed well with the survival-rate of the 
irradiated suspension inferred from the ratio of 
viable and total counts Three to twenty cells of 
the indicator stram were then added to each droplet 
In about 60 per cent of the droplets m winch the 
colioinogemc bacterium had failed to multiply the 
indicator bactena added later did not multiply and 
instead developed the characteristic abnormal 
appearance In the remaining 40 per cent the indica- 
tor bactena multiplied normally, as they did also in 
the control droplets which had received medium, 
but no bactenum, from the suspension of irradiated 
cohcmogemc bacteria In droplets m which the 
cohcmogemc bacterium had multiplied, the indicator 
bactena at first multiplied, showing absence of 
cohcme, but later ceased to grow, presumably as a 
result of cohcme being released by one or more of 
the large population of cohcmogemc bacteria then 
present About 60 per cent of the individual bactena 
tested were shown by this method to release cohcme , 
m platings from the same irradiated suspension the 
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ratio of the number of clear spots to the total number 
of bacteria, was about 6 10 

The micromanipulation experiments described 
above indicated that all or nearly all the colls of an 
irradiated culture which release colicine E2 are 
non viable To see whether this was also bo for the 
spontaneous production of colicine E2, about 1 000 
cells of a chloramphenicol sensitive cohcinogenio 
strain were plated m a soft ngar layer of a defined 
medium con taming chloramphenicol, together with a 
chloramphenicol resistant indicator strain , the latter 
was nutritionally exacting, so that it could multiply 
to only a email extent in the defined medium provided 
After G hr mcuhation, twelve lacunte were visible 
in the thin confluent growth of the indicator After 
overnight incubation about 1,000 small colonies of 
the nutritionally loss exaotmg colicinogemc strain 
appeared the chloramphenicol concentration having 
fallen by diffusion into the base layer of agar, below 
the level required to inhibit its growth No colonics 
developed at the centres of the twelve lacunrc marked 
earlior It is concluded that the bacteria which 
produced these clearings by releasing oolioino wore 
unable to multiply 


The production of lacunas has boon used for a 
number of other in\ estigations which will be reported 
m detail elsewhere Salmonella it/phimvnvm strains 
producing cohcines I, B, K and El produce la cu me, 
of sires about the same os with colicine E2 When 
overnight broth cultures wore tested in soft agar 
containing streptomycin the numbers of lacuna* 
produced per mi llion bacteria plated wore approx ini 
ately colioine E2, 1 000 7 0 2 B 200 K, 300 

and 711 1,000 The ratio varied in cultures of 

different ages , for example it increased 10 fold 
when an overnight culture of a strain producing 
colicine E2 was diluted in broth and incubated for 
1 hr at 37* After ultra violet irradiation tho 
fraotion of bacteria producing lacunco increased to 
about 0 5mBtrainsproduouigcolicmes77Iand£2j no 
increase was detected m a strain producing colicme I 
We thank Prof P Frdd^ricq for tho provision of 
cohcinogenio strains 

1 Frid(rleq P Am. Rev Miavbid 11 "(1957) 

* Oiekl H and Stocker BAD Dtr/dUt 12 625 (1033) (■ln(nirt) 

* 0 rutin A C.R. See. DM 93 1040 (1025) 

‘FrftWrieq T CM. Soe DM 160 1G14 (1055) 

•FrfcWricq P CM See. Bid 144 730 (1050) 


PERMANENT SET. SUPERCONTRACTION, AND UREA-BISULPHITE 
SOLUBILITY— THE PROTON-TRANSFER NATURE OF SOME 
CHANGES IN KERATIN AND THE ANALOGY 
WITH MUSCLE CONTRACTION 

B/ D« P T SPEAKMAN 

Department of Textile Industries University of Leeds 


D URING the reaction of cystino residues in keratin 
with OH" ions Bodium bisulphite, eto tho 
proportion of 


o=<Ln- 


■H (I) 


to 


-o— A= 


+ 

N — H (II) 


contributing to the resonance hybrid of the peptide 
groups by drogen bonded to each other in tho protoin 
network nnd ovontunlly to a carbonyl oxvgen atom 
of tho ovBtino residue, can alter An inoreaso in tho 
proportion of II (that is, an incrooso in tho nogetn o 
chorgo on tho oxy gon atom) will affect tho strength 
of tho hydrogon bonds bet woe n poptido groups 
electrostatically, also it can bo shown that an 
inoreaso m tho strength of tho individual hydrogon 
1 Kinds will follow ns rooro poptido groups are attracted 
into tho co operating, by drogen bonded system Tho 
stability of permanently sot keratin, and of keratin 
treated with alkali with a decreased solubility in 
urea bisulphito solutions, seems likoly to bo caused 
by an incrooso in tho strength of tho hydrogon bonds 
between protom cl wins, caused in this way The 
analog} between muscle contraction and super 
contraction of keratin suggests a mechanism of 
contraction of muscles containing sulphur in which 
disorientation and contraction of tho muselo follow* 
a wcakomng of tho hydrogon bonds lwtwocn poptido 
groups b\ reagents which react with sulnhvdryl 
groups Ite-onentation of tho muscle would follow 
an increase m tho cliargo on tho oxygon atoms of tho 
peptide groups during tho reverse reaction 


In sorno onrh oxporimonts on permanent si l 1 a 
keratin fibre was oxtondod in water and treated under 
tonsion with, for oxamplo steam boiling buffer 
solutions, or sodium sulphite solution Tho treated 
fibre was immersed without tonsion for an arbitrary 
period (1 hr ) in boiling water, and If tho fibre was to 
eomo oxtont stabilized in its oxtondod form and its 
length romainod greater than tho initial longth then 
It was said to bo permanently sot if it was less 
RU]>ercontraction hod occurred Cross linkages 
between tho keratin chains are brokon by tho treat 
monte, thus allowing tho chains to rearm ngo in tho 
stretched fibres If no now cross linknges ore formed 
then a change m tho arrangement of tho uncross 
linked protein cl wins aftor immersion in boiling water 
cause* suporcontroction If new cross linkages are 
formed in tho treatments, then tho chains are to somo 
oxtont held In thoir positions in tho oxtondod fibre 
thus causing permanent sot A olio mi cal treatment 
which decreases tho solubility of koratin in urea 
bisulphite solutions* is similnrh most plausibh 
explained by now resistant linkages between protein 
chains 

Breaking of oystino disulphide bonds is an essential 
preliminary' to permanent sot in wool hut work in 
Australia on fibres containing reduced nnd nlkvlatixl 
c\stino residues*, and on tho birofnngonco and con 
traction in lithium bromido solutions of sot fibre** 
shows that it is an over simplification to suggest tlwt 
permanent sot ir ontlrolv due to now covalent crox* 
linknges formed after reduction or Indrolvsi* of the 
cystine mnilucs Twt. em*> linages wl.lel. Imvn l«-» 
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extended fibres are set, the X-ray diffraction photo- 
graph of set -keratin, compared with unset p -kera- 
tin 16 , shows a sharpening of the backbone reflexion, 
confirming the orientation of more protein chains into 
the strict p configuration Davies, Evans and Lumley 
Jones 16 , using methyl acetamide in carbon tetra- 
chloride, have shown that the shift m the hydrogen- 
bonded NH vibration infra-red absorption frequency 
away from the non-hydrogen-bonded NH vibration 
frequency is incr eased from approximately 120 cm -1 
to 1 90 cm _1 as the concentration of amide is increased 
The shift can be attributed to an increase in the num- 
ber of amide groups hydrogen-bonded together in 
each linear aggregate The difference between the 
absorption frequencies of the NH vibration m non- 
bonded and hydrogen-bonded amide groups is propor- 
tional to the energy of the hydrogen bond, and there- 
fore in the experiments of Davies, Ev an s and 
Lumley Jones the energy has been increased 60 per 
cent by increasing the number of co-operating 
hydrogen-bonded amide groups m each linear 
aggregate Thus the stability of a hydrogen-bonded 
protein structure can be increased by bringing more 
peptide groups into the co-operating hydrogen- 
bonded system If it becomes possible to examine 
the infra-red spectrum of unset p-keratm the NH 
vibration frequency should show a smaller shift from 
the non-hydrogen-bonded NH frequency than the 
NH vibration frequency in set p-keratin where, 
according to the present theory, the protein chains 
are oriented so that there are more co-operating 
peptide groups m each hydrogen-bonded series 

If the hydrolysis of cystine m steam, like the 
hydrolysis by OH" ions, involves ionization of a 
proton at the a-carbon atom, then the observed facts 
of steam setting are readily explained At first, m 
the extended fibre, the hydrogen bonds are weakened 
by the increased polarization of the peptide groups 
Immersion of the fibre without tension m boiling 
water after up to 16 minutes in steam causes super- 
contraction Longer treatment in steam allows 
further orientation of the protein chains, and more 
co-operating peptide groups increase the strength of 
the individual hydrogen bonds, thus causing perman- 
ent set 15 Treatment of extended keratin fibres in 
boiling borate buffer solutions 1 (pH 9 2) for 30 mm 
causes permanent set, orientation strengthening the 
individual hydrogen bonds Less drastic treatment 
with phosphate buffers from pH 8 to 10 for 1 hr at 
60° C 17 or 20 per cent potassium hydroxide solution 
at 28 6° C for 3 mm 18 causes weakening of the 
hydrogen bonds by increased polarization of the 
peptide groups, without sufficient subsequent orienta- 
tion to strengthen the hydrogen bonds, and thus 
suporcontraction occurs under these conditions 
Swan 6 has shown that the hydrogen atom attached 
to the a-carbon of cystine is not mvolved m the 
reduction of cysteine by sodium sulphite However, 
sulphur can take part m hydrogen bonding 18 , and 
the most plausible hydrogen bond in cystine residues 
v ould seem to be 


CH— CH 


0=C 


_/ 


V: 


\ 

2i 

/ 


-H 


S 

a 6\ 


Tlie approach of a negative ion, S0 3 s " or HS0 3 ", 
to sulphur atom b would induce a positive charge on 
b and a negative charge on a In turn, the polarity 
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of the peptide group would be increased The nega 
tive charge on a will be further increased if the 
cysteine residue formed in the reduction is lonizod, 
and m fact the setting reaction does appear to be 
catalysed by alkali 17 

R — S — S — R -J- S0 3 — > R — S -j- O3S — S — R 
a b a b 


The changes m the polarization of the peptide 
group and other peptide groups hydrogen-bonded to 
it will cause immediate weakening and eventual 
strengthening of the hydrogen bonds as in steam 
setting and setting in alkaline solutions 

During the synaeresis of actomyosin after adding 
adenosine triphosphate, the X-ray diffraction pattern 
shows m certain conditions the appearance of a famt 
‘cross-p’ reflexion which is typical of supercontracted 
keratin 20 This suggests that there may be some 
similarity between the contraction of components of 
muscle containing sulphur and keratin supercontrao 
tion Reaction with sulphydryl groups of muscle 
protein could alter the stability of the hydrogen- 
bonded network so that the chemical energy from a 
reversible, high standard free energy transphosphory 
lation, for example, liberated as kinetic energy, 
would cause disorientation of the protein structure 
and contraction Then the reverse phosphorylation 
might induce negative charges on the peptide carbonyl 
oxygen atom and thus ro-oriont the muscle component 
into its original a-helical form 

This theory of permanent set, supercontraction, 
and urea-bisulphite solubility of keratm is put 
forward to explam those experimental facts 1 " 6 not 
fully explamed by the early theories of permanent 
set 1 - 16 There is no doubt, however, that all the 
chemical forces — covalent, electrovalont, van der 
WaalB, and not merely hydrogen bonding — are 
mvolved in the three experimental phenomena 
considered 

I am grateful to Prof W T Astbury for many 
suggestions during helpful discussions of this work 
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INACTIVATION OF SOME ANIMAL VIRUSES BY HYDROXYLAMINE 
AND THE STRUCTURE OF RIBONUCLEIC ACID 

By Dr. RICHARD M FRANKLIN and Dr. EBERHARD WECKER 

Max Ptxnck Irutltut fDr Vlruiforrchung TObIngen Germany 


I N the course of bo mo studies on factors which 
might stabilize infoctioua ribonuoloio acid isolntod 
with phenol from animal %'irusoo, it was found that 
h>drox>lomlno inactivates the infectious nbonuclolc 
acid extracted from mouso encoplialomyohtis a truR 
(Table 1) In addition, sovoral animal viruses, all 
of which contain ribonucleic acid, proved to bo 
sensitive to h}dr oxylamino (Table J) 

H\ droxylarruno may act on animal viruses by 
affecting (1) \ rral protein, (2) viral ribonucloio acid, 
or (3) both a iral components Several tvpos of oxpori 
ment wore performed in order to locAto tho sito of 
notion of h\ droxv lammo In tho first typo of oxpen 
mont, mouse oncoplialomj ehtis Aims was treated with 
hj droxylamine and then ribonucloio aoid was 
extractod If hydroxy lammo liad rooctod with tho 
ribonucloio aoid of tho Aims, then tho ©xtraoted 
ribonucloio acid should bo non infootious Tins 
type of oxpcrimont must be distinguished from that 
desenbod m Tablo 1 whoro infootious nucloio acid is 
first extracted from virus parti cl os and then treated 
with hj droxylamine Tho experiments wore earned 
out as follows Mouse oncophalomjolitis virus was 
meubatod in 1 ilf hydrox) lammo at 22° C and pH 7 
A control preparation containing no liv’d rovA lammo, 
was meubntod undor tlio Bomo conditions Tho v irus 
preparations wore treated for various poriods of timo 
m tho individual oxporimonts After dialysis of both 
samples, aliquots wore assaved for virus infootlvitj 
to dotomuno tlio virus survival mtio Tho samo 
samples wore treated v\ ith phenol at 42° C to extract 
ribonucleic aoid 1 * Jnfoctivitj of nlxmuoloio acid 
was titrated by intracerebral inoculation in mico 
Tlio ratio of the infectiv ities of ribonucloio acid 
oxtraoted from troatod virus to that oxime tod from 
control virus should bo tho samo ns tho \dms survival 
ratio if hydro xv lammo inactivate* tho vims onl> 
b\ alteration of viml ribonucloio acid Iltghlv 
variable results were obtained, but tho average vurus 
survival ratio was only four times higher than tho 
average min. ival ratio of tlio extracted ribonucleic 
acid Considering tlio many manipulations involved 
in thoflo oxporimonts, tho results indicato tluit 
hydroxv lamino acts on mouso oncophnlomyolitts a xrus 
bj altering the a irnl ribonucloio aoid This conclu 
Bion is also mipported bv tho fact tlint mouso cn 
coplinlomvelitiR v irus is lnactnatod at a rato oom 
pnrable to that of mfoctious rilionucloic acid isolated 
from tlio virus (Tablo 1) 

Tlio second typo of oxponraont to locate tho eito 
of notion of hydroxy lamino tested tho ofToot of this 
compound on several activities of viral protein A 
mouse onooplinloroyclrtiR virus preparation mactiv 
nted bv treatment with 1 M hvdroxv lammo at- 
22* C for 24 Irr and then dmlvsed for 24 hr had 
the samo coraplomont fixing octivitj against a 
rabbit antiserum to mouso oncopbalomj elitls virus 


T*ble 1 The ijucnriTios or some Axixu. ; inuju iso vihmil 

\CRC3 JllBOADCLWO ACID BT HTDKOXTXunSE 
V 4 J/ 10101100 of hydroxy lam ine hydrochloride It odjnftfd to neat ml 
pTI by raklnc with an erraal part of 14 per cent lodlmn hydroxide 
Thlt eolation li raked with an equal part or Infection* mated*! and 
Incaboteit Tor 16 min at 22 0 For the Inactivation of virtue* the 
rsartlon Is stopped by I 6 dilation in phosphate buffeted sailer 
(ref 16) at 4 0 and exeeii hyilroxylimlne Is removed by JlalyaH 
aijalntt phospliete bnfftred saline for 24 hr Tor Inactivation of In 
fwtlnu* rlbonneielo add the reaction Is stopped amt bydroxyiainlne 
remarry! by precipitation of the ribonucleic add with alcolrol The 
rirui Infectkllr was measured by plaque test (ref 17) and ttm In 
fectlrlty of rlhonudele add from mouse encephalomyelitis virus was 
titrated by Intracerebral Inoculation In mire (ref 1) 


Infectlww material 

S arrival ratio* 

lofwtlom ribonucleic acid from 

2-0 x 10-* 

morrte erveephalomytlUl* rlrui 

1 H X 1(T* 

Mouae enrephalomytlitl* Tlrai 

2 y ltr* 

Fowl plairne xtrui 

2 / i<r» 

Swine Influenza 

2 / 10~* 

Western equine eocephalo- 
m yell Mi rlnu 

3 X 10-' 


♦ Tltre of treatedJtUr* of control 


as a control preparation Thus treatment of mouse 
encephalomyelitis virus with hvdrovv Imiuno remdts 
in on alteration of tho mfectivits of tho nto 
nuoloic acid without major alteration* in tho 
serological properties of tho protein In order 
to study tho ofToct of hvdroxy lamino on other protoins 
of animal viruses a fowl plague virus concent rate 
was treated with 1 M hydro xylmmno for 24 lir 
resulting in comploto inactivation. After 24 hr 
dialysis, tho lunmngglutinating activ itv was tho same 
as that of a control Further the onzvmnUc aotlv itv 
of tho virus measured by olution from rod blood 
cells at 37 D C , was identical In treated and control 
preparations Tho complement fixing nbllitj of the 
treated preparations was tho samo as that of the 
control wlion measured with anti fow 1 plaguo scrum 
Hence, as in tho case of mouso onceplialcmivolilfs 
virus, hjdrox} lamino luul not cousod an) dotcetablo 
changes m tho vnml protoin at least in tho peripheral 
protoin 

Hydro xyjnmino also inactivates certain bacterial 
viruses, but tho notion in this caso is on a protom 
oomnonent, probablv resulting in tho rupture of 
tliiol ester bonds m tho protein of tho tail fibres* 
Tlio activation onorgy of this process* is approxim 
ntolj 10 heal /molo To contrast this with tho 
inactivation b) hv droxylamine of animal \nruscs 
tho nctivntlon onergj for tho inactivation of western 
eqmno encephalomyelitis virus was determined over 
tho temperature range 20 — 44 * 0 A vnluo of approxim 
atolv 4 heal /molo was found Tho difft renco ol>*erv ed 
in tho activation energies for the inactivation of 
bacterial viruses and western oqurno oneopluilomv el 
it is virus indicates that different chemical preeeiw< 
mav bo inv olvod m tho two canre 
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{Note added tn proof The activation energy for 
inactivation of mouse encephalomyelitis virus is 
15 6 kcal /mole Smce mouse encephalomyelitis 
virus and mouse encephalomyelitis ribonucleic acid 
are inactivated at the same rate, this must be the 
energy associated with the reaction of ribonucleic 
acid with hydroxylamme This is similar to the 
energy for splitting thiol-ester bonds and may further 
suggest that an ester bond is split from ribonucleic 
acid by hydroxylamme The previously determined 
activation energy for inactivation of western equine 
encephalomyelitis virus may then represent a second- 
ary reaction, perhaps an alteration of viral lipid ) 

A direct attack on the nature of the reaction of 
hydroxylamme with ribonucleic acid gave httle 
positive information ‘Model’ ribonucleic acid was 
prepared from rat liver and calf liver by extraction 
with phenol at 4° C , using phosphate-citrate buffer 
at pH 5 m order to prevent the simultaneous extrac- 
tion of deoxyribonucleic acid After alcohol precipita- 
tion, followed by precipitation with 1 M sodium 
chloride, the nucleic acid obtained consists of a two- 
component system with molecular weights ~ 2 x 10 8 
and ~6 x 10 s , respectively (cf ref 4) This ribonu- 
cleic acid was treated with hydroxylamme for 24 hr 
or 48 hr and excess hydroxylamme was removed 
by repeated alcohol precipitation of the ribonucleic 
acid There was no degradation of ribonucleic acid, 
as revealed by analytical ultracontrifugation Further, 
paper chromatographic and paper electrophoretic 
studies of the products of alkaline and acid hydrolysis 
showed no differences from those of untreated ribo- 
nucleic acid Thus hydroxylamme does not seem to 
split the phosphate-sugar backbone of ribonucleic 
acid or alter any of the bases If one of these pro- 
cesses was responsible for the inactivation of infec- 
tious ribonucleic acid, which has a 1/e value of 
3 7 mm , meaning that an average of one such 
inactivating event has occurred m each molecule m 
3 7 mm , then approximately 400 such inactivating 
events would occur per molocule m 24 hr The 
failure to detect any changes after 24—48 hr 'with the 
methods used is strong evidence that inactivation 
did not occur by either of the above-mentioned pro- 
cesses As a comparative example, the oxidative 
deamination of adenine, guanine and cytosine m 
ribonucleic acid by nitrous acid can be demonstrated 
chromatographically after a reaction time of about 
20 hr 5 

Recent studies on the chemistry of protein synthe- 
sis have shown that ammo acids are bound to a 
ribonucleic acid of low molecular weight (soluble- 
ribonucleic acid) before being coupled together m a 
polypeptide chain 8 7 The ammo-acid is bonded 
to soluble ribonucleic acid at a 2' or 3' hydroxy- 
position of the terminal rlbose and this ammo acyl 
ester bond can be spht by hydroxylamme 8 It could 
be that a similar structure exists m some forms of 
high molecular weight ribonucleic acid and that such 
a structure is essential for the biological activity of 
ribonucleic acid m those cases It would be difficult 
however, to demonstrate the existence of an ammo 
acyl ester m nucleic acid of molecular weight ~ 2 x 
10 8 smce, by weight, the ammo-acid represents ~ 1 
part m 10 1 of nucleic acid Therefore, this hypothesis 
must be investigated by some indirect approach 

One such approach is a comparison of the stability 
of the ammo acyl-soluble-ribonucleic acid bond with 
that of the mfectmty of ribonucleic acid from mouse 
encephalomyelitis virus (Table 2) The stability of 
infectious ribonucleic acid m the pH range 5-7 and the 


instability at pH 8 6 correspond to the pH stability 
of an ammo acyl ester bond Control experiment* 
on the degradation at pH 8 C of ‘model’ ribonucfet 
acid from calf liver, measured by alteration of vis- 
cosity during a 48-hr period, showed that inactivate 
of infectious ribonucleic acid at pH 8 0 could not b> 
due to alkaline hydrolysis of the phosphate-mg® 
backbone Hydroxylamme inactivation of ribonnek * 
acid from mouse oncephalomyehtis virus proceed) 
more rapidly at pH 7 than at pH 5 5 and this is also 
truo for hydroxylamme splitting of the amino ad 
ester bond to soluble-nbonucleic acid* In contrast, 
the reaction of hydroxylamme with actn ated amino- 
acids (mixod anhydrides in which the carborri 
group of the ammo-acid is phosphorylated) 1 occur 
equally well 8 at pH 6 5 and pH 7 0 Thoroforo, if an 
ammo-acid or related compound is linked to tb» 
ribonucleic acid of certain virusos, as suggested by 
these experiments, then the bond Bhould be simile 
to that between ammo-acids and soluble ribonucki! 
acid (ester) rather than to that m activated ammo- 
acids (mixed anhydride) 


Table 2 A Comt ambon of tub Stability of an Infectious Em 1 - 
nuclei o Acid mom Modsf Encephalomyelitis Virus and tb 
Amino Acyl Ester bond to Soluble Ribonucleic Acm 


— 

Infectious ribonucleic 
acid 

1 

Amino acyl ester soluble r!U> | 
nucleic acid bond 1 

Stable at pH 5 

00° for at least 10 min 

22° for at least IB min 

Stable at pH 7 

G0° for at least 10 min 

22° and 37° for at least 30 ml n 

1 

Reported to bo stable la 0 1 J 
HOI, aB well as In the j® 
rnDgo 3-0 (ref 18) 

Unstable at pH 8 0 
37°for30mln u/n 0 - 0 03 

Unstable at pJI 8-0, 57* 
Extrapolation of the data to 
30 min n/n, « 0 ■025(reU? 

1 M NH.OH, 22° 

1 * = 0 25 min ~ l at pH 6 8 
and 0 10 min _1 at pH 6 6 

Reacts with 1 M KHiOH 4i 
pH 7 to a greater dep« 
tlinn at pH D 5 (ref 8) 


•Assuming n first-order reaction, dn/df — — kn, where n lid-' 
remaining activity at tlmo t 


Not all animal virusos can bo inactivated 
hydroxylamme under the conditions described here 
For example, Newcastle diseaso and mumps vine-*, 
which are m one distmet sub-group of the 
viruses 10 , aro resistant to 1 Iff hydroxylamme ® 
22° C Fowl plague virus and swme influenza vm& 
which belong to another sub-group 10 , proved to ^ 
highly sensitive (Table 1) Those results sugg?" 
that there are differences m the nucleic acids of to®* 
two groups of myxoviruses, although all myx°vm^ 
which have been chemically analysed, inclum 1 ? 
Newcastle disease 11 , fowl plague 18 , and lnflucni® 
viruses, contain ribonucleic acid Horpes s'rnpte^ 
which may contain dooxyribonucleic add 11 , 
proved resistant to hydioxylamine The rcsista 1 ^ 
of some viruses to hydroxylamme inactivation 
be further evidence that hydroxylamme attack 6 ^ 
special configuration m the nucleic acid comp° n ® 
of certain viruses, smce it appears that all n uC & 
acids have certain chemical properties, such a 5 ^ 
phosphate-sugar backbone, in common Th lis , 
must be concluded that hydroxylamme does 
alter any of the chemical bonds common to all au c 
acids , tics 1 

The biological significance of this hyppm® 
ester bonded to mfeotious ribonucleic acIC \i- r or 
clear One suggestion is that an amino acyl e 31 ® ^ 
some other acyl group m an ester linkage !° , sin 
at a terminal position on a ribonucleic aC1 ? -the 
would servo to limit the chain-length by providing 
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information that the oncl of the chain had been 
reached In any event, such a structure could servo 
to give the chain a direction in a more striking manner 
than that provided by tho presence or absence of a 
terminal phosphate 1 * Moroovor euoli a terminal 
ester group may serve as a priming agent for coriain 
biosynthetic reactions 

The theoretical and practicaf aspects of tho phono 
men a described here are bo mg investigated further 
and will be published in fall detail elsewhere 
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AUXIN AND THE BULBING OF ONIONS 

By Du. J E CLARK and Pkof O V S HEATH 

Unlverdty of Reading Horticultural Research laboratories, Shlnfleld Grange, Shlrrfield Berkshire 


D ET AILED studies of tlioso changes in tlio internal 
morphology' and histology of onion plants which 
are characteristic of tho process of bulb development 
in roaponso to tho combi nod stimuli of long days and 
high toinpornturo lod to the formulation of a specula 
tive hypothesis in terms of a supposod ‘bulbing 
eubstanco' or hormone' Wo are now engaged in a 
study of tho changes in growth-eubstanco oontont of 
omon plants during bulbing, using modifications of the 
methods of paper partition chromatography combined 
with bioaasaj of growth substances first dovoloped 
by Bonnot Clark ct al 1 • wo are also studying tho 
oflbote of externally applied ouxrn on bulb develop 
ment 

When tcetlng for an unknown ohomlcal growth 
factor supposed to produco n spoclfio effoot on a 
certain organ of an intact plant it is deetmblo if 
poeeiblo to de\olon an essay mothod doponding on 
the production unci or standard conditions of such an 
effect m the stmo or similar tissue Tims ono should, 
ideally, test a froctionotod tissue oxtract for tho 
prosonoo of a 'flowering hormone* by its capacity to 
cause flower initiation in growing points, prefembh 
hopt under otherwise non inductive conditions ; the 
appropriate test for growth promoting hormones is 
ono m which incrcaso of growth is measured, rathor 
than inhibition of growth or abscission of organs, 
for a bulbing eulwtanco tho assay mothod should 
unotvo bulb do\ olopmont again preferably under 
non inductive conditions If this pnneiplo is ignored 
as is frequently tho coso irrolmant or misleading 
information may bo obtained For the comparison 
of amounts of known compounds in tissue extracts 
from plants m different treatments, tho uao of assay 
methods depending on irrelevant plant responses 
would howo\or, seem to bo justifiable if suitablo 
precautions are taken to confirm tliat tho compound 
concerned is in fact tho ono supposed 

For h{aas*a\ wo luuo thoroforo used a mollification 
of tho wheat coiooptilo cy Under tost* in an attempt to 
compare? clianges in. tho *1 indolylaootlc acid content 
of onion plants during bulbing in long davs with tlint 
of plants romamuig in short day's, but no hn\o also 


do\ eloped a mothod m which omon boodfuig* eon 
etituto tho tost material and show an increase? In 
bulbing rotlo (tho ratio of tho greatest dlamotcr to 
tho least) whon supplied with a suitable growth md> 
stance in darkness Tho onion soodimgn as used for 
this bioassay liavo boon found not onH to give a 
marked bulbing responso to long days but also to 
oxtcmnlly applied 3 mdolylacetio acid m darknoK-i 
Seedlings at tho 2 leaf stage of dovetopmont, with 
roots and loaf blades removed (‘ooedllng sections ) 
rotated horizontally in darknooa m a 1 per cent 
Bucroso solution, show from 1 to 8 days an increasing 
bulbing ratio in tho prosenoo of added 3 indoh lacotio 
acid (sodium salt, pH 7 0, at 1 X 10- 1 A[ concontm 
tion or approximately 20 p p m ), whereas In sucro«o 
alono thcro aro no mnrkod or consistent changes 
Such a responso is rapid at 25° C , rauoh slower at 
20 0 and almost non-existent at 16* C , this 
rosomblos tho effect of temperature on roto of bulbing 
in roeponso to Uk> stimulus of Jong days* Wo have 
also found with intact seedlings growing in water 
culture in short dayB, a small but statist icallv signifl 
cant {P < 0 02) increase in bulbing ratio duo to the 
addition of 1 x I0~* M 3 lndohlacctio acid to tlio 
solution, as compared with seedlings not gnon 
3 mdoMacetic acid 

o lia\ o mode a preliminary survm of tlio changes, 
caused bi ■various periods in long days at diflirunt 
stages of dovolopment, in tho growth substance 
content of omon plants For this purpose plants 
of variety Ebon oxer wero grown from sots in sand 
culture in short days (less than 12 hr ) and tmnsferrod 
to long day's (17 lir ) at tho time of expansion or tho 
tenth, fourteenth, oighteonth and twenty fourth 1* (if 
Samples were token from long-dav and short-day 
plnnts of tlio samo ago according to tho plan shown m 
Tablo 1 Boots and loaf blades were removed ami an 
ethanol extract made of tho remaining tissue Tho 
method of fractionation was that of Bennot Clark 
ct oi * and Larson* oxcopt that tho pit was brought 
to 2 5 with 20 per cent orthopbo«phoric acid OuK 
tho t thnr solublo, acidic fraction has **o far Inin 
imestigated m detail Extracts wero riirom ntr 
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Table 2 Distribution of inhibitory Activity in Boot Homo 

OENATFS 


Addition (0 5 nil ) to reaction 

Glutamylhydroxamate 

mixture 

(nmoles) 


Clone 1 

Clone 2 

Water 

4 26 

3 75 

Supernatant 

8 83 

0 84 

Arsenate extract of residue 

0 

3 68 

Tissue residue 

0 

0 

Residue after ten extractions 



v. 1th arsenate solution 

3 94 



activity of the primary supernatant (clone 2) or of 
the arsenate extract (clone 1) was thermolab lie 
(Table 3) These solutions did not decrease m activity 
when dialysed against distilled water for 48 hr and 
were free from detectable proteolytic and adenosine 
triphosphatase activity 


Table 8 Thermolabllity of the Soluble Glutamo transferase 
Inhibitor of Clone 2 Roots 


Time (min ) of exposure of 
Inhibitor solution to 100° C 

Glutamylhydroxamate 

(nmoles) 

0 

0 

5 

0 S 

10 

1 2 

16 

2 5 

30 

3 7 

46 

4 5 

60 

4 5 

Water control 

4 65 


A purified preparation of the glutamo-transferase 
enzyme was at tins point obtamed from 2 kgm dried 
pea meal (Ptsum sativum var Meteor) by the method 
of Elliott 7 , dissolved m the tris buffer, and the sensi- 
tivity of both the transferase and the synthetase 
activities of the enzyme to the tomato root inhibitor 
tested The standard reaction mixture (3 3 ml) used 
in assaymg glutamine synthetase activity contained 
0 5 ml 0 1 M tns buffer (pH 7 2), 1 ml enzyme 
solution, 0 5 ml sodium-adenosine triphosphate 
(0 05 M), 0 5 ml sodium glutamate (0 5 M), 0 1 ml 
manganese sulphate (M), 0 1 ml hydroxylamme 
(ill and adjusted to pH 7 2), and 0 1 ml cysteine ( M ) 
In these tests a partially purified preparation of the 
inhibitor was used This was prepared from a clone 
2 root homogenate (100 gm fresh wt roots to 200 ml 
water) as follows the supernatant was treated with 
300 ml acetone and the precipitate collected by 
centrifuging, washed with acetone and reduced to a 
dry pov der m a vacuum desiccator Half the acetone 
powder dissolved m 50 ml water was treated with 
an equal volume of saturated ammonium sulphate 
solution and the precipitate collected by centrifriging 
and dissolved m water This solution was dialysed 
at 2-5° C for 48 hr and then adjusted to 50 ml 
The preparation of an active acetone powder ensured 
inactivation of any glutammase 8 or adenosine triphos- 
phatase* contamination The inhibition, by the 
purified inhibitor, of the transferase activity of the 
pea meal enzyme is shown m Table 4 

Inhibition of the transferase activity by the puirfied 
inhibitor was not reduced by addition of 0 05 M 


Table 4 ATTEMPTED PURIFICATION OF THE GLUTAMO TRANSFERASE 

Inhibitor present in Excisfd Tomato Roots 


Inhibitor fraction 

Dry wt Inhibitor required to cause 
50 per cent inhibition of trans- 
ferase acth Ity (//pm ) 

1 Original supernatant 

1,200 

2 Acetone powder 

450 

3 Dialysed ammonium 


sulphate rreclpltate 

76 
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cysteine 01 glutathione Its inhibitory activity was 
maximal if incubated with the pea enzyme for 10 
mm before adding substrates and cofactorB Pro 
longation of this premcubation for 60 mm , using an 
inhibitor addition causing about 50 per cent mhihi 
tion, did not lead to any further decrease m onzyme 
activity The inhibition was only slightly reduced 
by increasing the concentrations of glutamine or 
adenosme triphosphate in the reaction mixture 
(Table 5) There was no evidence that the inhibitor 
reduced the effective concentrations of Mn++, arsenate 
or hydroxylamme 

Table 5 Effects of l-Glutamtne and Adenosine Triphosphate 
Concentrations upon the percentage Inhibition of Glutamo- 
transferase Activity by the Partiaua Purified Tomato Hoot 
Inhibitor 



Glutamylhj droxamate 



formed (nmoles) 





Percentage 





Inhibitor 

Inhibitor 

Inhibition 

L-Glutamlno 

1 ( mM) 

omitted 

present 





4 

2 4 

1 14 

53 

8 

4 0 

2 2 

46 

12 

6 7 

3 4 

41 

20 

8 1 

4 96 

39 

ATP(AI) 




io-‘ 

0 0 

0 24 

00 

4 X 10-* 

2 1 

0 00 

67 

io- 4 

3 4 

1 5 

66 

4 x 10-* 

3 8 

1 0 

60 

io-> 

3 0 

1 9 

47 


The inhibitor was active against both the trans 
feraso and the synthetase activity of the pea meal 
onzyme (Table 6) 


Table 0 Activity of the Partially Puiufifd Inhibitor against 
the Transferase and Synthetase Activities of the Pea Meal 

Enzymf 



Glutamj lhydroxnmate 



formed (/<molCB) 


i Enzyme 

. 


Percentage 

i activity 

Inhibitor 

Inhibitor 

Inhibition 

1 

omitted 

present 


Glut amo-transfernse 

4 70 

1 03 

78 

Glutamine synthetase 

6 31 

2 77 

66 


Homogenates of seedling roots of pea (Ptsum 
sativum var Meteor) also showed inhibitory activity, 
but it could not be detected in red clover roots 
( Tmfolium pratense var Dorset Marlgrass), and 
seedling roots of Avena (var Victoiy) showed high 
glutamo-transferase activity 

Acknowledgment is made to the University Col 
lege of Swansea for a research fellowship and to 
the Indian Institute of Science for the leave of 
absence which enabled one of us (C S V ) to under 
take this work, to Prof H Waelsch of Columbia 
University for a pure sample of glutamylhydroxamic 
acid and to Imperial Chemical Industries, Ltd , for 
a grant towards the purchase of the Unicam speotro- 
photometer ( SP 600) used m the estimation of the 
hydroxamic acid 
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Monday, September 21 
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St John Street London, E.0 1) at fi 16 p.m — itr A 0 F Freon d 
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Medical School Kina'! College Ho«plta] Denmark HID Loudon 
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IxarrrpTS or BtoioaY (In the Lecture Uall Royal Geographical 
Society Remington Gore Lotxlon 8 W 7) at 10 a.m. dally-— flym 
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Society or Ohimtoal Iitdcbt»y Food Group (at the Royal 
^•dety of Medicine, 1 WImpole Street London W 1) — Symposium 
ou Enzyme* In the ilanufkciure Storage and Distribution of Food" 


APPOINTMENTS VACANT 

VrrwoAYioiTD are Inrlted for the following appointment* on or 
Irtfote the date* mentioned t 

Rejsabcji Awirtaxt (preferably graduate In matbematlr* and 
experience in the u»e of digital computer*) xx the Coirrmya Lab 
oUATOET to assemble and ran programme* using the Interpretative 
HcUemot In the Deuce Computer — The Secrotary of Uni ve rally Court 
The Unlreralty Glasgow (September 28) 

Assist Ayr Leuturer lx dotaht — T he Registrar The iTnlvenlty 
Mancheater W (September 30) 

TEcmnaAL AWistakt (qnallfled to maintain and supervise the 
rue of N ray apparatui and the electron microscope) w Tut ITonns- 
woRxn Bobool or Arruio Boioci— The Registrar The U Diversity 
Leed* (September 30) _ 

Lecturer I* pHiLoyorirr — The Bee re lory The University 58 
North Bailey Durham (October 1) „ , 

Lecturer!* thb History or Sctkice— T he Registrar The Unlver 
•Ur Leicester (October 1) 

Res* mo n AssretAirr (graduate) lt to* PCTAmrxsr or Apw 
Cultur* to carry out In vertical Ion* Into the efficiency of farm 
building* by the application of work *tody methods— The Beerrlary 
end Registrar University College of North Wale* Bangor North 
Wale* (October 1) 

Lecturbr or 8*5io* Lecturer xx rmwirs ay d/or CmaotriT 
to Uke«ubjeet to Pa** Degree atandard— Tho Principal Bede College 
Durham (October 3) . . . 

Bun a or StaiOR LWTURE* (with experience In experimental 
physic* and preferably experience In *ome a*pecl« orapnlled phyelr*) 
ix tito Detaetkitt or Pmyijc* of the faculty or Science — The 
Registrar The Unlreralty Manchester 13 (October 6) 

LecTURXE (with special q nail that Ion* tn IrydrograpbT) ry Oeo 
ORA rirr— The Reglatrar (Room 22 O.H.U.) The Lnlver*uy Reading 

t0 Oruj* r or Vimucs Chat* or CKE*r*Tnr and Ciuir or biology 
I n the Royal Unlreralty or Malta— The Secretary Inter Lnlreralty 
Connell for Higher Education Oreraea* 20 Woburn Square London 
\Y C 1 (Oelnber 15) 

Lecturer or Arvixtajct Itcrma iy IUcttkioiaxiy at the Unlver 
ilty of Malay; (Singapore Division) — Tire Secretary Inter Unlrcraltr 
Council for Winner Education Overacts 20 Woburn Square London 
WO 1 (October 16) 

Ijxrrma (with a qualllVatlon In biochemistry and nreferaHy 
with a medical qualification) iy CtntMiCAt riTROUxrr— The Dean 
St Tboraa* a IToapItal Medical Sdiool I,ondon BJELl (October 1C) 

Lecture* or AsttfTAtrr LrurURra iy Prrmcs at Stakerera College 
(Unlreralty College of East Africa) — The Secretary Inter Unlmilty 
Council for Higher Education Overton 20 Woburn Rquare London 
W 0.1 (October 20) 

Lrrmti* I* Mtrtomnuxrr In the Faculty of Rural Bdence 
L Diversity of Near rm*laod Anatralla— The Secretary, AnocUtlon of 
VnlrerMtle* of the RritUb Commonwealth 36 Gordon Square London 
W 0.1 (Anatralla October 23) 

LECTTMOtry Ncmrtoytn the Faculty of RaralBclence Unlreralty 
of New England Atutralla, to undertake teaching and retearth In 
llnvdock nntritlon In the Deportment of Nutrition and Chemical 
Pathol oct— T he Secretary. Aatoclatlon of Unlverdlle* of the Brltlah 
Commonwealth 36 Gordon Square London WC.1 (Auttralla 
October tt) 


thPrhu LK iT5 ai ?-. or A ” 0CUTl FRomsoa xx ArruxD 
England Amtralla— The Scere 

iL ?“ 1 Tt , r : 1 y w or Brill* CommtiBWMjth M 

BqpareLondon W C .1 {Atutralla October 23) 

* reaeaxeh experience In the 
neid of netrrohlitology) m Phtsioloot at the UnlvenJty or Sydney 
8 ^T cl ?. r T Anodatlon of Unlvenltle* of the llritlih 
oSSbw*4) Ml1 30 G °rdon Square London W ai (Aatrallfl 

(Oe^Sr 0 3 f l) DOTAJrT ~ Th0 SecretAry The Queen a Unlrenlty Beirut 

Chair or Ixoroaxic axd Phtucal CnrwsT*r In the Unlrmlty 
or Tacnaula— -The Secretary Aiaodatlonof UnlTer*UI««of the Britbh 
oSoSPSl) 1 30 Oordoa ^ London W 0 J (AoMraUa 
o 5TRATORS I* BlOOHtYISTKY AXTKAt OR PLAXT PimnOLOOT 

Soils Parahttoloo y I4 v*stock ay atomy and UrrroLooY Mmi 
. Ao *^°, irr .,f nTWX:K DCSBA5DRT and Phyxioioot— The 
Rejditrar UhlrerMty of New England Armldale VS W Am trail a 
(October 31) 

Bkxioa Rmiaroh Filiott or Retraicti Fellow ix thx umtT 
3«5T or Thtorcticul Phtiicr Research School of Phy«leal Science* 
An*tr*IIan National UnlverMtT— The SerxeUry AwodAlion of Uni 

veiMtfeaof the Brltlah Commonwealth 36 Gordon Square London 
W 0 1 (An atralla Norember 2) 

L*0TT7*ya (with quallfleatlon* In either pare or applied mathe- 
matfajDr JCATHptATlcaat the Unlrerrify of Canterbury Clirlririmreh 
New Zealand— -The Secretary Association of Un!ver*ltle*of the Britlrh 
wmm on wealth 36 Gordon Square London W 0.1 (New Zealand 
Norember 30) 

AasmArr or Assooat* Proixsso* of Pathology at Qneenf 

UplteiaUy Klnpton Canada — The Secretary Anroclatlon of UnlTer 
*ltle* of the llrltUh Connnonweallh.Stl Gordon Square London WC.1 

Lecturer ry Mattootatics — T he Secretary Royal College of 
Selenee and Technology 01a*gow 

Research AssriTiXT* (graduate*) nr Elettrical Exotveerixo 
for work In the field* of tramHtor apnlkatlrru or the properiK* of 
dielectric materials — Head of the Mtctrlral Fnclneerlng Depariment 
Nortlrampton College of Advanced Technolopr 8t John Street Lon- 
don JB.CU 

Risearch AaSHTARTS (2) IY Phtrics one for theoretical and/or 
experimental work connected with the theory or liquid! and the 
other for meteorological or *olld ifafe plmle* — The Secretary Sir 
John Cass College Jewry Btreet, London. KC.2 

Stxio* TrcfixiOAt Officer (with a degree or diploma In atrrl 
culture or agricultural botany) I* tttx Cereali Stcrioy of the fked 
Production Branch — The Secretary National Irutltute of Agrlmltutal 
Botany Huntingdon Road Cambridge 


REPORTS and other PUBLICATIONS 

(Hot inetvdrd tn motUXIg Boo It Svrptnvnl) 

Great Britain and Ireland 

Committee of the Privy Council for Agricultural Research Report 
of the Agricultural Research Ootmdl for tho year 1 Dj"-1058 IT> 
yII+ 173 (Cznnd. 760 ) (London IL1L BUtlonery Office IOjO ) 
8a net I»d 

Report of a Conference on Herbage Seed Production organized by 
the N LA 1) In conjunction with the^ Brltl»h Secdf Council Cambrtdfu 
Guildhall 18th and 10th Norember 10^8 Pp. 481^676 (Preprint 
rrom the Jcvmal of Un hrtirmal Ituiiiult of AfrleuUvnl BoU*v 
\oL 8 No 3 IOjO ) Farmer* Leaflet No 3 \arietle* of Totatoe*. 
F£^0 (Cambridge National In*titute of Agricultural Botany 

Slr^John Cats CoDegr rrofpeetu* Sewlon 10^0-60 Pp ^5 
(London Sir John Cat* College ,10^0 ) It>8 

Oa* Greet* the Future Pp 4 (London The flai Council 10j0 ) |M 
Department of SdenUflc and Indmtrlal Research. Reaearrh for 
Induitry 1058 a Report on Work done by the Industrial Research 
Aavodatlon* In the LoTemment Scheme. Pp It+ 13*. (London 
HJr Statlooery Office 16^0 ) 7/. M net. l(W 

Coundl for tne rre aer i a tlon of Rural England Sheffield and 
District Branch. Annual Report May 1060 Pp. 28. (Sheffield 
Council for the Preservation of Rural England Sheffield and Peak 
DUtriet Branch, 19M) , (W 

The Hannah Dairy Reaearch Institute Report for the three year* 
ended 31*t March 10S9 Pp. 62 + 12 pUte*. (klrVblll Ayr Hannah 
Dairy Research Inriltute 1059 ) l®8 

Unlreralty of Nottingham Report of the School of Agriculture. 
1058 Pp 83 (Sutton Bonington Unlrertlty of Nottingham School 
of Agriculture 1060 ) 106 

Dritlrij Muieum Watural TTlatory) The Bucee^lon of Ufo Through 
Geolofrtcol Time. By Kenneth P Oakley and Helen M 3fulr Wood. 
Fourth and revised edition Pp wll+W 6* Pco*!! Mammal* of 
Africa No 16 The Fore-Limb Skeleton and Associated Remain* of 
rrcnmnl tfrteanut ByJ JENapler and Y R. Daria. Pp.x!U-7T+ ,10 
plate*. 35 a (London British Mnwran (Natural Hl»tory) 1059) |M 
Educational iroductlonv Ltd Wall Chart B662 (Botany) The 
Leaf-Shape and Modification*. 40 In X 50 In. "a M Wall Om 
Z654 (Zoology) Freshwater Hydra. 30 In x 40 In. "i W Wall 
Chart B0C3 (Botany) Tmlt Dltpemal and Seed Germination 40 In. 
X SO In -A W Wall Chart Z631 (Zoology) Earthworm 30 In. x 
40 tn "» Of (Ea*t Anliloy Wakefield Educational Product Ion* 
Ltd. 1959) (98 

Educational Publication* Ltd. Film « trip No C-ICfifil (BoUny) 
Weed* of Cultivated Land 30 frames ( colour) 2“* M Note* for uw 
with ninutrip No CXG261 PP 11 (Mart Ardricy WaUefieM 
Educational Prodnetlon* Wd 1059 ) .. 

Empire Ootton Growing Corporation Anotul R*T-wt fhr the 
ending 3l*t March 1*69 1*P l‘ + — (Loudon LmrR- cu 

Q rowing Corporation 10 j9 ) 
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Institute of Seaweed Research Annual Beport for 1958 Pp 23 
(Inveresk, Midlothian Institute of Seaweed Research, 1959 ) [100 
Help for the Arts a Report to the Calouste Gulbenkian Foundation 
Pp 64 (London Calouste Gulbenkian Foundation, United Kingdom 

and British Commonwealth Branch, 1959 ) 3* L10G 

Institution of Gas Engineers Publication No 542 Research 
Programme of the French Gas Industry within the Framework of the 
Industry's Technical Development By R Delsol and A. Renauldon 
Pp 20 Publication No 644 Reorganization of the Hong Kong and 
China Gas Company, Ltd. ByT Splklns Pp 37 Publication No 545 
The Use of Propane/Butane for Gas Making In Vertical Retorts By 
H V Steens trap Pp 9 Publication No 649 Coke Preparation and 
the Solid-Fuel Market By J B Grey and R J Newman Pp 36 
(London Institution of Gas Engineers, 1959 ) [106 

Government of Northern Ireland Ministry of Agriculture Leaflet 
No 34 The Pruning of Apple Trees Pp 7 +7 plates Leaflet No 35 
The Feeding of Bacon Pigs Pp 9 Leaflet No 37 Turkey Produc- 
tion Pp 13 Leaflet No 62 Tree Planting and Timber Production 
on the Farm Pp 12 Leaflet No 73 Potatoes Pp 28 Leaflet No 
124 Weed Control In Agriculture Pp 20 (Belfast Ministry of 
Agriculture, 1959 ) _ [186 

The Two Cultures and the Scientific Revolution By Sir Charles P 
Snow (The Rede Lecture 1959 ) Pp lv+52 (Cambridge At the 
University Press, 1959 ) Ss Gd net [180 

Forestry Commission Report on Forest Research for the jear 
ended March, 1959 Pp vlll +191 +5 plates (London H.M. Station- 
ery Office, 1959 ) 9* (Id net _ [186 

Central Youth Employment Executive Choice of Careers No 62 
The Pharmacist Second edition Pp 20 (London H M. Stationery 
Office, 1959 ) 9d net , [180 

Birmingham Natural History and Philosophical Society The 
Records of the Society and the Story They Tell By K. L Kenrlck 
(Centenary Celebrations 1958 ) Pp 52 (Birmingham Birmingham 
Natural History and Philosophical Society, 1959 ) [186 

Annual Report on the Progress of Rubber Technology, Vol 22, 
1959 Pp lx+125+xll (Cambridge W HefTer and Sons, Ltd 
1969 Published for the Institution of the Rubber Industry, 1959 ) 
25» [186 
National Institute of Industrial Psychology Report 14 Testa for 
Engineering Apprentices — a Validation Study By C B Frlsby 
D F Vincent and Ruth Lancashire Pp 11+24 (London National 
Institute of Industrial Psychology, 1959 ) 5* [186 

BuBdlng Research Station Digest No 122 Wind Effects on Roofs 
Pp 8 (London H M Stationery Office, 1959 ) 4d [186 

National Union of Students 1959 GrantB Year Book _ Local 
Education Authority Awards to Students Pp 107 (London National 
Union of Students, 1959 ) 2* 6d [186 

Department of Scientific and Industrial Research Food Investiga- 
tion The Torry Research Station and the Humber Laboratory a 
Brief Explanation of Their Work Pp 16 (London Department 
of Scientific and Industrial Research, 1959 ) [186 

After Work Leisure and Learning In Two Towns (Studies made 
In Bolton and Rochdale for the Manchester and District Advisory 
Council for Further Education ) Pp 63 (London National Institute 
or Adult Education 1959 ) 8r 6 d [186 

Department of Scientific and Industrial Research Radio Research 
Special Report No 28 The Conversion of Ionospheric Virtual Height- 
Frequency Curves to Electron Density-Height Profiles By Dr J O 
Thomas and M. D Vickers Pp v+48 (London H M. Stationery 
Office, 1959 ) 3» 6 d net [186 

BBC Engineering Monograph No 26 A Qunllty-Chccking Re- 
ceiver for V H F F M Sound Broadcasting By C G Mayo and R E 
Jones Pp 15 (London British Broadcasting Corporation, 1959 ) 
6* [186 
Hut nan Journal of Inorganic Chemistry, Vol 4, No 1 (January 
1959 ) In English translation Pp 111 +195 Published monthly 
Subscription rates Ordinary rate £30 (U S_A. 90 dollars) Rate for 
Libraries of Universities and Technical Colleges £22 10 j (U S.A 
67 50 dollars) (Single copies £4 (U S.A 12 dollars) (London The 
Chemical Society 1959 Distributed by Cleavcr-Hume Press, Ltd ) [186 

Other Countries 

United States Department of the Interior Geological Survey 
Professional Paper 272-B The Effect of the Additions of Heat from a 
Powerplant on the Thermal Structure and Evaporation of Lake 
Colorado City, Texas By G Earl Harbeck, Jr , G E Koberg and 
G H Hughes Pp 61 +2 plates 60 cents Professional Paper 294-K 
The Rocks and Fossils of Glacier National Park The Story of Their 
Origin and History By C P Ross and Richard Eezak Pp 111+401- 
439 +plates 51-53 Professional Paper 299 Geology of the Arkansas 
Bauxite Region By Mackenzie Gordon, Jr J L Tracey, Jr , and 
M.W EUIs Pp vHI+208+39 plates (Washington, D C Goaern- 
ment Printing Office, 1959 ) [40 

East Africa High Commission East African Fisheries Research 
Organization Annual Report, 1953 Pp 11+48 (Jtnja East African 
Fisheries Research Organization, 1959 ) [96 

Centro Brasllelro de Pesqulsas Flslcas Notes de Flslca No 18 
A Stochastic Theory of Chromatography ByH.Macedo A L Zamith 
v and J Danon Pp 15 No 21 Sidereal Anisotropy of High Cosmic 
Rays near the Equator By L Escobar, N Nerurkar and R Weil 
, Pp 11 No 22 The Disintegration of Ga” By J Goldemberg, 
L. Marquez E W Cybulska N L Costa and I G Almeida Pp 7 
No 23 Effect of Non-locality In Fermi Interactions due to Vector 
Mesons on the Decays N-*P + /and y-^e + r + r- By Prem Prakash 
and A H Zlmerman Pp 11 No 24 Hyperfragments Produced by 
K.” Mesons from K + Charge Exchange ByM-Baldo Coelln.H Huzlta 
S Natali, U C3merInlandW F Fry Pp 10 No 25 On the Masses 
of Elementary Particles By A SalamandJ Tlomno Pp 4 No 2G 
The Poles of the S-Matrix of a Rectangular Potential Well or Barrier 
ByH M. Nussenzvelg Pp 36 (Rio de Janeiro Centro Brasllelro de 
Pesqulsas Flslcas 195S ) [96 

Union of South Africa Department of Commerce and Industries 
Investigational Report No 36 The South African Pilchard (Sardinop* 
oecUala ) and Mhasbankcr ( Traehurus t radiums ) The Ch-ctognatha Off 
the West Coast of the Union of South Africa, July 1954-June 1955 


By A. E F Heydom (Reprint from Commerce and Industry ) [Pp 68 
(Pretoria Government Printer, 1959 ) [96 

Consell Permanent International pour PExpIoratlon de la licr, 
Cliarlottenlundl Slot, Danemark Rapport et Proc&s-Verhaux des 
Reunions, Vol 146 l«sPartle Procts Yertaux, Septcmbre-Octobre, 

1958 2«ne Partle Rapport Admlnlslratlf, 1957 Pp 61 (Copen 

haguc Andr Fred Ho3t A Fils, 1959 ) Kr 16 00 [96 

University de Paris Laboratoire Arago, Banyuls-sur-Mer Faune 
Terrestre et d'eau Douce des Pyr4n6es Orientates Fascicule 1 
Hymdnoptfires Vespiformes des Environs de Banyuls-sur-Mer Par 
H Noun el et H Rlbaut Pp 32 Fascicule 2 Aphldoldea Par G 
Eemaudfere Pp 66 Fascicule 3 N6vropt5roIdcs Par Jacques 
Aubor Pp 42 Faune Marine des Pyrdnfies Orientates Fascicule 1 
Cdphalopodes PaT Kntharlna Wirz CopApodes, Isopodea et 
Helmlnthes Parasites de CApbalopodes de La iKdltyrralnde et de 
l’Atlantique Europden Par R Ph Dollufs Pp 72 Fascicule 2 
Eehlnodermes Par G Cherbonnlcr Pp 67 Fascicule 3 Oplstho- 
brancheB Par K Wirz-Mangold et U- WysB Pp 71 (Paris Hermann 
et Clc , 1958 ) [96 

Reflections of a Mathematician By Prof L J Mordcll Pp vII + 50 
(Montreal Canadian Mathematical Congress, Chemistry Building, 
McGill University or Ecole Polytcchnlquc, 2500 Guyard Avenue 

1959 ) [00 

Canada Department of Mines and Technical Surveys Geological 

Survey of Canada Bulletin 47 Revision of the Hazelton and Tails 
Groups of Central British Columbia By H W Tipper Pp vit+6L 
(Ottawa Queen’s Printer, 1959 ) 76 cents [96 

Seventh Annual Report, July, 1957-June 1958 of the Netherlands'- 
Norweglau Joint Establishment for Nuclear Energy Research. Pp 32 
(Kjeller, near LUlestrom Netherlands’-Norweglan Joint Establish 
ment for Nuclear Energy Research, 1959 ) (95 

Companhla de Dlamantcs de Angola (Dlamang) Servlcos Cultural! 
Museu do Dundo Publlcacoes Culturais No 41 Subsldlos psra 
1 Estudo da Blologla na Lunda Estudos DIversos (16) LamilmB 
(Coleoptera, Cerambycldm) do l’Angola Par S Breunlng Coteoptires 
Cdrambycldes d. Angola (Prionlnm ct Ceramhyclnse ) Par A VUliers 
Elne neue Dlploncvra-Art aus Angola (Dipt Phormm) Von Erwin 
Beyer Revision des expdees Afrlcaines de la Famllle Falgorlda 
(Snper-famillo Fulgoroldcs — sous ordre des Hcrmoptircs ) Par Dr V 
Laliemand Scgunda contribulcao para 1 Estudo dos Estrepslpleros 
Angolenses (Insects Strepsiptcrn) Por Ed Luna de Carvalho Pp 154 
(Lisboa Companhla de Dlamantcs de Angola, 1959 ) [96 

New Zealand Department of Scientific and Industrial Research 
Geophysics Division Amberley Observatory— Magnetic Results for 
1955 Pp 11+62 (WeUIngton Government Printer, 1958 ) [186 

American Journal of Science Radiocarbon Supplement, VoL 1, 
1959 Edited by Richard Foster Flint and Edward S Deevey, Jr 
Published annually Subscription rate 4 50 dollars a year (VoL 1 
will be sold for 2 50 dollars until 1 January 1960 ) (New Haven, 
Conn Sterling Tower, Yale University, 1959 ) [186 

United States Atomic Energy Commission Indemnification ol 
Atomic Energy Activities and Operations or Advisory Committee on 
Reactor Safeguards, 1958-1959 Report to the Joint Committee on 
Atomic Energy on Operations under Section 170 of the Atomic Energy 
Act of 1954 as Amended Pp 111+74 (Washington, D C United 
States Atomic Energy Commission, 1959 ) Jj 8 ' 

Boletim do Museu Naclonal, Rio de Janeiro, Brasil Nova Series 
No 189 (Zoologin) Fauna do Distrito Federal 48 Contributed 
para a Estudo dos Longlcomeos do Rio do Janeiro (Colcoptora- 
Cerambycidae) By D Zajclw Pp 26 No 190 (Zoologla) Contn 
bulcao ao Estudo da Famllln A rcliidae 0 M (llama tius Gen Lov 
para Amaslus Nero Weym , 1907 (Lepldoptera, Heterocera) Iff 
Alfredo Rel do Rego-Barros Pp 14 No 191 (Zoologla) Descrteo 
de duas Espcries Novas do Panchlora Burm., 1838 e Catalogo das 
Especies (Blattldae-Panchlorinae) By Isolda Rocha o 8Uva AIM 
querque Pp 21 No 192 (Zoologla) Contrihucao no Estudo dfl 
Famllia Aretiidae 7 Novo Genero e Nova Especle de ArdUaae at 
Sao Paulo (Lepldoptera, Heterocera) By Alfredo Reo do Rcgo-BflJTOj 
Pp 7 No 193 (Zoologla) Novas Especies do Coenotnnae (Dipt*™ 
Muscldae) By Daley de Oliveira Albuquerque Pp 17 No is* 
(Zoologla) Contribulcao ao Conhectmcnto de Uylemyoides Alba 
querque, 1949, com Descricao do duas Especies Novas (Dlpte* 
Musddae) By Daley deO Albuquerque Pp 12 No 195 (Zoologla) 
Tlpos de Satumwidea no United States National Museum 13 Genero 
AacUncalknia Travassos, 1941 (Lepldoptera, Adelocephalinac) hi 
JosA Oltldca-Filho Pp 15 (Rio dc Janeiro - Museu Naclonal, 19w 
and 1959 ) [l 80 

Food and Agriculture Organization of the United Nations Indo* 
Pacific Fisheries Council Proceedings — 7th Session, Bandung, inao- 
nesia, 13-27 May 1957 (Sections Hand HI) Pp lv+218 (Bangkok 
IPFC Secretariat, FAO Regional Office for Asia and the Far E» 
1958) _ 

U S Department of Commerce Coast and Geodetic Slir Ui 
Publication 02-1 Tellurometer ilanual By Austin C P° ,lnfr , n «P\ 
v + 66 (Washington, D C Government Printing Office, 19““,' 
40 cents l 1 ® 0 
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LETTERS TO THE EDITORS 


ASTROPHYSICS 

Magnetic Field Associated with a Great 
Solar F/are 

immunity largo Motor flaro of mtonsitj 3-r 
wns obfionod At Mount Wilson on July 10 1930 
iho flare was in an aotrvo region centered on tlie 
H*>t group at approximatolv 18° h 20 \\ It 
bln mini a predominantly fi'-almpod or dotiblo spiral 

< onfigumtlon, with marked variations of relative 
intonsitv in Its venous parts Visual olworvations 

< f the fqmctrum showed tliat tho flaro commenced 
abruptly botwocn 21 19 and 21 24 ur inn\itnmu 
whs iKitwoon 22 01 and 22 13 ut Linos of Call 
\n Ho and H wore observed to bo in emission for 
mono tlian 1 hr tho “Width of tho Ifa omission wan 
Mi ator tlian 0 A J 1 mission persisted m tho lines of 
( a IT and of H until after olisorvations ivero termin 
and at 01 00 ut on Juh 17 

Beginning at 21 37 u t olist'rv at ions w ore mado at 
mi on als of a few minutes with tho solar magnet ogrnph 
modified for fine scanning , and with tho Hjxx-tro 
lithograph 14 flno scan magnotograms 0 hvdrogon 
hjK ctrohohograms and 49 s|x^trolio!iograms of tho 
Haro legion were obtained during tlio hr of 
ol nervation 

lo acquire data on tho detailed variations of tho 
pliotosphorio magnet to Hold during tho progress of 
Haros, tho solar mngnotogmph 1 lmd boon ovtonsiveh 
modified, making it prHhiblo to scan a limitod region 
of tho Sun b disk 4 5 min of aro square, with a 
i evolution of 5 see Tlio sumnmg is carried out auto 
maticalh with conformal rocortlmg on a cathode ra\ 
tuho fit tod with a camera Tlio rocortlmg spot is 
drawn out into a short lino wliich is made to slant 
i uher to tho right or to tho loft to mthcato tho 
magnetic potontv Intensity of tho eomponont of 
tl« Hold in Uio hno of sight Is inditnted h> moans 
of mtonsitv modulation of tho trace, changing 
abruptly at love Is eorresi>onding to 5 10, 20 and 
40 gauss Tims, each magnet ogmm is a inagnotic 
map showing tho location, notontv and mtonsitv of 
the dotniled magnetic field V ith tho flno scan 
equipment sequences of such mngnrtogmms can l>o 
produced at tlio rate of four per hour in order to 
nhuw changes Although at tho time of theso ohsorv a 
tiorcs tho apparatus liod not born fullv pcrfectod in 
all technical details, it provided valuable ilofn 

A comparison of tho 14 fino scan mognotogmuiH 
shown no defiiuto chongo in tlio magnetic juttom 
Thus theso observations provido no midonee that 
the ocrurrenco of the flaro led to tho destruction or 
radical redispOBillon of tlio magnetic field Tins is 
not surprising, ainco tho flaro is a cliromosphono 
phenomenon occurring at a higher lovel tlum tho 
photosphere, to which tho magnetic observations 
{icrtaatu Largo v nrint ions in the magnetic flold pattern 
of tho photosphere in a fow hours w ouUl entail material 
velocities much greater tlum thoso normallv ohsorv od 
in tho photosphere High volocitios m tlvo chromo 
xphoro are of course not excluded 


Four small flares have been observed nnce the 
largo flare of Jul> 10 For all tlu-s there am ‘flno 
Bean mngnotie observations Influx during and nfitr 
tho flares In no instance was a change in the fit Id 
apparent 

RonniT IIovv Aim 
Tho vi as Lavoa 
Hon ur \\ BvntOr R 

Mount Y\ tlson and Palomar OJe« rv atones 
Pasadena Cali forma 
Juh 30 

* Ifclbcock n W Attrvpfigi J 118 3.-T (1CUJ) 


Solar Effects In the Motion of Vanguard 

A new nnahsis wliich I have earned out of the 
complicated pcno<l changes of Satelhti 1058 JJ2 
(l anguanl) allow « a correlation with three solar 
effects (1) tho hour angle of the Sun ns reckoned 
from tho pongee point of tho orbit (2) tho 27 dnv 
venations in solar octivitv discovered bv Tncchm* 
(3) tho total dnilv solar insolation at the latitude 
of pongee 

Tho innjor atmospheric drag is well known to 
occur at or v erv near tho i>erigee point of tho elliptical 
orbit of n satellite and the ol>sorved rate of dccrtasi 
of ponod is proportional to the Sitrlhto a nren/mass 
ratio tho air densitv at- pongee and the square root 
of tho atmospheric scale height n( pcngix Data 
on tho ponod changes of l anguard are un precise 
hut nevertheless tin v show a highlv eomph x jmnodn 
variation with time J3ie dominant v anal ion of tin 
dmg of \ anguanl com totes with the hour angle of 
tho Sun as measured from pongee A diurnal 
effect appears to have Ixxn first noticed In Tacchto 1 
In the earlv (lav's of T anguard m the spring of 1058 
the local solar time at pengeo was 7 CM) or 8 00 n m 
and tho average wceklv deertnso m orliftnl vuw onlv 
about 0 002 mm Because tlio pengeo advances 
4 4 deg p*r dav and the node regresses 3 0 dig per 
cl a} the right ascension of pongee on tho average 
advances 1 4 deg per day as eomjmred with 1 0 deg 
per dav for tho Sun Thus the length of Iho ‘dnv’ 
nt Vanguard 9 p< ngco is 300 c /0 4 3 (lav's or 2 fi venrs 
During August, Soptembi r and carl} October of 
1938 tlio weekly period change increased nmrkcdh 
ns tho local tlmo nt pengeo increased from 10 30 a m 
to 1:30 pm reaching n peak in October of nl>out 
0 007 min Sinco then tho average change has 
decreased slowlv hut stcodih to n minimum of onlv 
0 001 min m Tuh 1950, when tho local solar time 
at pengeo was 8 00 pm Tnhlo 1 giv os v aloes of the 
aremgo wceklv ponod deerenso ns a function of the 
solar hour angle at perigee Fntnes are tlvo ratios 
of observed }>onod decreases to tho average wceklv 
ponod decrease over the historv of tho orbit through 
Juh, 1959 (-0 0032 non /week) 
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Table 1 R elat ive Katf, of Period Decrease as a Function of 
the Hour Angle of the Sun Beckoned from Perigee 

H °dcg ) angl ° 300 320 340 0 20 40 60 80 100 120 

Period 

decrease 0 05 0 58 0 67 1 31 1 93 1 67 1 36 1 13 0 70 0 82 

It appears that this correlation of drag with time 
of day at perigee passage can he accounted for either 
by a daily expansion and contraction of the exosphere 
or by a daily variation of ionization in the exosphere 
The latter effect mil, in accordance with the ideas of 
Jastrow and Pearce’, result in charged drag, m 
which the effective cross-sectional area of the satel- 
lite is iner eased If, however, the maximum admissi- 
ble electron density m the exosphere is 2 x 10 3 cm 
as pointed out by Spitzer 4 , then charged drag is 
negligible as compared with neutral drag In my 
own view the interpretation of this effect as oscil- 
lations of the exosphere is to be preferred If the 
outer atmosphere pulsates daily, the observed mini - 
mum drag of Vanguard is consistent with locating 
the base of the exosphere at 600 km and ascribing 
to it a scale-height of 100 km and density 9 x 10 -> 3 
gm /cm ’, whereas the observed maximum at local 
time about 1 30 pm, suggests that the base has 
moved up to about 800 1cm with scale-height 120 km 
and density 8 x 10 - ls gm /cm 3 These figures imply 
typical vertical winds of some 30 km /hr at the level 
of Vanguard's perigee and greater speeds farther 
aloft The time of maximum drag, and hence 
maximum density and temperature, corresponds 
roughly with the hour of maximum heat at the Earth’s 
surface and also with the hour of maximum ionisation 
m the ionosphere 

Superposed on this effect are the 27-day variations 
m drag due to solar activity, found by Jacchia 1 
The decrements in weekly period fluctuate strikingly 
m phase with the sunspot number, the amplitude of 
the fluctuations averages 26 or 30 per cent of the 
mean rate of period decrease 

The third periodic effect is a seasonal one Since 
the perigee of Vanguard advances at the rate of 
4 4 deg per day, it migrates between latitudes 34° N 
and S , completmg a full cycle every 82 days The 
total daily insolation at the latitude of perigee stands 
normally at a high tropical level In terms of the 
insolation at the equator on the equinoxes at Earth’s 
mean distance, the equatorial insolation ranges 
between 0 89 and 1 01, while at latitude 34° it never 
exceeds 1 18 However at the winter solstices at 
latitude 34° it dips to 0 46 in the northern hemisphere 
and 0 43 in the southern When the hour-angle and 
solar-activity effects are removed, the residual weekly 
period decrease is less than normal on the several 
occasions when perigee has reached maximum lati- 
tude on or near the time of the winter solstice The 
effect is rather weak in the northern hemisphere, 
but well marked in the southern IVhen perigee 
reached latitude 34° S on July 9, 1968 and again on 
June 9, 1969, the period decrease was reduced for a 
couple of weeks to about 60 per cent of neighbouring 
values, and on September 29, 1968, to about 60 
per cent Although still uncertain, the correlation 
of this third effect with seasonal insolation is some- 
what improved when compared with the insolation 
some Bix weeks before the date m question, implying 
that the exospheric seasons lag m more or less the 
same way as the surface seasons 

Although the data are not so precise. Satellite 
1968 a ( Explorer I) seems to behave m the same 
fashion as Vanguard with respect to these three 
offects 


This work was supported by the National Soience 
Foundation under Grant Y32 40/266, with Prof 
G W Swenson, jun, as principal investigator 
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University of Illinois Observatory 
Urbana, Hhnois 
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PHYSICS 

Propagation of Ultrasonic Waves in Liquids 

Previous measurements of the bent produced by 
ultrasonic waves in a trap vessel 1 gave results that 
differed from those obtained by other methods* for 
the absorption coefficients m carbon disulphide, 
xylene and kerosene, the last two appear to havo 
abnormally high values, particularly from measure 
ments with narrow trap vessels The results were 
confirmed with trap vessels made of plaster of Paris, 
with windows of thin paper or ‘Collophane’ m place of 
mica The abnormal behaviour cannot, therefore, 
be attributed to any electrical effect m the metallic 
core of the trap, or to the mica windows 

With the \ iow of elucidating those observations, tho 
steady heat developed m a trap vessel, placed 16 cm 
from a quartz crystal oscillator, was measured with 
extra partitions m front With single partitions at 
2 cm or 12 cm , or with partitions at both 2 cm and 
12 cm , the heat dissipated m kerosene was reduced by 
15, 40 and 80 per cent respectively Insertion of a 
diaphragm dose to the quartz might he expected to 
reduce the measured energy by a large amount, due 
to scattering or reflexion The results obtained nro, 
therefore, not easily explicable 

It was considered necessary to measure the energy 
behind one or more partitions directly For this 
purpose, the deflexions of a double ‘Collophano’ dish 
and of a single ‘Cellophane’ disk respectively, sub 
pended in an ultrasonic beam, were measured with » 
travelling microscope The disks were suspended 
from a supporting rod, m a dosed glass chambor, by 
unspun silk threads 50 cm long The rod could bo 
moved longitudinally and transversely by screws 
Tho deflexion of the smgle disk measured tho 
energy, with a limiting value of about 15 per cent of 
the total energy due to the frame size Tho double 
‘Cellophane’ disk measured the total energy 

Measurements of deflexions of the two disks, 
suspended in benzene or kerosene, were made at two 
distances from the quartz crystal, and the absorption 
coefficients were calculated Tho value obtained for 
benzene was m good agreement with those obtained 
by other methods The absorption coefficient o 
kerosene was also measured at positions near tho 
quartz crystal, and immediately behind the ni lC0 
window The values were much higher than those 
normally obtained (Table 1) This explains the la*? 0 
absorption m a narrow trap vessel placed near t 10 
quartz, observed earlier 1 
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Table 1 Iiadiattoh AID Flow rstrsml at a jla/« 


Liquid 

DUtpoiltloD 
(cm from 
quart*) 

No Of 
part U Irma 
before dhk 

DHpbcen 

Double Cellophane 
dUk (D) 

lent (cm ) 

Single Ononb*»e 
dl*k (S) 

JUdlutlon 

D-JS 

aft* x 10” 

SltD-S) 

FUnr (per cent) 
Limit 15 per cent 

Henrene 

8 

16 

16 

16 

16 

16 

None 

None 

1 

3 

4 

1 83 

0 68 

0 307 

0-216 

0 186 

0 180 

0 770 

0-235 

0-085 

0-040 

0-035 

0-030 

1 110 

0 345 
0-220 

0 1(H) 

0 160 

0 ISO 

916 

69 4 

68-0 

3-3-6 

36 7 

23 3 

20-0 


11-5 

16 5 

None 

None 

0 363 

0-270 

0 107 

0-061 

0-2XJ 

0-209 

£40 

41 -0 

20-2 

6* 

0 

None 

None 

0-250 

0-210 

O-OSO 

0-068 

r 0 1*0 

0 148 

720 

4"-0 

46-0 | 

12 6 

13 5 

14*6 

1 At 12 cm 

0-276 

0-210 

0 186 

0-052 

0030 

0-031 

0-223 

0 174 

0 165 

1,200 

600 

23 3 

20 “ 

20-0 


7 

None 

1 116 

0 870 

0 “45 






0 850 

0-250 

0-630 







0 -210 

0 550 






0-610 

0 100 

0 450 






0-610 

0 160 

0 450 

— 

35 5 


17 

4 at “ cm. 

0 145 

0-045 

0 100 





+ 1 

0 112 

0-030 

0-083 






+ 2 

0-070 

0-017 

0-053 

, 




4- 3 

0-0G9 

0-016 

0-053 

— 

30-0 


• Power adjusted for different *e(« 


Doflexion meosuromants yy oro alno inodo with a 
a nr} mg number of partitions m front of tho disk 
(Tnblo 1) Tlie constant intensity of a fairly high 
poroontago, obtained by tho insertion of threo or four 
partitions indicates that tho ultrasonic radiation 
passing through throo partitions is not aiToctod by 
tlie fourth one Tho gradually docroasing reductions 
in onorgy mtonsity produced by the first three 
partitions, together with full transmission by tho 
fourth suggest that vibrations propagated m tho 
liquid are affected differently by tho partitions Soma 
are oamly dissipated, whereas others forming a homo 
gonoous group are not affected bv tho partitions 
From the results in Tablo 1 bonzono appears to 
absorb a larger percentage of cosily dissipated energy 
A larger reduction, obtained at ldghor froquoncios 
(not tabulated) bIiowb that tho mhomogonoous group 
increases with froquoncy Observations with two 
sets of mica partitions, one near tho quartz crystal 
tuid tlio other in front of tho disk, farther from tho 
quartz, indicate Binco it has the wuno effect os tho 
tlrst pot, that tho mhomogenoity is created in tho 
liquid Tho previous observations on boat measure 
nwnts with a trap vessel and oxirn partitions are 
now understandable Tho values havo also boon 
confirmed by dofloxion measurements with a similar 
arrangement of t)io partitions 

Tlio naturo of tho Inhomogonoity of tho group of 
rays wns ascertained from a study of tho number 
anti character of diffraction spectra lines Tlio 
spoctrum produced by an mhomogonoous ultrosomo 
beam woo noted both when it was unobstructed and 
when it wns reduced In throo mica partitions to a 
homogeneous group with 60 per cent or tlio former 
strength Tlio spectrum for tho unobstructed source 
reduced to 60 per cent of tho former strength by a 
roduotlon of tho input -wattage was also notod Tho 
observed numbers of fringos wore wnon and fivo 
rtsqxxrtivolj determined only by tho ultrasonic 
intensity irrespective of tho group character Tho 


homogeneous group howovor gave sharp fringes 
Tho comparative numbers of tho frmgos for tho two 
mtonsitios agroo well with fiandor s* rolation n* cr 
wattage Apparently' tho homogeneous and tho 
inhomogonoous groups of ravs linvo only a small 
variation in wavo length, and thus contribute equally 
to tho formation of any epoetml ardor vrith a small 
spread Largo \ 'a nations gi\o nso to dissipation 
Such a mocluvmsm hod boon suggested previously by 
ono of us (A K I> )* 

The measurements throw eomo light on tho origin 
of flow onorgy for which various mechanisms have 
boon suggested* Tablo 1 allows so mo significant 
compnmtivo values of tlio flow energy' percentage 
(1) Tho flou onorgy porccntago falls rapidly as the 
number of partitions is increased (2) Tlio porcontagi 
of flow onorgy is comparatively largo in the following 
cases : (n) in bonzeno compared to korosono , 

(6) oloso to, ns comparod to far from tho quartz 
(o) immediately bohind, as compared to far from, a 
mien partition All thoso observations suggest that 
tho flow associated with tho vibratory onorgy is 
directly related to tho associntod inhomogeneous 
group of rays present after strong absorption and 
that it appears only when thero is a superposition of 
those wave groups Tills is in agreement with tho 
roqmreniont dcducod by Nyborg* 

A K Dutta 
M Sunuum 
K Sahal 

Rayonshaw Col logo 
Cuttack India 
Apnl 24 


i Dutta A K »nd S*m*I K. 1B1 6W 0&-*S> 
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The Plow of Blood through Narrow 
Tubes 

Ik a lecent letter, one of us 1 has shown that the 
flow of the blood of soveral species in a single capillary 
tube of ladius R and length L follows an -equation 
iccently pioposed by Casson 2 for v arrushes and inks 


Introducing - R foi tlio shear stioss at the a all 



0 


This replaces the original Buckingham equation(2) ] 
A-o/Tn 1 ' 1 is small this approximates to 


fP 7?V' 2 

. f 41’ \ '= 


-T? 1 

r 8 L i 

\2l) 

hi 

-d 

+ 

© 

II 

(1) 

F = T - 



wlieie P is pressiue, V is volume flow/sec , A 0 and I, 
aie constants When 7 0 becomes zero, tlus equation 
l educes to the well-known equation of Poiseuille, 
since tlie terms in parenthesis represent the stiess 
and shear lato respectively, at the wall of the tube 
When A 0 has finite \ alues, lion ov er, it is a measure 
of a yield-value or cutical shearing stress winch, as 
pressure is laised, will be fust reached at the capillary 
wall As pressure still further mcreases, the cutical 
distance (r 0 ) from the centie at which this occuit,, will 
steadily dimmish A similar phenomenon was 
studied many yeais ago for the Bingham equation, 
v, Inch differs from Casson s equation only m the 
absence of square roots , when Buckingham 3 and, 
independently, Romei 1 e\ aluated the correct equation 
of flow for such a system 


V = 


-R* 
8k rL 


(' 


y 


0 


( 2 ) 


or 


I me 


(Sr - !'•) 

,4 y \w 2 

Thus if \ ZTffi) IS plotted against ' 2 , a stiaighf 

is obtained, fiom which A ! and A 0 can bo determined 
as shown in Fig 1 

M Rfinbr 
G W Scott Blair* 
Israel Institute of Technology, 

Haifa, Isiael 

* Pcrmnnont nddrrss Xitlonnl Institute for Itcscnrch In Dairying, 
University of Readies 

1 Scott Blair G IV Satan 183 013 (1050) 

* Cneion, V , Chap 5 of Thr Uieolugu of Di*]icrec Syttcmt ,ed 0 t Mill 
(l’ergnmon Rrc-o London 10o9) 

* Buckingham K l‘rar \mtr Stir Tctl Slater , 21, 1131 (1021) 

* Itiiner, II , KoHoalzschr , id, 60 (1020) 


whero p is the pressme coiTesponding to the v leld- 
\ alue given hv p = 2Lk 0 -jR 

In tlio present communication a smulai treatment 
is applied to Casson’s oquation since, like Bingham's 
equation, a collection to allow for the changing value 
of r 0 with increasing piessure must be made if a 
lineai i elation is to lie obtained 
Re-writing equation (1) 

D lls = - 1 ' 2 - A-o (3) 

wheie - is tho sheai stiess (absoluto v alue) Inte- 

giation gnes 

Ai°y = = + rL ° 2 + c 

wlieie v is the velocity of flow at distance ? fiom tho 
centre of the tube If the material adheres to tho 
wall, v = 0 when r = R, fiom which the integration 
constant C can be calculated 



Sfco/7 


l 

Fig 1 


Substrate Damage in Film Thickness 
Measurement by Beam Interferometry 

Ik the Tolanskj method for tho measurement of 
the tlnckness of thin films by multiple beam inter 
forence wo lia\e usod a narrow channel in tho film 
lathoi than a sharp step 1 Tho channel can bo formed 
by gently chawing a noodle across tho film before tlio 
deposition of the i effecting over-layer Tlio technique 
is easily apphocl and has several advantages especiolli 
when the substrato is not optically flat as in tho 
ease of nwcroscopo slides 

"Weaver and Benjamin 2 have recently directed 
attention to a possible source of enonnthe technique 
They report that in Older to form cleai channels 
thiough films, deformations of the glass substrate 
by the needle can occiu For cliromium films tliev 
measured deformations amounting to soveral hundred 
angstroms Unfortunately no indication was given 
as to the nature and shape of the defoimation 

We have found that while it is certainly possible 
to mar the glass with a steel needle, any damage 
can be detected by the irregularities in tho shape of 
the fringe Hence appreciable errors m thickness 
arising from damage to the substrate can bo avoided 

Dr Weavei kindly sont us some of the gramophone 
needles which they use, and wo havo compared the 
scratches made by thoso needles with the scratches 
made by the sewing needles which we often emplo} 
The results are shown m Fig 1, which illustrates 
fringes at a low order of interference 3 Fringes (a) ar0 
fiom scratches through a film made with a sowing 
needle held at about 45° to the direction of motion 
► Fiom (i) to (iv) the loads increase in the range 
(lb ) 1 ' 1 5—200 gm Fringes ( b i— iv) are from scratches mode 

with a steel gramophone needle It is evident that 
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He 1 MuUl\tltlatflcrfreneerrinKPiiiorwr«tcIif»mn«lf 1»> stcrlnmUm 
thread i ft thin niftnl film on a trtftii latetrate (a) with a sewing 
nrrtlk <A) with a frmm options ncrdle Loads on the needle Increata 
from l to It In each cn a 


Some Semiconductlve Properties of 
Dilute Binary Solid Solutions of Bismuth 
in Tellurium and Tellurium in Bismuth 

Jn connexion with m\ proMOua remarks on tho 
bismut h-t cllunum photo \oltnio sandwich layi-r 1 it 
hns boon of intercut to in\ ostignto tlio presence of 
nezmcondiwttx'o properties of bismuth and tellurium 
nlono, na avoII na of tho binary uoluto solutions of 
bwmuth in tellurium and tellurium in bismuth 

B annul li and telbmiun obt tuned from tbo Amcnrjin 
bmeltjnp and Rofinlng Co of New Jerso\ -a ill Jkj 
designated m i hi* communication as pure u rtb a star, 
tliuB puro* Tlio fipcctroscoplf nnalvsiu indicated the 
following information regarding tlio puri(\ of the*»c 
matermlB 

Bismuth contained 90 900 per cont bismuth 
0 0002 per cent silver 0 0002 per cent load 0 0002 per 
cent copper 0 0001 percent iron and 0 0001 per cent 
unidentified impurities 

Tellurium contained 09 ODD per cent tellurium 
and \on faint traces of iron and copper 


the greunophono noedlo ib connidembl} Iiardor tlian 
tho mg noodlo Tlio offeot of a plastic doformation 
ib c li nrh Been in tho Bmootli build up on either sido 
of the channel fringes (6 In) and (6 iv) Tho do 
formation soon in Fig (b i\) Ib Aor$ simdar to tho 
furrow gnon bA a glass cutting diamond itli tho 
pi wing noodlo tho damago ib ofton irregular along 
tho length of tho scratch and appeal* to represent 
a remo\-al of tho glass Sinco tho mibstrato on oithor 
fe ido of tlio cliannol rommrw piano o\on at high loads 
as at (a, iv) it is conoludod tlint there ib no plastic 
di formation of tho glasa 

Moaauromont of tho liartlnoss of tho tAvo hinds of 
needles ahoAvod that tho gramophone needles are 
mdoctl conflidorabl> harder Tlio Bowing noodles 
alwovs bIioaa a slight flattening at tho point after 
lumng boon (brum aerobe tho glass whomw tho 
gramophone noodles do not show anj significant 
doformation It to onr opinion that tho softer soAnng 
needles product) a door cliannol through a film 
bocauso tho point jiolds and finttonfl lieforo marring 
tho glass No difllciiltj lias l>oon experienced in 
producing clear channels without substrate damago 
o\on m tho caso of tho more strongh adhering films 
of copper or chromium On (ho other hand tho 
grnmophono noodlo probably malces onlj irregular 
«,nall aroo contact and otcn at light loads ai ill damage 
tlio glass lioforo yielding 

IIoeouBo the multiplo beam interference mothod 
osjiccinll} at Ioav orders is capablo of detecting 
distanrcfl of ono or two angstrom units and because 
tho sluipo of tho fringe is an excellent guido to pcwmblo 
substrate dnmngo tho problem of deformation of tho 
Niibstmto need not introduce anj significant error 
m tho measurement of film thickness 

(, IXmn Scott 

Department of Physics, 

University of Toronto 

1 Seott fl D MfLsudiUn T K *mt firnUftt R.S J ipp 1 kpt 
31 813 0050 ) 

••\Vemtrr C «tul llrnjamjn V A 182 1140(10^) 

, Vctt O I) J Opt Sor Aww 48 8.J (IP.**) 


Samples of bismuth-tellurium dilute bmarj mjIu 
tiona wore obtained b\ melting and mixing the 
desired amounts of bismuth and tellurium pun* tn 
tnct/o at about 10 1 * mm mircimj, and m\>blh 
cooling down tho onAclopo containing tlio melt Tho 
container was then broken and tho material tested 
with a hot probe for tho typo of conduct i\ itj \ ft w 
mgm of tho abo\o material wero then crushed Into 
powrlor introduced into a I ycor tube and scaled 
to a xaciium Rvstom After exacuating tho tube to 
tho pressuro of 10~* mm mercury tlio jKnwh r win 
condensed on to the surface of a glass pinto Tlio 
thickness of the Inyor amounted to about Ip 

Tlio tA'jio of conducts it a was dctonnimHl with a 
hot probe It was tin n detcnninetl wlicther tlio film 
possesses tho photo \olf«ic property A beam of 
radiation ongmnting oitlier from a tungsten lump or 
from a soldering iron lIiojjjhsI at a frequency of 
800 cycles/soc and incident on tho film jiroduced 
electrical impulse* which Avcro amplified with n 
narrow band amplifier Tlio magnitude of the 
Impulses Amfl meoAurcd either b> an oscilloftcojie or a 
vnemun tubo xoltmoter 

Ihtnnuih Bimnuth is n semi metal with lwuid# 
which can bo separated into alight h overlapping 
valoneo and conduction ImuuIr* According to 
Aubroj and Cliumbcrs* tho o\ crlap l>clwcon liands of 
lidos and electrons is 0 018 o\ and there are 
0 80 x 10~ 3 eloctronii and holes in bismuth nt 4' 1 K 
According to Heino* tliero are 1 fi ^ 10 * electrons 
and holes in bismuth If donor ntomH (tellurium) are 
added to bismuth tho oxtra electrons go to fill up tlio 
band of holes At concintrntiona of donors greater 
tlum 0 0015 per cont j>er atom there are no holes 
loft and all furt her electrons go into tho oloctron bnnd 
Ib bismuth a plmtoconduotiAO material I Tho work 
of "Weber and hriederich* does not pro\o that it 
possesses tho |iropertA of pliotooonductu it\ in the 
modem meaning of the word Tlio abstract of 
Drummond* winch I came across during tlie prejmru 
tion of this manuscript, does not giyt nn\ information 
ofl to the ]Hirit> of the material and due to its bnx itx 
it can only bo assumed that the author deoto with 
photocondurtiA it j 
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I have performed some experiments on bismuth 
samples prepared by methods described here 
The results are given in Table 1 

Table 1 


Bulk 


BI pure* 

B! puro* + 

0 1% To 

Bl pure* + 
1% Te 

Bl pure*± 
10% Te 

Thermo electric 
power in micro- 
aolts per deg 

C 

Type of con- 
ductlvltj 
Conductivity In 
(ohm cm ) _1 

50±10% 

« 

30 ±10% 

J! 

Irom 2 

Film 

25 ±10% 

fi 

50 to 300 

20 ±10% 

n 


Bt pure* 

Bl pure* + 

0 1% Te 

Bl pure* + 
1% Te 

Bl pure* + 
10% Te 

Thermo-electric 
power in nilcro- 
\olts per deg 

C 

Type of con- 
ducts Ity 
Conductivity In 
(ohm cm ) _1 
Photo e M r In 
mlcrovoltB per 

8 ylO~‘ watt 
per mm square 
of incident 
radiation 

n 

From 10 to 50 

n n 

From 0 74 to 5 

From 10 to 2 

n 


It is worth while mentioning that a few films of 
pure* bismuth v, ere evaporated m an atmosphere of 
air at pressures 76, 16 and Ipi mercury Only the 
last one was found to be sensitive, its output being 
several microvolts e m f when illuminated 

Tellurium Tellurium is a semiconductor I * * * 5 * Accord- 
ing to Loferski 7 the optical band gaps are 0 32 eV 
and 0 37 eV for lights polarized normally to and m 
parallel with the c axis respectively 

Kronmuller, Jaumann and Seiler* obtamed very 
puie tellurium by distillation and sublimation, 
and then doped it with arsenic, antimony, bromine 
and iodine In all cases the extrinsic tellurium was 
p type Moss’ prepared a film about 10~‘ cm thick 
which had considerable photoconductive sensitivity 
to infra-red at 90° K 


Table 2 


j Bulk 

I 

1 

Te pure* + 

Te puro* + 
1% Bl 
(atomic) 

Te pure* + 
10% Bl 
(atomic) 

Thermo-electric power In 
ratcro\ oltB per deg C 

Tvpe of conductivity 
Conductlvltj in (ohm 
cm ) _1 

360^:10% 

V 

20 ±10% 

Film 

110±10% 

V 

500 ±10% 

60 ±10% 

P 

750 ±10% 

1 

1 

Te pure* 

Te pure* + 
1% BI 
(atomic) 

Te pure* + 
10% Te 
(atomic) 

j Conducts lty In (ohm 
cm ) -1 

| Photo hit In microvolts 
j per 8xl0~‘ watts per mm 
| square of Incident radia- 
tion 

About 1 000 times smal 
bulk materia 

| From 30 to 1 

er than for 

1 


I have prepared a number of samples by the method 

described above, and carried out some measurements, 

the results of which are shown m Table 2 

On the basis of the information just presented it 

seems reasonable to assume that the dilute binary 

solutions of bismuth-tellurium are semiconductors 


One can also expect that bismuth-tellurium solutions 
in all other proportions are semiconductive materials 
It was shown by Vasenin 10 and by Haken 11 that 
both the sign and the magnitude of the thermo 
electric power of bismuth-tellurium solutions depend 
on the ratio of bismuth to tellurium The thermo 
electric power changes sign with respect to copper 
five times over the range of composition, assuming 
three maxima and three minima 

It seems thus worth trying to evaporate on to the 
surface of a glass or quaitz plate first a layer of a 
certain composition of bismuth-tellurium and on 
the top of it another layer of selected composition 
with a view of obtaining the best possible character 
istic of a p-n junction Another possibility is to try 
to realize a p-n-p or n-p-n layer and look for a tran- 
sistor effect 

As a unit cell of Bi,Te s consists of alternate layers 
of bismuth and tellurium it is possible that thin- 
film techniques could be used to investigate tho 
properties of bismuth-telluride 

Tomasz R PnvKOWSKi 

Electrical Engineeimg Department, 

Energy Conversion Group, 

Massachusetts Institute of Technology, 

Cambridge, Mass 
May 13 

1 Piwhowski T K , Nature, 182, 1703 (1053) Note that In this refer 
ence In the discussion of tho mechanism of carrier production 
It had been erroneously stated tliat the polarity of the majority 
carriers relatlvo to the electrodes Is the Bamc for both of the 
proposed models In fact, stated polarity Is correct for the second 
model while the opposite polarity holds for tho first model 
1 Callaway, J , "Solid State Physics”, 7 (Seitz and Turnbull) 

I Aubrey, J E , nnd Chambers, It C , J Phys Chem Sol , 3, 123 

(1057) 

'Heine, V , Proc Phyt Soc A, 09 (1050) 

‘Weber, A H nnd Frlcdcrlch, L 5L, Phyt Rev , 63, 217 (1043), 
08, 248 (1044) 

•Drummond, Carl E, ASTIA, AD 154,280, Dh 25 (April 1, 
1059) 

’LorerskI, J J , Phyt Pev , 93, 707 (1954) 

•Kronmuller, H , Jaumann, J , and Seller, K-, Z NalurfortehuMi 
11, a, 243 (1050) 

’ Hobs, T S , Proc Phut Soc , A, 02, 204 (1040) 

’• Vasenin F L, Zumal Ttchn Phyt , 25, 397, 23 (1955) 

II Haken T , Am Phyt (Leipzig), 32, 319 17 (1010) 

METALLURGY 

Dislocation Arrangements in Molybdenum 

Recently, several studies of dislocations in face 
centred cubic metals by the method of transmission 
electron microscopy have been reported Of the 
body-centred cubic metals, however, only iron has 
so far received attention 1 2 In this letter we givo 
a preliminary account of some experiments on dis 
location movements during deformation and recovery 
processes m molybdenum 

The starting material was a 0 0006 in thick cross 
rolled molybdenum foil of 99 90 per cent purity 
supplied by Messrs Metro-Cutamt Further thinning 
was achieved by electrolytic polishing in a solution 
of 25 per cent sulphuric acid m methanol using a 
technique similar to that described by Bolhuann* but 
with a cylindrical nickel sheath replacing the stainless 
steel point cathodes An apphed potential of 2 volts 
with a current density of about 20 m amp cm "* 
were found to he satisfactory and required a polishing 
time of about 16 min The specimens were examined 
in a Siemens Elmiskop 1 microscope operated at 
80 kV 
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Fig la shows a sub grain boundary m a specimen 
prepared from the ns rolled foil Tho dislocation 
density within tho sub grains is surprisingly low and 
it is not yet clear whether this Ib duo to low tom 
peraturo rocovory processes or whether the electro 
lytic tlunrung tochniquo is selecting regions of tho 
spec imon that aro not typical of tho whole So far 
noither dislocation loops nor dislocation pflo ups hav o 
1 K'en observed 

Spocimons whicli wore annealed at a high tom 
peraturo bo fore oloctrolytio thinning have also boon 
studied Fig 16 shows a specimen whi oh was annealed 
for 1 hr at 1,400° C in vacuum. Tho dislocations 
hnvo formed up into a tangled network similar to 
those already observed m iron An in termed into 
stago in the formation of networks is shown in Fig lc 
which shows a spccimon annealed for 1 hr at 060° 0 
In this caso some of the dislocations liave a character 
istic zig zog ehapo suggesting that they hnvo started 
to rnov o but have boon pinned down at various 
points along thou* longths presumably by impurity 
atoms 

This work is lxnng oxtondod to include a study of 
deformation processes m fully annoalod spocimons 
and also the oiTocts of noutron irradiation damago 


CHEMISTRY 

‘Eddy* Diffusion in Chromatography 

Among the various diffusion and kinctio factors 
which are responsible for smearing chromatographic 
rones, the effect known as ‘eddy' diffusion has boon 
subject to the most controversy Its contribution to 
the height equivalent to a theoretical plato (H) is 
usually assumed to depend only upon tho packing of a 
column and to be independent of tbo votocity of flow 
This assumption may be questioned by virtue of recent 
experimental work in chromatography 1-3 Anoquation 
will bo derived bore which predicts ‘eddy* diffusion 
to be dependent on velocity This will be compared 
to the existing experimental mud once 

The mathematical difficulties connected with a 
rigorous treatment of flow m porous media moko an 
approximate thoory necessary WliDo the thoory out 
lined is perhaps over simplified. It is doubtful if 
significant gam could be mado short of a rigorous 
solution Beran 4 has approaohod the problem rigor 
ooaly, but did not omvo at my prmciplo result 
equation 7 

‘Eddy’ diffusion is due to tho irregularity of stream 
paths in a porous medium® Tho velocity along a given 
stream lino will persist for a dis 
tan co of the order of d p (particle 
diaraoter), after which a now 
velocity dt Airing by about v (tbo 
average v clocity) from tho original 
will bo randomly acquired Tho 
process is analogous to a random 
walk or flight, in which molecules 
within tho stream paths stop back 
and forward with respect to tho 
a\ crago v olocity 

In addition to tho \ clocity flue 
tuations vnthin n stream path, a 
moloculo is able to niter its velocity 
by diffusing into nearby stream 
paths Such an effect is found with 
capillary columns* Tin) combined 
influence of \ clocity fluctuations 
duo to following nnd duo to crossing 
stream lines will now bo estab- 
lished 





Ha 1 ft A BuIxbouJxlftrT Id * lotted and ftWtrolyllfeHy thlntmi motybdenaro foil 
( x e 77o6o) b Dl*loc*tlon uet\corkft Id rnulybdenom fonnrd It" fttuirallnji ft rollcU 
roll for 1 hr »t 1 -100 U Id vneutam ( y e 67 000) e 7 Ip ap dl*k>cntlonj In ft ipwnvo 
which wft» »nnrtli*d for 1 hr »t PoO* 0 Id vnctmrn after rolling (x e 50 000) 
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( oncrating Board for a research bursary (J b K ) 
and tbo 1 C I Research Fellowships Committee of 
Iho University of London for tho award of an I C I 
fl Uowslup (A 4. J ) 


J F ICrnniDOK 
A. A Johnson 

Department of Phy steal Metallurgy, 

H I Matthews 


Department of Chemical Engineering 
Imperial College of bcienco nnd Technology , 
London, S W 7 
June 18 


Ml G Urmndam ftod J Xattlnjc Ada Met. 7 101 (19J)) 

•I) mortcdbyN P AJlra J Jrtn»*J St/v/ix*., 191 (19..9) 

*W TotJmio Vhrt 103 I6SS (19M) 


Tho diffusion coefficient duo to tho above processes 
assumed as o random walk ist 


D - 


l l n 




(i) 


vvliero tho length of stop, / is tho average distance 
travelled In 1 sec divided by tho number, n, of steps 
per boc , l ■» vfn Tho number, n is tho sum of the 
number duo to tho two independent processes men 
tioned above In the first instance wo assume that a 
stream path must proceed a distanco ZlA, to complete 
a step 


In tho second instance wo wwiino tlrnt diffusion 
must toko a moloculo the distance (k/* to comploto a 
step The values of X and p are expected to bo tho 
order of unity, while changing slight lv with a change 
in packing 
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2 Di 

W 


( 3 ) 


The diffusion coefficient of solute molecules m the 
mobile phase is Dj Using the expression n = ?u 4- «2 
m equation (1) we obtam 


D ~ vjUp + 4:Dilpd p z (4) 

If the molecule is retained by adsorption or adsorption 
during a fraction (1 — R) of the time, D is corre- 
spondingly reduced The value of II in terms of D is 
H = 2 D/Rv The expression for H is consequently 
found as 


An anomalous result concerning ‘eddy’ diffusion 
was reported by Bohemen and Purnell 1 Tho ‘eddv 
diffusion term was found to be negative m a number 
of cases, notably those with small particle size down 
to about 0 01 cm This result ivould be found if one 
were m the low'- velocity domain, and further, one is 
shifted towards this condition by smaller particle 
sizes 

In a different experiment performed by Bohemen 
and Purnell, hydrogen and nitrogen were compared as 
carrier gases If ‘eddy’ diffusion were constant, tho 
difference in plate height, Sn, — w'ould bo 
described by an equation which allows only for 
molecular diffusion 


TT Z/Mp 

H = 1 + VDijipdp {0) 

This, of course, is the contribution to H due only to 
these effects The full expression for H also has a con- 
tribution from ordinary molecular diffusion and 
kinetic effects In Fig 1 H is plotted as a function of 
v At the velocity vi/z = 4 \Dij^ 2 d p , H is one-half its 
maximum value 

At low velocities of flow, H becomes proportional 
to the velocity Tins limiting value of H is identical 
m form with that obtained by Golay 6 for capillary 
columns It is exactly equal if we let (3(7,, = ro/Vl2, 
were ro is the radius of the capillary This fact may be 
of some use m estimating (3 At high velocities H = 
2)d p and is independent of velocity This expression 
is identical with that used m the van Deemter equation 
for ‘eddy’ diffusion In gas chromatography, where 
the greatest refinements have been made, the tran- 
sition velocity via wall be somew'here m the neighbour- 
hood of 10-100 cm /sec This is assuming 4?/{3 2 = 10, 
Dj =01 cm 2 /sec and d v = 0 05 cm Due to the 
approximations, the result 10-100 cm /sec must be 
regarded only as an indication of where to look for the 
transition This velocity, of course, is m the range 
where the performance of most columns is an optimum 



Fig 1 Variation ot theoretical plate hdglit with wlocitj 


Evidence which bears on these effects is indirect and 
not conclusive Glueckauf 3 , assuming H = 2Xd p , 
plotted versus velocity of flow for radioactive 
hydrogen iodide washed by an acidified solution over 
glass beads of diameter about 0 05 cm The ordinate 
and abcissa of his graph vary only by a scale factor 
from Fig 1 The two graphs are similar, with a rapid 
drop at low velocities The values of v i/2 estimated from 
these curves are of the correct order, assuming 
Di = 10~ B cm /sec In a later experiment 7 , m which 
krypton-85 was eluted -with hydrogen, methane, 
oxygen and sulphur dioxide, no evidence was found 
for a variation of ‘eddy’ diffusion However, if my 
equation 5 is substituted for A, curves are obtained 
which bend slight lj' away from the 1/a axis The 
results presented seems to confirm this trend 


AH = H Hi - H x 2 = - (Dh- - Dn 2 ) (G) 
v 

plotting experimental values of AH against 1/y yielded 
a curved line intercepting tho 1/a axis rather than a 
straight line through the origin If it were assumed 
that the low -velocity from of equation 5 is valid, tho 
equation for AH should read 

A E = l (Dh._ - D Sl ) + (7) 

This equation does yield a lino curved mto the 1 /p 
axis Both a and b are constants that can be identified 
by use of the appropriate equations 

Further results reported by Littlewood 2 indicate 
that H is small or even negative Similar results ha\o 
been obtained in this laboratory However, a number 
of authors, such as Keulemans and Kw antes 8 , find no 
indication of abnormally small X values 

This investigation was supported by a research 
grant, A -2402 (Gl) from the National Institutes of 
Health, Public Health Service 

J Calvtn Glddings 

Department of Chemistry, 

University of Utah, 

Salt Lake City, Utah 

1 Boliemun, J , and Purnell, J TT , “Gn? Chromatograph} , 0, edit 
D II Dest\, (Buttcrnorth, London, 1058) 

7 Littlewood, A B ibid , 23, 35 

1 Glueckauf, E , Vnjior Phare Chromatograph} , 20 edit I) H Dcstv 
(Butterworth, London 1057) 

* Bernn V J , J Chem Ph w , 27, 270 (1057) 

* Giddings J 0 , J Chtm hduc , 35, 588 (1058) 

* Golav, 51 J E, Gns Chromatograph} ,30 edit D H Dest} (Buthr 

worth, London, 1058) 

7 Glueckauf, E , ibid , 33 „ 

* Keulemans, AIM, and Kwnntes, A Vapor Phase Chromatograph! , 

15 edit D H Best} (Buttcrworth, London) 

Atomic Weight of Silver 

While trying to improve the thermal ionization 
efficiency of certain elements evaporated from mass 
spectrometer solid sources, we have had occasion to 

measure the ratio silver-107 to silver- 109, the accepted 

value of which is 1 065 ± 0 003 due to White and 
Cameron 1 - 3 Our results do not agree wuth this value, 
but rather with the value of 1 0825 given by Hess, 
Marshall and Urey 1 , and also with an earher value 
given by Paul* 

For our experiments, wo have used four samples 
of silver , the first was of analytical leagent grado, 
the second was from bulk silver hallmarked in 1959, 
the third was of hulk silver hallmarked in 1899, and 
the fourth was of bulk silver hallmarked in 1791, 
and we have detected no diff erences between the 
ratio silver-107 to silver-109 found m these samples 
We have used two mass-spectrometers m this work , 
the first is a 6-in radius, 60° magnetic deflexion 
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machine, and using this machmo and tho analytical 
reagent silver the ratio silver 107 to silver 109 was 
first found to differ from tho accepted value 1 * -3 For 
greater convomonco and accuracy tho rest of the work 
was earned out using a Metropolitan Vickers MS 5 
30 cm radius, 90° magnetio deflexion machine In 
no cneo has more than 20 pgm of silver boon appliod to 
tho ion source filament, mul measurements have boon 
conducted on beams of up to Iff- 10 amp We hnvo 
sought for mass discrimination in tho ion emission, 
and havo found that this becomes obsorvablo only 
when more than 90 per cent of the sample has been 
evaporated, and its effect Is negbglble on tho ratio 
found early in tho life of the sample In Table 1 
our results are compand with previous values 
togothor with the calculated atomic weight corro 
b ponding to oach value 

T*Wo 1 Ratio op Srtvw (07 to Sa.vnt 109 in Natumal Su-ytx 


Author 

IUtk) •nwr'107/^Orf r 109 
with fUnddrd 
derUtk>o 

ChpmkaJ 

ilomlc 

WTfgtlt* 

Rial (rtf 5) 

Whit* and Cameron 

HW 

JO" 871 

(r*f 1) 

il vh Marshall and Urey 
(rrf 2) (4 MmpkN 610 

1-055 ± 0-003f 

1(T 883 

* j tr») 

l*rr**nt VTOlk 

Fir *t izurhiJie (2 ampla, 

1-0325 ± 0-0018* 

10**870 

U fcpcctr*) 

1-084 ± 0-002 | 

107 868 

420 »p«tra) 

1-0340 ± 0-0007tt J 



1 warning lb* rmlto phyile*] fcaWchcmkal tcnle - 1-000275 »i*l 
itumlc mima given by Dnckwrnih (ref 0L 
t While «nd Cameron do not cUim better than 1 per cent accar»ey 


<rrf * (ikalatod from the nuulU of four tain pie* given In ref. 4 u»nm]afl 
ownn devlittoD li 0 79* v «UwUnJ derUUoo. 

tt Calculi l eJ from tho otwnbtned data on four mrnple* of •Il'rer 

Hoss, Warsliall and Uroj concluded that their 
results must hnvo boon inoccumto hecauso thoy did 
not ogroo with tlioso of Whito and Camoron, whoso 
luo was concordant with a chomicollj dotormmod 
atomic woight of 107 880 This lost figure is, however, 
still subject to dispute, einco it involves a nepholo 
inotno end point (ref 7) Our results aro consistent 
with thoso of Hess ct al within tho ottotb quotod, 
and wo consider it unlikoly tliat tho discrepancy 
Iwtwoon our vnluo and that of White and Camoron 
rould bo accounted for by moss discrimination in 
our instruments 

Wo conoludo that tho atomic woight of silver is 
107 808 ± 0 001 (O “ 10 0000) based on tho moon 
of tho values found m tho present work- 

A more dotailod account of this work will bo 
mibltshod olsowhoro 

FAC Cnoucn 
h R Freeoe 
I G SWAINUAVK 
A H Tdunbuxt, 

Radiochomudry and 
Analytical Cliemlstrj Branches, 

Chemistry Division 

Atomic Enorgj, Bosoarch Fstahl ishmont, 

Harwell, Didcot, Berks 
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BIOCHEMISTRY 


Direct Spectroscopic Examination of 
Electrophoretic Zones In Agar Gel 

ELEcmomoBESifl in ngar gel os described bj 
Robinson el al \ lias been found to bo a valuable 
analytical method in tho study of htcmoglobm variants 
We ore now ablo to extend its scope by carrying out 
spectroscope examination of tho separate zones 
dxroctly without extraction from tho gol Tho vnluo 
of this teehniquo lies, in particular in the fact that 
agar electrophoresis can bo earned out with minute 
samples, and also that components present in pro 
portions too email to make their isolation feasible can 
bo oxmmned At the same luno, the difficulty of ox 
tracting proteins from tho gel is circumvented 

Two methods havo been oraploj od for tho spoct ro 
scopic examination of tho zones In tho first of theso 
tho logantbmio cam spectrograph* is used this lias 
the great advontngo that non soloctn o background 
scattering or absorption docs not intorfero with the 
location of fino-struoturo bands This mot hod was 
first used in tho stud} of hamoglobin b} Jopo 3 who 
found a difforonco between tho positions of tho 
tryptophan flno-etruoturo band of tho fcotal and 
normal adult pigmonts Tho method lias boon used for 
tho analysis* * of samples containing haemoglobin F 

Tho procedure used for tho examination of a zono 
in agar is to cut out and transfer it to a strip of 
quartz with a small spatula Tho agar adheres to tho 
quartz, which is mounted in front of tho spectrograph 
slit Tho spectrograms so obtained nro jndlstmgunh 
ablo from those using n lucmoglobtn solution In tho 
case of faint zones tho effect no path length may K 
increased by folding tho strip on itscir 

A number of useful results havo been obtains! in 
this wny In tho first place wo hat- o found tlmt zones 
attributed to hiemoglobm F Jn ion exchange chroma 
togrophy* 7 of cord blood haemoglobin have msarwhly 
boon contaminated with lucmoglobin V It is therefore 
of intcroet to establish whether tho fraotlonation of 
haemoglobin F from other lurnnoglobirta in ngnr is 
complcto Framination of tho loading zono shows a 
tryptophan bond at 289 0-289 7 rnp, which corresponds 
to puro haunoglobm F SimilnrR, tho slower moving 
zono from cord bloods has its tryptophan band at tha 
v at, o length (201*0 rap) corresponding to puro 
bremoglobtn A It therefore appears that agar pul 
electrophoresis docs indeed givo comnlot-o separation of 
hmmoglobms F and A- Wo have also used tho same 
mothod to examine adult and fen Lai monkey hromo 
globins and tho hiomoglobins of other species, as woll 
as bo mo othor proteins 

Tho second spcctroscopio method which has been 
dovolopod is tho examination of zones diroctlj in a 
Bpectrophotomotcr Tho desired zones aro removed ns 
bsforo and mounted on strips of quartz which fit m 
tho coll cam ago of tho Instrument Mensun ments 
aro earned out against a control consisting of a pwco 
of clear agar taken from tho samo layer For measure 
mentfl in tho \wiblo region tho exit beam from tho 
monochromator Is allowed to fall on tho most intense 
part of tho zone, and for tho Sorot and ultra \iolot 
regions tho fainter trailing edge is used Correct posi 
tloning is facilitated by opomng tho slit of tho instm 
merit at a wave length netting in tho visible when the 
Incident beam can bo seen on tho ngar atrip 
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Pig 1 (a) Absorbance (optical density) of 1 mm. layer of 1 per cent 
agar gel supported on a quartz strip, against a quartz strip as control 
The dots Indicate the maximum differences In absorbance between 
pairs of gel samples (seo text) 

(g) As (a), but with purified agar (see text) 

(o) As (a), but dried film 

(<f) Absorption spectrum, measured In agar gel against an agar 
control, of a small, very fast-mo\lnp brown anodic zone, separated 
from an old hremoglobin sample This Is presumably Identical with a 
fast-moving anodic component frequently observed In paper electro- 
phoresis of old hicmoglobln samples at high pH 

The spectrum of a typical sample of agar gel from an 
electrophoretic layer is shown m Fig 1, curve a 
Curve b shows the spectrum of a similar layer pre- 
pared from the same agar sample, purified by the 
procedure described by Boussard and Perrin 8 Some 
decrease m background absorption results, but since 
the matching of agar blanks was not significantly 
affected, this treatment is unnecessary Curve c 
shows the absorption of an agar film which has been 
allowed to dry down on the quartz strip It is evident 
from this that most of the background absorption m 
the gel above 250 mg arises from scattering The 
absence of specific absorption follows from the known 
structure of agar 

The matching of two agar strips from the same gel 
was investigated over the range 250-600 mg, using 
12 pairs of strips from three different batches of agar, 
as well as a sample purified from one of them as 
described The maximum absorbance differences 
decrease smoothly from ±0 03 at 260 mg to ±0 013 
at 600 mg, the mean differences are about one-half the 
maximum values 

The loss m accuracy m absorbance readings resulting 
from background absorption differences between the 
sample and control strips is not sufficient to vitiate the 
measurement of adequate spectra (Fig 1), and even 
absolute measurements, such as those required for the 
determination of hiem -protein ratios 6 , can be made with 
a fair degree of precision In a ‘Unicarn’ SP 500 
spectrophotometer it was never found necessary to 
exceed a slit width of 0 4 mm at 250 mg Spectroscopy 
of zones in the dried gel is also possible If the agar 
is allowed to dry m the cold, the htemoglobm appears 
to remain in its native state and good spectra may 
be obtained, these observations are being further 
investigated 

The technique described may be capable of exten- 
sion to other fields It commends itself in virtue of its 
simplicity and the very small quantites of material 
which are required Many proteins can be character- 
ized, and possibly identified, by the position of their 
ultra-violet fine-structure bands, which are due to the 
presence of tryptophan, tyrosine and phenylalanine 


residues 9 The possibility is thus raised of direct 
characterization of components of suoh biological 
fluids, etc , as can be fractionated m agar 10 - 11 

G H. Beaven 
W B Gratzer 
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Hampstead, London, NW3 
May 28 
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Failure to Recover Infective ‘Ribonucleic 
Acid’ from Myxovirus Preparations 

It now seems clear that preparations of infective 
‘ribonucleic acid’ can be obtained from crude prepara 
tions of many animal viruses, although Colter cl al 
have reported failure with Bunyamwera virus 
preparations 1 The technique used m most cases is 
similar to the treatment introduced by Gierer and 
Schramm 2 , namely, exposure of the virus preparation 
to concentrated phenol Recognition that the mfec- 
tmty of the product of phenol treatment is due to a 
component other than intact virus is based on such 
criteria as susceptibility to nbonucleases, stability in 
different media and rate of sedimentation in the 
ultracentrifugeM 

There is general agreement that the influenza virus 
particle contains ribonucleic acid but no deoxy 
ribonucleic acid 3 , and it has been calculated that the 
amount of ribonucleic acid per influenza virus particle 
is about the same as is present m particles of polio 
virus and in those plant viruses which have been 
adequately studied 4 It seemed worth while to trv 
to obtain infective ‘ribonucleic acid’ from influenza 
virus preparations although it was realized that the 
influenza virus particle is more complex, both 
chemically and structurally, than are particles of 
other viruses such as tobacco mosaic or poliomyelitis 
For this purpose, we used a method of phenol treat- 
ment which, when applied to crude preparations of 
Murray Valley encephalitis virus, yielded high titres 
of mfective ‘ribonucleic acid’ 1 However, the following 
experiments with influenza virus preparations yielded 
negative results 

Preparations of different strains of myxovirus, 
namely MEL, Neuro ITS and WSE (influenza -d), 
LEE (influenza B) and Newcastle disease virus 
(Victorian strain) were obtained in the form of high 
titre extracts (Ej D 50 = lO^lO 8 ) of mfeoted chick 
embryo lung or infected mouse brain Phenol treat 
ment of these extracts did not yield a product infective 
for mouse brain or, by various routes, for the chick 
embryo 

Phenol treatment of either purified virus 3 alone 
(EJ D 50 = 10 11 ) or of purified virus added to 
extracts of chick embryo lungs infected -with the 
same strain did not yield an infective product 
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In order to see whether nny biological activity leas 
than complotc mfoctivity was present in the extracted 
ribonucleic acid, attempts were made to show 
recombination on the ohorio allantoic membrane of 
the ohiok embryo Several authors 1 have shown that 
virus inactivated by heat or by irradiation with ultra 
violet can recombine with an appropriate active 
virus In the present experiments, ribonucleic acid 
extracted from 1YSB, a strain pathogenic for the chick 
embryo, wna inoculated on to the chorio all an to io 
mombrano with intact MEL or TF6 virus, strains 
which are non pathogenic for the chick embryo 
Recombination was not observed In other experi 
ments a preparation of rfbonuoloio acid derived from 
mouse brain infected with Nouro TFiS failed to show 
interference in the mouse brain when the mice wero 
challenged with active Neuro TF6 virus 

Tho phenol treatment applied did not extract all 
nbonucloio acid from punfiod virus Both extracted 
and unox treated nbonucloio acid wore found to havo 
similar base ratios 

G L Ada 
Patiuoia E Lind 
Lois Larkin 
F M Burnet 

Walt or and Eliza Hall Institute of Medical Research, 
Royal Melbourne Hospital Post Office, 
Melboumo 
April 17 
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Production of Serum Albumin and of 
Globulins by Chick Mesenchymal Tissue 
and by HeLa Tumour Tissue in Culture 

A tec unique has boon deecnbod for establishing 
tho autonomous production of woll-dofinod soluhlo 
protoins by tissuo m culture 1 ,* Tlio tissuo is grown 
in a medium containing a radfooctivo amino acid 
After incubation, tho tissuo is homogenized with tho 
inodium tho homogonnto centrifuged, inactivo amino 
acid nddod as a hold back enmor, and the proteins 
in tho supernatant sepomtod from all compounds of 
1o\n molecular woight, including tho radioactive 
ammo-acid 1>> ultra filtration under prossuro (nitro 
gon) Tlio different proteins nro tlion separated, 
burnt to carbon dioxide and tho radioactivity of 
tho carbon is determined with tho vorj sensitive gas 
Golgor counter* 4 Rndiooctiv it} of tho carbon 
dioxido indicates tliat tlio nmlno-acid has boon in 
corpomtod into tho protoin, tluit is, that proteins 
luvvo boon synthesized from tbo amino acids by tho 
tissue 

\\ o luuo non shown tliat both cluck mesonchvma 
tissuo (taken from tho logs of ombrjoa 8-10 dnvs 
old) and human cervix HoLn carcinoma tissuo mako 
scrum albumin Tho mescnchvma tissuo was grown 
after trypan nization of tho oxplnnta, as a monotnj or* • 
in rollor tubes at 37* C in a modiuni consisting of 
chicken fibroblasts was obsorvod b\ LandBleiner and 
4 per cent chick embrjo extract, 40 per cent human 


ascitic fluid and 60 per cont buffered isotonic salt 
solution (Goj ) The initial number of cells wns about 
0 x 10* per roller tubo On tho third da> after tho 
preparation of tho monolayer, about 0 5 pc (~ i(p 
dismtogrntlons per min ) of general!} labelled l- 
tyrosmo wero added to tlio medium m each tube 
and incubation contmuod for two days After homo 
gonization, ultrnfU tuition and thorough washing, tho 
serum proteins wore soparatocl b} precipitation with 
alcohol m tho cold’, and tho puritj of tho resulting 
fractions oheckod by electrophoresis of a small part 
in starch gel and staining* Tinnl!} , tho bulk of tho 
serum albumin, dissolved in physiological sal mo, was 
mixed with antiserum against scrum albumin 
(obtained from rabbita), and tho precipitnto and tho 
supernatant separately burnt and measured for 
radioactivity 

After precipitation with rabbit antiserum contain 
ing antibody against human scrum albumin (anti 
BSA), 94 por cent of tho total radioactivity of 
0,400 d.pm. wns found in tho supernatant wlulo 
in another aliquot after precipitation with rabbit 
antiserum against ohiok serum albumin (anti (76 1) 
00 per cont of tho mdioactivit} of 0,110 dpm wns 
found in tho precipitate In tho formor enro tho 
addition of a non radioactive carrier wns unnocoesnrv 
bocauso of the presence* of largo amounts of human 
serum albumin from tho nutrient medium, but m 
tho latter caso non radfoactivo chick scrum albumin 
was oddod to obtain optimal precipitation 

In analogous experiments with tho human tumour 
tissue (hero tlio nficitic fluid m tho medium was 
replaced by human cord scrum), tho bulk (04 per 
cent) of tho radiocarbon (3 020 d p ru in all) went 
into tho procipitato with anti IIS t, v\hflo onh 8 per 
cont of tho radiocarbon (3 310 d p.m ) was found 
in tlio procipitato with anti (764 Thus tho novlj 
formod BOrum albumin from tho duel tissue and 
from tho hiunan tissuo nro clcarlv dwtuiguidiod Jn 
blank oxporimonts nutriont medium alono without 
tissuo wns inculmtod with tho rodioaemo amino 
acid in this caso no radioactivity at all wns found 
m tho solublo protoins after ultmfUtratinn and 
thorough washing 

Tho a poptidio linkage of tlio annno acid In tho 
scrum albumin was confirmed by tho runliv drin tost* 
Nrnhj drin removes carbon dioxulo from those 
carboxjl groups which adjoin free amino groups 
After incubation or mesenchymal tissue with medium 
containing d,e louemo labollod nt its cnrbox>) group, 
isolation of tho serum albumin and treatment with 
nmhjdrin, onl} 4 por cent of tho total radiocnrlxm 
(2 430 d p nu) of tho scrum albumin wns found in tho 
carbon dioxido roloasod,howov or, if tlio serum albumin 
was hydrolysed with hydrochloric acid before treat 
rnent with nmhydnn, 85 per cent of tho radiocarbon 
(3,300 dpm) was found in tho car)>on dioxide 

Tho HIM tissuo strain dori\od from human liver 
(supplied bj Dr I Lcslfo, Belfast) was also shown, b} 
radio immunocliomiatrv to produce serum albumin 
Further, radioactive louemo was found to bo vneot 
porated in tho fractions of a globulin and of (£ -f y) 
globulin of chick ombrjo mesenchymal tissuo and of 
IIoLa tissuo Tills wns established bv determination 
of tho mdiocarlion m tho proteins separated bv pro 
cipitation with alcolml and checked for puntv b} 
oloctrophorosis, though no immunochcnuetiy vnvs 
earned out with theso samples 

Tlio production of proteins identical with or 
closch related to, scrum protems in etiUtm-i or 
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Parker 10 , but no detailed assignments were possible 
with the techniques then available The extra- 
hepatic synthesis of serum albumin is of especial 
interest In the case of HeLa tissue it is likely that 
the parent epithelial tissue was capable of making 
serum albumin, and that this capacity was conserved 
in eancerization A full report of our experiments 
will be published elsewhere The experiments on the 
y-globuhns are bemg continued 

We thank the Jane Coffin Childs Memorial Fund 
for Medical Research for generous financial support 
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The Behaviour of Haptoglobin during 
Routine Fractionation 

Haptoglobin is a very interesting plasma protein, 
because of its specific binding capacity for haemoglobin 
and the existence of different genetically determined 
types 

Jayle et al 1 reported the isolation of haptoglobin 
from the urine of a nephrotic child and from plasma of 
a haptoglobm-nch individual 8 by a technique based on 
precipitation with ammonium sulphate Laurell 3 has 
recently published a method for preparing haptoglobin 
from ascitic fluid Apparently no attempt has been 
made to prepare haptoglobin during routine fractiona- 
tion of human plasma Haptoglobin from ordinary 
pooled plasma would represent a mixture of the 
known types of haptoglobin Mixed haptoglobin 
would thus be unsuitable for genetic research, but 
might be used for studies concerning the hsemoglobm- 
binding capacity But a method allowing the pre- 
paration of haptoglobin from pooled plasma would, 
with slight modifications due to differences in 
solubility, be suitable for obtaining haptoglobin from 
a single, well-defined plasma group However, the 
additional controls necessary for pooling plasma be- 
longing to a single haptoglobin group would only be 
acceptable, if a good technique for obtaining hapto- 
globin was available 

Haptoglobin present in the serum is revealed by 
paper-electrophoresis after addition of haemoglobin 
The complex migrates as an a,-globuhn This complex 
has peroxidase activity Haptoglobin alone has no 
such activity, haemoglobin a smaller one than the 
complex Hoimoglobin migrates as a p -globulin, in 
the presence of the classical Michaelis-buffer at pH 
8 6 He romans 4 has proposed a phosphate -buffer of 
pH 6 8 for the study of haptoglobm-hromoglobm 
complexes Ho migration occurs with hemoglobin 
alone at pH G 8, while the complex migrates normally 


This technique permits differentiation between excess 
haemoglobin and slightly altered haptoglobm-htemo 
globin complexes which sometimes have the mobility 
of a Pi -globulin Peroxidase activity is conclusively 
demonstrated by oxidation of benzidine or anisidine 
in the presence of hydrogen peroxide 

By both these methods we studied the distribution 
of haptoglobin m the different fractions resulting from 
the alcohol fractionation of human plasma (a slightly 
modified Nitschmann technique 5 ) 

The only fraction containing haptoglobin in con 
siderable quantities is fraction IV, obtained at 
pH 5 8 with 33 per cent alcohol This fraction can be 
subfractionated by nvanol as recently described 6 
Haptoglobin is still present in the supernatant after 
the precipitation of ceruloplasmin 

The precipitate obtained from this supernatant by 
addition of alcohol (35 per cent) at pH 5 9 contains 
siderophihn (mam component), haptoglobin and a 
small quantity of albumin The albumin can be 
removed by nvanol at alkaline pH Haptoglobin and 
siderophihn can then he separated by alcohol pre 
cipitation at pH 4 4r- 4 6 

Thus it is possible to prepare haptoglobin together 
with other plasma proteins during routme fractiona- 
tion, and pooled plasma obtained from a single 
haptoglobin group would not he wasted because of the 
preparation of one minor component of plasma 
proteins 

Further details will bo published elsewhere 

Marion Steinbaoh 
L Pejatjdier 

Centre National de Transfusion Sanguine, 

Paris May 27 
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N-Substituted 

7-M ethoxy-8-Ami nomethyl ch romones 
and Flavones; 

New Brain-Stem Stimulants 

The pharmacological screening of various chromono 
and flavone derivatives has led to the discovery of o 
new class of brain-stem stimulants, the N-substitutod 
aminomethyl derivatives of these two nuclei, with the 
following structure 



where R = H or alkyl radical, 

R’ = R' = H or alkyl radicals, 

R' and R" can he a part of a cycle, 
Rz = H or alkyl or aryl radical, 

Rs = H or alkyl radical 
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The 3 methyl 7 methoiy 8 dimethylornmomothyl 
flavone (Reo 7 0207) seems to bo the moat interesting 
compound, ite brain -stem stimulating activity is even 
higher than that of piorotoxin the most potent brain 
Btem excitor so far known. 

The respiratory stimulating effect of Rea 7 0207 m 
normal a ni ma ls as well as m animals depressed with 
morphine, is approximately three times higher than 
that of piorotoxin, 10-20 times higher than that of 
bemegndo and about 200 times higher than that of 
metraxol 

The brain stem stimulating activity of the com 
pound as measured fn animals poisoned by barbiturates, 
m wlnoh the antidotal action of the drug prevents the 
animals from death is interesting By administering 
2 ragm /kgm of Roo 7 0207 to mice injected with an 
LDt$ of nombatal, 00 per cent of the animals survived, 
in other words 95 per cent of the animals has been 
saved by tho troatmont with the new compound 

The minimal active dose (P ■= 0 05) of Roc 7 0207 
is 2-3 timoe lower than that of piorotoxin, 10 times 
lower than that of bemegndo and 27 times lower than 
tlint of motrazol. 

Tho safoty index (ratio between LD 0 5 and the 
minimal aotivo (lose) was found to be 1 C times higher 
than that of bemogrido and 2 0 timoe higher than that 
of motrazol 

Notwithstanding the brain-stora stimulating ooti 
vity at therapeutical doses Roo 7 0207 does not 
show any particular effects on tho brain cortex 

Tho relationships between tho pharmacological 
activity and the chemical structure are significant the 
oxygon funotion (methoxy or hydroxy groups) seems 
to play a fundamental part m determining the type of 
respiratory as well as circulatory analeptic activity 

It has boon observed that the methoxy compounds 
act almost exclusively on tho respiratory centre 
whilo the corresponding hydroxy compounds display 
a stimulation also on the vasomotor centre causing 
besides hyporpnoa, a prolonged increase of arterial 
blood pressure 

Tho optimum position of tbo ammomothyl clinin 
seems to be 8 It lias already been shown 1 that tho 

0 aminomothylchrornones and flavoneo N-aubstitutod, 
devoid of tho oxygon funotion in tho 7 position display 
only vory slight onaioptio activity whilo acting as 
papaverine like ontispasmodics 

In the specific case of tho fiavono derivatives 
simultaneous displacement of tho basic chain and of 
mothoxy group from 8 7 to 4 ,3 positions onuses a 
considerable loss of nativity Tho prcsonco of nlkvi 
groups at tho nitrogen seems also to bo fundamental 
smeo tho unmibstitutod ones are mootlvo 

Tho activity increasoe m marked degreo in tho 
raonoeubstitutod derivatives, the N mothylamino 
mothyi compounds, and roaches a maximum for the 
compounds with two substituents at tho nitrogen 
(also when tho suhstituonts are a part of a cyclo) 
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Stimulatory Effect of Foreign Compounds 
on Ascorbic Acid Biosynthesis and on 
Drug-Metabolizing Enzymes 

Previous studies m rats havo shown that drugs such 
as Chloretono', barbital, phonobarbital and amino 
pyrmo can stimulate the biosynthesis of l ascorbic 
acid from glucose through tho ghicaromo acid path 
way 1 ' 3 as follows 

d glucoso -y D ^ ucuroni ° u-gulonic L-ascorbic 

acid acid acid 

f 4 

pentose oycle +- d xjluloso 4- l xyluloso 

.Evidence for this Jma 00 m 0 from tho observ at ions that 
these drugs markedly increase tho unnarv excretion of 
L-ascorbio aoid and that they stimulato tho convumon 
ofglacoso-l- 14 C to labelled d glucuronio acid, u-gulomc 
acid and l aacorbio acid 3 ' 5 In tho present studv tho 
following compounds were also found to be potent m 
stimulating tho biosynthosla of L ascorbic acid tho 
antirhoumntlo drug phony! butaxono, tho muscular 
relaxant orphonadrmo (2-dlmoth>laminoot!i>l 2 
methjl bonzhydrjl etlior), and tho carcinogenic 
hydrocarbons 3 mofchylcholonthronc 1,2,5 G-dibcn 
nuithraoono and 3 4 benrpyrono Phcnj Ibutazono and 
orehonndnno in doses of 20-50 mgm /day for 4 daj's to 
aault rats producod about a 20 fold increaso m c- 
ascorbic acid excretion Tho striking effect of n singlo 
10 mgm doso of 3 mothylcholantlireno on tho urinary 
excretion of tho vitamin is shown m Tig 1 By G dava 



Daji afl<*r InprUon 

fl*. I BtlniaUitoa ot l M*cotbk *cld fxrrrtha hr 3 mHhrhhnUtt 
Ihrroe A mak Wtdar rat (i50 (trn ) vai bi>vt*u lntraj*rHnuc»ny 
^rtth a 10 pbqtx. dow of 3 nWhjkboUiit hrrne la 0-5 ml com 
oil a ad tbfl dally urinary excretion of I-wcorbk add »U measured 
hj tUrntkjo with IJWkhJorofJv^ltadnpbrortl d\r. A mUk dk» 
free of rltaniJa C a-**d In thh Wady (ref 3) 8im£*r dor* of 
1,3,5 fl-dibeaxanthrmcctis or 3f brotfTTVtw to rat* TOO 3'>0 (tm.) 
pialted In a 30- to 100-foW Incrrcv In L-awtsrbk acWexorUoo hjr 
5 day*. 

after administration tho linear} excretion was 50-75 
times greater than tho control value and in fact during 
tho 19-dav period about 140 mgm of L-ascorbio acid 
was excrotod Tins represents a minimum value for tho 
total l ascorbic add synthesized since tho vitamin is 
oxtenaiv ol} metabolized in tho mt* 

Tho observation that U10 carcinogenic liv droenrbons 
are potent stimulators of n-nscorbic acid biosynthesis 
is of particular interest srnco these compounds are also 
known to bo extremely potent in inducing tho 
synthesis of several liver micro vwnal mzymr'S vilndi 
metabolize foreign compounds 7 9 These biocatalysts 
are closlj related to a varietj of drug metabolizing 
enzymes in liver microtomes* The marked effect of 
other compounds which stimulate j>nscorbic acid 
biosynthesis to merenso Ilk* net hit} of om> o t 




364 


NATURE 


August L, 1959 


VOL. 184 


microsomal enzymes, azo dye demethylase, is shown 
m Table 1 The striking effectiveness of phenobarbital 
Table 1 Increased Activity of Aio Dye Demethylase Caused by 

TEE ADMmSTHATlOV OF VARIOUS FOEEIOV COMPOUNDS 


Compound 

Dose 

mgm./dav 

Demethrlnse aetlvltv 

Control 



5 

Chime tone 

43 

15 

Barbital 

SO 

21 

Phenobarbital 

io 

25 

Thiopental 

20 

17 

Aminopvrtne 

112 

13 

Phenvlbutazone 

7 5 

14 

Orphenndrine 

3S 

12 

3-MethvlchoIanthrene* 

0 1 

15 


Male Holtzmnn rats (40-50 pm.) were maintained on a synthetic diet 
(ref T) and were Injected twice dally for 4 days The animals were 
killed on the fifth dav and the demethYlatlon of 3 methyl-4- 
monomethvlamlnoaiobenxene was determined fn fortified whole 
liver homogenate as previously described (ref 7) The demethylase 
activity represents the ngm. of 3-methv I-4-amInoazobenzene formed 
per 50 nipm. liver per 12 minute Incubation Each enzyme activity 
represents pooled livers from at least 4 animals The variation in 
enzyme activity of controls was less than il ppm. in 10 experiments 
* These animals were killed 24 houre after a single Injection. 

to stimulate the activity of this demethylase is 
demonstrated in Fig 2 Further experiments were 



-» 1 1 . , , ) 

0 2 4 6 8 

Days 

Elp 2 Effect ol phenoharhital on the activity of azo dye demethylase 
Male Holtzman rats (40-50 pm.) were fed a synthetic diet (ref 7) 
nnd were Injected Intraperltoneally with 5 mgm. ol phenobarbital 
The animals were killed at intervals alter drug a dminis tration and 
the demethvlstlon of 3~methyI-4-monometb>lamlnoazobenzene by 
fortified whole fiver homogenate was determined (ref 7) The 
demethvlase activity represents pgm. of 3 methyl-4 amtnoazoben- 
zene formed per 50 mgm. liver per 12 minutes incnbatlon. Each point 
represents the values obtained on 4 sntmaia 

earned out to test the activity of barbiturates on other 
liver microsomal enzymes The mtrapentoneal 
administration of phenobarbital (3 mgm /day for 
4 days) or barbital (7 mgm /day for 6 days) causes 
appreciable increases m the activities of the enzymes 
which reduce the azo linkage of ammoazo dyes and 
which hydroxylate 3,4-benzpyrene and zoxazolamine 
It is likely that phenobarbital and the other active 
drugs, like the polvcychc hydrocarbons, induce the 
synthesis of azo dye demethylase The addition of 
phenobarbital in ulro to liver homogenates did not 
affect the activity of this enzyme. No evidence was 
found that activators or inhibitors caused the in- 
creased enzyme activity Furthermore, pretreatment 
of the rat with ethionme, which has been used to 
inhibit induced enzyme synthesis, was found to block 
completely the effect of phenobarbital on demethylase 
activity and methionine prevents this inhibitory action 
of ethionine 


The results presented here show that foreign 
compounds differing widely in chemical structure and 
pharmacological activity have the dual property of 
stimulating the biosynthesis of L-ascorbic acid and of 
increasing the activity of certain drug-metahoLzmg 
enzymes m liver mierosomes The finding that the 
same compounds exert both actions suggests a possible 
relationship between these two responses It ib of 
particular interest that one of the most potent com 
pound m each ease is barbital, a drug which is not 
metabolized or conjugated but is excreted unchanged 
m the urme 3 These effects may represent adaptive 
responses on the part of the body to foreign compounds 
by a mechanism which does not involve the adrenal 
gland 3 - 7 Further studies are now under way to 
elucidate the nature of these biochemical responses 

A H Conkey 
J J Burns 
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Spectrophotofluorometric Assay of 
Griseofulvin 

Although gnseofulvm was isolated twenty years 
ago 1 its value as a systemic anti-fungal agent was not 
appreciated until 1958, when Gentles 3 reported that 
he had eradicated experimental ring-worm in guinea 
pigs by its use m oral treatment Cluneal reports 3 ' 5 
that have appeared smee have evoked considerable 
interest among dermatologists and seem to have 
justified Gentles’ optimism 

We are currently studying the absorption, distri- 
bution and excretion of gnseofulvm in laboratory 
animals and man, to facilitate these studies we have 
developed a simple and rapid speetrofluorometnc 
assay We give here the details of the assay and 
indicate hnefly our findings to date 

A 1 per cent ethanohe solution containing 0 6 jigm 
gnseofulvm/ml was scanned on a Farrand spectro 
photofluorometer. The spectra obtained are shown 
m Fig 1 The activating spectrum contains two 
well defined peaks, one at 295 mp and another at 
335 mjjt (uncorrected values) For assay purposes, an 
activating wave-length of 295 mjx and an analysing 
wave-length of 450 rnjx were chosen Choice of slit- 
widths depends on the characteristics of the photo- 
multiplier tube A 1 per cent ethanohe solution con- 
taining 0 05 jigm gnseofulvm/ml fluoresces twice a 3 
strongly as 1 per cent ethanol, a full-scale deflection 
is obtained on the most sensitive range at a concen- 
tration of 0 5 jzgm /ml The intensity of fluorescence 
increases linearly over the concentration range 
0 Oo— 0 5 jzgm /ml and is independent of pH over the 
range 3—10 Below pH 3 the fluorescence decreases 
sharply. Temperature of the solution is important, 
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Fig 1 Fluoreacmoe ipoctr* of grl^ofalvJa 


lx* auso the fluoresconoo decreases with increasing 
temperature Over the rango 10-25° C tho change is 
linear, and each degree rise result* in 2 5 per cent less 
activity than at the lower temperature 

Before attempting any assay of grisoofulvin by the 
method described, all glassware (syringes, flasks, 
shako tubes, pipottes, cuvettee, oto ) must be cleaned 
m chromic acid and nnsod with distill od wntor and 
1 per cent ethanol Detergent* should bo avoided The 
final 1 p or cent ethanol washings are checked on the 
spectrofluoromotor before the apparatus can bo 
considered suitable for uso 

A. small sample (1 ml or less) of blood, plasma 
serum or unne is mixed with 1 ml of 1 per cent 
ethanol and shaken for 16 see with 10 ml of othor 
fright ml of tho other phoso (total volume after 
shaking ^ 97 ml ) are removed and evaporated to 
dryness Tho residue is dissolved in 10 ml of 1 per 
cent othanol, and tho fluorosconce of tho solution is 
measured against a grisoofulvin standard (0 5 pgm / 
ml ) at tho some tomporature Pro -dosage samples of 
blood, plasma, serum or urino, with and without added 
griseofulvin, are included in each set of assays Blood, 
plasma and scrum have similar blank values, which 
do not vary greatly between eithor individuals or 
species (rat guinea pig, rabbit and man) Gnscofuivin 
nddod to hopanmsod blood at concentrations ranging 
from 1 to 5 pgm /ml gav o percentage rccoi ones 
averaging 00 ± 1 4 (~5 assays) At 10 ggm /ml 

the nverngo recover} fell to 84 per cent ±11 (10 
ussavB) Blank unno values differ groat 1} both 
liolvscen individuals and between samples taken from 
the same individual at difTorcnt times Howovor, it is 
poaublo to ovorcomo most difficulties b} raising tho 
pH of tho unno to approximately 10 boforo extracting 
with other Tho mean percentage recover} of gnseo 
fulvm added to human unno over tho concentration 
rango 1-5 ggm /ml was 00 ± 2*9 (30 assays) 

An expenment wns conducted to tost tho agreement 
between microbiological and spoctrofluoromctnc oxm\ 
results Three volunteers were given srnglo oral doses 
of griseofulvin (0 5 gm ), and serum lovcls were 
dfUrrmncd nt intervals over tho next twenty four 
hours The samples were assayed both microbiologi 
callv b} Dr P M Muggleton and his colleagues 
using a Aftcroaporum cuma lubo ossa} that thoy have 
di\ eloped in these Inliom tones and b} tlie spectro 
fluoromctnc method Tho results are compared in 
fig 2 Tho lialflifo during tho decay period is 
approximate!} eight hours 



FIs. 2 Serura-tovrli of crlaeofulrtn la ro*n »ft<r ilnjtl or*! dcxn 

ol 6-5ffHL O • blotojtknl O — O ijx'ctronaoromrtrJc 

wwy L*ch raloo represent* tbo group mean for ttvtf hKlJ\kln*li 


To determine tho effect of dosage on somm lo\ol* 
three groups of throe volunteers wero given single 
oral doses of 0 25 1 or 2 gm Tho sorum levels 
which were determined spectrofluorometncall} at 
2, 6 and 9 hr are shown m Fig 3 During tho first 
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0 23 cm. prt m*n. L*di t*1do H the ftnrop n**n for tbrw* IndlrMtul* 


8 hr after administration the averago amount of 
griseofulvin found m tho unno of tho group dosed with 
1 gm was 0 5 mgm and tho corresponding valuo for 
those given 2 gm was 0 0 mgm 

Tho work dewenbed nbov o continues and it is hoped 
to present further result* for publication 

CaHOLT BtDFORD 
K J Child 
r G Tovncrr 

Glaxo Laboratories Ltd , 

Grecnford, Middlesex 
Juno 9 
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Calcium Ions and the Permeability of 
Human Red Cells 

It is well known that many tissues when placed m an 
electrolyte medium are profoundly affected by the 
presence or absence of calci um ions This is also true 
of the red cells of the tortoise 1 , of the snapping 
turtle 2 and probably of the red cells of certain fishes 3-5 , 
which m a calcium-free electrolyte medium become 
highly permeable to cations, and hence swell and 
rupture (hsemolysis) The red cells of the frog, chicken 
and of Mammalia, however, are httle affected by 
suspension m calcium -free sodium chloride solution, 
exchange of cations with the external medium being 
very slow, and hsemolysis correspondingly delayed 
Nevertheless dependence on calcium of the human red 
cell may be demonstrated after suitable treatment of 
the cells m conformity with earlier work by Maizels 6 
and Wilbrandt 7 The former showed that human red 
cells became highly permeable to cations when 
placed m an electrolyte-free medium (for example, 
glucose), unless about 10 mlf sodium or potassium 
chloride were present, while Wilbrandt found sodium 
and potassium chlorides to be less effective than the 
salts of the alkaline earths, though there was no 
specificity within this group, the actions of calcium, 
magnesium, strontium and barium being quanti- 
tatively similar 

The treatment of red cells used in the present 
investigation mvolves three stages, details of which 
are shown m Table 1 In stage 1 (depletion stage) red 

Table l Effects or the Salts or the Alkaline Emms on the 
PEEHEABILmr OF MODIFIED HUMAN BED CEILS TO MONOVALENT CATIONS 


Additions 

mlf 

Batlo of the cation flux per hour to the 
concentration difTeronco between cells 
and tho external medium 

Sodlnm In 

Potassium 

out 

Lithium 

out 

Nono 



0 31 

0 28 

0 44 

MgCl, 

25 

0 23 

0 31 

0 41 

SrCl, 

2 5 

0-25 

0 25 

0-35 

BaCl, 

2 5 

0 30 

0 31 

0 43 

CnCl, 

25 

004 

OOO 

0 07 


Note Cells were Drat Incubated for 3 hr at 37° C In lactose solution 
(0 per cent w/v), then for 1J hr In a solution of potassium and lithium 
chloride (70 mil of each), and Dnally transferred to sodium chloride 
solution (140 mil) for 1 hr at 87° 0 Additions of calcium chloride, 
magneslnm chloride, etc were made at the beginning of the last 
stage, daring which cation exchanges were measured 

cells are incubated in lactose solution, which increases 
permeability twenty-fold natural sodium and potas- 
sium leak from the cells accompanied by water and 
the cells shrink In stage 2 (cation replacement stage) 
the cells are transferred to an electrolyte medium, one 
containing a mixture of potassium and lithium 
chloride is suitable Here, potassium chloride, 
lithium chloride and water enter the cells, and it 
would be possible to measure penetration-rates m this 
stage, were it not for the uncertainty in correcting 
for the considerable swelling which now occurs Hence 
it is necessary to proceed to stage 3 (cation exchange 
stage) and transfer the cells (now containing potassium 
and lithium) to a different electrolyte medium, 
usually sodium chloride solution In this stage 
potassium and lithium leave the cells, whilst sodium 
enters, changes in volume of the cells being shght 
If to a series of such suspensions, chlorides of mag- 
nesium, strontium, barium or calcium are respectively 
added, cation penetration is rapid m the case of the 
first three, and slow m the presence of calcium This 
is shown m Table 1 where permeability is expressed 
as the ratio of the cation flux per hour to the mean 
difference m concentration between cells and medium 


Maizels’ and Wilbrandt’s earlier observations 
suggest that if red cells are suspended m a solution of 
non-electrolyte and monovalent cations or certain 
divalent cations are added at once, then normal low 
cell permeability is maintained, and that m the absence 
of such cations low permeability is lost The present 
observations show that once relative impermeability 
has been lost m this way, calcium alone can restore it 
This may well be true of other cells, including the 
unfertilised egg of the sea-urchin which m sea-water 
is only slightly permeable to water, but becomes 
highly permeable in non-electrolyte media unless 
either calcium or magnesium chloride is added 8 It is 
suggested that some substance is present m the red 
cell membrane which contributes to low permeabihty, 
that loss of this substance is prevented by various 
cations, but that replacement can only be effected by 
calcium It is possible that the substance itself is a 
calcium compound, if so, it can only be present m 
trace amounts 

M Maizels 

Department of Clinical Pathology, 

University College Hospital, 

London, WC1 
June 10 

1 Maizels, M., J Physiol , 132, 4U (1050) 
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Splenic Siderosis in Mice Treated 
with Dithiourethane 

In an attempt to elucidate the mode of action of 
urethane (ethyl carbamate) as a carcinogen for mice, 
its dithio analogue (NH 2 CSSC 2 H 5 ) was prepared 1 ' 3 
and a study was made of its lethal dose and general 
toxic effects before testing it for carcinogenicity A 
report of the latter is m preparation The short-term 
tests revealed an action of this compound whose 
significance is, at the moment, rather obscure 
GBA stram mice of both sexes were injected sub 
cutaneously with 0 16 ml of a 6 per cent solution of 
dithiourethane m arachis oil After three or more 
weekly injections, a brown pigment m h tomato xyhn 
and eosm-stamed sections of the spleen was seen in all 
cases When, on a few occasions, stock outbrod mm® 
were used, the same phenomenon occurred The 
pigment also appeared m unstained sections and nas 
found to contain iron by the Prussian blue test It was 
distributed m tlie macrophages of the porifolhcula r 
reticulo-endothehal tissue (Fig 1) The spleens of mice 
injected with the solvent (arachis oil) alone, of mico 
treated with 0 2 ml of a 6 per cent aqueous urethane 
solution for the same time and of untreated mice, all 
showed considerably smaller amounts of the pigment 
scattered throughout the spleen (Fig 2) A number 01 
other organs of the same mice were examined liisto 
logically as a routine m these tests, and no evidence oi 
tins pigment was ever found in liver, kidney, lung, 
axillary lymph node or testis Nor was any seen m 
pancreas when, on occasion, a piece was accidentally 
included m the section with spleen 

In the long-term experiments, weekly injections 
were carried out for up to three months The amount 
of pigment deposited in the spleen was found to bo 
proportional to the number of treatments during that 
tune When treatment stopped the amount of pigmen 
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dfMTOftttod slowly over the following three montlifl when 
detectable amounts wore still present As tho amount 
of sidorosis increased with treatment tho spleens 
became noticeably darker in colour when compared 
to those of untreated mioo While tho spleens were not 
weighed there was never any apparent change m the 
sire of thoeo from trentod mice The mice thomsclvos 
always appeared perfectly well and honlthv and 
showed no lore? of body woight, oven when tho nbovo 
mentioned doao was givon twice weekly for one 
month 

A nurnbor of possible explanations for this phono 
msnon wore considered A liroraolytic oiToot of tho 
dithiouretlmno might have boon responsible but 
neither docroased erythrocyte oounts nor incrcasod 
crvthrooyto osmotic fragility was found m the 

1 n ated mice 

Since tho hromoglobln content of tho mice was 
normal and tlio splenic iron was so markedly increased, 
tho next investigation was to dotormino tho total iron 
content of the dithiouretlmno treated mico compared 
mth controls Tho iron assay was dono by titration 
of the forrous to feme iron with diohromnto by tho 
standard inothod In order to obtain sufficient iron 
for a 2 ml titration (orror of titration not more than 

2 jxir cent) about 8 mico had to bo pooled In tho first 
jnutanco, 8 OB A mioo wore given oight biweekly 
mjeotion 3 of dlthiourothano (wnw doso as above) 8 
niro given injections of tho nrnohis oil solvent and 
8 worn untreated Lach group of mico was then 
sacrificed, weighed and incinerated carefully in fused 
«pmrt7 crucibles at COOMMHP C Tlio ashes were 
extracted with about GN hydroolilorio acid und tho 
extracts from each group pooled Tho results for tho 
oxponmontnl mice solvent injocted oontrols and 
untreated controls wore respectively 74, 03 and 01 
mgm of iron per kgm body weight 

Tills was repeated on two groups of treated mire 
(0 and 8 CIS 4) and two groups of solvent treated 
controls (0 CJSA mico m each) Tho figures in tills caso 
wore 72 and 08 mgm iron/kgm for tlio experimental 
mico and 03 and 51 mgm iron/kgm for tho controls 
Those results suggest that tho total iron content of tho 
dithiourothnnod rooted mico was ineroaaod Con 
side ration was givon to tho possibility that the normal 
mechanism of iron absorption through tlio gastro- 


intestinal mucosa was interfered 
with allowing larger amount* 
tlinn normal to bo absorliod, tho 
excess being token up by the 
splemo macrophages On the 
other hand ditluourotlmno mav 
liavo had a specific ofiect on tho 
spleen resulting in an increased 
rato of orytlirooyto destruction 
Tho relatively largo amounts of 
pigment deposited would indi 
cato the temjxtrno removal of 
iron as a readily utilmablo 
source from tho animal a store, 
with resultant increased absorp 
tion from tho gut os com pen sn 
tion Tho orythrocyto doetmc 
tion being relatively slow the 
compensation would occur fast 
onough to prevent any mnrkod 
nnrcmia, and tho mouses total 
iron content would thus increase 
This appears to bo tho most 
likoly explanation of on in 
creased total iron content of 
tho mice showing atderosis only of tho spleen 
This work was corned out at tho Cancer Research 
Department of the London Hospital Medical College 
Expenses wore portly defrayed out of a block grant 
from tho British Empire Cancer Campaign 

P N Cow rN 

Dept of Pharmacology , 

Guy b Hospital Medical School, 

London, 8 E 1 
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The Infra-red Gas Analyser as a Means 
of Measuring the Carbon Dioxide 
Output of Individual Insects 

It lias been known for somo time tlrnt some injects 
(lame, pup® and adults) may disclmrgo tbo carbon 
dioxulo produced during metabolism cltlier tvs a oon 
tmuous stream or in bursts 1 *** Punt umng a diftfer 
omotcr, was nblo to domonfltmto changes in the 
concentration of carbon dioxide but ho points out 
that tho sensitivity of his instrument wart nlwnys 
adapted to tho amount of carbon dioxide produced 
and wns calibrated for thw amount Thus his graph* 
from different animals cannot bo compared with ono 
another, whorean (hose mado using an mfni red 
analyser can bo compared 

Using tho infra rod annlysor it is possible to olnerv o 
and record whothor tho carbon dioxido is produced in 
bursts (Fig 1) or nfl R continuous stream (Figs 2 3 
and 4) Also, by using a planlmotcr on tho recording 
it is possible to calculate tho mean output or curiam 
dioxide per insect par minuto Tlio analyser uvh! bv 
mo was specially built bv tho Infra Red lXvolopm nt 
Company to suit my require manta It lias three ranges 
(per cent) 0*0 to 0 02 0*0 to 0 2 and 0 15 to 1*0 for 
tho comploto deflexion of tho pah nnomet. r arid of Urn 
propWo recorder (retponro time 0 Owe ) II ui po-nmie, 

to fnwteh from one rftnpo to onoflierrtmply J ^ 
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FIga 1-4 HccordlngB showing the carbon (lloxldo output of adult 
locusts Fig 1, newlj merged Figs 2 nod 3, 5 days after emergence 
Fig 4 70 darn after emergence 

a tap and/or altering a switch All the recordings 
given here -were made on the 0 0 to 0 2 per cent range 
with the graphic recorder running at 6 in /hr The 
rate of flow of air over the msect was so controlled that 
it was equivalent to 100 ml /nun at 0° C Thus it is 
possible to give the results as microlitros per insect per 
minute at 0° C 

All experiments were carried out with the insect 
(male, Sclnstocerca gregana Forsk) in a tube, in the 
dark, m a constant temperature bath at 32° C , and at a 
relative humidity between 60 and 70 per cent Carbon 
dioxide free air was pumped into the tube and the air 
leaving the tube passed through the analyser, the 
cooler and finally through the flow-meter Each 
experiment lasted 2—3 hr The recordings given here 
are for the second hour of the experiment because, 
m the majority of the experiments, it was found that 
the metabolic rate v as higher and more erratic during 
the first 20-40 mm than after this initial period It is 
thought that this high metabolic rate at the beginning 
of the experiment is due to the locust being handled 
If, as m all these experiments, the locust is kept m the 
dark then it settles down more quickly and the output 
of carbon dioxide remains more constant than if it is 
m bright hght It should be noted at this stage that 
by ‘constant’ is meant for a period of 2-3 hr , but if the 
recording is continued for 24-48 hr , without the locust 
feeding, then a drop in output of carbon dioxide does 
occur At first the analyser was kept at laboratory tem- 
perature and its temperature was controlled by a heater 
and thermostat This was soon found to be insufficient 
control for an analyser as sensitive as min e, so the 
thermostat and heater of the analyser were removed 
and the whole apparatus placed m a constant- 
temperature cabinet at 26° C The actual temperature 
of the cabmet is of httle importance provided it 
remains constant once the analyser has been zeroed and 
standardized against a gas of known concentration 
As a full account of this work will be published 
elsewhere, I propose to give here only a few typical 
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recordings of the output of carbon dioxido of male 
Sclnstocerca gregana adults to show the advantages o" 
this method of measuring the carbon dioxide output 
Fig 1 is a recording of an adult 3 hr after shedduij 
the last hopper skm At this age, carbon dioxide i 
produced m burets at the rate of 24 bursts an hour, bui 
there is considerable individual variation m the mum 
ber of bursts an hour After the locust was removet 
from the analysing apparatus it was placed in a tub 
under the binocular microscope m order to investigate 
the opening and closmg of the spiracles It was stil 
in the dark except for small peep holes through wind 
the spiracles could be observed Also a stream of ai 
■was passed through the tube so conditions were ver 
similar to those m the analysing apparatus It wa 
observed that the bursts of carbon dioxide wore pro 
duced by the locust stopping all respiratory movement 
and closmg all spiracles for 14 min (average) At tin 
end of this period respiratory movements would star 
and the spiracles w'ould start to open and close at tb 
rate of one opening per second (average) for 15-30 see 
Tins was generally followed by a short period (5-1 
sec ) w'hen the spiracles opened once every 5 sec 
Then the spiracles would remain closed and the cycl 
would be repeated Those times are by no mean 
constant, mdeed, it can be seen from this rocordm 
that all bursts are not identical It should bo note 
that there is a small amount of carbon dioxide pro 
duced between the bursts As all respiratory move 
ments ceased, and all spiracles appeared olosed dunn 
this period, the small amount of carbon dioxid 
produced must be the result of a slight leakage throng 
the closed spiracles or diffusion through the genera 
surface of the locust At this age the cuticle of tn 
locust is still fairly soft, so that it is just possible fo 
diffusion to take place As adult locusts seidot 
start feeding until at least 12 hr after moulting, the 
must, at this age, be utilizing the reservo food (fat 
stored m the body and the burst method of breath® 
is obviously the best for the conservation of wo «' 
The moan output of carbon dioxide for Fig * 1 
20 12 pi /locust/mm , which agrees fairly well with 
results obtained chemically 6 and it is well within 
range observed in these expenments By the time 
locust has been m the adult stage for one day an( !J 
started to feed, the bursts of carbon dioxide have bee 
replaced by a continuous stream of the gas, w ic 
vanes m amount from tune to time . 

Fig 2 is a recording of an adult 5 days after shed 
the last hopper skm The carbon dioxide is no long 1 - 
produced in bursts but as a continuous stream 
small changes in the amount of oarbon dioxide are 
result of changes m the rate of the respiratory m° 
ments and in the rate of opening of the spiracles 
this age the rate of opening of the spiracles va . rl£ ®, / c 
25 to 55 per mm but they never remain closed 
more than 3 see at a time The peaks on th'S 
cording (a smgle at 35 min and a double one botw 
63 and 55 mm ) are, I think, the result of a su ” . 
change m the respiratory rate due to some very sug^ 
movement of an antenna or a leg If the locust 
try to move along the tube, then a rapid increase m 
respiratory rate occurs and is continued for 80 
minutes, as for example, between 14 and 24 nl >'' . 
the recording m Fig 3 At this age locusts are nett . 
feeders and are utilizing fresh food, so the necess ■ 
for conserving water by discharging the carbon dio 
m bursts does not arise Also they tend to be m 
active The mean output of carbon dioxide f° r 
is 40 77 pi /locust/mm and for Fig 3 it is 44 7 r 
locust/mm 
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Fig 4 is a recording of on adult 70 dnvs after 
hedding the last hopper skin This is old for a locust 
.ept at 32° 0 find arolativo humidity of approximately 
>5 per cent At this age the results are very variable 
>ut this recording is of the o\ orngo typo It ebon's that 
he main output is around tho 20 p] marie with % cry 
listinot and fairly regular bumfs superimposed upon 
t The mean for tho whole recording is 27 80 pi / 
ocust /miih 

-Recordings made less than 24 hr prior to death 
from natural causes) of tho locust show tho burst 
ypo of respiration similar to that for now h emerged 
dults except that the intervals between tho bursts, 
i hen tlie spiracles are closed, are much longer 

Although the recordings given here were mado over 
hort periods, it is possible, with this analyser, to mako 
ontmuous recordings extending over 24, 48 hr or 
onger 

I am indebted to the Central Research Fund of tho 
. rnveraity of London for a grant which made this 
mrk possible 

A G Hamilton 


Biological Dopartmont, 
it Thomas s Hospital Medical School, 
London, S.E 1 
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Anticoagulant Activity of Human 
Arterial Mucopolysaccharides 

The isolation of acid lmicopolyoacclmndo material 
rom human aortic tissue was reported in a previous 
jublication 1 from this laboratory Analysis of tho 
so ! cited mn tonal 1 and of components separated by 
japer electrophoresis* 4 indicated that tho major part 
>f tho material consisted of chondroltin sulphate Tho 
weftenco in tho material of o fraction susoeptiblo to tho 
ictlon of Btophj lococcal hyaluronidose 1 and of ft 
iulphatod component containing both gnlact03amino 
ind glucosomino 4 was also observod The isolation of 
wpantin sulphate from human aortic tiseuo lias 
>ccontly been reported by Linker, Hoffmnn and 
doyer a 

Of the sulplmtod mucopolysaccharides present m 
/onoua conneotivo tissues tliroo possess anticoagulant 
ictivity, nomoly a hepnnn chondroitln sulphato B 
B liepann), end hopantm sulphato Although a 
\cpnrm has been Isolated from tho aorta of cattle*, 
Ida sulplmtod mucopolysacchondo has not boon 
dentified in tlio acid raucopolyancehando material 
vtmote<l from the intuna media layors of human 
lortic tissue Tho present study was undertaken with 
ho purpose of determining the anticoagulant activity 
jf acid aortic mucopolysaccharide samples from sub 
ects of various ages 

Extraction of mucopolysacchondo material was 
nodo from the intima media lay ors of 27 samples of the 
Icaccndmg thoracia aorta by tho procedure of Dyrbv o 
md Kirk 1 8mco tho avorngo Meld of sulnhntcd 
uncopoly'sacclmndos obtained by this nroccduro is 
ihout 00 per cent of tho acid hydrolymblo sulphato 
'iroscnt in tho arterial twsue tho samplea may' l>o 
•onuidorod ns being fairly representative of the tissue 
•ontent of thcao compounds Tho ago of tho subjects 
rom whom tho samples were obtained ranged from 3 


to 70 years Tho average percentage composition of 
the samples was sulphato (SO t ), 12 5, hevosomine, 
24 2 vromo acid, 33 5 80 per cent of tho hoxosamino 
was galaotosamloe and 20 per cent glucosamine No 
significant change with ago inis found in the sulplmte 
content of tho samples 

The anticoagulant activity of tho mucopolysao 
chando material was determined bv the procedure of 
Frocman Engolberg, and Dudley* Eacli of tho 27 
samples was testod at four different Iovolsby addition 
of 100, 200, 400, and 800 pgm of tho material, 
dissolved m 0 9 per cent sodium chloride solution, to 
aliquots of tho plasma After 5 min Incubation the 
calcium clilondo reagent was added and tho coagu 
lation timo recorded A high reproducibfhtv of the 
results was observed when determinations were per 
formed with tho same samples on different days A 
coagulation tirao test with heparin sodium (U S 
Phann ) added in quantities of 0 4, 0 8, I 2, 1 0 2*0 
and 2 4 ggra was run with each sot of experiments 
For comparative purposes tho anticoagulant activity 
of a commercial chondroitin sulphato A preparation 
from the cartilage of cattlo was likewise determined 
The results of the investigation are presented in 
Fig 1 It will bo seen from tho reported values that 
tho arterial muoopolysacchando material was found to 
possess a definite, but low anticoagulant activity 
IVhon compared on a woight by woight basis, the 
anticoagulant activity of tho material was leas than 
1 per cent of that oxhlbitod by lioparm sodium {a 
heparin), but was considerably greater tlian tho 
activity observod for tho commercial chondroitin 
sulphate A preparation Tho anticoagulant activity of 
mucopolysaccharide samples from children vrtrn 
modomtoly higbor than that recorded for Rumple* 
from adults but the number of samples obtainable! 
from children was too small to permit definite eon 
elusion* with regard to this point 

Tho observed anticoagulant activity of human 
arterial mucopolysaccharides mav constitute a factor 
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of significance m connexion with. Duguid’s 8 theory 
concerning the etiology of atherosclerosis 

The investigation was supported by grants from the 
National Institutes of Health, Public Health Service 
(PHS- 891) and the Life Insurance Medical Research 
Fund (O- 56-54) 

John E Kibe: 
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Washington University, 

St Louis, Missouri 
June 12 
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Urethane as a Carcinogen and as 
an Anaesthetic for Fishes 

Probably the most important factor -which 
determines the carcinogenic properties of a substance 
is the species (and sometimes the strain) of the animals 
which are bemg treated with it This makes it very 
difficult to deal with such substances from the public 
health point of view since results from animal experi- 
ments m the field of cancer research cannot always be 
related to what may happen in man In practice, 
substances with known marked carcinogenic activity 
for man or animals, and which are liable to constitute 
an occupational hazard, are usually recognized and 
treated with the respect due to them 

There is one possible exception which we feel 
warrants more publicity than it has received m the 
past Urethane (ethyl carbamate) was found to induce 
tumours of the lung in mice 1 and rats 2 , and smee then 
has been found carcinogenic for other mouse tissues 
to a lesser extent 3 This compound was not found to be 
carcinogenic for other species so far tried (rabbits 4 , 
chickens and guinea-pigs 5 ), but nevertheless, the 
possibility of such an action m man cannot be ignored 
Furthermore, evidence was presented that urethane 
was absorbed m carcinogenic doses from mouse 
skm®- 7 and warning was given® to those who handle 
the compound not only of its possible carcinogenicity, 
but of its known leucopemc effects on man 8 Since 
then, absorption from human skm has also been 
noted 9 

A common way of amesthetismg fishes and aquatic 
invertebrates is to immerse the animals in an aqueous 
solution of urethane Wood 10 , m a journal of com- 
paratively limited circulation, stressed the risks to 
the operator in this process, but it appears that even 
now an appreciable number of people who deal with 
this substance are unaware of its possible effects We 
would suggest, first, that when its use cannot be 
avoided, reasonable precautions should always be 
taken to prevent contact of urethane with the skm 
and secondly that its use as a fish anaesthetic should 
be discontinued As a substitute, we recommend 
tncaine methane sulphonate (M.S 222 Sandoz), m the 
fight of the fact that no deleterious effects, as with 
methane, have been reported following its use so far 
M S 222 has given excellent results in anaesthesia 
with a wide range of fishes and amphibians 11 - 12 The 
optimal solution strength to be employed is known to 
vary with species, individual size and temperature 11 - 12 , 
and suitable concentrations must be determined 


empirically for every species and in different situatioi 
Aim 2,000 solution has been used successfully 
operations on goldfish 13 - 14 , brown trout, MoUienu 
lattpmna and axolotls 14 Pickford 15 used aim 3,5 
solution for Fundulus Iieierocltlus, and a 1 m 5 
solution is suitable for eels ( Anguilla anguUla) 
Various concentrations have been employed by mai 
different workers on amphibian embryos, larva ai 
adults, and at least one worker has used M S 222 
aniEsthetise plananans 12 Apart from its use in t 
laboratory, this substance is excellent as an anresthel 
to immobilize hatchery and wild fishes during taggir 
fin-chppmg and measuring operations, or to ‘tra 
quillize’ various game, pet and ornamental fist 
during transport 12 , and Gilbert and Wood 17 report 
that the palatabihty of sharks and rays anresthetis 
with M S 222 was not affected, and that no deletenc 
effect was observed m people who ate these fishes 

J H Bau 

Department of Zoology, 

The University, 

Liverpool, 3 

P N CovnEi 

Department of Pharmacology, 

Guy’s Hospital Medical School, 

London, S E 1 
June 9 
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Composition of the Haemolymph of 
Petrobtus maritimus Leach 

A considerable amount of information concern 
the hremolymph composition of pterygote inse® 
available, but nothing has been known abou 
hfcmolymph composition of any apterygote ins®® 
Specimens of Pelrobius mantimus Leach (Ap 
gota, Thysanura) were collected from under a 
just above high-tide line of the Firth of For 
dorsal thoracic mtersegmental membrane was p L 
tured to obtain hcemolymph In most case® j 
htemolymph from several individuals was pooled _ 
osmotic pressure, sodium, potassium and on 
concentrations were determined as previously 
cnbed 1 So far as possible a determination was ca 
out m duplicate or triplicate on any one sampl® 
many cases the osmotic pressure and several 
were determined on the same sample r 

The mean values and standard errors are gw® 
Table 1 The numbers m brackets are the num 
different samples on which determinations 
carried out 


Table 1 

Osmotic pressure, mAT/1 sodium chlorldo 
Sodium, mE /) 

Potassium mE fl 
Chloride, mE /I 


SHE, 



NO 4603 


August I, 1959 


NATURE 


vi 


Tho oamotio press uro of Pelrobivs hromolymph, 
although high, is very much less than that of sea 
water and of Ligia* which lives in the same habitat 
This suggests that Petrobt ua is not a relic of a group 
that might havo colonized tho shore from a true 
marino environment 

In Pttrobxxis the bulk of the htemolymph oamotio 
pressure is accounted for by sodium chloride This is 
similar to the aquatic Crustacea, the iso pod Ligia l t 
the spider Tcgcnana 3 and Diplopoda 4 , but is different 
from the Pterygota In the Pterygota the chloride 
concentration is usually low compared to tho total 
cation concentration, and it appears probable that 
1 a high concentration of organic anions is present Also 
1 the cations considered to be present as ionized salts 
account for only a fairly small proportion of the 
i osmotic pressure These characteristic features of the 
1 hromolymph of ptcrygoto insects presumably oould be 
' regarded ns specializations that havo appeared 
.subsequent to the apterygote level of organization 
1 But Petrobxus is eating seaweed detritus that would bo 
t\pectod to havo a high concentration of potassium 
ehiondo*, and a high concentration of this chlondo in 
the diet markodly docroasos the ohlorido organic 
' onion ratio in the hromolymph of Drosophila larvoo* 
It would thus bo of interest to compare the hromolymph 
of some non littoral apterygote insoot with P man 
twins 

In Pterygota tho hromolymph sodium t potassium 
, rat 10 appears to bo associated with tho diet, and in 
phytophagous insects is low, but in Petrobtus tho 
i flodmm potassium ratio is vory high Although 
seaweed dotntus probably has a high potassium 
concentration, tho sodium concentration is also likely 
to bo high, and, if wo regard a low sodium potassium 
ratio as an adaptation primarily to low sodium 
f availability, the Pclrobuut ratio la os would bo 
expected 

i A P M Lockwood 

P C Crocjhan 
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Disappearance of the Erythropoietic 
Factor from Plasma of Anaamtc Dogs 
after Nephrectomy 


■ Iv previous communications it was shown that 
y bilateral nophreotomy abolished crythropoiosis In tho 
dog 1 5 whoreos ureter ligation did not impair erythro- 
i poieeis despite n similor stnto of intoxication and 
r 1 malnutrition 3 From three observations as well ns tho 
!* demonstration bj Jacobson ct al 4 that an olovnted 
9 orj thropoictm level wns not obtalnod in hypoxic rats 
I after nophrectomj , it was suggested that tho kidnoy 
* mn\ be tho site of production of one erythropoiotio 
j stimulating substnnoo 

In a recent papor CTythropoiotin responso wns 
( demonstrated in plasma and urino of tho dog when 
t ao\ ere oiucnua wns produced* Tho present stud} 
i discloses tho failure of erythropoietin production b> 
dogs Bimtlarlj an re mi c after bilateral nophrectomv 
Additionally, the rapid disappearance of tho orythro 
polotio factor after ablation of tho kidnoys will bo 
{ demonstrated 



Fig 1 Krythinpolctlc icthlty of pkmna from Utd doy* with 
regard to corrwpoodlng hematocrit 


Twelve mongrel dogs weighing hot ween 12 and 
20 hgm were used Six dogs wore bled once or twice 
daily to hematoorit values from 5 to 11 per cent 
Blood \olmno was maintained by administration of 
0 per cent doxtran in saline In another group six 
dogs were nophroctomixed after ono or several 
•\onefioctiona and still bled after tho operation Tho 
blooding schedule wns tho snmo in both groups oxcept 
IndogNo 37 Tiioerj thropoietic octh it j of the plasma 
wns measured by iron 50 red coll incorporation oma} * 
using staned femalo rats of tho LongEwms strum 
5-10 rats were used for each determination Difllront 
amounts of plasma were injected Encli rat rocened 
2 c o of plasma from normal bled dogs sulicutancousl) 
daily for 2 succoBaKo days, and Gee dailj when 
nephrec to mixed dog plasma was assayed This larger 
quantity of plasma wns used m order to rule out tho 
presence of small quantities of orj tliropoiotic factor 
It has boon shown® tirnt no orythropoietic activity 
could bo demonstrated in plasma of nrurmio dogs by 
dailj injection of 2 o c of plasma when hematocrit 
was higher than 12 por cent and erythropoietic factor 
lo\ol relatively Ion 

In Figs. 1 and 2 tho relation is shown between 
hematocrit measurement of bled dogs and effect of 
corresponding plasma on red coll iron 60 uptake of 
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Table 1 Effect of Anfmic doo Plasma Before and After Nephrectomt on Red Cell Iron BO Uptake of the Starved Rat 


Dog 

No 

1 

llematocrlt % 
before 

nephrectomy 

1 ' 

1 1 


After nopl 

hrcetomy 

Quantity Injected 
plasma dally 
(cc) 

Control* j 

Before 

noplircctomy 

3 hr 

6 hr 

11 hr 

24 hr 






47 

48 

14 

0 

6 

0 

3 B±0 06t 

6 1±3.8 

12 0±0 9 

16 4±8 8 

05±0 1 

16B±B2 

5 5±18 

13 8±8 7 

5 1±2 0 

ll-OrfcO 2 

41±H 

6 5±2-i 


’Control normal plasma Injected before bleeding and before nephrectomj 
•(Standard deviation 

starved rats Fig 1 illustrates the increased iron-59 
uptake when severely anaemic dog plasma was injected 
into the rat When nephrectomy was carried out no 
further erythropoietic activity could be demonstrated 
m the plasma 24 hours later m spite of mcreased 
anaemia (Fig 2) Plasma from 2 dogs (47 and 48) 
assayed 3, 6, and 11 hours after nephrectomy (Table 1) 
show the very rapid plasma disappearance of the 
erythropoietic stimulating factor These results 
suggest that suppression of erythropoiesis m nephrec- 
tomized dogs results from a lack of erythropoietic 
factor and supports the evidence that the kidney is 
the source of this factor It seems unlikely that after 
nephrectomy intoxication of another site of erythro- 
poietic factor production occurs when erythropoietic 
stimulating activity disappears in such a short time 
as 6-24 hours after nephrectomy Normal erythro- 
poiesis m ureter-ligated dogs with comparable 
azolsemia also supports this view 

Another hypothesis compatible with these data is 
that the kidney normally destroys an erythropoietic 
factor inhibitor To date removal of organs other than 
the kidney has not been shown to reduce the erythro- 
poietic response to hypoxia 

This study is based on work performed under 
contracts with the United States Atomic Energy 
Commission 

Jean-Pierre Naets* 
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A New Method for Studying the 
Functioning of the Lungs 

In 1953 a gas m an aqueous solution, mjected intra- 
venously was used for the first time m studying the 
functioning of the lungs 1 It was later shown that all 
acetylene so mjected was eliminated rapidly through 
the lungs About 40 per cent was eliminated m the 
first minute by a healthy person If the concentration 
of acetylene m the expired air was registered con- 
tinuously by means of a special infra-red spectro- 
photometnc method a direct determination of the 
interval between the commencement of the injection 
and the initial appearance of acetylene in the expired 
air could be made This is probably the most accurate 
method for measuring the time of circulation from 
the site of the injection to the lungs The acetylene 
elimination capacity was specially low m the presence 
of extensive pulmonary fibrosis, elimination of the gas 
was also retarded during an asthmatic attack 


Acetylene is, hke carbon dioxide, very soluble 
water For respiratory studies it is, however, also 
interest to study the elimination rate of gases with li 
solubility in water, especially if one wishes to mves 
gate the rate of diffusion of the gases from the la 
capillaries to the alveolae Noble gases are speoia 
good as radioactive tracers for this purpose as they i 
completely eliminated from the body in a short tu 
The diffusion of a gas through the lung membranes 
according to well-known physical laws, direc 
proportional to the solubility of the gas in water a 
inversely proportional to the square root of its n 
lecular weight The diffusion rate for argon is aec 
dingly about 40 times less than that for acetylene 1 
corresponding figure for xenon is about 20 The dif 
sion rates for argon and xenon are about the same 
that of oxygen 

If acotylene and argon-41 are mjected mtravenoa 
together, and the concentrations of the gases i 
continuously registered m the expired an, one woi 
expect to find a retardation of the elimination of nrf 
compared with that of acetylene, especially if di 
culties of diffusion exist The conveyance m the bit 
and the mixing of the gases m the alveolar-broncl 
system will be equal m both gases 

Smce September 1958 about 30 experiments hi 
been performed with combmed injections of acetyl 
and radioactive argon or xenon m a saline soluti 
Noble gases m small quartz bulbs were irradiated i 
pile The injections were performed in the cub 
vem 30 ml were mjected m 2 seconds with^ 
automatic syringe driven by compressed air 
radioactivity m the syringe was measured just be! 
the injection As the half life for argon is short, i 
necessary to make a correction for this The cone 
trations of gases, both acetylene and argon, 
measured simultaneously in the same cuvette of 
infra-red spectro -photometer A sodium ioc 
scintillator is placed close to the cuvette The 
spectrometer is supplied with a pulse-height analy 
The concentrations of the gases are registered o 
kymograph of the mingograph type After pas 
the cuvette the expired air is collected m rubber b 
Figs 1 and 2 show the gas elimination in 2 pers 
one with normal lungs and one with sarcoidosis in 
lungs The latter patient had only slight bread 
difficulties during exorcise 

From Fig 1 A we can see that the greatest mton 
of both acetylene and argon is reached after abou 
seconds In Fig 12? the greatest intensity for acety 
is reached after about 1 1 seconds but that for arge 
not reached untd after 16 seconds 

The amounts of the gases eliminated, express# 
percentages of the amounts mjected, were deteruu 
by collecting expired air for different periods of t 
m bags and analysing it The values obtained for 
two persons mentioned are shown in Fig 2 
shows that the person with normal lungs olirrunf 
both gases at the same rate (Fig 2 A) The person r 
sarcoidosis in the lungs, however, eliminated nr 
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Fig. 1 (4) Person with normal fungi. (//) Person with lan* *areo4do*b Abscissa, Tima In seeoods OrdlnaJc arrlykiw conrcn 
t rat km (oo a !o«iritbmlo arnlo) and tha coantlug rate for argon (on a linear scale) Tba top taterulljr for aretyknc comnood< to an 
acetylene conccntmtlon of 0-15 per cent, the top lnt.iultr for argon to a counting rato of 1 £09 c,p,tn (Thn Inulal cone deflectijns it 
time 0 depend on electric signals from the appontm and are lidependent of fas coo'rntratlojB) 




i Fig 2 (4) Person with normal lungs </T) Person with long wr 
coWtmH — \rrt ytrrw argon 


more eIowl> than nootjlcno in tho first two periods of 
1 10 seconds (Fig 2B) 

i Wo behoto tlmt till* difference enn bo used as a 
' measure of impaired difTufUon hot ween capillaries and 
! nlvoolto Tho transport in tho blood and tho mixing 
i of tho gnacs m tho nlveolar bronchial eyfitom will ho 
1 oqual for both gases Kxportmonts aro being eon 
t tinned on and different lung diseases aro boing mvcsti 
* gated on tho«o lines 
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RADIOBIOLOGY 

Fate of Injected Dextran Labelled with 
Tritium In Mice 

Tne motaboliflm of tho blood plasma substitute 
dextran has been widely studied during tilt last 
decado Jt -\vm oarly shown that starch splitting 
onxjmcs do not break down dextran but C run wall 
found evidence that doxtrnn is ultcred in I ho ti'-ujes 
to mnko Jt stainablo with louco fuolisin without 
proMOiis treatmont with periodic acid Cargill and 
Brunner 3 * * * showed that doxtrnn labelled with cnrlmn 14 
is motabolacd m mioo iunco 14 LO, could 1 h> roeo\ etvd 
from tho expired air and labelled carbonates isolated 
from tlio unno 

Sm t ral aut hors 3-3 ha\ o found b} using histochenuunl 
moLhods that part of intm\enousl\ ndminwtcnsl 
doxtrnn js stored in \nnoun organs and elnofU in the 
rotioulo-endothelial system EngHtmnd and A Ik rg* 
ahoned that liextrnn is eliminated at least to n certain 
extent vm tho gastro mtestmul tract Tills wan later 
confirmed in a report b\ Irocll and A berg 7 On the 
other iinnd, Bureon and Bloom 1 * found no m idenco of 
gastro intestinal excretion of dextran 

Duo to tho contro\ crnlea in tlio literature, wo 
decided to fnl into dextran and to follow* its distribution 
in mice nutomdiogrnphically after intrm enous ad 
ministration of tlio labelled product 

Tho following dextran preparations wire unsl 
(kindly plnced at our disposal bj Plinnnncm Ltd , 
Uppsala, Sweden): 

(1) Clinical dextran (mean mol wt , 78 000 
minimum tnol wt , 39,000) 

(2) Mean mol wt , 197 000 minimum mol wt , 
133,000, 

(3) Mean mol wt , 457,000 minimum mol wt 
177,000 

Tlio Inflation was performed according to Will 
bach a merited* 100 ragm of dextran was exposed 
to 1 o of fntium gas in ft glass luupoiik for 3 w-rs k* 
After tntiation tho dextran was rcpeotedlj tliwlvsa 


374 


NATURE 


VOL. 164 


m 100 ml of distilled water and precipitated with 
ethanol 

The specific activity of the tntiated dextran was 
15 2-5 1 me per gm dextran 

The tritiated dextran was dissolved in water to give 
a final concentration of 6 per cent Of this solution 
0 3 ml was injected intravenously into a tail vein of 
white mice weighing about 25 gm The animals were 
killed after 5, 30, 60 and 90 mm and after 6, 24 and 
48 hr Autoradiography was performed accordmg to 
Ullberg’s method 10 This method gives sections of the 
whole animal and dextran is not lost from the sections 
In order to check the stability of the tritium label, 
the following experiment was performed A mouse 
was given tntiated dextran intravenously, the urine 
was collected dunng the following 4 hr and the 
urinary dextran precipiated with ethanol After 
centrifugation, the radioactivity of the supernatant 
and the precipitate was measured It was found that 
96 per cent of the activity w T as present m the precipi- 
tate 

Thirty minutes after the injection of dextran, the 
autoradiograms show an accumulation of radioactivity 
m liver and spleen and an excretion into the gastro- 
intestinal tract and via the kidneys The radio- 
activity m the blood decreases fairly rapidly In the 
spleen the dextran is localized to the marginal zone 
of the white pulp (Fig 1) In the hver the dextran 
seems to be confined to the reticulo-endothehal cells 
No radioactivity is visible m the bile Tho kidneys 
show high radioactivity especially dunng the first 
hour after the administration 

In Fig 2 the distnbution of dextran is shown 
autoradiographically 24 hr after administration The 
greatest part of the activity is contained m the hver 
Radioactivity is also found m the intestines and the 
spleen (not shown m Fig 2) but the activity is con- 
siderably less than that of the hver 

stomach spleen U&ney 



lung liver lntestlno 

Fig 1 Autoradiogram showing the distribution of tritiated dortran 
In a mouse 90 min after Intravenous Injection White areas corre 
spend to high dextran content Note high activity In stomach, liver 
and spleen. 

■When the various fractions (1-3) are compared, it 
appears that the excretion, especially into the gastro- 
intestinal tract, is higher for fraction 1 having the 
lowest mol weight The different fractions however. 
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brain stomach 



heart blood liver Intestine 

Fig 2 Autoradiogram showing tho distribution of tritiated doxtraa 
24 hr after intravenous injection WTilto areas correspond to high 
dextran content Note high activity In lher and Intestines 

show about the same accumulation m the hver and 
spleen A detailed report will be pubhshed later 
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Removal of Strontium and Caesium from 

Milk 

The appearance of radioactive isotopes of strontium 
m the food chain has caused considerable concern 
There is complete agreement that those isotopos 
constitute a hazard to health, but controversy about 
the quantitative aspects of this hazard 

Milk ib one of the most important dietary sources 
of the strontium isotopos Reduction or elimination 
of these isotopes from milk may be a means of ro 
solving the hazard 

It has been repeatedly observed by investigators 
studying bone metabolism that isotopes of calcium 
and strontium, are removed from blood very quickly 
and appear m the skeleton 1 - 8 The heteroioiuo ex 
change with skeletal calcium accounts in large part 
for this rapid removal and does not result m a change 
in the net calcium concentration of the blood’ 

With this exchange process m mind it was docided 
to try to remove strontium from milk by means of 
a cation exchange resin in a calcium form 

In 1954, Nervik, Kalkstein and Libby* used a 
cation exchange resm in a sodium form which removed 
both calcium and strontium from the milk This 
method would necessitate replacement of the calcium 
content After the present work was started, a 
report by Glueckauf, Cosslet and Watts 6 came to 
my attention They employed an anion exchange 
resm m the chloride form to remove iodide, and 
suggested that radiostrontium could be removed by 
passing the milk through a cation exchanger bed, 
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■which is regenerated "with a mivtim) of calcium nnd 
sodium clilondo 

In tho presont nnoHtigation, *Dowe\ 50U -A 12 
was employed Experiments were conducted on 
corrunorcml milk to which strontium 89 was added 
and on guinea pig milk containing strontium 80 
diluted with cow s milk Tlie resin was treated with 
a solution of 18 0 per cent calcium chloride 15 5 per 
cont i k) toss mm chloride, 0 0 per cent sodium ohlcmde 
Tlio ratio of the cations in this solution is tho same 
ns that which exists m milk- CO gm of the rosin 
vma stirred for 20 min with fho succcssno 200 ml 
portions of tho salt solution Table 1 shows the 
efficiency of this roam for removing strontnun from 
milk 


Table 1 Errrcr or OiLCnTjf-PoTiwrtrx-'towra Bcjnr Tirirvirr 
oh itmforAi or Steoxticii 80 cm Catiox Govfposmox or Milk 


i Amount rwln , 
l*er M ml milk 

1 (km ) 

Calcium 
(per rent) 

Kodlnnt 
(per rent) 

Fotn« lum 
(per rent) 

3(r mtlum-89 
removed 
(per rent) 

0 

0 120 

0-018 

0 105 


0-25 

0 127 

0*061 

0 105 

03 5 

0-50 

0 126 

0-040 

0 101 

"0-8 

1-00 

0 128 

0-060 

0 161 

So 7 


Art# — Strontium >80 content of milk *aa 6 "G /«x/l 00 ml 


Table 2 Errrci or CiLcrtnf-dVrrA wrex-fto orrn IllNnc Tkratmext 
ox JiuyovAA or aianni mow Milk 


1 Amount of reiln per 20 ml milk 

CnJum removed 

(«m ( 

(per rent) 

0-25 

60 1 

0 60 

56 C 

0 76 

"IHJ 

1-00 

"5 8 


Tho analyses of milk before and after treats neat 
are also shown in Tablo 1 Tho results mdicnto that 
no clmngo is produced In tho calcium j>otawium or 
sodium contont of tho milk and 80 0 per cont or 
tho strontnun has been removed by ono treatment 
with ream A taste panol could not dotect any 
cliango m flavour of tho milk m a result of tho resin 
treat mont 

Milk obtained from guinea pigs previously injootod 
with strontium 89 and diluted with cow’s milk was 
also treated in tho sumo manner The percent a go 
of strontium remo\od wtw tho same 

An oxpcTimont yvoa camod out with milk to which 
caesium 137 was added. Tho results shown in Tnhlo 
2 mdicnto that ctesmm 177 is romoynblo by means of 
tho snmo rosin which remov os strontium 

Tho indications are tliat removal of strontium and 
cwsium from milk ia foasiblo without altoring tho 
milk Tlio question remains whether tho process 
oould bo plncod on n commercial basis ir it over 
bocamo necessary j tho answer can beat bo obtained 
by co-opomtho effort among tho organisations con 
corned with this matter 

I thank Mr F Paclia for lus asui/danco and Dr 
D F Coflln and Mr S M Skinner for analyses of 
tho cations in tho milk 

37 IB Mioicovhk\ 
Animal Research Instituto, 

Canada Department of Agriculture, 

Ottawa. 
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In Vitro Labelling of Antibody Globulin 
by Tritium Exchange 

Crayuiai l, Hawkins ami Smyth 1 Imye nj>orte<l tin 
preparation of tntiated antibody by biosynthesis 
Tlio report of successful lul>elhng of IvKo/vnio and 
n bon iideam by m utro tniium exchange 3 migLOstrd 
that antibodies might also be amenable to tntiation 
b\ tho latter method which has tho advnntnces of 
simplicity larger yiplds nnd iiHiinlly results m 
products of Hiiflicienth high specific nctn ity (ojicnnit 
their iwe na roagmts in rad ion ut ogre pluc studies 
Vi o have fotinrl it possible to label ya globulin prt 
pared from antisera against tho Fhrlich jnoust ascites 
carcinoma m this manner Specific nctmtus yurail 
between 1 and W me /gm of protein dept ndtrig on 
tho time of exposure to tritium gas (ono to tyyo wci ks) 
Labolbng was carried out both m (he dry state at 
room temperature and in solution at 5 C , degradation 
products yvere formed to tlio approximate extent of 
5 per cent of the original protoin in tin. case of tlu first 
method and 15 j>er cent in (he case of (ho second 
Subfraotionation of the labelled globulin by chroma 
togrnphy on DF -IF cellulose rryealed sonu changes in 
tlio distribution of combining nc(i\ ity between jHXibs 
tlio combining nUiyity of the yvholo InbtHed globulin 
liowcycr yeas unchanged ns estimated by tlu qunnh 
tatno complement fixation tost U]trnccntnfiiL,ol 
studies allowed a tendency toward Htpnrot ton of (lu 
original major jx*nk of tho unfnlxJfod mnfi nol into 
tyro peaks after labelling Obsonntion of tin fate of 
the labelled materia! in the bloodstream of the rabbit 
yicldod no eyidenco of cliango in the direction of nn 
tlgcmcity nnd tlicro was no incroaso of any eon 
soqucnce in the rate of elimination 

It ia concluded that labelled nntjbody globulin 
may be prepared by in » ilro excliungt w it Ji tritium gna 
without loss in titre nnd yutliout major changes in 
physical properties It w (hireforo fMuaihh that 
tntiated antibodies may find application in locnh 
ration studies using tho radtoautogmpbic tedmupu 
A detailed report of this Rtudy x\ ill appear else 
yyhere 3 This research yvas supported by a grant from 
tho 'Michigan Memorial Phoenix Project 

V L Rajam 
Annf Louisf J ychsos 

Dtpartment of Dactcriology 
Uniyirsity of Michigan Medical School, 

Ann Arbor 
Mav 28 

1 Cm »lujl j C J V ModSmjlh /> O VUxUm J t* Z+b 

..JJKJ I» \ »ut!un M Anflrwrn ( U. unJ UortT J V/rnrr 126 
<17 tuun 

•flaj'vm, T C «nJ J* k«on A h. J Lnh CU* VeJ (In the l-rm) 


BIOLOGY 

An Embedding Resin Miscible with Water 
for Electron Microscopy 

Thkkf are throe embedding media coinmonlv ustx! 
at present to prepare biological ppt'cunens for thin 
sectioning and electron microscopy imtlnicrvlnto 
esters 1 , Vestopal polyester rerun 3 and ‘Amldite 
epoxy ro^in* 711000 although oxcdlont for many 
purposes all have tho limitation that th<\ are not 
miscible with wwter and no require the upeclmen to *< 



376 


NATURE 


VOL. 184 


dehydrated before it can be infiltrated with the 
medium This dehydration, for w hich ethanol is most 
often used, frequently causes undesirable leaching of 
tissue components The introduction of a water- 
miscible resin of low solvent pow er therefore appears 
desirable 

Several commercial epoxy resins approach these re- 
quirements but none is completely miscible A suitable 
resm (‘Aquon’) has therefore been prepared by 
extracting the completely miscible fraction of a 
partially miscible commercial resm, ‘Epon 812’ 
(Shell Chemical Corp , 380 Madison Ave , New York 
17) A solution of ‘Aquon’ was obtamed by extracting 
‘Epon 812’ -with two volumes of water The resm was 
crudely separated from this solution by salting it out 
with sodium sulphate Residual water w as removed 
by drying in a vacuum desiccator The meld obtamed 
was about 30 per cent The resm, kept dry, has proved 
stable over a period of six months 

Prepared in this w ay, ‘Aquon’ lesin is a colourless 
hygroscopic liquid of fairly low viscosity (r, ~ 100 
centipoises at 25° C ) It is completely miscible with 
water at temperatures below about 15° C , at slightly 
higher temperatures it is only partially miscible 

When treated with a suitable hardener and acceler- 
ator ‘Aquon’ cures, without appreciably shrinking, to 
a solid resm that can easily be thin sectioned by 
conventional methods A suitable mixture is 10 ml 
‘Aquon’ resm, 25 ml dodecenyl succinic anhydride 
(National Aniline Division, Allied Chemical and Dye 
Corp , 40 Rector St , New York 6), 0 35 ml benzyl 
dimethylamine (Sumner Chemical Corp , 6 East 45th 
St , New York 17) Heatmg the mixture to 00° C 
for four days provides an adequate cure 

The following procedure has been used for em- 
bedding The fixed and washed specimens w ere slow ly 
dehydrated bv passing them through a series of 
increasingly concentrated cold (4° C ) solutions of 
plam ‘Aquon’ resm in water When they had been 
completely dehydrated by r soakmg m cby ‘Aquon’ 
resm the specimens w ere transferred to the complete 
embedding mixture given above After about four 
hours for soakmg, they were transferred to fresh 
embedding mixture in dry gelatin capsules and placed 
m the oven to cure 

Thin sections were prepared with a Porter-Blum 
ultra-microtome fitted with a glass knife and a trough 
of distilled water, those showing a silver interference 
colour w ere easily' obtamed The sections w ere slightly 
softened, but not dissolved, by the water m the trough 
Suitable staining for either light or electron micro- 
scopy was readily' accomplished w ithout removing the 
embedding medium 4 

In trials ‘Aquon’ resm has been used to dehydrate 
and embed osmium tetroxide fixed specimens of 
pancreas, retina, and testis, bacteria {E coh), and 
plant root tips Comparison specimens have been 
prepared firstly' by' dehydration m ethanol and 
embeddmg m ‘Aquon’ resm and secondly by dehy- 
dration m ethanol and embeddmg m ‘Araldite’ epoxy 
resm In most cases the general quality of preservation 
m the test specimens dehydrated m ‘Aquon’ appeared 
very' good and equal to that m the control preparations 
The characteristic organization of the centnoles, 
granular and agranular cytoplasmic membranes, 
mitochondria, nuclei, and retinal rod cells appeared 
substantially' the same m all cases, further work is 
required to decide whether any significant differences 
occur 

It is considered that an embeddmg resm miscible 
with water will be valuable m cases where it is 
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desired to avoid subjecting specimens to conventional 
dehydrating agents wuth their strong solvent power 
The range of applications m which practical benefits 
will be obtamed from this technique remains to ho 
determined Preliminary experiments have indicated 
that specimens fixed with formaldehyde show sub 
stantially improved preservation 

Epoxy compounds m aqueous solution are known to 
react readily with proteins and nucleic acids 6 - 6 
Poly'-epoxides, such as ‘Aquon’ resm, mtroduee inter- 
molecular cross-linkages, they will therefore tend to 
act as fixatives and aid m the preservation of structure 
This fixative action, although probably insufficient 
by itself for adequate preservation of the tissue as a 
whole, may be important m preserving structures nch 
in nucleic acids, with w'hich other common fixatives 
do not react 

Full experimental details of this work will he 
reported elsew’here The greater part of the work was 
carried out at the Johnson Research Foundation of 
the University of Pennsylvania and was supported by 
a grant from the National Science Foundation to 
Dr T F Anderson, to whom I am grateful for his 
interest and encouragement 

I R Gibbons 

Biological Laboratories, 

Harvard University, 

Cambridge, Massachusetts 

» Xewmnn, S B , Borysko, E , nnd Sivcrflo-.v, M., J Jtee A at Bur Staid, 
43, 183 (1019) 

5 Rvter, A , and Kcllenbcrger, E , J UUratirnd Bet 2, 200 (1958) 

* Glancrt A M , and Glnuert, II II , J hwphyi, Bxochem Cytol , 4, 191 
(1058) 

4 Gibbons, I II , and Brndfldd JUG, Electron AUcroscopy, Pro- 
cecdlnRS of the Stockholm Congress, p 121 (Almqilst and Wlksell, 
Stockholm, 1057) 

‘ Frncnkel Conrnt, II , J Bxol Chem , 154, 227 (1014) 

4 Stacey, K A , Cobb, II , Consens, S 1 , and Alexander, P , Ann i ? Y 
Acad Set , 68, C82 (1058) 

8-Azaguanine Inhibition of Haemoglobin 
Synthesis in De-embryonated Chick 
Blastoderm 

That an important relationship exists between 
nucleic acid metabohsm and protein synthesis is well 
known The addition of some analogues of nucleic 
acid components to developing systems has been shown 
to result in abnormal growth, differentiation or cell 
division, which it is assumed are duo to an mterference 
wuth normal protein synthesis Investigations con- 
cerned wuth the effect of nucleic acid analogues on the 
formation of a specific protein have been restricted 
mostly to micro-organisms 1 2 

The follow mg report summarizes the development tn 
vitro of a simple vertebrate histogenic sj'stem in which 
the appearance of a specific protein, haemoglobin, is 
studied m the presence of the nucleic acid base 
analogue 8-azaguanme and of the normal component 
guanine 

The chick blastoderm at approximately 20 -hours 
incubation is removed from the egg and transferred to 
a w r atch glass containing fluid albumen 3 where it 
undergoes further development At the stage required 
the embry'o proper is excised from the middle of the 
blastoderm and the remamder of the blastoderm is 
washed and transferred to an agar gel This step 
serves to block cell migration entirely and growth 
very considerably m the ectodermal and entodermol 
layers, leaving the mesodermal blood islands 
unaffected m respect to both cell division and differen- 
tiation The primitive erythroblasts multiply, syn- 
thesize hiemoglobm and ultimately form primitive 
erythrocytes contained within ill-defined tubular 
endothelium 
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The development of hxemoglobin is obaerv od micro 
scopically both directly oa a red colouration m the 
blood islands and indirectly with tho more jsensitne 
and stable hfomoglobm peroxidaBo reaction with 
o dian undine Within the system described this 
peroxidase reaction is specific for cells of the blood 
islands and, as indicated by colonmetnc and electro 
phoretic tests specific for hromoglobin. 
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tig dernonstmles thesj’ittlH law ofli/emoglobin 
b\ tho blastotlonns do-embnonated at do\-eIopincntal 
stagoft 5 to 8 (Hamburger and Hamilton scalo<) 
transferred to ngar and incubated at 37 5° C for 
48 hours Blastoderms incubated for 12 hours wero 
used for jwroxulaso reactions At this tune hirmo 
globm was onl> just nucroscoptcnlh vuublo (lo'ol 1 
big 1) in isolated small groups of cells 
Tht presenco of 8 nragunnino (10 mgm /100 ml) 
effect uelj blocked the appearance of luemoglobin 
(Fig 1, N d- As) fn all s> steins stt up boforo tho 
entire blast odomi lind developed to stage 0 Stage 8 
sj-stouw pao a faint positive peroxidaso reaction but 
did not dovolop vdsiblo hiemoglobin 

Grnmino at the same concentration and in tho 
prcf*cneo of 8-nzaguanino Fig 1, N 4- Az + 0 
relieved the block, complete!} except in stage B vlioro 
inhibition still reinams In svBtoms sot up At stage 0 
and bev ond, lin moglobtn synthesis was unaffected b> 
ftxaguamno in concentrations of 10 mgm and 20 mgm 
per 100 ml and histological oxainmation showed 
normal crj throc}^« to do present in tho blood 
vascular spaces 

These results demonstrate that wlinUnor ribo 


nuoleio acid associated reactions are involved in tha 
particular protein synthesis, tliev are much moro to 
spongixe to analogue inhibition before, than after 
stage 9 b> 'which time the synthetic patliwav lias 
become establislied 

Of furtlicr interest is a senes of experiments which 
locate the end point of this period in n relatively 
narrow tone on tho developmental time scnlo In this 
Rones thcro arc two eategoncs (]) the 
do-embr}onated blastoderm w first 
incubated on X + Az gi I for a certain 
time then transferred to A (Jig 1 
Ax N) (2) tho do-embr} onntod 
blastoderm initially incubated on A grl 
tlien transfceml to Z d 45gc.I(Fig I 
X -> Az) 

In all cases where hemoglobin 
appears there is somo inhibition 
tliough t ho timo of ai>penmnco is 
much tho same as in tho carbon* erica 
Prior to stage 8 no hrcmoglobin df 
velops if do-ernbrv onntod blast odorm* 
arc first placed on ^ -h iz gel (mini 
mum pennd infheso ix|>en!ncntfl j 
hour) If however the} are first plncrrl 
on X gel for a period such tlmt they 
ronoh tho cquiv^afLiit (in time.) of 
do3elopincntnl stage 0 lieforo contact 
with nzagiianmo haemoglobin will dm clop 

This effect is most apparent when hJastoflenns do 
embry onntod at fitago 8 nro studied m more dr tail 
(1) One hour oxposuro to niuiguanine in an} system 
prior to stage 8 blocka hncmoglobln s\ ntliosis but not at 
stage 8 or bovond (2) Two hours exposure at stngi 
8 will dola} while (3) throe hours will block tiic 
nppoamneo of luemoglobin although «onu nuckinow 
show n positive peroxidase reaction If a stage ft 
blastorlcrm is first mcuhati'd on A gal and then trim 1 * 
forred to N -f 4c gel then (n) two hours on (lie 
former is lnsufllcn nt for lnmoglobin dcv(.)opm<.*nt 
(6) tlireo hours results in the ensfun producim, HOm< 
hwinoglobm (e) four hours results in almost normal 
lircmoglobin »}nithesiM 

Cotupanng (Z) and (2) with (a) nnd (3) with (6) 
and (c) these expenmenta suggest thut there ih a period 
of onlv a few hours pnor to stage 0 that l*< critical to 
tho finnl mithcsiR and production of Iwmoglohm 
when tliat synthesis is being blocked 1»\ 8 nzaguanlne 
It is obout this tune that the peroxidase reaction 
becomes poaitiv e in tho nuclei of single erythrobloKts 
and in small groups of nuclei scattered within the 
blood islands 

Tins stud} of luemoglobin synthesis during tlie 
simple in t nro hwtogenems described obovo leads to 
three conclusions 

(1) Tho nucleic noid luw nnnlogue 8 nzagtuininc 
(10 mgm y 100 ml ) will block luemoglobin Tonnatlon 
beforo but not after n penod during which some fvart 
of tho B}mthotio pathwa} or perbnps somo nbonuolcii 
ncul associated structure is Tonning 

(2) This penod is of two to three hours duration 
and occurs just before developmental stage 0 on the 
Hamburger and Hamilton scale 

(3) Tho erytliroblnat nuclei rather tlmn the cyto 
plasm show the first o\ idcnce oflin moglobin s}mtlUHts 

B R A O Brtrrx 

Untvcreit) College London 11 C 1 

« Gak H. T~ "Kniyavr* Tnlu of liWofiloil Mradcrr *»-J Tnart^ 
(Acacfewk IViw kort, llO«) 

• t’S-’TfT T >!? 3 'Z 7 f "' |*3 lutin’/. 

* n»mlwrtr» V and naramrm ll I J * 3 ^ ^ 
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Pyrethrum Resistance conferred by 
Resistance to DDT in the Blue Tick 

In a goneial investigation of the effectiveness of 
pyrethrum formulations for the control of a variety of 
species of cattle ticks m South Africa, a laboiatoiy 
study of the effect of pyrethrum on the blue tick, 
Boophiltis decoloratvs Kocli, v. as undei taken 

The blue tick from some localities of South Africa 
has developed lesistance to a number of insecticides 
A study of the pattern of cross resistance using a 
number of insecticides has shown that resistance m 
the blue tick is of three distinct types (a) to sodium 
arsemte, (b) to y-BHC and related compoimds, and 
(c) to DDT and its analogues 1 The types of lesistance 
may occur singly or in combination 

Results of an examination of the effect of a pyie- 
thrum formulation applied to three strains of adult 
blue ticks by an in viho immersion technique 1 aro 
shown m Fig 1 The formulation concentrate eon- 



sj too 


E 


o 



00 

0 



as-bhc-ddt 
RESISTANT STRAIN 



Per cent concentration of pyrethrum ( y 10-*) 

Fig 1 The crtcct of pyrethrum on three strain* of the adult female 
blue tick 

tamed 10 per cent pyrethrm, and was made by 
diluting pyretlirin extract (25 per cent) with aromatic 
solvent, addmg 10 per cent of a proprietary blend of 
amonic/noniomc emulsifier to render the formulation 
dispersible m v. ater It 'was used freshly -prepared, 
° A^ tmg ^ ie 11 sod for stabilising materials 

•The results indicated that the arsemc-BHC-DDT re- 
sistant strain was more tolerant to pyrethrum than 
was the sensitive strain or the strain resistant solely 
° 116 BHC group of insecticides Later it was possible 



tig 2 The effect of pyrethrum on four strains of blue tick lnrvac 

O O, line resistant, A. A, A« BHC DDT resistant, 

□ □ As BHC resistant, X X, Pcnsifito strain 

Propit of jkv cent mortnlltj 

to examine four different stun ns of blno tick larvae in a 
technique designed to detect differences m response to 
a number of insecticides 1 The results of these tests 
are shown in the log doso-probit mortality cuives in 
Fig 2 (see also Table 1) 


Tnblo 1 IRE DlFFTRENCE IN ItESrONSE TO PlKETHRUM B\ DllFI RFVT 
Strains of Bi.uk Tick I utVAr 


No 

Strain of blue tick 
lnrinc 

LC 60 
pjrcthrum 
concentration 
(]>cr cent) 

1 a< tor of Increased 
tolerance a* 
compared with the 
most scnsithofltraln 

1 

o 

3 

4 

Itcslstant onl> to the BHC 
group of Insecticides 
Kesistant to sodium arscnltc, 
tho BHC group nml the 
DDP group of insecticides 
Itcslstant to sodium nrsonllo 
and the BHC group of 
Insecticides 

Senslthc to nil Insecticides 

0 3x10-* 

72 4x10-* 

0 0x10-* : 
4 0 X 10 -t 

238 

181 

£4 

10 


These results suggest that, the blue tick resistant 
to BHC alone and resistant to BHC and sodium 
arsemte is slightly more tolerant to pyrethrum than 
the strain with no record of any insecticidal resistance 
However, the increase in pyrethrum concentration 
required to produce 50 per cent mortality in theso two 
resistant strams in comparatively low and is most 
probably a result of a difference in vigour 

The 18 1 fold increase in tolorance shown by th 0 
arsemc-BHC-DDT-resistant strain of larvae is too 
high to be accounted for by a general increase in 
vigour and suggests a dofimto biochemical resistance 
In houseflies, where the pattern of insecticide 
resistance is in many respects similar to that in the blue 
tick, there is no general ci oss-tolerance to pyrethrum 
conferred by resistance to DDT 2 , although an Italian 
stram of flies resistant to DDT showed a clear cross- 
tolerance to pyrethrum 3 It was not stated in tins 
instance whether or not the Italian strain had been in 
contact with pyrethrum m the field at any time and 
under these circumstances the independent develop- 
ment of resistance to pyrethrum cannot be excluded 
However, in South Africa the treatment of cattle with 
pyrethrum for the control of ticks on a field scale has 
never been practised and the only conclusion that can 
be drawn is that resistance to DDT confers a sub- 
stantial cross-resistance to pyrethrum 
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Organ Cultures of Total Mammary 
Glands of the Mouse 

In tho course of experiments on hormonal influences 
upon tissue cultures of normal and malignant main 
man tissue, n difticultv was encountered that in tin 
< oirunon t issue culture and organ culture methods 1 
i lie duct sj steins are cut or disturbed by other means, 
i ulting m wound healing reactions of tho epithelium 
lh* so n actions mnv interfere with the normal 
i u< tions of tho epithelium to hormonal stimuli 

Hard} 1 described the development of mammary 
glands from the milage w lion cult unng parts of tho \in 
l ml body wall of 10-13 da\ mouse cinbrj os Hi r con 
elusion was tlint at this stage of development tin 
diffr rentintfon of the mammon gland is not 

primarily dependent on specific hormonal stimu 
lot ton ’ In tho enso of embn onto tissues nidi 
[undent developmental tendencies n»a\ obscure 
hormonal influences 

A method was therefore devised for cultivating 
whole mmnmnn glands of mico hevond tin ombrv 
unit- stage fho third mammary glands of such unco 
mv spread out in a flat thin flat pads offering favour 
able culturing conditions In these experiments ronuilo 
/ f)f mice (I 1 hjhrids C>7/>// v DILI/) fix weeks of 
ago wi re iwtfl 

Hie moust is 1 died by bnnkiog tho neck spine 
It is then immersed for a moment in 70 per cent 
alcohol to htnnliro’ the skin The mtcgimu nt is 
stripped ofT taking care not to dnninge the attached 
mamma rv apparatus After extending it on a cork 
plate — inside uppermost — tho tissue overlying tho 
third mnmtnnrv glands is earefullv removed ^txt a 
pirco or nylon gnuro (avion flltor gauze as used in 
blood transfusion systems) is spread ovor each 
^Innd ono dro]» of eocktixl plasma and om drop of 
chid ombrv o extract aro put upon It in order to 
stick tho gland to tho gtmzo Hus sticking pn vents 
tlio gland from shrinking afterward* Dio excels of 
fluid m mickcvl off Tlio plasma is allow oil to clot 
during winch period tho whole is covered with a glass 
ltd to prevent desiccation Afterward* (he gland 
plus tlu gnum oro prepared looeo from tho underlying 
shin using very sharp knives of appropriate shape 
( Paragon sealpel blndo No 17) All w done under 
non mil aseptic precautions If properly dono, tho 
onlv cut through the duct system of tlio gland is 
through the nipple 

Gnuro and gland arc then placed on tho surface of a 
feeding medium gland tissue upwards Tlio inedunn 
is contained m a little cup formed by a stainless steel 
ring that has been immemod in melted paraffin 
wax and ptneed while still warm on a tdtnle gloss 

Into; as the paraffin wax solidifies a cup is formed 

ito w luch culture medium is pipet ted Tho bordering 
ring supports the nylon gauze Tlio whole i* covered 



I i J jrt t f flr-t mamnurv tl»rnl ( /» [I f m.i ll 

fllOU-t AxfM Jl III t iM flit* 



Fiji i Fart of thirl iwmimiri rhrwl f iti nm nimr- niltur \ 
for Hi Uji 



1 U ft 1 «rt rf iotraljtcr I iMnJ tniimrjirr claM I Mk ► oh* 
mwnr otlluml for |Wr d*y* sllh tl<c k 1 l«K>n of pt* „''-l a«i 


by half a T*tln dish scaled to the glass pinto bv paraffin 
wax 

Tlio cult urn medium wa* n mixture of T\rod< (7 
drops), mouse cinbrvo extract (1 drop) human 
umbilical cord serum (2 drops) mid bora. scrum (2 
drops) with V fm\ pi nufllin added Dus 

medium was dv vised for tin culture of human main 
man carcinoma and gives excellent results with 
mouse maninrv glands although a le^s i ompheated 
medium might sufllce for the Intti r Tin qunntitv of 
nutnent in the cup (inside dmim ter 17 mm bright 
T mm ) is sufficient for a fivo day culture pi nod Vor 
long term culture* it is adv mablo to renew the medium 
throe time* a wcvk 

Tlio accompanying fllustmtions are of a paw of 
third mammon gland* of n mouse, ono of those wo* 
cultured ns dosenbed above (control) The other w an 
cultured identicattv oxeopt that ntxmt 1 mgm of 
progesterone luid been added Tin* progontcrom had 
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been dried on to the nylon gauze from a solution of 
progesterone m acetone, before the gland was stuck 
to it 

The control culture shows a i egression m develop- 
ment compared with the first mammary gland that 
had been fixed at the beginning of the experiment 
Tins is a regression, not merely a degeneration, a 
number of cells of the tubuh degenerate and die, the 
remaining cells remain in good condition and may 
survive for at least three weeks 

The control culture shows collapsed tubules but 
without signs of regression, there is possibly an 
increase m nuclear material The cultures shown 
were fixed after five days in culture These effects 
were found to be reproducible m four series of each 
one pair of experiments 

Full details of results obtained with several hormones 
will be published elsewhere 

An additional advantage of the method is that 
pictures are obtamed comparable with the mammary 
gland preparations as used m hormone and cancer 
research m intact mice 

F J A Prop 

Division of Experimental Cytology, 

Antoni van Leeuwenhoekhuis, 

Sarphatistraat 108, Amsterdan-C 

Lnsfargucs, E Y Exp Cell Re * , 13. 553 (1057) Anal Ret , 127, 117 

(1957) Ellas, J J , Science, 126, 842 (1957) 

* Hardy H H , J Anat , 84, 388 (1950) 

Speciation among Lampreys 

Not all lampreys migrate to the sea Some (the 
‘landlocked’) always remain in fresh water, but after 
metamorphosis they migrate from the brooks, where 
they are bom, to lakes and rivers After a long 
feeding period they go back to the brooks, where 
they spawn and then die This is known to happen 
with Petromyzon mannus, the landlocked form of 
which multiplied abundantly and spread widely m the 
Great Lakes of North America 1 The same pheno- 
menon was recorded for Lampetra flumahlis of Lakes 
Ladoga and Onega m the USSR 2 

In other cases more differentiated forms of species 
have originated These I would call ‘paired forms’ or 
‘paired species’ There are, in fact, related forms of 
lampreys (usually a couple), which are almost identical 
morphologically, w'hile their biological features are 
quite different One form, in the couple, after meta- 
morphosis, feeds parasitically on other fishes, while 
the other does not take any food Moreover, the former 
reaches sexual maturity after the fee din g period, 
whereas the latter begins its maturation during 
metamorphosis 

So far, cases of paired species of this kind were 
known only m the genus Ichthyomyzon and Lampetra 
Recently I have found another one in the Danube 
waters for the genus Eudontomyzon The relationship 
among the paired species or paired forms are shown in 
Table 1 


In every case the non-parasitic forms can be found 
m the same nver basin together with the parasitic 
forms, but they are confined to the upper zone 
Sometimes, however, both forms can be caught 
spawning at the same time and place 3 

The parasitic lamprey m the Danube does not 
migrate at all, unlike the parasitic forms of other 
paired species The former always remains m the same 
streams where it lived as a larva and underwent 
metamorphosis, just as the non-parasitio forms of tho 
other cases of paired species This perhaps explains 
w'hy the existence of these two forms has remained 
so far unknown 

The presence of paired lampreys m so many 
different localities raises the problem of their specific 
difference and of their origin The most common 
opinion to-day is that each of the two paired forms is 
a ‘bona species’ and that the non-parasitic species 
originated fi om the parasitic one 

Some previous authors thought that the parasitic 
form had become non-parasitic through havmg come 
to live m a habitat where they could not find suitable 
hosts Recently Young 4 and Leach 5 advanced the 
suggestion that this phenomenon is similar to that of 
the neoteny or predomorplnsis gonads maturation has 
been anticipated, probably by action of anterior hy- 
pophysis 5 , thus inhibiting parasitism after meta- 
morphosis Tins fact seems to be confirmed by tho 
recent capture of female ammocoetes w ltli mature eggs 
and well-developed secondary sexual characters 6 
The lampreys of the Danube suggest the existence 
of a gradual stage m this process of transformation 
At first, they apparently kept within fresh-water 
boundaries, which allowed internal migrations Later, 
they stopped these migrations in fresh-water also, 
though retaining their nutrition stage Finally, either 
on account of nutrition difficulties or because of 
anticipated gonads maturity, they become non- 
parasite, breeding without nutrition after metamor 
phosis 

From the observations which, so far, have been 
made on the lampreys of the Danube, it may be 
concluded that from E danfordi may have arisen a 
non-parasitic, but morphologically similar form, 
which I name E danfordi vladyhom Tins lives m tho 
upper part of the Danube Perhaps E manac, with 
some morphological differences and living in Russian 
streams flowing into Black Sea as -well as m some 
tributaries of the lower Danube (Prut and some others), 
has a similar origin, but this hypothesis needs con- 
firmation 

Giuseppe Zanandrea, S J 

Istituto di Zoologia e Anatomia comparata, 
Umversita di Padova 
June 13 

1 Applegate, V C , and Moffett, J W , Sci Amer , 192, 4, 30 (1035) 

* Berg, L S , Ann Mus Zocl Acad Scl U U.S S , I, 87 (1931) 

* Zanandrea, G , Pubtl Star Zool Napoli, 31, 127 (1059) 

* Young, J Z , '‘The Llfo of Vertebrate- (Oxf Unlv Press, 19 j0) 

* Loach, W J , J Morph , 89, 2 217 (1951) , 

* Zanandrea G , Boll di Zool ,23, 414 (1956), Attl Inittt Ten L Set , 4 • 

116, ISO (1938) Nature, 179, 92S (1937) 


Table 1 Relatio\ship3 Aaoxo the Purhd Species’ op Luiprfys 


Genu3 

Parasitic species 

Non parasitic forms Habitat 

Ichthyomyzon 

Lampetra 

Eudontomyzon 

I utncutpu 

I castancut 

I bdellium 

L flutiahht 

L japomca 

E danfordi 

I fostor Great Lakes and northom region of tho Mississippi basin 

I gagen Western region of the Mississippi basin 

I greeleyi and I frubbrh Eastern region of the Mississippi basin 

L planen West and southern Europe (Atlantic and Mediterranean trlhntarles 

except Adriatic and Black Sea tributaries) 

L japonica letden North Europe aDd North Asia (Glacial and Paclflc Ocean tributaries) 

E danfordi rladylon Danube 
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A Non-Gummy Chromogenlc Strain of 
Azotobacter vlnelandll 

Because of tho widespread use of Azotobactcr 
vwxtlandu Wisconsin Hiram 0, in biochorrdcal studies 
recent obeerv ations concerning colonial types ob tamed 
from transfers of this strain are worthy of more 
general knowledge As many investigators have 
noted (private communications) cultures of this 
strain at times beoome more ‘gummy’ than usual, 
and their further uao for physiological or biochemical 
studios is difficult Although we liave attempted in 
tho past to isolate a non gummy strain bj selection 
of colonies such efforts hnvo boon on]} temporaril} 

SUOCOflSful 

A t nnclandn strain 0 was streaked on modified 
Burk s nitrogen free agar plates 1 Differences in 
colonial morphology voro readily evident within 
18 hr of incubation at 30* C , when colonies were 
oxnminod with tho low power of a compound micro 
scope or within 48 hr , when colonies were examined 
with tho unaided o}o Colomos wero obtainod which 
differed in hi to gumminoss or pigment product-ion 
in proportions tliat depended on tho origin of tho 
culture Tho stabilit} of those colonial characteristics 
was chocked by streaking tho colls of a well isolated 
colony on a fresh agar plato two colon} typos wore 
chosen for further study 

A gummj colony typo tlint did not olaborato a 
pigmont was easily recognized during microscopic 
examination of colonies, sinco at a magnification of 
100 indiv idual colls could bo seen to bo woll sepamtod 
by a clear slimo A non gumm} colon} typo was 
denflo, yellow, and free of slimo Sinco a colon} 
composed of both bacterial typos -was cast!} recog 
ruzod, tho soloction of a pure culture of each strain 
was mndo onl} from colonies that were hoinogouoous 
by microscopic examination After a limited number 
of streakings it was ovidont tlrnt a pure culture of 
each strain hod been obtained The non gumm} 
ranoty honceforth to bo designated strain OP 
produood a }oIlowish green fluorescent pigmont that 
is oliaractorifltio of other strains of A innelandtt 
Each Isolato grew roadil} in Burk’s mtrogen free 
liquid medium in sliako flasks and fixed nitrogen ns 
sliown by total nitrogen nnal} f ses b} tlio Kjoldalil 
mot hod Shako cultures of strain OP did not become 
gumm}, whereas those of tho other strain did Fvon 
after numerous transfers m liquid or solid media 
strain OP remained non giiinmj , and during frequent 
examination of isolated colonies no gummv colonics 
wore obsorvod Tho two strains liad cells with a 
similar sizo and form with pontnehous flagella 
Bo tli strains would bo distinguished from members of 
tho Azotobactcr affile group on tho basis of coll sizo 
and mannitol utilization* A vnxclandu strain OP, 
vOtlch resembles very close]} tho first culture of 
A vmclandn to bo isolated* will bo deposited with 
tho American Tvpo Culture Collection 

It is appropriate to mention again tho frequent 
observations (pmato conmuni cat ions) that cultures 
of Azotobactcr spp mnv can*} contain man t« which 
are not detected unloss special care is taken to 
search for them Winogradsky 4 observed that cultures 
of Azotobactcr app wore impure oven with primary 
isolation from natural material becauso of tho lunitn 


tions of the standard method of isolation h} plating 
In nitrogen free media contaminants unablo to fix 
nitrogen remain latent until nitrogenous products 
are released In the Azotobactcr Microscopic oxamina 
tion of colonies on solid nitrogen free media nrnj 
reveal contaminants as eat oil it o colonies The use 
of sugar free poptono media recommended b} Burk 
and Bums* is convenient to detect contaminants 
since these generally grow well in such media whiio tho 
Azotobactcr do not According!) tho isolation of a 
pure culture of Azotobactcr is best carried out when 
colonies arc selected b} microscopic examination 

J A Bush 
P W Wilson 

Department of Bacteriology 
College of Agriculture 
University of Wisconsin, 

Madison Wisconsin 
April 21 

* WiUon.P \V Hid Knleht 8 0 “ExperlmeuUIn Rocteri*! Phplo 

logr* (Uurctn Publbuintf Co nlnneopolU 19512) 

' 8chutter J and Wllwn r V J Qm iUervbiol 12 449(19^5) 

* Upman J O Now Jer*ey State AffrJc Exp 8U inn Rep 21 

217 (1003) 

* WJnocradeky 8 Soil SH 48 3*7 (193/) 

*Bruk D and Durrte R. H Ann Rev Dlothein.” 16 587 (1941) 


N,0-Diacetylneuramlnlc Add and 
N-Acetylneuraminlc Add In Escherichia coll 

DuitiNO tho course of nn investigation of the bio 
chomical and biological properties of endotoxins 
extracted from various Gram negative bactoria chief!} 
several EachcncJna coh strains we found and reported 
briofi} 1 on tho presence m some of these endotoxins 
of a material having tho colour reactions of n smlio 
acid Tlie bacterial lipoproteins and lipopol}sac 
cl ion dcs which }iold this matcnal were prepared bv 
tlio phenol water extraction nut liod of Westphal 3 , 
soparated from accompanying nucleic acid and 
exhaustively dialysed The sialic acid is released from 
this largo molecule onl} upon mild acid h}drolms 
and we, tlierofore proposed that it forms nn integral 
part of tho cell wall of these bacteria Members of the 
sialic ucid group had been found previous!} mnfnlv in 
mammalian tissue Bony and Goebel 3 had ro|>orted 
tlio elaboration of n sialic acid like material, colomlnic 
acid b} n specific strain of / coJt Barry 4 lias since 
reported this to bo a aimple polymer of A acetvl 
neuraminic acid 

Wo now* wish to report the isolation and idmtifi 
cation of both A acetvlneurainmic acid and A r O-dm 
cetv Inouraminic acid from stvoml strains of/ coh 

Washed living cells of A colt Om,i/iu//A' If* 
contain a minimum of 1 ptr cent neuraminic acid on n 
thy weight bask which is re leans! optimally bv 
hydrolysis in 0 1 A sulphuric acid for 30 mm nt 8*1 C 
Such hydrolysates noutrulv wd with bnmun hydros 
ido, wero freed of cations bv j manage ov er a column of 
Dow ox 30 Y 8 rc^in in tho lid- cycle Tlio neura 
minic acids were ad win'd from tills effiuent b\ 
parage over a Dow ex 2 A 8 acetate rosin After 
washing with water, tho column was gradient! v eluted 
with 2 If sodium ncetute-ocolio ucid buffer nt pll 4 8 
and dmtiiled water in equal volumes so as to }ield a 
first -order relationship of volume to buffi r eoncen 
tmtion in tlie eluate* Tin entire mi thoil k a modiii 
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cation of that of Svennerholm 7 The peak of lesorcmol 
and p dimethylammobenzaldehyde react n e matenal 
appearing at 0 4-0 5 iff is composed of 40-60 per cent 
neuraminic acids with a small portion being the 
diacetyl compound and the remamdei the A 7 -aeetyd 
derivative Two other broad peaks ore eluted which 
contam neuraminic acid in combiiied forms, probably 
as saccharic peptides or as nucleosides and nucleotides 
Tlieso are bemg exammed at piesent 

The two neuraminic acid derivatives are separable 
bv paper chromatography in a numbei of systems 
ft hen the tv o components were compaied in four 
diffcient solvent systems with if-acetylnouraniinic 
acid 8 and iV.O-diacetylneurammic acid 0 no separation 
from authentic material was seen Fig 1 is repre- 
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Fig 1 Fnpor chromatographic separation of lmttcrlnl neuraminic 
neld {II \ A) Into A neotxlneummhiic aikl (\AX A) nnd N O dlncitvl 
wurnmlnie add (XOD1XA) svstem etlijl acetate p\ridlnc 
neette ncid water (5 5 1 1) sprnv p dimcthvlnirunobonzntdeh'di 
(0 5 gm ) nnd trichloracetic nnd (5 gin) In CO ml of SO per cent 
iKpieoni ethnnol pins 00 mi n butanol 


temperatures It appears to degrade to the A 7 -acetyl 
derivative 

Treatment of partially purified bacterial neuraminic 
acid mixtures (~30 per cent as A 7 -acotylneuraminic 
acid) v lth the bactorial aldolase of Comb and Rose 
man 13 causes a loss (50-60 per cent) in resorcinol 
reactive matenal which agrees quantitatively with the 
formation of puiuvic acid as determined enzymatically 
with lactic acid dehydrogenase An A 7 -acotylbe\ose 
amine, winch cannot be distinguished fiom N acetyl 
mannosamme by chromatography on borate treated 
paper 14 , is also produced by enzymic action 

As tho endotoxins extracted by the phenol water 
method aie lipoproteins and have been shown by 
Weidel and Pnmosigh 16 to denvo from the exterior, 
non-rigid poition of the wall, it is probable that no 
structural significance vital to the integrity of the cell 
can he assigned to the bacterial neuraminic acids as 
has been indicated for muiamic acid by Work 10 
Other possible functions such as bacteriophage attach 
ment, x irulcnce or K antigen specificity arc attractive 
hypotheses only 

Recently, Bany 17 lias suggested a con elation of ill 
antigen and neuiammic acid occiurence in E coh 
It should be noted, however, that tlio two strains 
found by us to date to have the highest neuraminic 
acid content are an OmBi (1158) and on O24 (K 
untypable) This point is being examined further 

Although the colommic acid pioducing E coh 
reported by Bany 3 4 has boon found by us to yield an 
endotoxin contammg nouraminie acid and thus 
presumably has neuraminic acids m its cell wall, tho 
level piesent in its endotoxin is no greater than that 
found m tho lipopolysacchandes oxtrncted from 
cither of the other two strains We believe that 
A T ,0-diacetyLnouiaminic, oi possibly both this com 
pound and the A T -acotyl derivative, exists as a 
structural component in the cell wall of certain 
bacteria A survey is in progress to detornnno the 
i alidity of tins point 

C W De Witt 

J A Rovce 


sentative of these lesults m one system (ethyl acetate- 
pvridine acetic acid -vat ei 5-5-I-3) The solvent 
front has beon run off the paper m ordor to enhance 
any subtle differences in mobilities 

Hie slow -moving component gives positive re- 
sorcinol and oicinol reactions, is direct Ehrlich positive 
nmhydiin negative and reacts as an (/-koto acid and a 
reducing sugar The adsorption spectium of the 
resorcinol pigment formed from this component is 
identical to that obtained noth authentic W-acotyT 
neuraminic acid-resorcinol pigment Tests for hexo- 
sanunes, 3-O-substituted liexosamines, pentoses, 5- 
metbydpentoses and hexuromc acids are negative It 
does not contain any 7 detectable gtycollyl substituted 
by r the assay of Klenk and Uhlenbruck 10 nor is it 
separable from authentic A r -acetylneurammic acid 
on paper chromatography m ?t -butan ol-n -propan ol- 
01 A hydrochloric acid (1-2-1) 11 

Tlie faster component reacts as A r -acetydneuraminic 
acid m all the above reactions and, m addition, con- 
tains an O-acetyl group wduch has been isolated as the 
hydroxamate 12 and found identical with authentic 
acethydroxamate on paper chromatography in water- 
saturated n-butanol This component is found m 
varying concentrations after ion-exchange resin 
purification and is unstable in solution even at low 
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NUCLEAR POWER AND ITS DEVELOPMENT 


S m JOHN COCKCROFT is reported to have 
expressed tho opinion on April 26 that in 1906 
Borao 26 per cent of the requirements of the United 
Kingdom for olootrioifcy would bo mot by nuoloar 
generation, 60 per cent by 1 975 and 100 per cent by 
the and of tho century Questions asked In the House 
of Commons on June 8 indicate a disposition to allow 
political and social considerations to over rido, if not 
distort, the technical and oconomio aspects, and there 
liave been other attempts to mako the effect on the 
cool industry the deciding factor m determining the 
development of nuclear power The implications of 
technological change have boon ignored, as lias tho 
effect of development on the cost of oloctrioity 
supplied by nuclear power stations, which Sir 
Christopher Hinton stressod very strongly in his 
Axol Ax*son Johnson hoc two delivered at Stockholm 
on March 16 1067 

In his reply on behalf of the Government, tho 
Paymaster General was emphatic that tho progrommo 
for tho devolopmont of nuoloar energy in Britain o\ or 
the next few > cars was nrrangod after careful con 
sidoratfon, and it certainly could not be upsot on 
any temporary considerations An admirable broad 
shoot, Prospects for Nuoloar Power * (No 431, 
March 1059), issuod by Political and Economio 
Planning is woll design od to romovo misunder 
standings and facilitate an objoctivo approach to 
this problom, in which it is extremoly difficult to 
separate at all sharply the technical and oconomio 
from the political and social elements Although the 
broadshoet is particularly concerned with tho world 
position and Britain s export prospects, it includes n 
lucid discussion of tho impact of nuoloar power winch 
deserves to bo widoly road Tho bnof paragraph on 
tho position in tho United Kingdom points out tliat 
bj i960, whon tho dozen or bo nuoloar power stations 
required to supply tho targot capacity of 5 006-0,000 
MW are in operation tho coat of tlio oloctnoit) 
gnu era ted should bo almost competitive with that 
from other typoe of power stations wherever shod, 
tins answers tho criticism implied in tho questions 
m the House of Commons 

Tho breadshoot pomtn out tliat hy I960 tho nuoloar 
power stations will bo supplying n quarter of tho 
olectrioitv used m Britain and doing tho work of 
18 million tons of coal a year, and that it is estimated 
tliat tlio cost of generating oloctrictty from tho 
largest of tlio stations now under construction tliat 
at Hrnklov Point, will be between 0 5£W and 0 OlW 
per kWii , compared with 0 63-0 C4d for an up to 
dote coal fired plant Tlio cost of oloctnoit) from tho 
largest station now lxnng built is competitive with 
tliat from a high-offlciono) coal fired station built on 
tho snmo mto Moreover, for tho later stages of tho 
prepont progmmmo wlun nil now generating plant 
mnj bo nuclear Britain is considering typos of 
reactor tliat will l>o cheaper to build and more efficient 


to operate, as woll as ablo to accept re cycled 
plutonium to replenish tho burnt fuols, and those 
types sliould preduco electricity more cheap!) than 
conventional plants Two such reactors are tho gas 
cooled heavy water mod ora tod reactor and tho 
advanced gos-coolod reactor on experimental 
version of the latter is already being hudt at Wind 
scale 

Thoeo facts, which wore ossontiaUv grvon b) Sir 
Ian Horobin m moung the second rood mg of tho 
Electricity (Borrowing Powers) Bill on lanuarj 20 
sufficiently display tho tendentious clmractor of tho 
question to which Sir Ian replied in Parliament on 
Juno 8 It should also bo romomborod that tho 
high temperature gas-coolod reactor is to bo studied 
at Win frith Heath, and tho sod mm -cooled fast 
breeder reactor at Dounreav, both with tho sub 
sequent period in mind when reactors will bo noeded 
to take over an increasing proportion of tho base 
load From tho Dounreay reactor, to bo in oporat ion 
this year, will como tho data nocossarv to enable 
fast reactors using plutonium fuel to bo integrated 
with existing thermal reactors This will improve tho 
burn up of natural uranium to somowhoro noar tlio 
theoretical limit The reactor programme is also 
supported by largo fooilitioe for research and an 
extonsivo research progmmmo whilo production and 
fuol processing facilities are also woll dovolopod in 
Britain, and capacities are sufficient to moot tho 
needs of other countries Lord Miffs tho Minister of 
Power, statod explicit!) in tho House of Lords on 
March 3 that tho nucloar power progmmmo for 1964 
onwards liod not yet boon determined 

Tliis position, bowov or noods (o bo got against tho 
general background outlined in tho PEP hroadshoot 
winch stresses too the dynamic ruituro of tho onerg) 
position both national 1) and fntomntlonalh , and tlio 
wbj m which non-economic influoncoa often dotonnino 
tho most oeonomical wn\ of mooting domands for 
onergy Tho great promiso of nuclear onorg) is tliat 
with amplo resources of umnium and thorium, and 
tlio high onergy contont of oaoh ton of raw material 
which mahoe transport a ncghgiblo factor it will 
ovontually prov ido all nations with an unlunited 
and v irtuall) indigenous suppl) of onerg) at an 
oconomio cost Although tins lies well mto tho future, 
nuclear onorg) should mnko an immodinto though 
modest contribution particulnrh in Europv 

The factors winch limit this contribution must lie 
cnrofull) noted in an objective assessment of tho 
situation First for teclmicnl reasons nuoloar fission 
reactors are onl) efllciont when ompkqod in largo 
units Tho largo am mints of cloctncitv produced 
from each nucloar power station can m the near 
future bo generated at an economic cost onl) if tho\ 
can bo used to the maximum This is onlv possible 
where olcctncit) systems nro full\ developed in n 
grid network such ns an industrial area provider 
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Accordingly, nuclear energy is as yet unlikely to help 
under-developed countries, nor -will it be suitable for 
some tune for the direct production of heat where 
small units are normal In Europe, where fossd 
fuels are expensive, nuclear energy should be com- 
petitive within the next ten years for what is called 
base-load operation, that is, power-stations operating 
virtually all around the clock feeding electricity into 
the grid 

The second factor is that small coal is particularly 
suitable for power-stations, and the proportion of 
small-coal production is continually growing as more 
coal is mined by mechanical methods This coal can 
only be burnt efficiently m very large plants and its 
use is thus almost confined to power-stations 
Criticism of Britain’s nuclear -power programme 
arises largely from this fact that nuclear energy is 
suitable for the production of electricity only m the 
conditions to which the growing quantity of small 
coal is also suited 

The thud factor is that production of electricity 
at a price competitive with conventional power only 
means an additional supply of electricity and not 
the introduction of a cheap new fuel Electricity has 
its own particular advantages, and its use in Britain 
is continually growing , but it is not, at present costs, 
an economic substitute for other sources of energy 
for many purposes The nuclear-power programme 
should enable those needs to be met more easdy, but 
it will not obviate the noed for other fuels for these 
purposes Nevertheless, the development of nuclear 
energy holds great promise, and Britain’s prompt 
start has given her an early lead m tackling the vast 
technical problems involved, and only the USSR 
and the United States have programmes at all com- 
parable m size to the British Moreover, the British 
power programme, based on the gas-cooled natural- 
uranium reactor, is the only large-scale programme 
which is being carried out m a Western country, and 
the British type of reactor has been proved m oper- 
ation, having supplied electricity to the grid for some 
two years 

Nevertheless, the survey m Planning of the pros- 
pects for British exports of nuclear power-stations 
and related fuel and equipment leads to the con- 
clusions that the prospects for British firms to export 
reactors are not so bright as they were once thought 
to be Nuclear power is mdeed regarded as the most 
helpful long-term solution of the fuel problem m 
many European countries, and the principal countries 
are m a position to exploit nuclear power without 
too much difficulty They possess the necessary 
scientific and tecluucal skills and the capacity to 
build equipment, and they will therefore want to 
develop then own nuclear industry as fast as they 
can They may buy one or two reactors from other 
countries, as Italy has done, in order to gam experi- 
ence of operation and construction , but after that 
they will probably do more and more of the work 
themselves They are unlikely to set up their own 
fuel-processing plant, partly because of expense and 
partly because most European countries have no 
uranium deposits and are unlikely to obtain uranium 
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without some control against the production of 
plutonium France is the one country of Europo 
which will liave a self-contained nuclear industry 
In the Scandinavian countries, and possibly in 
Spam and Portugal, competition is likely to bo fiereo, 
and although the Calder Hall power-station has lm 
pressed potential customers with the merits of the 
British type of reactor, steady and impressive pub 
licity is required Outside Europe, tho first markets 
— for the next ten years at least — will be in Japan 
and India, but China is likely to be tied to Russian 
developments at first Several countries m Latin 
America might prove customers for the British type 
of large power-station reactor 

Whether British or Amencan power reactors are 
bought — and these are the only countries at prosent 
offering to sell power reactors and supporting tho 
offer with a fuel service — the PEP broadsheet sug 
gests that the future of the nuclear reactor export 
market is closely tied to a successful small reactor 
A cheap small reactor similar to that for moderately 
powored gas-turbine and diesel-powered generating 
sets could transform areas which are now under 
developed Here, smce British efforts have been 
concentrated on the Calder Hall type, Britain is less 
favourably placed than tho United States to design 
reactors for special conditions Without the urgency 
of Britain’s fuel problems, the United States has been 
able to experiment with a wide variety of types of 
reactor, and this could prove an important advantage 
in meeting the future export demand for a small 
and flexible reactor system Besides this, tho United 
States is at present the only country that can supply 
enriched uranium for reactors abroad 

Britain is now taking the preliminary steps to 
enable her to meet the demand for small reactors, 
but it is possible that tho Soviet Union, although it 
has not yet boon active m export competition, could 
also have an advantage over Britain in the matter of 
reactor types Nevertheless, tho broadsheet points 
out, reactors are not the only product that can be 
exported The one part of the British power-reactor 
which is not manufactured by industry is the fuel 
element The rest, including ancillary equipment, 
such as turbines, generators, handling gear, pro 
cessing equipment and control instruments, are all 
the products of industrial firms Lord Mills, it 18 
true, has directed attention to the more limited 
opportunities in the near future for new consortia of 
firms with design teams framed by the Atomic 
Energy Authority and which would bo capable of 
tendering for the construction of complete nuclear 
power-stations , but at the same time, he emphasized 
the opportunities for the manufacture of small 
reactors, including research reactors 

Nuclear energy, as the PEP broadsheet puts it- 
means that there will be an mcreased demand for 
those products which British firms can supply a 3 
cheaply as any of their competitors , but the pros- 
pects for British exports of nuclear reactors and 
equipment are not determined solely by the com 
petitive ability of British firms One dominant factor 
will be the political agreements that the Government 
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is able to make Marketing nuclear reaotors is not 
purely a commercial undertaking, for, ns the broad 
sheet, duly notes mtemational politics are involved 
and unless this is oloarly understood British chances 
of building up an export trado mil bo small 

For this reason nlono it- is important tliat Britain 
should establish closo and satisfactory relations both 
with the International Atomic Energy Agency and 
the European Organisation for Nuclear Research and 
also with Euratom — the European Atomic Energy 
Community and its six mombors A second factor 
howey or to which Planntng does not direct attention 
is that of scientific and tec! ini cal man powor AI 
though in the stricter sonse this lies outside the scope 
of the broadsheet, it is probably the ultimnto factor 
on which tlio prospects for British devolopmont of 
nuclear energy depend Unless the resources of 
m lontific and teohmcal man power in Britain are 
fuJl\ dovolopod and offcctivoly used, Britain is 
unlikely to bo able to seize the opportunities tliat 
mu lour onergy wnll bring — oven to socuro all tho 
advantages which its devolopmont in Britain might 
offer to tho economy of tho country — still less to 
hold her own in the keen competition forecast in tlua 
broadshoot Nor is this simply a matter of training 
sufHoiont scientists and technologists it is also o 
matter of seeing that thoy are wisely used tliat our 
organization and administration of research are 
adequato and m balance and that tho administrators 
and statesmon callod upon to Irnndlo tlio complex and 
interlocked technical, economic and social problems 
wluoh tho devolopmont of nuoleor power will bring 
are competent to givo due weight to all tho scientific 
and technical issues no less than to tho economic or 
political aspects of tho situation 

For Homo months Euratom exports liavo been 
drafting a now and realistic programme for tho six 
member countries, taking account of changing oil and 
coal prices Smoo tho PEP broadshoot was issued, 
tho report on this programme has boon fimshod, but 
owing to disagreement at tho top It lias boon with 
drawn and is not to bo published Tlus disagreement 
has jottisonod Eura tom’s plans for all but tho 1,000 
megawatt programme being carried out w ith American 
aid, and it is obv ious from tho broadsheet tliat most 
of tlio ohancofl open to British industry of tondonng 
for foreign nuclear power stations liavo likewise 
disappeared 

Sir Inn Horebin took a far more confident view in 
replying in an adjournment debate on tlio nuclear 
j>o\vcr pTOgrnmmo in Britain in tho Houso of Commons 
on JuK 1 Ho confirmed tliat latest figures gave tho 
cost of electricity from conventional stations as 
0 5-0 05d a unit compared with 0 05-0 Id for 
olcetrioity from nuclear power stations , but he 
emphasized tliat tlio statement that nuolear onergy 
to day is 40 por cent more oxpensivo than con 
volitional power was Imsed on a com|iarifton of tho 
chcajiost possible coal and tho dearest existing nuolear 
tncrgv Rlr lan suggested tliat tho real difference is 
prolmblj more like 15-20 per cent and ho pointed 
out that in view of tho 70 por cent riso in tlio price 
of coal over tho post ten years it would have boon 


unrealistic to baeo policy on the assumption that 
coal would not be 5-7* a ton dearer than it is now 
He also thought that tho price of uranium wilt fall 
when tho present contracts oxpire nnd that this 
factor with a further shght rise in tho pnro of coal, 
is likely to decreoso tho margin of 15-17 per cent 
against nuclear energy, and tliat the price of gonor 
nting olectricity by nucloar onergy is likely to touch 
that of generating by coal in tho loto ’sixties 

Sir Ian Horebin insisted tluit tlio British nuclear 
power programme is a very carofuilv considered 
whole and that it is probable that wlint may lie 
called the Caldor Hall tvpo of reaotor has soveral 
vears of vnlunblo devolopmont boforo it About 1061 
tho advanced gas-coolod reactor should become 
critical and if this is successful tho first commercial 
type mar lx> in operation about 1065 Tlio work 
done with tho fast broedor reactor now being 
dovolopod at Dounreay lias been v or\ successful and 
a period of low power testing at Dounreay in expected 
to begin tins summer If all goos well yr© mil) hoj>o 
to liavo thin typo in operation bv about 1070, and 
its low capital cost nnd its place in tlio Imlnnced pro 
gramme offer oxciting possibilities particularly m 
flexibility By tliat time a substantial nninbi r of 
stations of the Caldi r Hall typo would bo m op mtion 
all producing plutonium. \\ o must Ijoat in mind 
Sir Ian said, tho possibility of a situation arising 
whon it would bo posHiblo to build v ory much larger 
stations tlurn originallv conceived mid tlrnt perhaps 
only about half a dozon more stations would coini) 
into tho programme llo repeated tliat wo cannot 
afford to run any risk of complotclv unbalancing the 
structure of the industry m Britain by interfering 
with tho present programme Whon that programme 
is comploto further decisions will be requires 1 and 
although prohminory consideration is Iwing gm n bv 
tho Qovommont to tlio subjeot, it is not thought 
tliat it is nocossary to dccido for a further your or 
two what stations should bo built after 1005 It h 
very important ho said that o\ on one should realize 
tlint a nuclear power programino on tho Rcalo of that 
m Great Britain must bo a long term, carefully 
balanced programme and that it cannot bo inter 
ruptod m response to short term considerations 
Britain js now tho major civil nucloar l’ow or, and 
tho noed for thought and care in investment and 
design are correspondingly groat 


DARWIN WITHOUT MODERN 
SCIENCE 

Darwin and the Darwinian Revolution 

By Dr Gortrudo Hinunolfarb Pp lx +422. (London 

Chntto and Wind us Ltd 1050) 42* not 

A N adequate study of Darwin his scientific 
ochioy omenta and tho result of hfs work in all 
tho fields of human omleoyour which they have 
affected makes rigorous demands on tlio competence 
of whoever attempts to write such a book Dr 
Himmolfnrb bnngs to her task a concentration nf 
interest and of effort, tho former of which is pavixl 
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on. to the reader by the sustained vigour and elegance 
of her style and the skill with which the book is 
constructed, -while the mastery of her technique hides 
the laboriousness of the work involved 

She has read practically everything there is to read 
by Darwin and on Darwin, including manuscripts 
hitherto unpublished, and has subjected the material 
to lucid analysis in terms of the history of Darwin’s 
life, experiences, contacts with other persons, 
researches, results, doubts and behefs He is situated 
m his intellectual environment, his home life, his 
ailments real or imagined, and his place in history 
The social, scientific, religious, political and general 
publio climates of his day are vividly portrayed, and 
there can seldom have been a work of biography 
undertaken -with such bibliographical care 

But whde it would be difficult to exaggerate the 
excellence of this book as a contribution to the 
history of the events, ideas and arguments as a result 
of which Darwin produced his theory of evolution 
by natural selection, the case is altered when it comes 
to the evaluation of this theory in terms of the 
present state of scientific knowledge, because Dr 
Himmelfarb’s work is imbued with a relentless 
aversion to natural selection, pursued by means of a 
skilful and acute dialectic without reference or regard 
to the results of scientific research during the past 
fifty years Indeed, this is directly implied by the 
statement (p 366) that “the present status of Dar- 
winism has not altered much since 1860, when 
Huxley pronounced it to be not an established theory 
but a tentative hypothesis” AVhen she tries (p 368) 
bo substantiate such a view to-day by quotmg William 
Bateson, she gives herself away at once 

That the author is not familiar with, or prefers 
to ignore, the growing edge of scientific knowledge 
by observation and experiment during the past fifty 
years appears from statements such as the following 
(p 269) “In the experiments of Mendel and de 
Vries, new species appeared suddenly in the form of 
mutations” Mendel neither claimed nor obtained 
any such results On the contrary, his geruus lay 
in selecting for liis experimental material strains 
which differed only in one or two characters differ- 
ences immeasurably inferior to those of specific rank 
As for de Vries’s ‘mutations’, it has long been recog- 
nized, thanks primarily to the work of T H Morgan 
and his colleagues A H Sturtevant, C Bridges and 
H J Muller, that they are not mutations at all, but 
the results of a rare method of ‘sporting’ by perma- 
nently heterozygous strains technically known as the 
‘crossing-over of balanced lethals’ 

When the author attributes to neo-Darwinians the 
statement (p 270) that “only the smallest mutations 
could he favourable and that such favourable muta- 
tions were in fact so rare a phenomenon that without 
natural selection not even a fruit-fly, let alone a man, 
could have developed”, and concludes, “Thus it 
became the very paucity of variations, the very 
improbability of then concurrence, that wa3 now 
made to tell in favour of natural selection”, she makes 
the elemontary and very outdated mistake of think- 
ing that mutation is the only supply of variation 
It has long been known that recombination of genes 
is enormously greater as a source of supply of varia- 
tion than mutation itself, and it produces gradual 
change 

Dr Himmelfarb has not grasped the fundamental 
significance of the work of Sir Ronald Fisher, whom 
she calls “tho mathematician” He showed, first, 
- that natural selection of genes within the gene-complex 
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is a universal phenomenon, which explains why the 
genes gradually become either dominant or recessive 
This is how evolution proceeds Mendehan genetics 
itself provides evidence of Darwinian selection He 
showed, secondly, that selection is so much more 
powerful than mutation, that no mutation can have 
the remotest chance of becoming a normal com 
ponent of a population if there is the slightest degree 
of adverse selection exerted against it He showed, 
thirdly, that as all organisms are tolerably well 
adapted to the conditions under winch they hve in 
their present environment, the vast majority of 
mutations are bound to be deleterious to the organ 
isms in the conditions under which they arise, and 
this proves that any attempt to explain evolution 
by an appeal to causes winch might be supposed to 
impart favourable qualities or directions to mutations 
through ‘inner feelings’, ‘diem vital’, ‘urges’, or the 
transmission of somatic modifications, is lolled stone 
dead at the start “Every theory of evolution which 
assumes, as do all the theories alternative to natural 
selection, that evolutionary changes can be explained 
by some hypothetical agency^ capable of controlling 
the nature of mutations which occur, is involving a 
cause which demonstrably would not work oven if 
it were known to exist ” The fact that wild species 
in Nature are highly heterozygous showB that mutant 
genes, subjected to adverse selection when they 
first arose, remain as recessives m the gene-pool, 
and function as a reserve winch is drawn on vhen 
environmental conditions change, and some of these 
genes then become dominant by selection in the 
gene-complex, and established m the population It 
can also be Bliown that selection ib exerted m favour 
of the heterozygous state per se 

Results such as those should find a place in any 
modem appraisal of tho position of natural selection 
at the present stage of knowledge , but Dr Himmel- 
farb has preferred to say (p 276) that “Posing as 
a massive deduction from the evidence, it (natural 
selection) ends up as an ingenious argument from 
ignorance” The word “ignorance” is a double-edged 
weapon when it is used by an author without any 
indication of awareness of tho experimental results 
obtained by such distinguished scientists as E B 
Ford, C D Darlington, P M Sheppard, A J Cam, 
W H Dowdeswell, H B D Kettlewell or C H 
Waddington, to mention only those working in Great 
Britain 

The intercalation of quotations from Darwin, 
labouring m his unavoidable ignorance of the prm 
ciples of Mendehan genetics, to disparage arguments 
which have smce been substantiated by the results 
of modem experimentation m natural selection is 
regrettable "When Darwin wrote a hundred years 
ago that “we are far too ignorant, m almost every 
case, to be enabled to assert that any part or organ 
is so unimportant for the welfare of a species that 
modification in its structure could not have boon 
slowly accumulated by natural selection”, he was 
quite correct, and it was merely tendentious for Dr 
Himm elfarb to say (p 276) that “three negatives 
do not normally constitute a positive” When Darwin 
went on to say that “it would be extremely bold to 
maintain that no serviceable transitions are possible 
by which these (electric) organs might have boon 
gradually developed”, he was prophotio, as Dr 
Lissman’s researches have smce proved The initial 
stages m the evolution of flight in birds, colour -vision, 
or the whale’s adaptation for avoiding caisson- 
disease, to mention only a few additional striking 
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cnee* hav e all boon shewn to bo capable of conferring 
survival \aIuo from tho inception of the improv omont 
Tho etatomont (p 277) tlmt “The oyo in obviously 
of no nso at all oxcopt in its final, complote form ' 
complotely ignores the comparative anatomy embryo 
logj and physiology of tbo lower chordata* which 
show how light- sensitive colla m the opldonm* liavo 
boon brought into place, from the surface of tho 
skin into tho neural tubo and then into tho rotmal 
laj or of tho oye-cup, and are functional at each stage 
Dr Hnnmolfarb (p 270) accuses Darwin of invoking 
tho 'perfection of tbo oyo at tbo game timo na ho 
quoted Helmholtz on tlio inadequacy and imper 
foction of tho eve , but in tho * Origin of Species ’ 
(Y\ orld b Classic* edition, p 100), Darmn wroto, 
‘hh marvolloua yet not absolutely perfect charao 
tors What Darwin clafmod was that natural 
selection confers improvement, and in t)io case of 
tho \ * rlebmto eye this is undeniable to an} body 
familiar with tbe visual organs m Amphtoxu* 

Tb< Ntatornont tlmt “the poretHtonco without oliongo 
of anv forms o\or a long ponod of timo is diffloidt 
to explain by natural emoction” is particularly un 
fort urn tte, because so Jong ago os 1878 T JL Saxloy 
point od out tlmt natural selection is the only mooli 
an ism that can account both for change and for 
stability and oa recently as 1052 B B Ford supplied 
tho tsOnotic explanation of this by showing tlmt tho 
non contamination of genes and tho rarity of mutation 
produced stability wmlo tho power of recombination 
of genes can produce ondloss variabflity, under tbo 
control of natural eoloction in each caso 

How can eoloction, knowing nothing of the end 
or final process function when Uio only test is 
precisely' that end or purposo ?” asks Dr Himmelfarb 
(p 277) The exporimontal results of im obligation* 
on tho evolution of industrial molanism in moths 
Rho'w how tho scloctivo taking bv predators of proy 
ill odaptod to thou- environment can bo soon going 
oil, and tho intensity of tho eoloction pleasure can 
be measured with mathematical precision mime tie 
roHomblanccs in butterflies nro improved, and confer 
survival valuo in matliomatfcal relation to tho pro 
vnfonco of dmtostofbl modols tlio method of cap 
Hire marking release and recap turo enables tho 
predations b> thrushes on snails of dUToront colours 
to bo correlated with tho seasonal variation of v ogotn 
turn and tho longevity of different genet ia typos of 
moths to bo measured in terms of concrete units of 
time Tlmt is how select ion actually operates 

Astonishingly out of dato is the statement (p 284) 
tlmt “tho entire discussion of sexual selection is 
antliropomorphic m its basic conception, for whothor 
tho coloration of a bird t* judged to bo either beautiful 
or monstrous it is by human standards tlmt tho 
judgment is made It ia now quite clear that tho 
beautiful and ‘monstrous colours in question, to 
which must bo added fctruetures, attitudes and 
bclrnv tour patterns used In courtship function, as 
Me Julian Huxley, N Tmbergon and manv others 
liavo proved, as stimuli bv which n tliresholcj physio 
logical condition In tlio partner is reached and a 
release median tsm sot in motion There is no quest ion 
of any anthropomorphic rcsthotio ohoioo 

It is quite corroet that manv of tho examples which 
Dziruin thought conformed to the principle of sexual 
election have since been found to owo their origin 
to other than epigamic causes, such as warning marks 
recogmt tonal or threatening defensive chamctors 
But some character*, os those of tho male peacock 
rtiff« or orgtt* pheasant, an) good examples of tho 


sexual eoloction In Darwins eonso, as Sir Julian 
SilxJo } showed more t ban twonfcv vears ago jot 
Dr Himmelfarb conclude* fp 300) that Sortml 
eoloction lias all tho faults of natural selection and 
more tho suspicious facility with winch it enn bo 
made to explain anything and everything , tho 
manipulation of ovidonco for whatever purposes are 
convenient and tho invocation of ignorance when 
all olf*e fails ’ Hero again tho historical present 
tonso is used but there is nothing to show that tho 
author does not intend it to apply to tho present 
and that tlio remarks made represent tho actual state 
of scientific knowledge 

Tinning now to another discipline of science wo 
find Dr Hnnmolfarb Btating (p 271) that, ‘Coology 
however, has been notably unforthcoming and 
instead of being the chief support of Darwin's theorv, 
it ia one of its most serious weaknesses ’ It is diflleuk 
to believe that suoh a pliroao could bnvo been wrjtton 
in 1050 for 1050 Sho gooa on to pay tliat It might 
have boon expected that m those cares where 
tho geological record is more or less complete 
wo would find cJosoh graduated van oboe of 
specico oxisting at tho beginning and at tho close of 
tho period Vet oven hero wo do not find such a 
graduated senes It can onlv bo conoludod tlmt 
she has not bold in her hands tlio series of ammonite* 
from Ltparoceras through Androgynocera* , 4inctUlicint 
to Pleuroccra* demonstrated bj L F Spath nor 
the series of A f temper demonstrated bv D Idehols 
As for tho reries of horses Dr Himmelfarb a informa 
tion is not more recent than that of T II Huxley 
in 1870 Aetuah\ tho fossil soric* of ancestor* of 
tho homo us now so good tliat George Ga\ lord fihnpren 
ha* boon ablo to measure tho timo required for t)ie 
conversion of a species into another and the length 
of life of a spocios (two million years in horse*) T b 
Westoll lied dono tho wrao for fish whkh evolve at 
difforent rates Simnson was also able to show that 
tho geological record m some places is so good that 
it is now possible to caleuleto tbo degree of v ariabflitv 
of fossil apoclcfl and to provo tliat it is not correlated 
with their ovolut ion rate Tins m further evidence 
tliat natural eoloction not mutation, controls tho 
rate and direction of ovolut ion 

Tlio statement that the geological record is ©no 
of tho most serious weaknesses of Darwin's theory Is 
ridiculous Even m his day, tbo Mesozoic mammals 
of tho Stonnsfiold SJafo had been discovered and 
that most beautiful of oil known foiwJa, Arrhneo 
ptentx was known showing imoh a perfect transition 
l>otwoon tho reptilian and thn avian stages of t)iut 
lino of evolution tlmt it can bo regarded as ancestral 
to all later birds* It also demonstrates tho way in 
which ono -vertebrate class become converted Into 
another, by piecemeal transformation of hits of tho 
bodv ono by ono, a process called mosaic evolution 
Other examples of representatives of precursors are 
Jamoytius between, tlio lowest chordote* and tho 
fishes, Ichlhyostepa between fisho* and amphibia, 
Scymovna between amphibia and reptile* Jrtnh 
saure between reptiles and mammnD, Ausfrala 
ptthecwi between apes and man All three nml 
count less others are a striking vintlioat ion ofDarw in * 

MOWS. 

nio sudden appearance in tho geological record of 
representatives of important groups (such ns tho 
gastropoda or vortobmtes) in no flv in tho omttnmt 
of Darwm * thoon and it recoiv os a logical r xpjnnn 
tion from the obligatory raritv of tentative initial 
types and from tho principle of clandestine main 



388 


NATURE 


VOL 184 


August 8, 1959 


tion’ of young stages without haid parts and there- 
fore not preserved as fossils until they became adult 
m tlioir new stato As for the abrupt appearance of 
fossils m “tlio lowost fossiliforous strata”, the number 
of fossils discovered in Pro-Cambrian deposits goes 
on incioasing and now includes algao and fungi in 
which eight amino-acids could still be recognized 
although tlioy are 1,700,000,000 yoars old 

Dr Himmolfnrb states (p 310) that chomists 
showed that all tho pioces of the ‘Piltdown find’ 
lovoalod tho snmo fluorine content This was not 
tho caso Tho oarliost estimations by K P Oakley 
and C R Hoskins showed fluonno poicentagos vaiy- 
mg from 3 1 to loss than 0 1, estimations correct to 
within a rango of ± 0 1 This proved that all tho 
‘specimens’ weio not Lower Pleistocono Subsequent 
estimations by moro loftned motliods showed that 
the latest of thoso woro not ovon Upper Pleistocono 
But if Dr Himmolfarb really thinks that tho oxposuro 
of tho Piltdown fiaud “loavos tho thoory (of evolu- 
tion), aftoi a century of search, without the much 
desnod link”, Proconsul, Australopithecus, Pithe- 
canthropus and Noandoitlial man me there to bear 
witnoss lo what Sir Wilfrid Lo Gros Clark lias domon- 
stiatod from them about tho so-callod ‘much desirod 
link’ 

If ovoi tho cult of personality should attempt to 
mvado scionco, it. would coaso to bo scionco , and if 
scientists hold Darwin in honorn to-day, it is because 
tho ovidonee, all the ovidonco, and nothing but tho 
ovidonco, provided by tho observations and oxpon- 
monts of biologists who have undertaken loseaich 
in this fiold, lias shown that tho natiual selection of 
mutant and locombmed gonos is tho mochamsm 
wlioioby tho ovolution of plants and animals m 
Naturo has boon brought about 

Gavin de Bekb 


THE FAITH OF A REALIST 

Blaise Pascal 

The Life and Work of a Roalist By Ernost Mortimer 
Pp 240 + 4 platos (London Methuen and Co , Ltd , 
1959 ) 2ls not 

M UCH of Pascal’s woik, and several books about 
lnm, aro roadily available what is not so 
easy to obtain is an assessment of Ins placo m history 
in kooping with tho podostal upon which Ins fellow- 
countiymon are nearly unanunous m placing lnm 
Eurthonnoro, to find an answer to tho question as to 
how much ho moans to us to-day is assuiodly a re- 
warding task Thoso things the author has done and 
tho result is a notable achievement Pascal emerges 
as a character of gigantic intellectual and spiritual 
staturo , woak of body, indomitable of will, and 
lolontloss m his quest for truth 

In tho piesent contoxt, wo may peihaps loavo 
asido tho well-known facts of his mathematical 
gonius, his contacts with great minds like thoso of 
Descartes, Format and Desargues, and concentrate 
upon Ins tliooiy of knowledge (Chapter 11), which 
developed from tho intonso stnfo gomg on within 
lnm, and which burnt itsolf out as a consuming 
fire Pascal was no more dieamor, but on the con- 
tiaiy passionately concerned with making things 
work His teclmical skill, if he were alive to day, 
would lift him to the summit of electronic comput- 
ing, and to tho highest tiiumphs of cybernetics and 
soi vo moohamsms In this sonso ho was a lealist , 


his faith tiansconded it, however, as ho reached out 
towaids that greater truth only to be found in 
charity 

It is from some such position as this that we can 
best approach Mr Mortimer’s treatment of Pascal’s 
theory of knowledge, for it is essentially here that the 
present volume finds much of its raison d'etre Here 
too is Pascal’s message for the world to day 

Tho central concept is that of Ic cceur By this 
Pascal did not envisage somothmg “cardiac rather 
than cerebral” He uses the phrase to covor a species 
of synthesis, a type of thought in which analysis 
gives place to cognition It seems as if this came 
out of a stato of mind akin to despair, m that, foi 
examplo, the propositions of Euclid needed accept- 
ance of something “given” before any progress could 
be made, and thus real knowledge could never be 
obtamed In this, he wms m effect anticipating GOdel’s 
theoiem, and the failure of Hilbert to construct a 
consistent system of mathematics purely mathema 
tically But foi Pascal, truth is not apprehended bv 
reason alone, which can only yield statistical pro 
perties 

Mr Moitimoi is at pains to point out that Pascal 
did not draw' this inference himself, it is never- 
theless tho gist of Ins whole argument Hero indeed 
is a startling proviow r of twentieth -con tuij science, 
quantum thoory, oporatiomsm and all Nevertheless, 
the part to bo played by Ic cceur remains, and it 
stands supienie if we are to ‘know’ tho w’orld around 
us But what is it, if it is not rational knowledge ? 
Pascal gives his answ r er — “Lo caiur a ses raisons, 
que la raison no connait. point” Metaphysics may be 
out of fashion at tho moment it looks, how- 
ovei, as if the faith of a groat realist may havo 
elevatod such a discipline to a position otherwise 
unheeded 

As people exclaimed in another setting altogether, 
“Wo have soon strange things to day” The author 
has written a book modest m compass but great m 
concept Ho has brought Blaise Pascal, his tomposts 
stilled at tho last, into the centre of contemporary 
thought FIG Rawlins 


ENZYMES-KINETICS AND 
CHEMISTRY 

Behavior of Enzyme Systems 

An Analysis of Kinetics and Mochamsm By Jolui M 
Roinor Pp xn + 317 (Minneapolis, Minn Burgess 
Publishing Company, 1959 ) 0 50 dollars 

Proceedings of the International Symposium on 
Enzyme Chemistry 

Tokyo and Kyoto, 1957, organized by tho Scionco 
Council of Japan under the auspicos of tho Inter 
national Union of Biocliomistry (I U B Symposium 
Sonos, Yol 2 ) Pp 541 (Tokyo Maruzon 1958 ) 
n p 

L ET Di Romor speak foi himself In lus foreword 
addressed to “Timid Souls” ho writes, “Tlio 
foremost purpose of this book, accordingly, is To 
make it possiblo for anyono to bogin tho book know - 
ing substantially nothing, and to finish it an ex-port 
foi all practical purposes” This is a bold ambition, 
even when restricted to the fiold of onzymo lunotics 
A major advorse criticism of this book is, m the review- 
er’s opimon, tho almost complete lack of roferonco to 
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published experimental -work , ono lias to turn many 
pages before ono can see ovon tho name of an enrvme 
and there are virtually no numerical data guon 
I>r Kemer s ideal reader tbo ignorant but intelligent 
man but ono, no\ ertheloes, longing to loarn would 
find himsolf bewildered by reality Putting those 
criticisms aside this book is a sorioua piece of scholar 
ship, and provides a useful introduction to tho theory 
of enzyme kinetics 

In contrast to Dr Reiner a solo performance, the 
Proceedings of the International Symposium on 
Lnrymo Chomwtn relating to a conforonco which 
took place in Tokyo and Kyoto m October 1957, 
contains contributions from 228 authors Apart from 
four spocial lectures delivered by Profs Chance 
( L\ foe} iron) os — tlioir Nature and Function in Ln lag 
C oils ) Engolhardt ( ‘Enxymology and Mochano- 
chemifitry of Tissues and Colls”), Lynen ("Phos 
phatkreislauf imd Pastour ECTekt”) and Tamiya 
( Tho Koji, an Important Sourco of Enzymes in 
Japan ), tho Proceedings nro divided into four 
sections 

Tho first soction oo\ ora tho moclinmsms of 
cnzynuvtio group transfer, tho second, onzymo 
ff\ stems of hydrogen, oxvgen and oloctron transport, 
tho third, the formation of protoins and enzymes, 
and tho fourth relates to onzvmos and industry 
(intorprotod to mcludo pharmacology) Many of tho 
contributions are m offoct short rm lows (2-10 pages) 
of specialized topics supplemented with what vnw 
in 1957 non experimental materia] These article# nro 
m genoral, of a lugh standard and are in tho main 
very readable 

Tho titlo given to tho Conference In no wn\ 
roetnefod tho ran go of topics , onzvmo chemistry was 
taken to include am reaction catalysed b\ enzymes 
in animals, plants and micro organisms Papers 
dealing with the action of thvroxmo on isolatod 
amuuil mitochondria and iho rolo of eliloropby 11 in 
photosynthesis occur in the same section 

The majority of contributions aro m English, a 
fow in German and oven fowor in French Almost 
inevitably aomo of tho najwrs from veterans of 
international conferences liftvo appeared in suhstnn 
tially tho samo form before or since 

J B CitArrrLL 

CHEMISTRY OF PHOSPHORUS 

phosphorus and Its Compounds 
By John R Von AWor Vol 1 Chomistrv Pj) 
xuj-h9'» , l (New ^ ork Intorscinnec Publishers 
Inc , London lntorsclonco Publishers Ltd 1058 ) 
208s 

T IUS volume uniat 1 k> imiquo, for it gives in wido 
pcopo and considerable detail an account of the 
structure the physical and chemical properties and 
the rlkndeal reactions of phosphorus and oil its mam 
classes of coinjioundK hotli inorganic and organic 
It is aJho outstanding not only for tho wide range of 
the modem scientific information which is so clearh 
printed, bat also for tho historical background of 
this information each main topic 1ms a historical 
introduction so that, for oxninplo, tho discussion or 
the structure of one clous of compound may range 
from a brief ro\ ion of the theories of a contun ago 
to a more dtfmh d discussion of tho most recent 
cyuhnctj supplied by nuclear magnetic resonance 
Bpccf m 


The first two chapters deal rospectnoJv with tho 
nuclear and atomic structure of tho phosphorus atom 
and with interaction between atoms tho second 
chapter discusses in detail bond -energies and lengths 
dipolo momenta, polaritv of molecules ionic mdii 
otc Tlio following chapters discuss in turn various 
clauses of phosphorus compounds Tho dotmlod 
information available may be assessed from the 380 
pages denoted to phosphoric acid and its compounds 
divfdod mto fivo chapters on condensed phosphates 
orthopliosphorio acid, cluiin pliospliatos nng and 
branched phosphates and amorphous phospluitos 
respectively This troatmont ranges m these fl\t 
chapters from tho physical and chom/cnl properties 
of phospliato mmerals on ono flank to tho^o of tlu 
nucle/c acids on the other Throughout the hook the 
constant comparison of tho properties of tho purely 
inorganto compounds of phosphorus and those of 
thoir organic substitution products makes fascinating 
reading and raai well sono both to w/do/i and to m 
adjust tbo mental balnnco with which inorganic and 
organic chemists bavo hitherto m tlioir different wnv* 
assessed tho chemistry of phosplioms 

In the preface, tho author makw an eloquent plm 
that the prosent division of descriptive chomistrv 
mto two parts organic and inorganic should now 
bo widened to include a third part namely phos 
phoras chemistry Many chemists wall shrink from 
this suggestion but it must l>o admitted tliat although 
phosphorus chomistry contains on ono hand a mini 
bor of reaction* which can bo rogarthnl ns normal 
reactions of inorganic compound* and on the otlu r 
hand many reactions typical of organic compounds 
tlioro lies m tlio ccntn a host of reactions and a*p<*cts 
ofbolmviour which are peculiar to phosphorus The 
same statement might iiossibly bo made of tho diem 
Istry of men non metallic eloment but tho jijxvific 
chomistn of phosphorus is in its range and nature 
muoh grefltor than that of any oilier element exerpt 
carbon This qualitN in ono of tlw major factors 
underlying the vast lncrcuw) m the academic and 
toclmicnl interest in phosphorus chomistrv which has 
occurred during tho post twvnty venra 

Tho pneo of this l>ooh innv appear high b\ English 
standards hut tho volume contains nil imnunv* 
amount of information liberally illustrated bv X rnv 
structure diagrains pliaso rulo diagrams etc and bv 
a wealth of valuable tabulated material Tho final 
three appendixes list in turn pbospliato minerals (49 
pages) giv ing details of each baaed largelv on Dana s 
System of Mineralogy’ ; suiglo l>ond energies 
ami distant with olectroncgativ ity differences i 
ond thermodynamic data on tho compounds or 
phosphorus 

Tlio book liowovor, is empliatically not a rm re 
catalogued compilation of facts In spite or tho sin 
or tho book, tlio author lias maintained to the end 
a critical treatment of the material under disciiMion 
and this treatment rombincd with the author h 
pleasant and luejd style gives the book a personal 
flavour which hoightens tlu reader a interest through 
out tho volume 

Tlio publishers are to bo congratulated on the 
general format and printing of the bool and in 
particular far printing references at the l>ottoin of 
pages where thev can lv immediately noted b\ the 
render instead of printing them in a vast huddlo at 
tho ond of each eliapter 

T1k> book will bo appreciated b\ all of clwrn 

ist, inorganic organic, phvrical and pVto^plioTk 

p fl Mivv 
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Suggestions to Authors of the Reports of the 
United States Geological Survey 
Fifth edition Pp xu+255 (Washington, DC 
Government. Printing Offico, 1958 ) 1 75 dollnrs 

I N tlio eighty years that liavo pnssod smco tho 
foundation of tho United Statos Geological Srnvoy, 
moro than 3,500 volumes of scientific and technical 
htoraturo and moro than 20,000 difToiont. maps have 
been publisliod under its auspices — an output fai 
surpassing that of any othor geological institution 
m tho world Throughout this long lustoiy, con* 
tmuous efforts have boon mado t-o piomoto lucidity, 
consistency and uniformity in theso publications, and 
tho codo of proctico established by tho Survey for 
its authors, first published m 1909, has found wide 
spread uso outsido official circles Tho much onlargod 
fifth edition of tins manual outhnos tho successive 
literary stops vlncli a geologist-author will normally 
tako from tho bogmnuig of an investigation to tho 
final proof-reading of Ins text, maps and illustrations 
It advises on matters of othics and professional 
otiquotto, onumorates tho requirements of a veil 
proparod manuscript, deals at longlh with questions 
of typographical stylo, and gives a groat deal of 
dotnilod information on the form and contont appro- 
priate to reports of various kinds Moro than 50 
pages aro takon up with sonsiblo advico on composi- 
tion and expression, forming a sort of “A B C of 
Plain Words” directed specifically at geologists Not 
all tho suggestions will bo nccoptablo to British 
readers, who may bo somowliat pii/Hod by tho 
preferred uso of ‘goologio’ and comparablo ‘-ic’ 
onchngs in a country w ith a Geological Survey and a 
Geological Socioty But tlioro is no similar 
guido produced on tho eastern side of tho Atlantic , 
and, with appropriate warnings, tho work could 
profitably bccomo proscribed reading for all post- 
graduate students of goology, ns a brulco on tho 
prosont over-production of ‘gcologeso’ 

C F Davidsok 

Causes de la Repartition des Etres Vivants 
PoltSogfograplno, Biogdographio Dynamiquo Pm 
Raymond Furon (Evolution dos Scioncos, No 10 ) 
Pp 108 (Paris Masson ot Cic , 1958 ) 1,000 francs 

T HIS book is w r oll doscribod by its author, m his 
preface, os “co potit livro do ‘morcoaux choisis’ 
n’est dono dans mon osput qu’uno osquisso do co quo 
pourrait ttro un boau 1i\to qui n'oxisto pas un 
Trattd do B logeographio’ ’ , for it touches upon 
almost ovory aspoct of its subjoct Unfortunately 
the touch is too light to permit the suggestion of 
solutions to tho many problems it describes, and tins 
almost inevitably excites, rathor than calms, tho 
doubts that haunt most biogoogiaphors as to whothor 
the chaos of facts wnth winch they aro confronted can 
ever bo roducod to final ordor 

Moroovor, so vast a subjoct can bo comprossod 
withui tho limits of a single short book only by tho 
most careful and balanced selection of information, 
and of tho sources from w'hioh tlus comes, and m this 
rospoct also the book loaves moro than a little to bo 
desired 

With tho author’s mam conclusions, that tho 
present distribution of organisms ohiofly reflects tho 
catastrophic consequences of tho Ploistocono glacia- 
tions, nnd that to understand tho history of tho living 
world its distribution in the Tertiary must bo recon- 
structed, fow biogoographors will disagree They 
aro hkoly to agree also that polteogoogiaphy and 
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paleontology aro fho hoys to this recount ruction, but 
they aro hkoly to fool somo disappointment that nn 
author so well qualified to comment on these par- 
ticular aspects of tho matter does not give a dourer 
lead as to how tlioy may bo moro profitably pressed 
into service 

Tho gi oat value of tho book is as a sourco of much 
useful, nnd not infrequent ly unusual, factual inhu- 
mation, and us such it ran bo recommended to all 
who aro interested m tho distiibution of plants nnd 
unimals Ronald Goon 

Die Banderschncckcn 

Erne Studio ?ur Evolution dor Ticro Von Prof Dr 
F A Sclnlder und Dr Maria Scluldor Sehluss * Dio 
Btmdorschncchon Buropns Pp iv-1 93-200 (Jena 
Gustav FiBchor Vcrlng, 1957 ) Broschiort, 30 30 D M 

I N this third and final part of their monumental 
work on polymorphism in the bnndcd snaih 
{ Gcpnca ), Prof F A nnd Dr Maria Sclnlder lime 
tried to givo nn account of tho variation in all parts 
of the ranges of tho four species, nnd to draw somo 
evolutionary conclusions 'Die booklet contains 
much useful information but suggests that such a 
task requires many moro workers The maps 
summarizing the dnln mnv be adequate for some areas 
of Germany, but it is well known that the proportions 
of tho different colour nnd banding forms can a ary 
greatly between adjacent colonics , for some largo 
mens far too few colonies lin\e been in\ ostignted 
for nny reliance to be plnccd on mean frequencies 
from them ns t ruly ropresontat i\ c 

'Dio conclusion reached is that tho different forms 
m the polymorphisms hn\o spread out from contres 
of special nbundnnce Lamotte’s work is quoted ns 
proving that -visual selection by predators can never 
bo of importance Tho authors scorn unawaro of 
published criticisms of both Lamotto’s conclusions, 
which aro certainly invalid for Britain, nnd of tlioir 
ow7i inferences from their provious work on Ccjxica 
They combino data from colonies foi mnking infer- 
ences about selection, although somo nt least of tho«o 
colonics nro in disturbed hnbitnls nnd cortnmly not 
m gonoticnl equilibrium with tlioir environments 
TJio composii i on of such colonies in rolation to tlioir 
habitats need gtvo no indication that solcction of nnv 
sort is acting, oven though in fact it may bo very' 
strong Tho data nro given only to tho nearest 10 
por cont, nnd aro too maccurato for re-working 

A J Cain 

The Sea-Horse and Its Relatives 
By Gilbert Wliitloy and Jovco Allan Pp ix + 84 (Mel- 
bourne Gooigian House, Pty , Lid , 1058 ) 30s not 

A PART from a cosy introductory chapter which 
oozes with unsubslant intod sentimentalities, 
Wliitloy' and Allan’s book will bo of vnluo to inter- 
ested ichthyologists as woll as tho children for whom 
it is primarily intended Bosidos an account of the 
loro and logonds of soa-liorscs, there aro good dcscrip 
tions of the struoturo, behaviour nnd reproduction of 
this ronmrkablo fish winch Sir J Arthur Thomson 
onco described as tlio “most ‘konspocklo’ creature of 
tho sea” The systomatics of tho soa-horao show that 
about a hundred species liavo boon recorded, nnd these 
are distubutod ovor four gonorn About half the book 
is concerned with those and the rest with pipo-fishes, 
trumpot fishes, fluto-mout.lis, hollows fishes and 
razor fishos Those, like the soa-borsos, nro illustrated 
by somo remarkably lino drawings, most of which liavo 
boon proparod by tho authors T II Hawkins 
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RADIATION OBSERVATIONS WITH SATELLITE 1958* OVER 

AUSTRALIA 


By Dr. A J HERZ, Dr. K W OGILVIE and J OLLEY 
The F B.S Falklner Nuclear Research Laboratory Schoot of Phyria* University of Sydney 

AND 


R. B WHITE 

Radio Research Board Commonwealth Scientific and Industrial Research Organization 
University Grounds, Sydney 


I >. Juno 1058 tlio School of Physics of tlioUrmorsitj 
of Sydnej received a cabled request from the 
Academy of Sciences of tho UJ3 S.R asking for help 
with the recording of signals from Sputnik. Ill 
(105882) As a result of this request signals from 
many transits during July and August were recorded 
with equipment kindly put at our disposal by tho 
Radio Research Board of tho Commonwealth 
bciontlfic and Industrial Research Organization 
Unfortunately, details of tho instrumentation 
aboard tho satollito and of tho codo usod did not 
reach us until lato September 1058, and oven now 
y»o do not liavo all tho information nooded for a 
comploto analysis of tho data Wo boliovo, howo\er, 
that our results are of sufTloiont interest to be report od 
at this stago 

Description of Apparatus 
It is non well known* * tliat among tho equipment 
carnod by Sputnik III is a scintillation counter 
Bocauso of tho largo mxo of tho crystal (a oylmdoT or 
8odium lodido, 40 mm. high and 39 mm. in diomotor) 
tho detootion officioncj for low-cnorgy photons is 
lngli, and fast charged particles give very largo 
pulses, corresponding to tho loss of Bovoral SIoV or 
more In particular, tho counter responds with high 
effloioncj to bremsstrahlung photons omitted as tho 
result of tho absorption of electrons with onorgios of 
about 100 koV which collide with tho sputnik 

A block diagram of tho photon counter and its 
associated telemetering apparatus is shown in Fig 1 
and >ig 2 gives tho pattern of tho signals. Tho 
second and third pulses earned tho 
information from tho scintillation 
counter Wo do not know wlrnt 
information tho first pulse earned 
Fig 1 is largely Bolf-oxplnnntoiy 
Tho anodo current of tho photo 
multiplier is integrated and fed to 
a bistable circuit which switches 
relay A at intervals corresponding 
to a loss of cnergj in the orystal of 
2 v 10* oV 1 Tho enrront to tho 
seventh dvnodo similar!} controls 
rolnj C, winch switches at intervnis 
corresponding to an onorgj loss of 
18 X 10* oV 4 In addition, tho 
Inst dvnodo was connected to a 
scaler which controlled tho switch 
mg of relnv D 

* VUo rarP°rtWl by the Ifwdear Rr#r*rrh 
FotmditloD within tbe Enlrf nlty of Sydney 


T»bIo l Postnow or 106332 dpiuxo OnstuTATiovi 


Epoch 

Time 

(CT) 

Altitude 

(tan.) 

Latitude 

Lonyttude 

July 10 

86900 

2060 

1 806 

26 S R 

148 0 E. 

Jul'r 10 

■87431 

£050 

1 763 

4 0 3 

163 1 

July 23 

81330 

1020 

1 703 

£3-0* 8 

1-1 8 E. 

July 23 

•81330 

1032 

1,607 

27 -tr 8. 

163 r 

July 30 

74614 

1~63 

1 704 

i u-tr » 

1406 ).. 

July 30 

74861 

1768 

1,800 

32-0 8 

163 o E. 

Aur 4 

70560 

1656 

1 TPS 

£7 3 8 

140-0* E. 

Ads 4 

70764 

16w0 

1 780 

34-6* 8 

160-0* E. 


At tho tuno our observations woro mado tho 
scaling circuit had coasod to operate so that rclaj U 
romoinod m a fixed position throughout So chnnnol 2 
(the eocond pulso) transmitted mfonnntion about 
tho position of tho anodo-curront rola> A and channel 
3 about tho Boventh-dynodo-curront rclaj On most 
of our records tho marker and tho first-channel pul°o 
aro missing ns part of tho modulating oquipmont was 
oporatmg onl> intermittent ly but tho data given in 
this roport are nil taken from records in which all 
tho pulses aro present 

Positions of the Satellite during Observations 

Tlio positions of 195882 used bj us were calculated 
with tho aid of tlio olomonte of the orbit published 
by tho Smitlisonian Institution and vvith an orbitnl 
period found from a least squares fit to tho transits 
observed at 8ydnoj 

Tlio results of those calculations are given in 
Tablo 1 and displayed in Fig 3 
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Results and Conclusions 

The rates of enorgy loss in the crystal during our 
five recording periods are plolted as function of timo 
(u t ) in Tig 4 Combining tlieso with tho positions 
of the satellite (Fig 3 and Table 1) no find a minimum 
of radiation intensity at a geographic latitudo of 
about 35° S Tho intensity appears to mcroaso by 
an order of magnitude when tho latitudo changes by 
approximately ton degrees on either sido of this 
minimum Similar observations ovor Australia, made 
with satellite 1958s ( Explorer IV), havo boon reported 
by Yan Allen el al 3 , who suggested that these numma 
correspond to outward-projcctmg ‘horns’ in tho 
contours of constant radiation intensity Tho 
minima can presumably bo interpreted ns tho gap 
between the mnor and outer radiation bolts which 
have recently been discovered by moans of tho 
Russian artificial planot 4 and by Van Allon and 
co-workers using tho American lunar probes 
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Oui data also suggest a timo variation m the 
radiation intensity tho moan intensity during tho 
first part of tho transit of July 19 (soo Fig 4) is 
about five tunes tho moan for August 4 although tho 
satolhto moved through almost exact lv the samo 
legion in tho two cases Wo do not know whether 
the distribution of absorbing matter nround tho 
scintillator is such that tumbling of tho sputnik could 
causo such largo fluctuations , but, in am event, wo 
do not behove thnt tho fluctuations aro so caused 
since our obsoi cations of tho signal strongth suggest 
a tumbling period not greater than about 40 boc — 
much loss than our intervals of observation 

Wo tentatively conclude that tho intensity of 
radiation m tho region observ cd mnv show very 
considerable variations with timo This may be of 
particular significance as tho region m question 
straddles tho gap between tho two radiation bolls 
Our remaining conclusions toncern tho rntio of 
the switching rates of 1 eVax v> A and C Tt appears 
to us thnt tho telemetering equipment was not 
designed to linndlo the high sw itching rates, especially 
of rolav A, which corresponds to tho intensities 
of radiation encountered by the satellite The 
switching rate of relay A almost always orcrlonded 
channel 2 during our periods of observation We 
woro, how over, nblo to obtain adequato data on tho 
rates of loss of energy through channel 3 — these are 
tho ones plotted in Fig 4 

When a largo charge passes tlnough tho later 
stagos of a pliotomult iplior, its anode current response 
bocomes non-linear, and for extremely large flashes 
of light tho current from tho dynodca also becomes 
a non linear function of tho light input Tho ratio 
of tho switching intos of rolays A and C therefore 
depends on tho aycrago magnitude of tho light flashes 
at low counting rates, and on the aycrago light out- 
put from the scintillator at counting rates to high 
tlint tho interval botyveon tho individual events in 
tho crystal is less than tho decay timo of the light 
pulses (about 5 gsec in sodium iodide) Accouling 
to Vomov cl al 1 tho ratio of tho switching intos of 
rolays A and 0 is 9 1 if tho pliotomult iplior operates 
in tho lmoai region of its lesponso curve , it will be 
loss if an appreciable numbor of tho pulses is caused 
by particles which lose largo amounts of enorgv in 
tho crystal, and it will also be loss if tho number of 
photons detected m unit timo is extreme! v largo 
It was thoroforo of intorost to try to find values 
for tho switching rate of rolay f A, and wo woro able 
to do this ns wo oxplain m detail below Tho results 
show thnt tho ratio of tho switching rates was of tho 
older of 4 1, with fluctuations in tho inngo 3 8 1 
to 0 1 Individual rosults aie shown in Table 2, 
tlioy suggest that tho ratio docroased with timo As 
wo havo no information about tho lesponso curves 
of tho appal atus wo cannot draw conclusions about 
tho naturo of tho radiation from this 


Table 2 Tar Ratio p c !pj 


Epoch 

Time ( 1 , T ) 

Pel I’d 

Jtllj 10 80300 to Jills 10 87431 
Ju!> 23 81200 to Tul> 23 81380 
.lull 30 74514 to Julv 30 74801 
Aug 4 70550 to Aug 4 70704 

2050 to 2050 
1020 to 1032 
1753 to 1758 
1050 to 1050 

5 n ± 0 3 

4 4 ± 0 1 

3 0 J- 0 2 

3 0 ± 0 2 


Recording Method 

Tho recoivmg aorials woro two horizontal dipolos 
placed at right angles to each otlioi Each dipole 


Fig 4 
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fed a communications rccoivor and tho rectified 
signals from tho cocond dotoctors woro furthor 
amplified bj two separate d o amplifiers Tho two 
outputs wero then summed bj a resist i\ o mixing 
network ami tho resultant was applied to tho 
<k fleeting plates of a cathode ray tnbo Tho spot 
was photographed on 35 mm film moung perpon 
diruiar to tho direction of dofioxion at a speed of 
0 H m /seo (l 52 cm /bog ) 

Characteristics of the Signal 
V samplo of ono of our records, showing comploto 
puJsO trains with marker pulso* and first pulses is 
given in Fjg 5 Tho puleo-lengths wero measured 
with tho aid of a trav oiling microscope A samplo of 
a pulso length distribution (for tho transit of Jid> 23) 
is shown in Fig 0 

Tlio various combinations of positions of rolavs A, 
IS and C lead to pulses of nominal longtlw 50 100 
and 150 gseo 1 which wo designated short ‘medium’ 
imd ‘long As tho position of rolaj B was fixed tho 
uccond -channel pulses wore oifhor long or short, 
dopendmg on the position of rolaj 4 onU and tho 
<lu\nnol3 pulses wore of oither short or mod mm 
length It in clear from Fig 0 that in both oliannels 
thero occurred a numlier of mtennediato longth 
pulses tlieso wore caused bv tho switching of a 
rela\ wlillo a pulso is being transmitted 

A\ ith tho alii of timo markers recorded on tho film 
wo wero able to measure tlio pulso lengths Tho 
results nro given in Table 3 


Table *l irsuTtin nr TriAt* amp Pru* Turns 



Xornfnal vnitir 
(w *«■ ) 

35** oroi 
(«.*"• ) 

short pul 4 ** 

60 

UO J- s 



115 ±8 


l&O 

UU ± 10 

]*u!*e imln IndmUnn murker 

t,£tO 

1 210 ± 30 


leraor rial (ref 1) 


Analysis of the Records 

In tho bj stun of tolemotcring used tho portions 
of tho relays nro sampled at regular interval* of 
1 23 sec (tho ejelo length) 4. clmngo m tho longth 
of (he appropriate pulse oci mu whonovor tho number 
of HWitchingn during tho preceding ejelo was odd , 
no cliango i* found when tlio number of switchings 
was men If a mlm hr switched during transmission 
of tho pulso tho length of which it controls, a pulso 
of intermediate longth occurs, 

Jf tho ro/av fa sw Itched at interval* which are largo 
conquered with tho longth of tho sampling e^cle 
ovcr\ switching results m a clumgo of pulso length 
Common sense supponta that tho comoreo is also 
tmo tlmt changes in pulse length at internals largo 
compared with tho ejelo length denote an oqiml 



«a 

19- 

5 JO- 
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He a 

number of switchings each of which oecurml during 
tho cvelo iinmodiatclv pnredmg tho change A1 
though not strict !\ true as wo shall lx low tins 
turns out to bo almost always torreet 

tor moro detailed nnahsH wo plot (hig 7) tho 
interval between pulso length changes us n function 
of tho interv al between sw it< lungs of tho rolnv It Is 
clortr that if tho interval between sw it chine* w»ro 
rcatlj constant and if thero wen no additional 
information wo should not bo able to deduce a 
unique value of tho switching freqmnrv from tlio 
obsen at ions of clmngcs m pufmvk ngth hortiumti h , 
however tho intervals fiuctuato and wo have other 
data as well 

Tho published information show* that if tho jdioto* 
muUlphor is working in the linear region of it* 
ano<lo current characteristic tho ratio )>o tween tho 
switching rate* of rela\s A and <7 I* 0 i 1 Over 
loading cannot increase tin* ratio, ao that wo accept 
onlj tiioso pairs of switching rates which lrnvw ratios 
of V I or less fiocondij as Fig 7 shows the length* 
of tho interval* Ixjtwcon clmngcs are vorv scant i\o 
to clmngc* in tho switching mto when then* is moro 



Tie 7 





394 


NATURE 


August 8, 1959 


VOL. 184 



Fig 8 Julj 30, 1053 1753-58 0 M T 




SW J tCh £ g por °y cl0 ^ th « presence of 
fluctuations it is thus quite unlikely for high switching 
rates to givo rise to long successions of pulses of equal 
size, that is, to consistently long intervals botween 
changes in pulse-length Wo concludo that if tho 
intervals between pulse-length changes are con- 
sistently longer than the sampling cycle, tho fre- 
quency of the changes is equal to tho switching 
frequency of tho relay concerned TVunng most of 
our observation time the loss-sonsitive channel 3 
oporatod m this way so that we could deduce tho 
radiation intensity directly from the frequency of 
pulse-length changes m it 

With one exception, at 1758 tri on July 30 (see 
Fig 4), tho intervals between the switchings of relay 
A m channel 2 were always less than the length of 
the sampling cycle The intervals between pulse- 
ength changes thus rarely exceeded two cycles, and 


wo could not obtain information 
about tho rato of switching 
from tho average magnitude of 
thoso intervals alono. How- 
ovor, for tho reasons discussed 
earlier mo folt it worth whilo 
to try to oslimato tho switching 
frequency of rolay A 
The possiblo values of the 
interval p beta eon switchings 
can bo obtained from Fig 7, 
mid tho smnllor values of tho 
intervals p A (botweon tho 
switchings of rolay A) can 
usually bo oliminatod because 
of tho requirements that tho 
ratio pcIPA cannot bo greater 
than 9 1 In most cases wo 

uoro still loft with several 
possiblo values of p A from 
winch a choico had to bo made 
using tho patterns of pulse 
sizes m both channels 

Two additional pieces of 
information holpod us here 
First, tho ratio of tho switching 
rales is not likolj to show 
\ lolent discontinuous changes 
Socondly, m spito of faictua 
lions, there will bo a brief 
series of equal-wudth pulses 
(no changes) wlionover the 
number of switchings por cycle 
is nearly equal to an oven 
integer (p — 1 /« ejclo lengtlis 
wliero n is ovon) Whenever 
there is an odd number of 
switchings per cvclc there will 
bo a senes of pulse-length 
changes o%ory cycle Tins 
effect, though not vorj pro- 
nounced, is clearly observ- 
able 

In our analysis wo used 
a graphical molhod of displov, 
of which wo show examples 
in Figs 8 and 9 Along 
tho horizontal axis wo plot 
tho times of occurrence of 
cliangos m pulso-longth, whilo 
tho ordmnto givos for overy 
chango tho timo olnpsod smeo 
tlio immediately procodmg one 
also mdicato on tho diagrams our estimated 
values of p A and p 0 and of tho ratio palp a The 
intervals p aro moasurod m units of ono cjclo- 
longth 

Fig 8 shows tho rocord corresponding to our lowost 
dotoctod radiation intensity tho only case wlion wo 
found p A to bo undoubtedly greater than unity It 
can bo soon cloarly that pcIpa is approvimatch 
equal to 3 8 — mucli loss than tho nominal vnluo 9 
big 9 is a display of data from an observation 
ponod during which tho radiation intensity was high 
and changing rapidly According to our estimates, 
PA varied from approximately 1/2 oyclo to 1/10 cyolo 
during tho time covered by tho diagram, and the 
rocord shows particularly clearly tho peaks m the 
plot associated with ovon intogra] valuos of 1 jpA , 
and tho runs of pulse-length changes every cycle 
which occur when 1 jpA is odd 


Wo 





NO 4004 


NATURE 


305 


August 8, 1959 


We should like to thank Prof H Mess©] for tho 
excellent laboratory facilities made available to us, 
and Dr G H Munro, the officer in charge of the 
hydnoy Section of the Radio Research Board, for 
making possible the recording of tho sputnik trans 
missions To Academician L I Sodov wo are grateful 
for an mformativo discussion during Jus recent visit 
to Australia, and for tho reprints he presented to us 
Wo are much indebted to Miss Xome FcderofF for 
the careful and conscientious way in wluch she 


carried out tho tedious work of reading the records 
One of us (J O ) would llko to tliank tho Common 
wealth Sciontiflo and Industrial Research Organize 
tion for the award of a studentship 

‘Vernor 8 X VakolOT, p Y.Gordnkor v Lorariwr i' 
« A * fin anulaa), -Collation or Pap en on 

ItetalU" Z (Uotcow j UJLSLR Academr or SclemcPt 

'Chad* tor A Y® (privately circulated in fonn*Uon) 

* J^A^Menwnin ° *** llBd 0 n j GojpVi 

•Pernor 8 K and CTuxlaVov A* \e (privatpjy drrnlafrd preprint) 


ROBERT HOOKE AND BOYLE’S AIR PUMP 

By Dr. H D TURNER 

University of Sheffield 


I T is just three hundred years smeo Robert Hooko 
built Boylo b air piunp This o\ ont has boon 
described by Gunther 1 an “tho most important 
research ever brought to a successful issue in 
Oxford*’ , and it is perhaps appropriate to mark tho 
toi centenary by examining the truth of this stnto 
ment and, incidentally by somewhat bolatodly giving 
Hooke the acknowledgment which is his duo for Ids 
8 hare m tho enterprise 

Robert Hooke who was bom on July 18 1035 at 
Freshwater in tho Islo of Wight, was tlio son of tho 
local curate Ho was a sickly child and never robust, 
but be pm o early evidence of tliat mechanical 
aptitude which led to his being dosenbod os “cor 
tninlj tho greatest meclianioh this day in tlw world ’* 
After tbo death of lus fathor, Hooko wont, at tho ago 
of thirteen, to Westminster School , and in 1053 ho 
went to Christ Church, Oxford as a chorister, being 
admitted to tho degreo of Master of Art* in 1003 
During tho lattor part Of his Btav in Oxford Hooko 
was omployod as a laboratory assistant by Boy le, and 
m 1059 ho built tho air pump shown in Fig 1 
At this time Boylo was vcr\ muoh interested in 
tho mechanical properties of tho air, and very dis 
BAtisfiod with tho boltnviour of tho air pump then 
nvailoblo, tliat duo to Otto von Quoricko In 1000 
Boylo wroto his famous treatiso on tho “Spring of 
tho Air * In this book, which was dedicated to Ms 
nophov Lord Dungarvon, bo says i 

‘As few imonlions happen to bo at first so com 
pleat, ns not to bo oitlior blemished with some 
doflcionciofl need ful to bo remedied or othcrwiao capable 
of improvement so when tho Engine wo liavo cornos 
to bo more attentively considered there will appear 
two very considerable things to bo desired in it 
“For first tho Wind Pump (as somebodv not bn 
proporlv calls it) is so contm ’d that to o vac unto tho 
Vostfol there is required tho continual labour of two 
strong men for divers hours And next-, (which is on 
imjierfection of much greater moment) tho Receiver 
or C lass to bo employ d, consisting of ono entire and 
uninterrupted Globo and Keck of Gloss ; tho wholo 
Engine is so made that things cannot bo convoy’d 
Into it whereon to try Fxporimonfs So tliat there 
seems lmt litllo (if anything) more to bo expected 
from it tlrnn tlioso very few P/tarn amrno that have 
l>con already observed In tho Author and recorded 
bv SCIIOTTUS * 

Boyle then goes On to sov that ho asked Hooke to 
oontnvo n more effective mr pump 


“Wlioroforo to remedy those Inconveniences I put 
both Mr G(RATORIX) and R HOOK (who hath 
also the honour to bo known to y our lordship and 
wtv 3 with mo when I had those things under con 
sidoration) to contrive Bonio Air Rump that might 
not liko tho othor, need to bo kopt under water 
(which on divers occasions is convenient) and might 
bo more easily managed And a Her an unsuceoesful 
trynl or two of wnva propos'd by others, tho lad 
named Person fitted mo with a Pump nnon to l>o 



FI* 1 JtoytoaaJrfHuap boJIt for him \rj Roisri ITooW )d 
Thli *r»i a noUhl* advance mO v m punr rin<-c the 

rranulM eodwirr wa* eaitty Ible *rwl lb® rutrirt 
mabltd onr man to ojvrate the p«tnp wltbnst undof tOrM 
Hooke later built * dottMP'*ctlne ptfrop *um nrn n-w 

<• ffcriln* and In opeM'h'* 
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described And tints tlio first imperfection of tlio 
German Engmo, was m good measure, though not 
perfectly remedied” 

Tho cylmder of the pump -was bored in London , 
but the rest of tho maclnno was constructed by 
Hooke in Oxford Tlio technical difficulties woro 
evidently enormous Boylo goes on to say 

“Your Lordship will, porhaps, think that I ha\o 
been unnecessarily prolix in this first, part of my 
Discourse But if you had seon how ninny unexpected 
difficulties tcc found to keep out tho external Alt, 
oven for a littlo while, when some considerable part 
of tho internal had been suck’d out, jou Mould por- 
ad\onturo allon that I might liavo set doun more 
circumstances than I ha\ o, Mithout setting down 
any, whose knowledge, he that shall try tho experi- 
ment, maj not hnvo need of” 

Once an efficient air pump Mas nv affable, there 
were manv experiments which could bo performed 
One of tho first imostigations carried out bv Bo\lo 
was mto tho relationship betnocn the pressure and 
volume of a gas 

This led to tho enunciation of ‘Bojlo’s Lav’ or 
‘Bovle and Mariotto’s Lnn after its confirmation bj- 
Manottc in 1076 Although Bojdo does not oxpheith 
name Hooke as Ins assistant and collaborator m 
tins work, Gunthor* bohoves that ho was At this 
time Bojdo m as suffermg from n eakness of oj'csight , 
and he also complained of a lack of skill in geometry 
which mado him “both unn filing and unfit to engage 
in any Study whore tho conversing mill Jlalhe- 
matical Schomes is noccssarv” Tlio suggestion is 
that Hooke, a skilled oxporimenter and a \erv able 
geometer, -was, m fact, mainly responsible for tho 
enunciation and proof of Boyle’s Lnn 

Hooke himself carried out mnnj* experiments with 
the air pump In 1002, having been released by 
Bojdo, ho wont to London as curator of experiments 
to the nowlj'- formed Boj r al Sociot\ r In this capacity 
he had to demonstrate different experiments two or 
three times a week for tho delectation of tho Follows , 
and m many of theso he used either tho air pump, oi 
the condensing engine, a compressor which ho built 
in 1062—23 For oxamplo, in April 1003 we find 
Hooke experimenting with water froed of air which, 
accordmg to Huygens, did not subside m a Torri- 
cellian tube , and later, air was removed fiom above 
and within watei conf ainmg various fish to see winch 
would die soonest 

This work with fish undoubtedly stimulated an 
interest m tho gonoral problems of respiration and 
combustion, and wo may suspect that this was not 
unconnected with tho interest that tho Royal Society 
was then taking in tho problems of diving In 1004 
we find Hooke giving an account of an experiment 
with two birds, ono of which was kept m comprosscd 
air and tho other in air at ordinary atmosphouc 
pressure He also constructed a container, largo 
enough to hold a man, which could bo partially 
evacuated by tho air pump Hooko experimented on 
himself m this device, thus anticipating modem 
investigations mto human behaviour under reduced 
atmospheric pressure He tells us that when a 
quarter of the initial air had been extracted ho was 
able to endure foi “somewhat above a quarter of an 
hour without any othei inconvenience than feeling 
some pain m his ears, and finding himself deaf” 
During this experiment Hooke took a lighted candle 
mto the container and discovered that it was ex- 
tinguished long before ho experienced discomfort 
Other experiments carried out at this time involved 
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the development of an air gun, fho measurement of 
air pressure and experiments with diving bolls , but 
tho most important aspect of this period of oxperi 
mentation is undoubtedly tho insight which tho mo 
of flic air pump gave Hooke info tho mochnnism of 
eonrhustion and inspiration Tho culmination of thi 3 
work was, in fact, the publication bv Hooko in 1004 
in “Microgrnplnn”, of his theoiy of combustion 3 
In 1080 Dorns Rnpm, who invented tho ‘digester’ 
(tho prototype of the modem pressure cooker), joined 
Hooko as his assistant He later developed a ‘steam 
pump* in which water was forced, bj r expanding 
steam, into a container from which it was ejected, 
under pres-urro, on to tho paddles of a water-wheel, 
and Him bus been regarded In some French authors 
ns tho first steam engine 

Papin s claims m this diieetion, however, must, 
ono fools, rest on his coni libations to tho dovolop 
ment of the atmospheric engine For some tunc on 
tho Cont mont thero had been interest in tho possibility 
of pioducmg power bj using tho pressure of iho 
at niosphere to forco a piston along an evacuated 
cvhnder Various wavs of producing tho vacuum 
hail been tried Guericke 8 had described an oxperi 
mont in which a evlinder lmd been evacuated b\ 
using his air pump , Huvgens 7 bad blown t lie mr 
out of a cj Imder bv the detonation of a small charge 
of gunpowder , and Rapin' had used the apparatus 
shown in Fiji 2 to produce a vacuum bv tlio con- 
densation of steam Like manv other members of 
the Roval Soeietv at this time, Papin was aware of 
tho enormous problem of doming flooded mines 



. c m a s tsm i 2 i, — 

Fig 2 Papin s cylinder nnd plslon deilcc.lOPO (Crown copyright 
From nn eartobit in the Science Mmmm South Knmngton) 
Steam gonernted bj lient from flic flrenllcmcd tlio piston to rise 
to the top or tlio cjllndcr, uliore It nns locked in position bv tlio 
movable rod The dcifce nns remoicd from tlic fire , flic stenm 
condensed bj pouring cold untcr on the ej Under, and on 
releasing tlio piston It tens forced donn b\ nir pressure, tlnm 
raising the counterbalanced « eight 
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w luch were frequently distant from sources of -water 
power In 1685 he proposed a scheme for the trans 
mission of power over considerable distances A 
water wheel was to drive two largo air pomps , tho 
air contained m pipes attached to these would bo 
alternately rarefied and compressed at the mine tho 
auction and pressure would alternately lift water 
from tho mine and then oxpel it In 1088* ho proposed 
a modification of this in which a convoying pipe was 
t > bo evacuated by a water- driven an- pump , at the 
none the convoy anco pipe was connected by branched 
pipes and -valves to two vertical cylinders fitted with 
pistons these were connected by ropes to on axle 
( among a winding wheel around which was wound 
another rope earning buckets at each end As each 
\ lindor was evacuated In turn, external air pressure 
w >uld force its piston down, thus turning the wheel 
hi-,t clockwise then anticlockwise and hence the 
but keta would be alternately raised and lowered 
Hooke s influence on these projects and his con 
tnhution to the ultimate development of tho at mo 
spheric engine is now, unfortunately, undocumented. 
Our only evidenco of his interest and suggestions 
com vs from references mado by Dr Robison* of Edm 
burgh Among the latter e papers after his death 
was found a “List of Dr Hooko s Inventions which 
ccntained tho following sparse note, *'1678 proposed 
a Meam Engine on Newcomen’s principle , which 
implies that ho had anticipated later developments 
m this field Robison also damned to have seen 
among the Royal Society 8 collection of Hookes 
papers memoranda of a letter addressed to Thomas 
Newcomen, of Dartmouth these memoranda were 
h >wevor not in the possession of the Royal Sociotv 
m 1880 According to Robison, Newcomen and John 
Cawley, a glazier, were anxious to make an ongmo 
on tho lines suggested by Papm in 1688 Newcomen 
•was In touch with Hooko and wrote to ask his adv ice 
Hooke hod already criticized both Papina projects 
on the ground that the great compressibility of tho 
air in the conveyance pipe would result in negligible 
effects at the mine unless the water -driven pumps 
liad inordinatelv long strokes In replying to Now 
coinon Hooko said ‘Could ho [Papin] make a speedy 
t'ocuutn under vour second cylinder vour work is 
done *• 


This suggestion was tahon up by Newcomen and 
Cawley, who probably^ knew of Papin’s piston and 
cylinder experiment and who certainly know of the 
methods employed by Savory In operating his 
pumping machine The Miner’s Friend According 
to Stuart 10 , "They therefore made tho experiment 
of introducing steam under a piston moving in a 
cylinder and formed a vacuum by condensing the 
steam by an affusion of cold water on the outside of 
the steam vessel and the weight of the atmosphere 
pressed the piston to the bottom of the cylinder 

This method of producing a vacuum by tho con 
densation of steam had been patented bv Saverv 
An agreement was therefore entered mto between 
Savery, Newcomen and Cawley and thoy wore all 
associated m the grant of a monopoh for the atino 
spheric engine which was made in 1705 

The construction bv Hooke of the first efficient 
air pump undoubtedly exercised a profound effect on 
the development of science and technology in the 
second half of the seventeenth ccnturv Not onlv 
did the use of this machine lead to an understanding 
of the phvBical properties of gases and to a theorv 
of combustion which is strikingly similar to the 
modern theory , but also it focused attention on tho 
properties of systems of pistons and cylinders and 
the pressure of the atmosphere This was certainly 
important in providing tho climate of opinion in 
which tho atmospheric engrno could dovelop and 
as wo have soon, there is reason to believe that in 
thi3 development too, Hooke plaved a decisive part 
1 Gunther E T "Early Sdenre fn Oxford" 6 8 (Oxford JtCO) 
‘Gunther E T “Earlr Science In Oxford 6 6 (Oxford JttW) 
•Borte. It. “Vow Experiment! Phyrieo-mechanlcal looehlctj tlv 
aprlnn of the Air mid Its EfTret! Made for the moet pan In a 
N«w PnenmalloU Engine (Oxford 1640) 

* Oonth r E T “fUrlf Science In Oxford" 6 *3 (Oxfjrd 1030) 
‘Hooke B. ‘MJcrojrmrhla*’ 103 (London 1641) 

' Guericke O ron “Erperfmeuta nov»” (16“2) 

1 Harden 5 C "CEarrei Complete*” 6 S3 7 (The I {«-□<■ 169 0 ) 
•Panin D Tajdraloj dlw^riatJoalmn de nrrri« a!hu*dara nmchjni 
(Marburg 1695) 

* EobUon J article on The Steam Engine “Eocyelnprrdla Britan 

nlca” Third Edition “A Sr«tem of Mechanical Philosophy 
with vote*” by D Brewater (Edinburgh 1622) 
l * Stuart E. "A Descriptive Illitory of the Steam Engine" no 
(London 1521) 

Information about Hooke ■ experiment* on r«plrotIon and corn 
bc*tlon and with the air pntnp has been taken from “Early Science 
In Oxford” vol* fl and 


CANCER AND THE RESPIRATORY GRANA 

By Fc.of CARL C UNDEGREN 

Blologlal Research Laboratory Southern Illinois Unlvenlty Carbondale, Illinois 


W ARBURG S l thoory of tho origin of cancer 
proposes that tissue specificity enn bo achieved 
only by tho synthesis of substances which make tissues 
specificaTH different through oxidativo metabolism 
in the grnna which carry the oxidative enzymes 
Accordingly, tho loss of tissuo specificity begins with 
the loss of oxidative capacity through injury to tho 
prana Since a source of energy is essential tho cell 
enn only survive the loss of its oxidative apparatus 
if the oxidative apparatus is replaced by the ndaptrvc 
development of tho fermentative apparatus The 
lews of oxidative capacity is not reflected bv an 
immedmfr loss of tumio specificity but when tho 


injured cell divides and tho daughter cells begin to 
grow, thoy do not nchievo tissue spoeificitv because 
the energv produced bv fermentative metabolism 
cannot produce it W arburg turn focused attention 
on the oxidative prana of tho cell, mutation tho 
carcinogen otic poisons, viruses mechanical imta 
tions, anaorobiosis radiation and nil other indirect 
causes of cancer and influences similar to hormonal 
control are assumed to affect the nutononious gmna 
and thus to affect tissue specified v onlv through 
their action on the gmna "Warburg has unified all 
ideas concerning tho onpin of cancer into n ample 
concept involving material organelles cnpnbli of 



NATURE August 8, 1959 vol w 


observation and metabolic investigation, thus mnking 
it possible to bring the phenomenon under test and 
observation In this respect, the theory is (ns War- 
burg says) the only explanation of the origin of 
cancer cells which con be “motabolicully specified” 
The essential aspects of the theory are summarized 
by Warburg “Cancer cells onginnto from normal 
body cells in two phases The first phnso is the 
irreversible injuring of respiration . there is only 
one common causo into which all other causes of 
cancer merge, the irreversible injuring of respiration 
“The irreversible injuring of respiration is followed, 
as the second phase of cancer formation, by a long 
struggle for existence by the injured cells to main- 
tain their structure, m which a part of the cells 
perish from lack of energy, wlnlo another part succeed 
m replacing the irretriov ably lost respiration energy 
by fermentation energy Because of the morpliolo 
gical inferiority of fermentation energy, the highly - 
differentiated body cells are converted bv this into 
undifferentiated cells that grow wildly — the cancer 
cells ” 

Although Warburg’s theory concerns the problem 
of dedifferentiation, it does not explain how the cell 
became differentiated It has been pointed out bv 
others that the cancer cell is not dedifferentiated 
back to the embryonic level but always retains some 
characteristics which make it identifiable with regard 
to origin. Thus the loss of tissuo specificity docs not 
involve complete but only partial ‘dediffcrontiation’ 
Differentiation is also achieved in organisms in 
winch defined cells do not exist, since the Ascomycotes, 
which are ccencytial, are highly differentiated Even 
though the nuclei flow freely through the false septa 
throughout the thallus, differentiation into mycelium, 
comdiophoro and comdium is achieved m circum- 
stances so fluid that no specific cell can bo identified 
Tins differentiation requires, liko all other differentia- 
tion, the activity of many genes, sinco many noncom- 
dial forms of Neurospora are known each of which 
is the plienotypo of a different recessive allele It may 
be inferred that differentiation is effected differently 
in cellular and noncollular organisms 

Although we all speak freely about ‘veast coils’, it 
should be pointed out that phylogenctically yeasts 
are also noncellular organisms which graduate from 
mycelial or ccencytial forms to budding varieties 
all of which seem to be relatively closely related 
The so-called yeast ‘coll’ and its bud is simply a 
ccencytial form which partitions single nucleate buds 
with a surrounding wall, much os Neurospora forms 
nncroconidia Although this might seem like splitting 
hairs, it is a vital point m cell theory The ‘col! 
that W arburg means is the coll of a multicellular 
organism 

A dominant scientific theory remains the dominant 
theory until it is replaced by a subsequent theory, 
because scientific effort can only bo carried out under 
the segis of a theory which restricts the activities and 
directs the efforts toward the examination of funda- 
mental principles Warburg’s theory is to-day tho 
dominant theory , by unifying the concept Warburg 
has made all other ideas concerning the origin of 
cancer subsidiary to his In tho absence of an alterna- 
tive theory, one does not reject a theory by indicating 
extreme dissatisfaction with it (for example, Wein- 
house 1 ), smee no scientific activity is conceivable 
without a guiding theory Tho most adverse criticism 
notwithstanding implies acceptance ipso facto 

The first step m criticism of the theory is the 
specification of the assumptions upon which it is 


based Warburg hns assumed (l) that tho ascites 
tumour coll is a typical cancer cell , (2) that differen- 
tiation and tissue specificity in collular organisms are 
achioved by oxidative metabolism of tho gmna (tho 
respiratory grnna have functions other tlinn tissue 
differentiation, since they jilny an active part, in the 
metabolism of yeasts) , (3) that tho grnna nro auto 
nomous , and, therefore, (4) that the oxidative 
apparatus cannot bo synthesized dc noio (recent, 
unpublished, experiments in this laboratory lmvc 
revealed that resjnratorv-deficicnt yeast eclLs, which 
nover recover respiratory cnpncitv spontaneously, 
can in certain unique conditions become respiratory - 
sufficient by exposure to y east homogenates), 
(fi) that cells which have lost oxidative capacity may 
obtain their energy bv fermentation , (C) that 

division of these fermentative cells lends to the loss 
of tissuo specificity', since they cunnot obtain the 
oxidative cnorgv essentinl to differentiation , (7) that 
such cells can neither fit into tho tissue to perform 
the tissue function nor be restricted by tho agents 
which restrict the differentiated cell and, therefore, 
form tumours , (8) that oxidative capacity' can bo 

injured (a) by oxidation of narcotics on tho grana, 
[b) by r direct action of specific poisons, (c) bv annero 
biosis, (d) by' radiation and (e) by various other items 
which are carcinogenctic Research aimed at under- 
standing cancer (as distinguished from applied re- 
search mined at methods relieving the symptoms 
studv of surgical procedures, discovery of drugs for 
destroying cancer bv Inrge scalo cam asses, etc ) 
requires an investigation of tho validity of these 
assumptions and a reformulation of theory depending 
on tho results of such investigations 

AVarburg’s theory presupposes that the aerobic 
apparatus is a recent pin logcnct ical achievement 
It is clearly a lato, nlmost certainly' tho last, great 
advance made by’ tho free cell in evolution, since it 
could only' occur after photosynthesis had made 
oxygen available Its recent integration into the 
cell probably' accounts both for its autonomy and its 
vulnerability (Tho respiratory' grnnu and the 
chloroplosts aro both autonomous structures which 
were obviously integral cd into the cell recentlv, 
presumablv before multicellular organisms evolved 
It is reasonable to suppose that tho chloroplast was 
the original symbiont added to tho cell — or to the 
cicncyto — and that it later evolved into tho rcspirn 
lory' granum with tho ndvent of oxvgen ) Since the 
autonomous aerobic apjiaratus seems universal, it 
may have been perfected when cells existed onlv nx 
free cells, before tho advent of the differentiated 
multicellular Motaphyta and Motazoa The adaptive 
onzvmic fermentation in y'cnsts, which is normallv 
achieved by oxidative metabolism, may also be 
achioved bv fermentative metabolism, albeit more 
slowlv and less efficiently' AA'arburg might soy that 
enzymic adaptation in single colled micro organisms 
is a ‘cytoplasmic’ activity and thus different from 
‘true’ tissuo specificity in multicellular organisms 
On this theory, truo tissuo specificity may have 
appeared after the ndvent of oxygen 

A striking difference botwoon y’oost colls and mam- 
malian colls lies in thoir means of obtaining onorgv 
Yoast colls, unkko mammalian colls, have two soparato 
fully' functional systems for supplying adonosino tri- 
phosphate — an oxidativo and a fermentative sy'stem 
Yeasts can grow oxidatively' or ferment ativ ely w ithout 
previous preparation, unliko tho mammalian colls 
winch can adjust thomsolvos to a fermentative 
mode of existence only (according to AVarburg) 
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b> alow degrees In tins sense, mammalian cells are 
almost obligato aerobes No obllgately aerobic yeasts 
are known since the anaerobic motabohsm m yeasts 
is always available aa a source of energy In some 
\ easts (in which the acrobio pathway has been lost) 
the anaerobic pathway is the only source of ad ones 
mo triphosphate Yeasts are mnrkodly different 
from the filamentous fungi, like Neurospora, in which it 
is difficult to demonstrate the fermentative pathway 
and which resemble mammalian tissue m growing 
onl> poor!} , if at all under anaerobic conditions 
This discussion suggests that tho yeast cell can 
provide a fruitful research objoct for stud} of the 
M-nsitivity of the respirator} apparatus and thus a 
guide In the evaluation of carcinogens Man} kinds 
ii poisons hn\ e boon tested with this view in mind 
An mt crest mg poison which was introduced to us by 
I )r beymour Hutnor Is propamidine Isethionate It 
widely used in the tropics os a specific for kola oxar 
It is thus important to know whether or not it raaj 
\m carcmogenetic Our present indications are that 
it destroys tho respiratory apparatus too completely, 
too rapid I> and too specifically to bo a carcinogen — if 
l he data from yeast cells aro transferable to humans 
\\ hen yeast cells aro smeared on the surface of an 
agar plato and a papor filter pad saturated with a 
solution of 1750 p pun of propamidine lsothionate is 
placed in tho middle of the plato a rone (several cm 
w ide) appears around the disk in which tho yeast 
cells grow abundantly but m which none of the cells 
is capablo of utilising oxygen Since the original 
« ultuces wore respiratory sufficient* it is inferred 
that propamidine lsothionate has destroyed the 
respiratory apparatus The living cells in the tone 
around tho disk have been irrevermblv transformed 
in'o obligato anaerobes This is demonstrated by 
inoculating tho colls from the rone into a peptono 
-extract broth containing sodium acetate as 
tho major source of carbon The medium contains 
phenol red as an indicator, and if a single coll with 
an intact respirator} apparatus is introduced into 
this medium it will grow and the medium will turn 
deep red due to the increase in pH 3 Although colls 
from the area surrounding the disk grow well in 
glucose broth transfers to tho acetate broth never 
produce on alkalino reaction proving that all tho 
cells have lost thoir ability to respire acetate and 
hence are respirator} -deficient. Tho conclusion that 
propamidine lsothionate has destroyed the respira 
tory apparatus irrovorsibly seems irrefutable It also 
appoars to have achiovod this end with relativol} 
little harm to the coll otherwise 

This experiment is simplified b\ using a yeast which 
is incapable of synthesizing adonine since strains of 
this kind with an intact respirator}’ apparatus arc 
pink while the respiratory doficiont strains are white* 
When this oxponment is performed with a pink yeast, 
the joost which appears m the zone surrounding the 
disk is wbito although it remains adonino-depondent 
White colls from such a plate always fail to grow 
aftor transfer to the acctato broth, justifying the 
inference that all the colls have lost their respiratory 
apparatuses since a single cell with an intact respim 
tory apparatus would bo ablo to utilize tho acetate 
and grow in tho acotate broth A poison of this type 
which acts abruptly and complete!} on tho reepira 
tor} apparatus might bo assumed on Warburgs 
theory not to bo carcinogens do becauso it acts so 
quickly and coraplotclv that tho mammalian cells 
(which do not have a fully formed onaorobic pathway 
nvallablo and waiting) would not bo ablo to adapt 


themselves to anaerobic growth Tho phenomenon 
demonstrates the extreme sensitivity of tho respira 
tory apparatus to a poison which lias little or no effect 
on the survival of the coll 

Warburg’s theory assumes that low ox}gen tension 
can lead to crippling of tho autonomous grana and 
thus to cancer Warburg s inference that respiratorv 
ileficiono} could be induced by anaerobiosis was 
confirmed by Hino and Lindcgren* using yeast 
(Rospiratorv-deficient yeasts induced by annero 
biosifl or b} a vanet} of other treatments are com 
plotoly capablo of maintaining their structural 
integrity permancntl} from generation to generation 
although all the coil’s energy is supplied on]} by 
fermentation Warburg quoting Pasteur stated 
that not even yeast which is ono of the lowest 
forms of life can maintain its structure permanentlv 
by forraentation alone it degenerates to bizarre 
forms ’ Tins v icw concerning the stnbilit} of voaat 
grown exclusive!} anaerobically is in error but this 
faot lias no bearing on tho vnhdit} of Warburg s 
theor} of tho origin of cancer since it nofther sup 
ports nor invalidates any of tho assumptions upon 
which the theory is based ) Both Samchoh 4 and 
Harris 7 failed to confirm the induction of respiratorv 
deficiency m yeast by anaerobiosis In three haploid 
cultures Hino and Lindogren found that tho fro 
quencies of respiratory-deficiency under aerobiosw 
wore, respectively 1 7, 2 8 and 3 2 per cent, while 
the somo cult uroa grown onnerobicallv produced 
respectively, 14 0 8 C and 8 0 per cent Two diploid 
oultures under aerobic conditions produced respcc 
tivol}, 0 8 and 0 0 per cent rospirntory-deflciencv 
and 1 0 and 0 2 por cent under anaorobic conditions 
In one tetraploid culture tho frequency of respirator} 
deficiency rose from 0 0 under aerobiosis to 0 3 per 
cent under anaerobic* is It is clear that the haploid 
state provides tho clearest demonstration of the effects 
of anaerobiosis on respirator} -deficionc} , and it is 
not surprising tliat noitbor Samchoh nor Hams 
detected this effect since they did not use haploid 
cultures Anaerobiosis (unlike propamidine lsethio 
nato) induces only a low froqucnc} of respiratory 
deficionov the effect of propamidine isothfonnto is 
total Anaerobiosl* produces relatively minor 
damages which might be progressive If repeated 
since only a few of the grana ore affocted in most 
cells and onl} rarol} are all destroyed Anaerobiosis 
is inferred to be on offoctlvo carcinogen since it 
only reduces partially tho energy availablo from 
aerobiosis and thus onabloe tho cell to survive long 
onough to adapt the dormant fennentativo system 
Recent work in this laboratory 1 lias provided an 
example of another kind of induction of respirator} 
doficioncy in yeast. Caffe i no induces respiratorv 
doflcionc} in yeast cells sonsitivo to caffeine with much 
higher frequency than m cells resistant to cn fib in o 
Growth in caffoino is on]} achiovod by an adapt ivo 
process, presumably an enzymic adaptation Both 
resistant, and sensitivo yeast cells pas* through tho 
adaptation but the adaptation of sensitive colls is 
characterized by tho simultaneous induction of an 
oxtremolv largo number of respiratorv doficiont cells 
Although emo nmj assume that tho total induction of 
respiratory doflcionc} by propamidine isothionato is 
due to the direct action on tho grano tho Induction 
of respiratorv doficioncy which occurs when caffeine 
sensitive colls bocomo adapted to caffoino mn\ 
bo duo to injur} of grana, not b> direct action 
of caffoino upon tho grana but through tho metabolic 
stress imposod b> oxidative f tw cofr 
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The metabolic stress of adaptation cun be observed 
cvtologicallv Several years ago when interest m the 
laboratory centred on adaptation of yeast to galac- 
tose, yeast cells were critically observed during adap- 
tation In the early stage of adaptation most cells 
were not budded and did not stain with methylene 
blue (Non-stamability is tho standard criterion for 
viabihtv ) Just before adaptation was achieved (ns 
indicated (1) by tho absence of budding , (2) by the 
failure to accumulate glycogen , (3) bv slow utiliza- 
tion of galactose) nearly all colls beenmo stainable 
with methvleno blue In other circumstances this 
would mchcate that the cells were non-vmble Short h 
thereafter, however, at least 80 per cent of the cells 
produced buds, lost their stainabilitv with mothjlcno 
blue, and vigorous fermentation of galactose occurred 
Tins is interpreted to mean that the stress of adapta- 
tion had exhausted most of tho reducing reserves of 
tho yeast cell, permitting it to stain with methylene 
blue, but that this deficiency was mado up as soon as 
sufficient galactose became available 

An important use of Warburg’s theory is foi pre- 
dicting the possibility that an agent is a caicinogcn 
from its action on tho respiratory grana On this 
theory', propamidino isothionato is predicted not to be 
carcmogenctic whereas anaorobiosis and caffeine nro 
The dye janus green, which acts specifically to stain 
the respiratory grana and which is singularlv effective 
in preventing sporulation in yeasts, is predicted to 
be non-carcmogenetic Incidentally, the spomlative 
process m Saccharomyccs is an especially useful point 
for testing the effectiveness of various toxic agents 
on the respiratory grana, since it is a highly specific 
kmd of differentiation which is achieved only aero- 
bically The viow that viruses mtiv cause cancer 
can also be deduced directly from Warburg’s theory 
Warburg inferred that a great variety of metabolic 
disturbances could inactivate the respiratory appara- 
tus, and experimental evidence from v easts supports 
his v lews Since many viruses grow m the cy toplasm 
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without killing the cell, they are disturliers par 
excellence of cjtoplasmic metabolism and might he 
expected rondily to cause the destruction, inactive 
tion or malfunction of the grana Viruses inhibiting 
the nucleus would be predicted to be not nearly so 
effective 

Eplirussi* was tho first to speculate concerning the 
chemical mechanism bv which tho respiratory grana 
of tho yeast coll could lie destroy od He assumed that 
since ncnflnvine 1ms an affinity for nucleic acids it 
was mutagenic and he found that it induced respira- 
tory deficiency. Ephrussi was unaware or the fact 
that Stier nnd Castor 10 lmd previously induced 
rospimtorv doficicncv with evnnidc. nnd Whelton 
and Plinff 11 had shown that etliydeno oxide is extremely 
efficient in producing the same effect It has become 
mcreasinglv evident that a great variety of sub 
stances induce respiratory deficiency in v easts cop 
per and manganous salts are recent additions 
Whether these substances act directly ns propamidine 
isethionale appears to, or indirectly ns temperature 11 
nnd caffeine adaptation, it seems clear that study of 
tho phenomenon should he revealing in terms of the 
nature of tho respiratory grana nnd therefore, of 
carcinogenesis 

This work has been supported in part by o researcli 
grunt from the American Cancer Socictv 
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THE NEW MARINE BIOLOGICAL STATION ON HELIGOLAND 

By Dr J N. CARRUTHERS 

National Institute of Oceanography, Wormley, Surrey 


M AXY years before tlio island of Heligoland 
parsed from British to German ownership in 
1890, it was popular with distinguished scientists 
from Germany and other Continental countries for 
marine biological pursuits, because the waters 
bordering the German mainland yield only a small 
part, of the faunal range characteristic of the open sea 
In the Baltic, the low salinity of the German waters 
there is a limiting factor and in tho North Sea the 
turbidity is such Moreover, m the North Sea the 
wide belt of mainland shore which dries out at low 
tide militates against the establishment of a first- 
rate German marine biological station there Well 
before 1850, men whoso names were to become 
world-famous m tho domain of marine biology' wero 
frequenting Heligoland because of tho much better 
natural conditions which exist there 

So long ago as 1835, Ehrenborg had investigated 
the origin of biolumincscence while working on the 
inland nnd, ten years later, Johannes Muller had 


there formulated now ways of investigating tbo life of 
the open sea In 1805 Anton Dolim (later of Naples 
fame) and Ernst Haeckel of Jena were conducting 
researches from the island, nnd, within two venrs of 
its cession to Germany , a marine biological station 
had been founded with F Heincko ns first director 
During tbo twenty-eight years of bis tenure of tbo 
post, lus famous work on tho natural history of the 
herring and on the plnico was carried out In those 
days tho Station was housed m more than thirteen 
separate buildings and its own staff of eight scientists 
and sixteen technical assistants bad to find room for 
sixteen guost workers Not until it was possible 
(m 1920) to take possession of a largo building freed 
from naval use did it become possible to conduct 
tuition courses, and tlio first of those was attended 
by a class of thirty 

Many British oceanographers will well remember 
Heineke’s successor — tho genial and talented 
W Mielck, who was head of tho Station during 
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1930-33 'When itB enlargement was completed m Schleswig Holstein This Land not being financially 
1937, the name 4 'Wilhelm Mielck Hans” was given to able to shoulder the expense of such an ambitious 
jiart of the multi Btonod construction The last project, it came about that tho Bund Ministry of 
director of the Station to be appointed before the Land Food and Forests oventuflll> did so 
Second World War was A Hngmeier, who held the Much space would bo needed to gno an adequato 
post on tho island from 1934 Until after hostilities account of the impressive proceedings of Tune 19 
imd broken out He remained the nominal director lost, •when the fine new Station which has nrwon on 
of tho Station until his death m 1063 Until shortly the ruins of the old was formally declared opon in the 
IxTore that time, he had been resident in Sylt at presence of a large concourse headed b\ Bundes 
tho dopondont Ellenbogen Station near List Whilo minister Dr Lfibcko who has since been elected 
there Hngmeier spent much effort in tho furlheranoo President of Western Germany in succession to 
of marine biological research and was able to adapt Dr Hcuw Ministers of Schleswig Holstein were 
a vacated army bmldmg in List to provido a two present German oceanographers were there in 
roomod laboratory on the harbour side in which number guests from the Netherlands Itolj and 
instructional courses could bo given Already bj Bntnm attended and an English fisheries research 
1949 the number of visiting students had reached 170 vessel (Sir Lancelot) had como from Lowestoft 
When, in 1952, the island of Heligoland was made The Director of Fisheries Research in Britain was 
free of access again and declared ready for building present greatlj to the gratification of Dr A BQch 
operations to Btart Hagmoier was 
nlrcady prepared wnth plans for 
reconstituting tho renowned Bio 
logischo Arista] t on it Though 
it is not by anj moans the case 
tlrnt all German marine scientists 
were in fav our of tho project, 
the marine biologists for tho most 
part wore bo 

In pro 1939 days, the “Biologiaiho 
Arista! t Helgoland' came under 
Prussia and ono may read, in old 
reports of tho Government, of 
that Stato having furnished 400,000 
marks for -tho rebuilding wluoh 
began w tho winter 1026-20 
wlion serious thought was given 
to rebuilding tho completely do 
molished Station somo years after 
the end of tho Second World War, 
llOWOV Or, tho island had como under KJc 2 Entrance to the tqnaritnn with ton the rtfhf) the \erand«h *ronr<! ll» 1 1« ° 
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roann, director of the new Station, who recullod the 
close associations between Lowestoft and Heligoland 
during the jears between the wars Most of the 
guests had been carried from Cuxliavon in the very 
fine German research \esscl Avion Dohrn, which 
has alieady much first-class work to her credit despite 
her youth 

Speeches and a toui of the now Station were the 
business of the first day — followed by a reception and 
supper aboard tho Anion Dohrn. The second dav 
(Tune 20) was devoted to a scientific conference in 
the commodious lecture room After a Fcsttorlrag 
by Dr J Verw cy of Den Holdor, ho opened a general 
discussion on what should be the scientific activities 
of marine stations After this topic hnd been debated 
very wideh with no lack of participants. Dr A 
Buckmann gave a very detailed account of tho 
programme of work which he lias in view for Ins fine 
now Station From what lie said it was quite clear 
that great carehad been taken to build as economically 
as possible m erecting tho long low buildings which 
are such a contrast to those standing when the former 
building programme ceased in 1937 Because practi- 
cally everything had to bo transported from tho main- 
land at great additional expense and with dependence 
upon weather, it is perhnps not surprising that the 
cost to the Bund Ministry was in the neighbourhood 
of six million DM (about £0/11 million) 

The divisions of activity provided for under the 
general leadership of Dr A Buckmann who remains 
resident m Hamburg, where he is professor of fisheries 
biology in the University of Hamburg are roologv , 
animal pin siology, botany, microbiologv , plnnkton- 
ology and fisheries biology Tho first of these dn lsions 
has a staff of three scientists with the Director as 
leader The other divisions have two scientists coch, 
except for microbiology, which lias only one It 
seemed surprising that there is no special provision 
for the hydrographical w ork which is essential before a 
proper study can bo made of the relationships between 
the marine fauna and flora and tho environment An 
island like Heligoland must afford wonderful oppor- 
tunities for studying what differences exist m the 
marine life as between what must usually bo tho 
lee and weather sides 

There are many things of great interest w ith which 
a worker trained in the physical side of oceano- 
graphy could occupy himself working from tho now 
Station Questions olicited the remarks that expense 
had to stop somewhere, but that visiting workers on 
any aspect of oceanography would always be mado 
most welcome — as evidenced by the groat amount of 
laboratory space set aside for guests 

It is a \ ery praiseworthy featuro of post-War 
German marine scionco that excellent collaboration 
exists between the Heligoland activities led by Dr 
Buckmann, the German Hydrographic Institute, the 
German Scientific Commission for Marino Research, 
the Institute for Fisheries Biology of tho University 
of Hamburg, the Bremerhaven Institute for Marine 
Research and the University of Kiel This close 
working together has led to really notable achieve- 
ments m respect of investigations on the high seas, 
and German oceanographical investigations made 
durmg the Polar Front Survey within tho Inter- 
national Geophysical Year programme are of high 
merit 

Along the southern face of the mam block of the 
new Station are the laboratories m use by the staff 
and the rooms used for the dispatch of animals to 
universities and other customers Tho northern face 


August 8, 1959 VOL 184 

contains tho laboratories for guest workers and 
students The public aquarium, with ull its comph 
cated technical ‘plumbing’, and tho aquaria for 
research and growth studios constitute n separate 
block An impressivo featuro of the aquarium which 
those with memories of tho pro-Wnr Station will 
recall has been provided anew and m duplicate 
Quito detachod and centrally placed nro a pair of 
circular ‘tanks’ m tho form of v ery largo glnas vertical 
cylinders rising to a considerable height from the 
floor Co axially placed within each of them is an 
opnquo vortical cylinder of considerable diameter 
which has a sanded surface An a result, fast -swim- 
ming fish such ns herring, mnckcrel and hake can 
swim swiftly around and around in the annular water 
spaco without knocking into the external glass or 
being crowded into comers It is a wonderful sight 
to see tho fish incessantly swimming around on their 
(to them) endless journey Great value is attached 
to the fine supplj of excellent son-water pumped m 
from tho end of a mole, and to tho fact that all the 
‘plumbing’ is of plastics One sees handsome arrays 
of bright green and red piping more or less c\er\- 
whcrc The Station’s cutter Uthom, which is 24 5 
metres long, of G 4 mot res beam and of draught 
2 G metres, docs 8 knots under tho dmo of her 
150 h p engine She is excellently equipped with 
instruments and is of great uso in enabling the 
scientists to dredge m tho Heligoland Rmno, which 
is one of tho deepest parts of the southern North Sea 
and has a fauna of particular interest Two motor 
bonts are also available. 

It w’ns cmphosi7od that to run a innrino biological 
station to day is a vastly different affair from wlmt 
it was in Anton Dolim 's day Tho mass of ox-pcnsive 
and costly apparatus which hnd already become 
necessary a decado and moro bnck has been much 
added to by the requirements for work with carbon-14 
and other isotopes Tho new Heligoland Station is 
well equipped for work with eight or more tracer 
elements 

Heligoland wns always n favourite holiday resort, 
and already some cloven hundred permanent inhnbi 
tants arc housed again on tho island to mako tho most 
of it ‘Day tripping’ from tho mainland is also a verj 
intense and paying business Durmg tho summer the 
multitude of visitors contribute to tho Station’s 
funds by way of their payments to visit the nqunnum 
In winter when the visitors no longer como, the 
scientists of tho Station can use tho largo annular 
‘tanks’ described abovo of 25 m 3 capacity for studies 
on tho swimming of migratory fish 

About fifteen guest investigators pursuing quite 
different lines of work can work in association with 
tho thirteon scientists of tho Station, and great help 
is given m tho matter of lodging to guests whose 
visits take place m summer By throwing two large 
classrooms into one, thanks to a movable partition, 
a lecture room with ample accommodation for fifty 
students bocomos available Provision is mado for 
visiting university teachers to bring studonta to tho 
Heligoland Station for classes lasting somo weeks, 
and facilities are afforded for tcacliors of biology and 
others to attend rofreshor couses 

The complex of buildings, which has a total frontage 
of 120 metres, moludes a special basm in which n seal 
will live This, with glass 4 cm thick, is most in- 
geniously constructed Outside, walking on a balcony, 
paying visitors will bo able to look down on tho seal 
from above From msido tho building the visitors 
wall look into tho tank illuminated by daylight from 
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above and will see many smart movements imposed 
upon the seal by the clever internal ‘architecture of 
the tank This fine basin recalled the modest 
accommodation which tho seal living In the Heligo 
land aquonum many jeers ago had to be content 
with 

As with tho Station of former tunes the very 
appropriate speech from Goethe is in evidence It 
now faces us set into tho wall in large bronze capitals 
as we enter through the mam publio door ‘ Alles 
Ht aus dem W osser Entspnmgen alles wird durch 
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das Wasser erhalten, Ozcan g$nn una Doin ewirros 
Walton 

It was duo to the kind generosity of tho Bund 
Ministry that I was able to attend the impressive 
re-opening For those who would know ver\ much 
more about tho new Biologischo Anstalt Helgoland, a 
full account written by its director exists 1 and a 
shorter one by one of his assistants* 

‘Mckmann A- JJtboi TTto iUrretuntert 7 Hen 1 1-60 (H*m 
burg 1039) 

* Ilempe! 0 Dit I7»uefas 12 *33-i (Frankflurt am ITaln 10M) 
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Prof E Percfval 

A. great blow has boon dealt to marine and 
freshwater biology m New Zealand by the death 
i n July 15, in Christchurch, of Prof Edward 
1 rreivaL Prof Percival who was bom in 1893 was 
* Ip* ted to tho chair of biology at Canterbury Unrver 
sit> College, os it was then called, in 1928 after serving 
as lecturer in tho Department of Zoology at the 
l ru varsity of Hoods, whore ho was assistant to tho 
late Prof Walter Garstang During 1028 ho worked 
as a temporary naturalist in the Plymouth Laboratory 
on tho ecology of the Rivers Tamar and Lynhor and 
he will be well remembered by those who know him 
then Tho son of a Cheshire farmer, Percival spent 
his boyhood in Lancashire, where he took tho national 
diploma in agriculture at the Hams Institute, 
Preston, and ho found much to interest him when 
ho came to New Zealand His early work on the 
ecology of rivers in Yorkshire led him to play a 
prominent part in trout management in acclimatiza 
tion society work in New Zealand and his experience 
in marine biologj in the United Kingdom was put 
to good use in guiding his research students and in 
advising tho polioies of various government depart- 
ments 

TTifl published work, amounting only to about a 
score of papers. Is not a sufficient criterion by which 
to judge tho man He had doclinod various ecadomio 
honours since ho maintained that such things were 
of no use to him Ho did, however, consent to bo 
elected a Fellow of tho Royal Society of New Zealand 

First and foremost he was a teacher From the 
elc-mentary to the postgraduate lav ol he never faflod 
to bring out tho best in tho human material set before 
him. His particular philosophies on the teaching 
and appreciation of biology will be long remombered 
hv nil those who came in contact with him, even if 
onlv as incidental associates 

For his advanced students he held a twioe-yearly 
field expedition to Monxios Bav ono of tho isolated 
little coves on Banks Peninsula, and ho took his 
students into tho field on almost ovory other week 
i nd during term, bringing a certain spartan approach 
to tho pleasures of animal observation which helped 
nno more fulh realize what is meant by ecology 
His aim was to produce, at the postgraduate lovol, 
a student well balanced in outlook, ablo to think, 
not to bo a storehouse of facts but to know where to 
turn to find what is obcadj known, and potontmlh 
rblo to go on m almost anj fiold of biological on 
deavour How successful ho has boon in this can be 
seen bv tho wndo distribution of his honours studonts 
in various positions throughout tho world 


The informal, and often quite unzoological dm 
cussions which he held m tho fiold and m the well 
remombered atmosphere of his rooms, togetlior with 
his novel methods of allowing notes to be takon into 
the examination room all helped to bring out what 
powers of oxpnvoijcm and thought were available in 
hia studonts Indeed, ho often remarked that he 
wished he could conduct his examinations m the 
University library for ho would know oven more 
easily the worth of his candidate*. 

Physically he was outstanding for a man near 
retirement, and in the field his strido and cnorgj in 
every activity provod more than a match for mo n 
the most athletio of his followers 
At the first encounter ho presented a rather for 
bidding aspect and was mol mod to bo of uncertain 
temperament but this, particularly in his later years 
was a variation on the theme of not suffering fools 
gladlj If one genuinely wantod holp, advice or 
onoouxagemont and if one had exorcised all ones 
resources bo fore approaching him Percival became 
the proverbial tower of strength and it was difficult 
not to find oneself being cast in his mould 

Apart from his long term studies on lakes in the 
Canterbury foothills and his interests in marine 
matters, his scientific work will long bo remombered 
for his fino studies on tho embryology of tho Brachio 
poda Percival was fortunate in having a localitv 
close bj whore thoso animals could casilj bo taken 
between tidoe on tho rocky shore and he was ablo to 
use his advantage to the full in producing hts studies 
on their development and growth Ho wns novor 
afraid to admit that lie wns wrong or that he did not 
know, on attitudo of mind which hod its o Sects 
particularly on his elementary students contom 
plating a career in teaching 

Pore teal's mfluonco oxtondod far beyond the 
cloisters of the University of Cant or bu 1*3 , and it 
would bo bard to exaggerate just how widely his 
teaching and stimulation linve lieon, and will con 
tinue to bo folt Elliot W Dawson 


Dr M R. Schafroth 

Dr. Max Robert Schatroth and his wife, Kfithi 
Schafroth («& Gomporlo) diod on May 29 , then 
were killed in an aeroplane crash in Northom Queens 
land Australia 

Dr Schafroth was bom in Burgdorf Switzerland 
on February 8, 1923 Ho passed lus matncula 
tion at tho Gymnasium in Bom m 1919 He then 
entered tho University of Bom m order to studv 
mathematics and physics later changing to ihv 
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Swiss Federal Institute of Technology m Zurich. 
He graduated at the latter in 1948, obtaining a 
diploma in mathematics and physics 

Thereafter ho commenced research -work under the 
direction of Prof W Pauli, who was professor of 
theoretical physics at the Institute and Nobel prize- 
winner of 1944 Dr Scliafroth obtained his doctorate 
degree m 1949 and -was thereafter appointed as 
assistant to Prof Pauli — a post ho held until 1£53 
During that time he continued research m collabora- 
tion with Prof Pauli in quantum field theorv and 
solid state physics 

At this stage the Scliweizer Arbeitsgemeinschaft 
ftrr Mathematik und Physik offered him an overseas 
travel grant for two j cars, which ho decided to spend 
in the Department of Theoretical Physics of the 
University of Liverpool with Prof H Frohlich 
After one year in Liverpool, however, ho loft Europo 
to accept a lectureship offered him by Prof H 
Messel in tho then nowly expanded School of Physics 
at tho University of Sydney Ho remained at tho 
University of Sydney until Ins death, having boon 
promoted to a senior lectureship on January 1, 1955, 
and to a readership on Januarv 1, 1957 In May 
1958 he was invited to accept tho chair of theoretical 
physics at the University of Genova, Switzerland, 
which invitation ho had accepted and intended 
taking up this post on September 1, 1959 

Starting mainly with his stay with Prof FiShlich 
in Liverpool, Dr Scliafroth becaino interested in the 
theoretical understanding of tho phenomenon of 
superconductivity Tins was also his chief research 
interest during his five years at tho University of 
Sydney Ho published soveral penetrating papers on 
this subject lnm«elf and also inspired contributions 


NEWS an 

Electrical Engineering at Newcastle upon Tyne 

Prof J. C Prescott 

Pbof J C Prescott, professor of electrical engin- 
eering at Kong’s Collego, Novcnstlo upon Tvno, 
retires this year Ho was elected m 1937, succeeding 
W M Thornton, who was the first holder of tho chair 
After studying at tho University of Liv erpool under 
Prof E TV Marchant, he enterod a college apprentice- 
ship with the British Wcstinghouso Company in 
1915, continuing later with that Company as research 
engineer Ho saw service w ltli tho RN VR during 
tho First World War, being attached to H M Mining 
School at Portsmouth After tho War, ho returned 
to the University of Liverpool as locturor m electrical 
engineering, whore ho was to remain for 18 years 
His early researches woro concomed with the behav- 
iour of constant-current dynamos, and this led by 
way of a study of the free period of coupled altomators 
to researches on tho inherent instabihty of parallol 
connected synchronous electrical maclunery His 
papers of this period reveal that oloctrical measure- 
ment and measuring instruments w oro also occupying 
a substantial part of his time For this work lie was 
awarded the degree of doctor of engineering by the 
University m 1931 In Newcastle bis research work 
has been concerned with synchronous governing of 
alternators, and further studies of tho stability of 
parallel-connected alternators have been made , 
latterly he has been engaged m an investigation into 


from others m the School Thcro can bo no doubt 
that his work in this field will go down in science as 
linvmg boon a major contribution to tlio undei 
standing of superconductivity Several papers by 
lum arc yet to appear These include a rev iov of the 
field in tho senes “Solid Stato Physics”, edited bj 
Profs Soitz and Turnbull 

Apart from this particular fiold of rosearcli, Dr 
Scliafroth was an export and inspiring locturor in the 
fields of statistical mechanics, solid stato physics in 
general and quantum field theory Ho brought into 
ins lectures something of tho qualities of lus old 
teaclior. Prof Pauli 

Tho death of Robert Scliafroth and of his wife 
Katin vv ill he a great loss to all who know them 

S T BuTLtn 

Mr H. W. Greenwood 

The death of Mr H W Greenwood occurred on 
April 30 at tho ago of seventy-seven In tho course 
of a veiy activo life, Mr Greenwood was associated 
with tlireo industries Boforo tho Firbt World War 
ho was a mining plant superintendent in tho south of 
Sjiam In 1919 ho joined Loto Photo Materials 
Company, manufacturers of photographic paper, 
nnd continued with tho firm after thoir amalgamation 
with Wellington Ward and thoir later amalgamation 
with Ilford, Ltd Since 1937 he had boon associated 
with Powder Metallurgy, Ltd 

Mr Greenwood wrote profusolv m nil tlireo rub 
jects, papers and books of a populnr hut wcll-mforrnod 
nature For mnny v ears ho was an important con- 
tributor to tho Bnttfih Journal of Photoqmphy 

IV D Ioxes 


d VIEWS 

tho performance of turbo/nltcmator governors, which 
is still in progress 

Tho Department of Electrical Engineering at 
Now castle has grown greatly m sizo during Prof 
Prescott’s tonuro of tho chair Under lus direction 
tho oxpansion has boon conducted so ns to proservo 
a balnuco botwcon so called ‘light’ and ‘heavy current’ 
oloctrical engineering, and to avoid too onrlv special- 
ization in undorgraduato courses Always plajmg a 
largo part m tho teaching activities of his Department, 
lie has consistent lv emphasized tho necessity for the 
teaching of fundamentals in umv orsity courses 
and has always insisted upon tho mamtonnneo of 
a lugh academic standard m Ins Honours School 
Like his predecessor, ho has boon active m tho affairs 
of tho Institution of Electrical Engmoors, being 
chairman of the North Eastern Centro m 1943-44, 
nnd has taken a continued mtorost in tho North East 
Radio and Measurements Group Coining from a 
literary family, ho is a man of uncommonly wide 
interests who holds tho respoct and affection of all 
who know' him His friends botli insido nnd outsido 
tho University wish him many v cars of activo and 
happy retirement 

Dr R L Russell 

Da R L Russell, who lias been appointed to tho 
chair of electrical onginoormg at King’s College, 
Ncwcnstlo upon Tyne, in succession to Prof J ^ 
Prescott, graduated B Se in 1938 and M Sc in 1939, 
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m mathematics at tlio University of Leeds Soon 
nftorwnrds, ho took up work in the Admiralty 
Dogaussmg Department at Portsmouth and Helens 
burgh and thus his first contacts with oloctrieal 
engineering wero made In 1942 whon tho magnotio 
mine had been overcome and thoro was an acute 
demand for radio mochowca, Dr Russell accepted 
lectureships on radio training courses first at tho 
Royal College of Science and Technology, Glasgow 
and then at Robert Gordon a Technical College 
Abordoon Ho wont from A herd eon to the Research 
Department of the British Thomson Houston Co at 
Rugby In 1940 ho was appointed as looturor in the 
Deportment of Electrical Engineering m the Tinner 
sity of Bristol, and m 1955 ho was promoted to a 

readership 

Towards the end of the War ho published certain 
papers of a semi geometrical nature mainly arising 
out of problems in radio engineering As tune has 
proceeded, he has turnod his oesentiafiy goo me tncol 
mind to a number of problems first in eloo triad 
measurements and then in relation to eloc triad 
machines Many papers have boon published m the 
Proceedings of the Institution of Electrical Engineers 
arising out of this work, which led to Russoll roam mg 
the dogroo of D So from the Umvoraity of Leeds a 
fow months ago Dr Russell a moat individual 
contribution to electrical engineering has been to 
observe tho possibilities which arise from feeding a 
throe pliase winding simultaneously at both ends with 
voltages of different frequencies This principle lias 
already had sevoraJ applications, and it is of interest 
to noto that Russell b predecessor in Newcastle, 
prof J C Prescott adoptod tho idea in relation to 
synchronous govoming A rocont PhD thesis on 
synchronous govoming presented at Kings Collego 
incorporated just such a double fed device 

Agricultural Botany at Leeds Prof J H Western 

Dr J H Western has been appointed to tho 
nowly instituted chair of agricultural botany within 
tho Department of Agriculture in tho University of 
Leeds He was educated at Avon croft Agricultural 
College, Evesham, and tho University Collego of 
Wales, Aberystwyth, whore he graduated in botany 
with agricultural botany In 1037 ho was award od 
the degree of Ph V , the subject of his thesis being 
Some Aspects of Biological Specialization in tho Oat 
Smut Fungi ’ In that yoor ho also took up an 
appointment at tho Wolsh Plant Breeding Station, 
Aberystwyth, whore he undertook research on 
diseases affecting horbngo plants In 1039 ho was 
appointed locturcr in agricultural botam and adviser 
in mycology in tho Um\ orsttv of Manchester, Jea\ ing 
in 1040 to take up appointment ns provincial plant 
pathologist- to tho Northern Province, Ministn of 
Agriculture and Fislicrioe, Newcastle upon Tyno In 
1951 lie was appomtod to his present post of senior 
looturor in agricultural botany in tho Department of 
Agnoulture in tho University of Lcods His mvoe 
tigntions liavo included tho problem of tho ‘choko’ 
disonso of cocksfoot (Dactghs glomcrata) caused by 
tho fungus Epichloe typhxna, and ho has boon 
rcsponsiblo for numerous publications 

Physiology at King’s College, London 

Prof R J S McDowall 

The retirement is announced of Prof R J S 
MoDowall from the Halliburton clmir of physiology at 
King s Collogo London This he has hold for thirty 
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six vears He lias perliaps beoome best known for his 
Ixioks Tiie most outstanding is "Control of the Cireu 
lation of the Blood , a monumental work with more 
than 9,000 references , but his ‘ Handbook of Physio 
logy of which he has produced eleven editions, lias 
been tho biblo of a generation of medical students His 
' Sane Psychology* has been reprinted four times 
Prof MoDowall s interests have been chiefly in tho 
circulatory system in which he has been on untiring 
worker and is a recognized authority He gave the 
Ohvor Sharp 3} Lecture of tho Royal College of 
Physicians m 1939 on this subject He has also been 
largely responsible for the formation of the Asthma 
Research Council and m recognition of this ho was 
made president of the fourth European Congress of 
Allergy held in London in September His enthusiasm 
and powers of inspiration are re floe tod by tho fact 
that thirteen of his pupils liavo become professors 
and of these sue have been in the Umvoreitv of 
London 

Prof I L D’Sf/va 
Paor J L D’Siia a has been appointed to succeed 
Prof R J S McDowall Prof D oilva first graduated 
in 1929 from King s College m ohemlstry Hts early 
interests were m organic chemistry and he was 
elected Sir Halloy Stewart Fellow in 1933 His 
attentions then turned to phymology, and appoint 
ments leading to the readership in physiology at 
St Bartholomew’s Hospital Modtcal College followed 
Hero he pursued his particular interests in tho offocts 
of adrenaline and adrenaline like substances on 
serum eleotrolytes In 1948 ho was appomtod to tlio 
chair of physiology at the London Hospital Medical 
College where his research contributions to tho under 
standing of respiratory mechanics again re flee tod his 
early interest m the physical sciences 

University of Malaya In Kuala Lumpur 

Prof R S Huang 
In tho artialo under the titlo 4 Uruvorsity of Malaya 
m Kuala Lumpur m Nature of August I, p 300, it 
was stated <lmt Prof R A Robinson had boon 
apjxnntod to tho chair of ohomistry It has now boon 
announced that Prof Robinson has declined tho 
appointment, which has been accoptod by Prof R L 
Huang, rood or m ohomistry in tho University 

Prof Rayson Lisung Huang was educated in Hong 
Kong first- at Munsang College and thon at tho 
University of Hong Kong After a year os demon 
strator In chemistry at Kwangsi Unhoraity, China 
Dr Huang wont to tho University of Oxford with 
two scholarships from tlio Rhodes Trust and tlio 
British Council to study under Sir Robert Robertson 
Ho gninod his doctorate as a result of this period of 
research on synthetic hormones Dr nuang thon 
visited the University of Chicago with a postdoctoral 
fellowship and studied for two yoArs under tho Into 
Prof 31 S Karasch and thon joined Prof Konrod 
Bloch as a research associate for a further year 
During those periods Dr nuang worked on free 
radicals and on tho biosynthesis of cholesterol 
rospoctivoly Ho joinod tho Unhorsitv of 3Ialava 
carK m 1951 and lias boon awarded tho degree of 
D Sc for lus researches mmnl\ m tho fiold of free 
radicals A citizen of tlio United Kingdom and 
Colonies, Dr Huang has a good knowlcdgo of classical 
and modem Chinese, and speaks Bov c ml Chinese 
dialects His soholarobip in a wido fiold will bo a 
most valuablo contribution to the profo<«onato of 
tho now Dh ision of the University of ^tnlayn 

erf- S , 
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The Second Russian Space Rocket 

A Russian multi-stage rocket was launched at 
about 9 hr ut on September 12 and its final stage, 
neighing 1,511 hgm (3,331 lb ) "when empty of fuol, 
was projected towards tho Moon v itli a speed of 
7 miles per sec At 18h 40m u.T on September 12, 
when it was about 90,000 miles from tho Earth, the 
vehiclo emitted a cloud of sodium \npour Tins was 
observod from eastern Europe and Asia ns a glow, 
■which lasted about 5 mm and Mas of stellar mag- 
nitude 5 m tho constellation of Aquarius At on 
unspecified point on its journey, flic vehiclo di\ ided 
into tv o parts, an instrumented sphere veighmg 
390 2 kgm (860 lb ) and tho spent rocket The 
sphere carried instruments to measure the magnetic 
fields of tho Earth and Moon, tho /ones of radiation 
around tho Earth, cosmic ravs in space, tho impacts 
of rrucrometeontes and tho composition of inter- 
planetary gas It was stated that thoso experiments 
wore successfully accomplished Tho 10111010 carried 
ladio transmitters operating on some of, or all, the 
frequencies 19 993, 19 997, 20 003, 39 986 and 
183 6 Me /s Tho radio signals ceased abruptly at 
21h 02m 24s ut on September 13, vlicn tho 
instrumented sphere struck tho surfaco of tho Moon 
at long 0°, lat 30° N , near tho crater Archimedes 

While tho vehiclo was abovo the horizon m Britain, 
it was tracked by tho Jodrcll Bank radio telescope 
the measurements made, of tho direction, tho Doppler 
frequency and the moment of impact, all confirmed 
that the vehiclo folloved very clo'-cl} the trajectory 
given by the Russians This second space rocket was 
similar to tho first (launched on Januarv 2, 1959 , 
see Kaiure, 183, 83), which had a total weight of 
3,245 lb , including 797 lb of instruments m a 
spherical container, and performed similar experi- 
ments The trajectories of the two rockets were also 
similar — both took about 35 hr to reach tho vicinity 
of the Moon — though the first locket instead of 
colliding with tho Moon, flew past it to become the 
first artificial planet 

Rocket Studies of Emissions caused by Solar Flares 

National Science Foundation Grant 

The National Science Foundation lins made a 
grant of 260,000 dollars to the U S Naval Research 
Laboratory for rocket observations of ultra-violet 
and X-ray emissions from solar flares Principal 
investigator of the project is Dr Herbert Friedman, 
superintendent of the Atmosphere and Astrophysics 
Division of tho National Research Laboratory Tho 
effect of tho Sun’s emissions upon the ionosphere 
and the resulting radio communication problems aro 
of great theoretical and practical significance 
Measurement and understanding of tho origin of 
these emissions will be basic to an understanding 
of tho solar flares themselves Dr Friedman will 
therefore launch a senes of instrumented Nile- Asp 
rockets to make tho necessary observations Tho 
investigation will explore wave-lengths and altitudes 
at which only rudimentary observations have so 
far been made Previous work by Dr Friedman, Dr 
Richard Tousey, and their co-workers at tho National 
Research Laboratory has established tho existence of 
intense radiations from the Sun in the wave-length 
regions under consideration Dr Friedman and his 
gioup at tho Naval Research Laboratory were 
pioneers m tho use of rockets for astronomical 
research, and astronomers credit his work with being 
among the most exciting and significant at presont 
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boing carried on in llus field Instrumentation for the 
series of rocket observations will include Geiger 
counters to measure X-rays in tho 1-10 A range, 
X-rnv detectors for vnvo-lengths of 8-20 and 44-60 A , 
scintillation counters sensitive to haid X-rnvs in the 
20-600 kV range, and ion chambers sennit 11 < to the 
helium emission lines at 584 and 314 A 

British Aid for Nato Scientific Courses 

Mn. H Niciiotus Parhnmentnrv Secretnrj to the 
Ministry of Works, stated m the House of Commons 
that the United Kingdom contribution to the fund 
established bv t lie North Atlantic Council to promote 
international gatherings for the advanced study of 
special scientific topics would be nboul £7,000 in tho 
first jeai and would lw borne on the vote of the 
Department of Scientific nnd Industrial Research 
This was n written answer on Junr 26 m response to a 
request for a statement, regarding United Kingdom 
participation in the new North Atlantic Trontv 
Organization scheme for advanced study institutes 
Tho funds would month lie used for contributions to 
the teaching nnd administrative expenses of selected 
courses nl institutes in a Nnto country winch offered 
intensive courses, usuallv nt post doctoral to pro 
fessiomil level, in brandies of the natural sciences 
and technologv Assistance might also ho given to 
the travelling nnd scholastic expenses of participants 
from Nato countries 

Graduates and National Service 
In answering n question m the House of Commons 
on June 8, tho Minister of Labour, Mr Inn MacLeod, 
said that he was not prepared to extend the deferment 
arrangements for science nnd engineering graduates 
to men with other qualifications Tins wns the udvice 
of his Technical Personnel Committee, which lmd 
considered last autumn difficulties said to be created 
for firms engaged in nuclear engineering and other 
industries In the call up of non-graeluntcs engaged 
on research It wns extrcmelj difficult to distinguish 
between nil the different professional qualifications 
that non-graduates have, but Mr MacLeod =aid he 
would be willing to receive n deputation of research 
directors to discuss n definition which might boas 
effective ns the graduate definition, if Air Blenkmsop, 
Ins questioner, eared to organize such a dejnitntion 

Research and Development Charges in CIvff 
Nuclear Power 

A question was asked m tlie House of Commons 
on Juno 15 regarding tlio proportion of rescaieh nnd 
development charges for the civil nuclear power 
programme homo b> public funds through the 
Atomic Energy Authority Tho Paymaster General 
Mr H Mnudlmg, m reply said that all research nnd 
development expenditure incurred by tho Atomic 
Energj Authority wns originally homo from public 
funds However, it was intended that the expenditure 
attributable to tho civil power programme should 
bo recovered in due course in the form of rov cities 
payable on tho clectncitv stations nnd os part of tlio 
price charged for fuel elements Tlio Authority also 
recovered tho cost of tho consulting services from the 
electricity boards 

Nuclear Reactor RB Accident In Yugoslavia 
Volume 9 of tho Bullotm of tho Boris Kidricli 
Institute of Nuclear Sciences contains twontv fivo 
articles and two laboratory notes of technical interest 
contributed by members of tho ply sics, physical 
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chomwtrv nncl radiobmlogy laboratories of tho 
Inst i tut o They are prefaced bv a statement in 

French by the director of the Institute Prof P 
Savfd» concerning the unfortunate accident which 
occurred to tho nuclear reactor, ItB, on Octobor 15 
1958, at tho Irwtituto Six pooplo who were very 
oloso to tho reactor, received strong doses of neutron 
and ionizing radiations and two others who wore 
not so close, doecs abo\o tho permissible lovel Tho 
Rix woro given medical treatment at tlio Curio 
Hospital in Pans but one V Zivota, a nuolcar 
physicist, (hod on Novombor 15 Tho reactor RB, is 
of zero on erg} and is fuelled with natural uranium 
and moderated with heavy water Details of the 
construction of the reactor nro given m tho first 
article in tho \olumo Tho safety nystora consists 
of a control koy safoty rods, alarm dose rate motors 
and an automatic shut down Tho approach to 
criticality is mado by gradually raising the hoaw 
v\ at or level Tlio accident occurred when tlio reactor 
went out of control in boooming critical Prof Sa\i6 
includes m hi a statement tho conclusions of the 
committee of inquiry sot tip by the president of tho 
hedmU Commission for Nuclear Energy to report on 
tho accident On October 15, the committoo reports, 
noithor tho olnrm doso-rato motors nor the auto 
mat jo control were functioning and the personnel 
wore judging the state of the reactor by tho amount 
of O7ono thoy could smell in tho air The rise m 
power of tho reactor had boon detected by tho strong 
increase in gamma radiation within, an inton al of 
ten minutes on automatic recorders of tho activity 
ui tho atmosphere, placed, at 540 moires from and 
in direct lino with the reactor An ostlmato of tho 
radiations received by the injured persons is given 
m tho articlo and shows that a total doso of about 
083 re ms was roceivod of which about 388 rems was 
by neutrons The amount recoivod individual!} 
vanod according to tlio distance of tho person from 
the reactor, and was about 15 per cent less than tho 
quoted valuo for tho farthest distant 

The Japanese Nuclear Power Station 

The March number of the General Electric Com 
pony a A-tomxo Etierff y Review (2, No 1) includes an 
artists impression of tho 150 MW nuclear power 
station designed to bo orocted at Tokai Mora, 05 miles 
north-east of Tokyo, and which will bo Japans first 
nuclear power station Tho Qonorol Electric Co 
Ltd has boon solootod oxoluaivol} to nogotiato a 
contract for its orection Tlio station will bo powered 
by a singlo gas-cooled graphito-modoratod. reactor of 
tho snmo bnsio typo as the two reactors at present 
bolng built at Hunterston, but wall inoludo many 
novol features, particularly with regard to structural 
and control considerations It will tako approxi 
mntoly four years to build and is ox poet od to bo m 
operation by mid 1003 Other articles in tho issuo 
include a description of tho Ooneral Eloctrio Com 
pany’e ntomio enorg} division by K J TVootton, 
manager of tlio division a discussion of tho first 
sixteen months civ il engineering construction at 
Hunterston bv F W E\ ans examples of corrosion 
probloms m gas-ceolod reactors by M W Davies 
and an accoimt of two mothods of roducing tlio 
permeability of reactor quality grapluto hv D A 
Boy land 

Technical Books 

Tnp Atomic Energy Commission of the United 
States has issuod a catalogue of 80 lochnicol books 


published by tlio Commission, 1047-59 (Teclmlcal 
Information Service Technical Books sponsored by 
tho U S Atomic Energy' Commission pp 40 
Washington DC : United Statos Atomic Energy 
Commission 1959 ) The list is arranged b> subjects 
and the contents of each volume are indicated Tho 
second part of the catalogue similarly lists 20 books 
in the press or in preparation on April 1, 1959 

Nutrition Meeting 

The Nutrition Meeting for Europe of the Food 
and Agriculture Organization of tho United Nations 
at Rome, June 33—28, of which tho roport has now 
been published (Report Senes No 21 Report of 
the Food and Agriculture Organization Nutntion 
Meeting m Europe Rome Italy, 23-28 Juno 1958 
Rp be — 28 Rome Food and Agriculture Orgam 
nation of the United Nations London H M 
Stationery Office, 1958 2s Gd 0 50 dollar), was 
concern od with food consumption with special refer 
ence to fat consumption and with education and 
training in nutrition \\ ith regard to tho first tho 
meeting recommended tho Organization to fnko all 
possible stops to fostor improvements m the tech 
mquee of food consumption survey's, and of tho 
reporting and analysis of thoir results so os to ensure 
their maximum ntihtv It also recommended penodi 
cal meetings of European nutrition workers and that 
an export committee or stud\ group in co-oporntion 
xv ith the World Health Organization should consider 
tho problom of fat consumption and coronary dlienso 
in European and other countries Tho need for 
further extensive studies of the fatty acid content 
of foods is emphasized in the report and also of 
further research to establish sntWuctorv tables for 
fatty acid composition Tlio present situation was 
reviewed with respect to education and traudng 
m nutrition, stressing tho lack of suifabh Irumed 
touching staff Tho contact between compotcnt 
research groups educational authorities nnd teachers 
whs also considered Furtlior, reference was mado to 
tlio narrow and unbalanced approach in touching 
nutntion nnd tho absence of refresher courses for 
teachers dealing exclusively or inoldontaUv with 
nutrition Tho meeting strongly supported the plea 
for a seminar in 1050 to studv tlieso questions in 
greater dotnil and to suggest bettor practical an 
preaches The mam purpose of the somVnar would oo 
to examine tho scope and effectiveness of education 
and training in nutntion in Europe It would also 
formulate proposals for dovoloping and orientating 
suoli tminmg b\ government dopartmonts and other 
agencies, and to promoto co-operation and eo 
ordination botweon tlio disciplines and agencies 
concerned and botweon thoso engaged in training and 
research The report outlines an agenda for a seminar 
of 12-14 day’s for 50 to CO pooplo 

Central African Scientific Research 
A votithbh 105 papers published m 1957 by 
members of the staff and research workers associated 
with tho Institute for Scientific Research in Central 
Africa are listed in tho second part of tho tenth 
annual report of the Institute making a total of 
793 Brief abstracts of those pnpors constitute tho 
rest of this part of tho report (Institut pour la 
Rechnrcho Soiontifiquo on Afrlquo Contrnlo Dixifcmo 
Rapport Annuo] 1057 Pp 228 Bruxelles Institut 
pour la Rechcroho Sciontifiquo on Afnquo Ccntrolo 
1959) In tho ndmmistmtiv o roport which is iUus 
tmtod, tho director Prof T van den Bergho mdl 
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cates briefly the general chai actor of tlio scientific 
work of the Institute during the year Prof van den 
Berghe continued his own study of the biology of tho 
tsetse flies of Bugosoia and Mimnli (Ruanda) and at 
Jiangi, and also on the sexual and asexual cycles of 
Plasmodium alhcrm Ollier work was concomed 
with tho isolation of factors of growth of trypano- 
somes, and a lustopatliological study of tho hypo- 
physis of small African mammals In nutrition, 
besides an extensive study of maternal milk and tho 
variation of its content of ammo-acids and piotoms 
as a function of tho period of lactation, tho nutritional 
value of native boors was also investigated in tho 
region of Lake Kivu and Runnda-Urundi and the 
experimental kwashiorkoi of swine was sludiod 
An ini estigation of the fauna of tho Belgian Congo and 
Ruanda-Urundi was launched and also of tho methods 
and seasons of reproduction of tho birds of Tslnbati 
In physical anthropology a study of tho growth 
of Africans m Ruanda-Urundi was initiated and 
besides an inquiry mto tho rural economy of Ruanda- 
Urundi, one w r as commenced mto tho low birth-rato of 
the people of tho Mongo tnbo In tho physical sciences 
observations of solar radiation and of tho radio- 
electric activity of the Sun continued, ns well ns 
studies of tho functional efficiency of dwelling 
houses at Bagira, Ivabunambo and Usumba 

International Council of Scientific Unions 

The Yearbook of the International Council of 
Scientific Unions, 1959 (Pp 77 Tho Haguo Inter- 
national Council of Scientific Unions, 1959), provides 
a comprehensive reforcnco work on the unions 
Besides lists of members of the Exocut ivo Board, 
national members of tho Council, of countries adher- 
ing to tho Union, and of officers of tho International 
Scientific Unions, it gives the membership ol tho 
Special Committeos and othor organs of tho Inter- 
national Council There is also an alphabetical list 
of these officers and members, the Statutes and Rules 
of the Council, tho text of tho agreement between 
the International Council and tho United Nations 
Educational, Scientific and Cultural Organization and 
the reports for 1957-58 of tho Secretary-General of 
tho International Council The Commissions of tho 
Unions are also detailed and there is a calendar of 
arrangements for 1959 

No 2 of Volume 1 (1959) of tho International 
Council of Scientific Unions Review includes D L V 
Berkner’s presidential addross to tho oiglitli General 
Assembly of the Council It also includes tho romarks 
of Sir Haiold Spencer Jones, tho secretary general, 
on some affairs of tho Council and tho reports of tlio 
Special Committees for tho International Geophysical 
Year, for Oceanographic Research and for Antarctic 
Research The constitution of tho Committee on 
Contamination by Extra-Terrestrial Exploration and 
of the Committee on Space Research is recorded and 
the report of the former committco is also given 
This Committee believes that thoro is a real danger 
that exploration attempts made within the next few 
j ears may produce contamination of oxtra-tcrrestrial 
bodies, which would complicate or rendor impossible 
more detailed studies when the technological prob- 
lems of landing sensitive scientific instruments on tho 
Moon and planets have been solved It recommends 
that a specific code of conduct representing a reason- 
able compromise between the early initiation of 
lunar and planetary exploration and the need to 
safeguard future research should be drafted w ith tho 
minimum of delay 
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Council for the Preservation of Rural England 

Tur twonty-oiglith annual roport of the oxocutivo 
of tho Sheffield and Poak District Branch of tlio 
Council for tho Preservation of Rural England for 
tho year 1050 (Pp 28 Sheffield Council for tho 
Preservation of Rural England, Sheffield and 
Poak Distuct Branch, 1050) is sonously concerned 
as to tho preservation of tho National Parks It 
emphasizes tho importance of public opinion 
exerting offectivo pressure through such bodies as 
tho Council for tho Prosorvntion of Rural England 
if tho Poak District National Park, and othor national 
parks, are not to bo seriously damaged At tho 
prosont tuno tho exocut ivo is seeking to provont 
tho dosocration of tho Manifold valley by a motor 
road and ib opposing a major attack on tho Green 
Bolt of tho Shoffiold Development Plan — at Middle- 
wood m tlio Don valley With tho local nulhori 
ties and others tho Branch vigorously opposed 
tlio proposals to prospect for opencast coal m tho 
Trow ay valloy, but the recent Government statement 
that areas of natural beauty will no longer bo innrred 
for this purpose should put an end to prospect 
mg m this area It is pointed out, how over, that ah 
senco of national funds prevented tho Peak Pork 
Branch from petitioning against tlio Waterworks 
Bill which proposes to submorgo tho Olor valloy, 
one of tho fow remaining v alloys lending to tho heights 
of tho Peak District National Park 

Society of Environmental Engineers 

A Societv of Environmental Engineers has been 
formed to provido n forum, by meetings, publications 
and visits, for tho ovchnngo of information and viovvs 
among those engineers who are concornod with the 
development of equipment to withstand shock, vibra- 
tion and other forms of environmental conditions, and 
who carry out research in these fields Tho first merit- 
ing wns hold in London on May 29 Somo fifty mom- 
bora and guests attendod and papers reviewing tho 
field of work wore presented by Mr D A. Nutt 
(Armstrong Whitworth Aircraft, Ltd ), Mr F I L 
Knowles (Ministry of Supply) and Dr P Grooten- 
huis (Imperial Collogo of Scionco and Technology) 
Future meetings are to bo on Novombor 25 and Feb- 
ruary 17 at tho Imperial Collego Tlio first annual 
genornl meeting of tho Society will bo hold on March 
30 at tho Royal Socioty of Arts Further information 
con bo obtained from tlio Secretary, Socioty of 
Environmental Engmeors. 42 Manchester Strcot, 
London, IV 1 

Progress of Chemical Engineering 

lx the presidential address to tlio Institution of 
Chemical Engineers on April 28, Sir Hugh Bonvor 
discussed the dovolopmont and progress of chemical 
engineering m Britain, particularly m comparison 
with other countries Pointing out that chemical 
engineering wns now acknowledged as tho fourth 
great technology, Sir Hugh thought that tho Zucker- 
mnn Committee’s estimate of our requirements of 
chomicnl onginoors wns too low Tlio figure of about 
4,400 wns below tho present momborslup of tlio 
Institution — 5,900 in 1909, and recent calculations of 
membership put the figure for 1905 at 8,800 and for 
1967 at 11,100 Although the rate of increase had 
clmngod greatly m tho past eight years, only m tho 
past two or throo had it approaohod tho mto of mcreaso 
in tho United States All these calculations, how 
over, involved n cliango of attitude and policy ns 
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well aa of methods in British industry no would 
enable industry to absorb theso numbers, and Sir 
Hugh regarded the increased application of chemical 
engineering as a measure of the use of modem tech 
niquee of manufacture Referring to the training of 
the chomical engineer, Sir Hugh favoured our system 
of tliroe, or at most four, years collcgo education 
followed by practical training He also said that the 
works training must bo acfentiflo and methodical 
carefully thought out and systematically applied 
and fcho system of education, whdo avoiding the 
specialization of the Continent, must produce a 
sufBoiont proportion of research students None of the 
industrialists ho consulted had any doubts as to the 
need for a broad based training but Sir Hugh stressed 
the need for an open mind on this subject With 
regard to research ho felt that much more should be 
sponsored, especially industry Further, liaison 
fxtwoon industry and university was essential for 
our national progress 

Haida Carvers 

A. deposit of tlio hard, dark shale called argillito 
wns discovered m the Queen Charlotte Islands in tho 
1820 a, anil Hatda Indian carvers soon began to 
exploit it aa a material for a variety of objools, which 
thoy sold as curios Thfa has continued to tho present 
day Many of tho objects nro miniature copiee of tho 
larger carvings in wood, especially totem poloe and 
cheats, but tobacco pipes, bowls and plates wero 
often made and nro common in museum collections 
There nro also rarer objects, such as flutes 

Prof Manus Borboau is well known for his work 
on tho North West Coast Indians and lias rocontly 
published another of Ins many monographs on the 
subject (Canada Department of Northern Affairs 
and National Resources National Museum of 
( anada Bulletin No 130 "Haida Cun. ora in Argil 
hlo By Manus Barbenu Pp \m + 2l4 Ottawa 
Queens Printer, 1957 3 dollars) It is a sequel to 

hia previous book, 4 Haida Myths illustrated in 
Argillito Carvings”, and it deals aa its titlo implies, 
chiefly with tho carvers thomsolvos but it is a com 
ploto work in itsolf It is packed with information 
but is somewhat haphazardly arranged Thoro nro 
numerous illustrations but no list of thorn, and thoro 
is a tablo of contonta but no indox , tho nature of 
Ilio material puts difficulties In tho way of providing 
an adoquato index but tho book v\ould havo boon 
easier if a list of tho objecta illustrated had boon 
gi\ on, groupod according to their pmaont location A 
bnof account of tho eftrv ors at tho villogo of 6kidogato 
is followed by five sections oaoh don ling with a par 
ticular typo of objoct, and tho remainder consists of 
notoe on individual carvers The book is full of 
Interest, and tho carvers mnny of whom tho -author 
has known personal 1} , livo again under lus hand 
Thoro lias boon a tendency to doprocato theso argil 
hfo carvings on tho ground tliafc thoy wore mostly 
wado for solo and honco wore a product of accul 
turation and not Irulv indigenous Prof Bar beau 
has clono a groat service in directing attention to 
thoir vnluo as works of art m thoir own right, mado 
bv skilled carvers who not onl\ workod faithfully in 
their own traditions, but wore also capable on 
occasion of representing extranoous objoots in thoir 
oirn stylo 

New Floristic Studies 

Attention may bo directed to two now and 
considerable flomtio studies C Schwelnfurth 
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has added a further contribution on tho * Orchids of 
Peru 4 (published m Fieldmna Botany 30 No 2 
Chicago Natural History Museum March I960 
4 dollars 50 cents) Tho work is in tlio usual format 
for this senes anti is matnl\ do\ otod to two consider 
able genera namely PleurothalUn and Epidcndrum 
Ton other genera with a smaller number of species 
oro also considered All tho available information 
lias been used m preparing this volume, though some 
of tho records ore understandably still rather scanty 
Tito publication is well illustrated by I mo drawings 
J P M Bra non Jins mode a further contribution 
to the 4 Flora oT Tropical East Africa , tho portion 
now published dealing with Logtirrunosoo subfamily 
Mimosoideao (publ Crown Agents for Oversea 
Govonononts and Administrations London, Alai 
I960 pneo J2s) The main features of tho sub 
family arc set out together with a bibliographical 
commentary and there is an analytical kov to tho 
gonora bawd on \egotati\o and fruit characters 
thoro are also analytical keys to tho spocies within 
individual genera Tho text contains much useful 
descriptive matter dealing with distribution habitat 
oto ^ and is lJInstratod by lino dmiwngn 

Royal Commission for the Exhibition of 1851 
Trre following awards hn\o bocn made for 11750 
Senior Studentships D \Y Barnes (University of 
Oxford) for research in pure mathomatics at TQbm 
gen P J Goodfoitl (Umvcrsity of Oxford) for 
research in pharmacology at Oxford A V Grim 
Mono (University of Cambridge) for research in 
zoology at Cambridge D 0 Hayward (Imperial 
College of Science and Technology ) for research m 
physical chemistry at the Imperial Collcgo of Science 
and Technology M ells fUm\ orsity of Cambridge) 

for research in physics at Cambridge Tho Senior 
Studentships are of tho value of £800-£900 a year 
and tenable ordinarily for two years Oicrscas 
Scholarships G F O LangBtroth (DnlhousioUniver 
sity) for research in phvrics at University'’ College, 
London A J McComb (University of Molboumo) 
for research m plant physiology at King’s College 
London J W AVluto (University of 8>dnoy) for 
research in physical chemistry at Oxford Miss 8 G 
Pago (Umvoreily of New Zealand) for research m 
biophysics ot University Collcgo London , A 
Chisholm (University of Now 7 cal and) for research m 
physics at Liverpool M H Proctor (Tnnitv Collcgo, 
Dublin) for research in biochemistry at Cambndgo 
A J Ganguly (University of Delhi) for research 
m orgftnio chemistry at tho Imperial College of 
Science and Technology London M Joracol (Umver 
sity of Karachi) for research in physics at Cambridge 
Tho Overseas Scholarships are of the valuo of £550- 
£650 a y enr and tcnablo for two or three years 

American Academy of Arts and Sciences Foreign 
Honorary Members 

The American Academy of Arte and Science*, at 
its 170th annual meeting on May 13, m Boston, 
elected 1 13 new Follows from tho United Stoics, 
and 21 new Foreign Honorary Members as follows 
Sir John Eccles, Australian National UruvorsH\, 
Canberra , Jean Brachot University libro do 
Bruxelles Georges Braque Paris Albert Camus, 
Pans ; Jean Loray, Colldge de France, Paris Max 
Bom Bad Pyrmonl, Gonnam George Keith 
Batchelor, Cambridge , Sir Isaiah Berlin, Oxford 
Sir Lawrence Bragg Royni Institution London i 
Frank C Francis, British Muaoum London Amm 
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Fraud, London, David Keihn, Cambridge, P B 
Medawar, Uni verity Collego, London , Sir Gcorgo 
White Pickering, Oxfoi d , Ronald Symc, Oxford , 
Pedenco Chnbod, Croco Institute, Naples , Hitosln 
Kihara, National Institute of Genetics, Misima , 
Carlos Chavez, Moxico Citj , M G J Mmnnort, 
University of Utrecht , Alf A Sommorfelt, Uni- 
i ersitj of Oslo , A N Kolmogorov , Academv of 
Sciences, Moscow 

At tho same meeting Dr Kirtlcv P Mather, 
emeiitus professor of geology, Harvard University, 
was re-elected president for another year 

University News Bristol 

The following appointments ha\e been made 
Dr J T Martin to a readership m chemistry of 
insecticides and fungicides Lectureships have bcon 
conferred on Dr E W Abel (inorganic chemistry)* 
Di R F Bui bridge (electrical engincoung) and 
R H C Penny (chemical patliologv , \ otennary) 

University College, Dublin 
Da A L Kapoor of tlio National Chomicnl 
Laboratory, Poona, has been appointed an I C I 
Fellow in Choniistn at University College, Dublin 

Liverpool 

The follow mg appointments have been made to 
take effect from October 1 Dr B Collingo, reader 
in physics , Dr P M Sheppard, reader in genetics 
The follow mg hav e been appointed to senior lecture- 
ships Dr A K Holliday, inorganic and physical 
chemist rv , Dr N S Jones, marine biology. Dr 
T M Flett, pure mathematics , Dr A Ashmore, 
plij sics , Dr H D Parbrook, physics-acoustics , 
Dr V H Lock, electronic engineering , Dr R S 
Benson and Dr N G Calvert, meehnmcal engineer- 
ing , Dr F T W Jordan, veterinary preventive 
medic mo 

University College of North Staffordshire 
Dr D J E Ingram, at present reader in elec- 
tronics m the University of Southampton, lias been 
appointed professor of physics, to tako effect from 
October 1 

Nottingham 

The following appointments havo been mado to 
take effect from October 1 . Dr Iv J Sfandlcy, to a 
readership m physics , Dr G E Lamming, to a 
readership m animal physiology , Dr M "Woodbine, 
to a leadership m agricultural microbiology 

Sheffield 

The following appointments havo boon announced 
Dr D E Bourne, lecturer m apphod mathematics , 
Dr R S Duff, senior lecturer in medicine , I E 
Gillespie, lecturer in surgery , D W Warroll, lec- 
turer m obstetrics and gynaecology , L Grimshavv, 
lecturer m psychiatry 

Swansea 

Prof F Llewellyn Jones, professor of physics, 
University Collego of Swansea, has been appointed 
acting principal of tho College until such time as a 
now piincipal takes office 

Announcements 

Dr P T Haskell has been appointed deputy 
director of the Anti-Locust Research Contra, London, 
m succession to Dr T H C Taylor, who became 


director on the ictiromonf recently of Dr B, P 
Uvnrov (soo Nature, 183, 11 DO, 1059) Dr Haskell 
has boon at tho Contro sinco 1955, and was previous)} 
locturor in entomology m tho Imperial Collogo of 
Scionco and Technology, London Most of lim 
published work has boon concerned with sonsorv 
physiology, especially tho production and perception 
of sound in insects 

Dit Carl F Jvossack, formally bead of tho 
Department of Mathematics and Statistics at Purduo 
University, has joined (ho research organization of 
(ho International Business Machines Corporation at 
tho Lamb Estalo Research Ccntei m the Town of 
Cortlandt, Now York Dr Kossuck is mnnnger of 
tho newly formed Statistics and Operations Research 
Department Dr Kossack gamed his B A and M S 
degrees in milt hematics at the University of California 
and Ins Pli D dogiee m mathematical statistics from 
tlio Umversitv of Michigan 

A joint meeting of tho Challenger Society and 
roprosontntiv es from tho marine laboratories (Dovolop 
mont Commissioners’ scheme) will bo hold at tho 
Guildhall, Conwav, North Walos, on Oetolier 28 
and 29 Furthoi piuticulnrs of tho mooting can bo 
obtained from Dr H 0 Bull, Dovo Marino Labors 
ton,, Cullorcoats, Northumberland. 

The USSR Academy of Sciences began to pah 
bsli m tho Russian language m 1959 tho following 
now journals (in brackets, tho first figuro indicates 
number of issues por annum , tho socond figuro, tho 
price m roubles per annum) High Molecular Com- 
pound# (12, 150) , The Gcologij oj Ore Deposit# (0, 72) , 
Palcronlological Journal (4, DO) , Badiochemistnj (0, 
72) , The Physic# of the Solid Body (12, 150) , Cytology 
(0, 72) , Soviet Slavic Studies (4, 50) 

The Commonwealth Scientific and Industrial 
Research Organization of Australia has issued a 
pamphlot listing tho Organization’s Divisions and 
Sections, ns at January ], ] 059, gn ing tho address of 
onch and its laboratories, and tlio nnmes of tho 
Ofilcers-m Charge State Committees arc also listed 
Publications of Iho Organization, to Decombor 31, 
1958, including thoso of its predecessors, are listed 
in a separate pamphlet 

Volume XV of tho Collected Papora of the Rowctt 
Research Institute (Bucksbum Rowott Research 
Institute, 1959) contains an account of work of 
the Institute, lists of membors of its governing bodv 
and scientific staff and of 88 published papers, 
roprmts of most of which are available, os well ns n 
summary, by tho Director of tlio Institute, of tho 
contents of published papors of the Institute 1957-58 
so arranged ns to indicate tho scope, continuity and 
integration of the research programme Tu o subject 
roviows are also included by ,T J Bullon on export 
mental reproduction of cntorotoxniniia of sheep and 
by J Duckworth on Institute research on tho skeleton 
in lactation and growth 

The Dopnrlmont of Scientific and Industrial 
Research will shortly reBiuno publication of d fl 
Technical Digests, last issiiod in 1957 Tlioir object 
is to direct attention to useful ideas appearing > n 
technical literature, and follow mg an initial free 
distribution to industrial firms tlioy w ill bo available 
at an annual subscription of £3 3s A reduction wall 
bo offered for supplies in quantity The digests wi" 
bo published monthly, ench boing pi intod on ft 
separate sheet of papoi 
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THE TWO CULTURES AND THE SCIENTIFIC REVOLUTION 


S IR CHARLES P SNOW’S Redo Lecture* for 
1050 carries forward to a significant extent the 
old arguments concerning those subjects commonly 
spohon of as the liumnmtios on ono hand and the 
scionces on the other Tho teaching of the history 
and sociology of science to arte students and the 
teaching of tho history of art and literature to science 
students is bettor than nothing though it is difficult 
to see how tho history of soionce can mako much 
impact without a knowledge of tho methods and 
results of scientific investigation Tho corpus of 
knowledge of all types is non so vast that it is foolish 
to look bnok to a Hellenic or Thomistic attempt at a 
s\ ntliesis 

Sir Chari os Snow is both a literary man and a 
w u ntisf and is ablo to soo each side of the problem 
from tho other He seems to find the smug, self 
contentment of many of the literary men more 
dangerous and irritating than tho failure of some 
scientists to realize tho implications of their own work 
in tho broader field of human knowledge and aspira 
tion ‘Why do most writers take on social opinions 
which would have been thought distinctly uncivilized 
and d<5mod6 at the time of the Plantagenots ? 
Wasn’t that truo of most of the famous twentieth 
century writers T Yeats, Pound, Wyndham Lewis 
nine out of ten of thoee who have dominated literary 
sensibility m our time — wore they not only politic 
ally silly, but politically wicked T Didn't the influence 
of all they represent bring Auschwitz that much 
nearer ?” 

But it is lll-oonsldorod of scientists to judge writers 
on tho evidenoo of the period 1014-50 Literature 
changes more slowly than science It has not the 
samo automatic corrective and so Its misguided 
periods are longer 

At one pole, the soientlflo oulturo really is a culture 
not only in an intellectual but also in an anthropo 
logical sense Its members need not always com 
plotely understand each othor — biologists moro often 
than not will ha\ o a pretty hazy idea of contemporary 
physics— but fchoro are common attitudes, common 
standards and patterns of behaviour, common 
approaohos and assumptions This goes surprising!} 
wido and deep It cuts across other mental patterns, 
such os those of religion or politics or olass In 

their uorking and in much of their emotional life 
their attitudes are closor to other scientists who In 
religion or politics or class have the same labels nR 
themselves At tho othor pole tho spread of attitudes 
in wider It is ob\ jous that between tho two ns oue 
moves through intellectual socioty from tho physicists 
to tho literary in toll act unis there are all kinds of 
tones of feeling on tho way But I behove tho polo 
of total incomprehension of soionce radiates its 
influence on nil the rest That total incomprehension 
gh cr much more pervasively than wo realize living 
in it, on imsciontlfio flavour to the uholo ‘traditional 
culture, and that unscientific flavour is often, much 
more than we adroit, on the point of turning anti 
soiontlfio Once or twice I liavo been provoked 

(bv the 'non scientists’) and hnvo asked tho company 
how mnn> of them could doscribo the Second Law of 
• Pul>llg*d hj the Cambridge Uolvmlty I'm*. 


Thermodynamics The response was cold it was 
also negative Yet I was asking something which 
is the scientific equivalent of Ha\o \ou road nn\ 
work of Shakespeare s ? 

Little purpose is served b} cataloguing tho dismal 
ignorances in man} arts people of tho simplest 
fundamental pnnoiplos of science “Tho separation 
between tho scientists and non scientists is much Jew 
bndgeable among the young than it was thirty yoers 
ago then they managed a kind of frozen smile 
noross the gulf Now the politeness has gono and tlicy 
just make faces It is not orilv that the young 
scientists now feel that they are a part of a culture 
on the nso while tho other is m retreat It is also to 
he brutal, that the young scientists know that with 
an indifferent degree they will get a comfortablo job, 
while their contemporaries and counterparts m 
English or History will bo luckv to earn 60 por cent 
os much No young scientist of any talent would feol 
that he is not wanted or that Ids work is ridiculous 
os did tho hero of Lucky Jim , and m fact goino 
of the disgruntleraent of Amis and his associates 
is the disgruntlomcnt of the under employod arts 
graduates ” 

Sir Chari oe insists that we should completely re 
think our education "Nenrl} overyono will agree 
that our school education is too specialized But 
nearly everyono feels tliat it is outaido tho will of 
man to alter it Other countries arc ns dissatisfied 
with their education as ire are, but aro not so resigned 
Because of our intenso specialization nllogod bv 
schoolmasters to bo dictatod b} the Oxford and 
Cambridge Scholarship examinations wo hnvo sot 
ourselves the task of producing a tiny 6Uto — far 
smaller proportionately than in an} comparable 
country— oducatod in one aoademio skill ’ Snow 
takes as an oxoraplo tho old Cambridge Tripos which 
soemed to bo perfoot in all respects savo ono The 
ono oxcoption was — so tho voung creative mntho 
matician8 suoh as Hardy and Littlowood, kopt saying 
— that tho training has no intellectual merit at all 
They wont a htfclo furthor and said that tho Tripoe 
had killed eorious mathomntlcs in England etono dead 
for a hundred years 

While wo ore beginning after many j core, to under 
stand tho sciontlfio nnd social implications of tho 
industrial revolution and to understand the develop 
menfc in teaching tochnolog} m Gonnany in too 
nineteenth centur} and in tho United Statos and 
USSR in later year* wo are still far from grasping 
tho mooning of tho scientific revolution b\ which is 
meant the transformations made in industry ami its 
cffocts because of olootromcs atomic on erg} nuto 
motion and modem forms of maolnno tools 

Wo hn\ a failed to keep pace with tho new scientific 
revolution — ’roughly if wo compare like with like 
and put scientists and engineers together vo aro 
training nt a professional lo\ ol per head of the 
population ono Englishman to e\er\ one ami a half 
Americans to over} two nnd n half Russians In 
Russia tho gap between tho cultures does not seem 
to bo as wido ns it is w ith us If one reads contompor 
arv Soviet novels, for oxamplo ono finds that their 
novolists can assumo in thoir readers — ns wo cannot 
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— at least, a rudimentary acquaintance with what 
industry is all about” The latest figures of graduates 
trained per year (scientists and engineers combined) 
are roughly United Kingdom, 13,000 , United States, 
05,000 , USSR, 130,000 Ono-tlnrd of Russian 
graduates in engineering are women “It. is one of 
our major follies that vo do not in reality regard 
women as suitablo for scientific careers Wo thua 
divide our pool of potential talent by two ” 

“Wo are left with a population twice ns largo ns 
we can grow food for, so thnt wo arc always going 
to be an fond more anxious than Franco or Sweden, 
and with vory little in the way of natural resources — 
by the standard of the great world powers, with 
nothing Tho only real assets wo have, m fuct, are 
our wits Those have served us pretty well, m two 
ways Wo havo a good deal of cunning, nativo or 
acquired, m the arts of getting on among otirsclv cs 
that is a strength, and wo have been invent ivo and 
creative, possibly out of proportion to our numbers 
Given these two assets, and they are our only ones, 
it should have been for us to understand the scientific 
revolution first, to educato ourseh.es to the limit and 
grve a lead In some fields, like atomic energy, we 
have dono better than anyono could have predicted 
Withm the pattern, the rigid and crystallized pattern 
of our education and of tho two cultures, wc have 
been trying moderately hard to adjust oursohes 
Tho historical warnings are all thero For instance, 
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tho "Venetian Republic in its last half-century was 
guided by patriot men, who had immonso political 
skill, who know thnt the current of history had 
begun to flow against them They were fond of 
the comfortable pattern of their life, just us wo 
are fond of ours They never found the will to 
break it ” 

There is vet another danger The largo masses of 
poor m the undeveloped coniitues will not allow 
themselves to live for over in a world in which large 
sections have become rich through industry . A new 
iniRKionarv spirit , both huninn and tcdinicnl, is i gson- 
tial 

“Closing tho gap between our cultures is a necessity 
m tho most abstract intellectual bensc, ns well as in 
the most practical When those two senses have 
grown npnrt, then no soeietv is going to be nble to 
think with wisdom For the sake of the intellectual 
life, for tho sake of this countrvV special danger, for 
the sake of the western society living prccarioush 
rich among tho poor, for the aako of the poor who 
need not bo poor if there is intelligence m tho world, 
it is obligatory for us and tho Americans nnd tho 
whole West to look at our education with fresh eyes 
This is one of the cases where wo nnd the Americans 
have tho most to learn from each other Wo have 
ench a good deal to learn from the Russians, if we 
are not too proud Incidentally, tho Russians have 
n good deal to learn from us too ’ W L SuvtKrn 


COAL SCIENCE 


T HE third biennial International Conforonco on 
Coal Science was hold at Valkcnburg, m the 
Netherlands, during April 27-30 Tho Municipality 
kindly allowed tho Conforonco to bo hold m the 
Municipal Thoatre, and tho greatest hospitality and 
interest were shown throughout by tho burgomaster, 
F A A H Breokpot 

On this occasion tho number of participating 
countries increased to fourteon, nowcomors boing 
East Germany, Czechoslovakia, Australia and India 
Authors submitting papers wore required to com- 
plete a form indicating, m telegraphic stylo, thoir 
main new conclusions and lesults, tho mothods 
and observations from which tlieso wero deducod, 
and any special limitations or assumptions mvolvod 
m thoir mtcrprotation This information was found 
by tho organizers to bo moro helpful than tho con- 
ventional summary (or on occasions tho paper it self) 
m deciding whether a paper was accoptablo , it was 
also useful m evaluating tho conclusions of tho Con- 
ference and tho interrelation of papers Tho proceed- 
ings of this Conforonco w r ill not bo published as a 
whole , but papers will be submitted by then authors 
to journals of their own choosing 

Discussion was unusually livoly and fruitful, and 
a large proportion of novel work was presontod In 
several cases widely accepted ideas wore apparently 
undermined, though it would be premature to assess 
tho importance of tho new evidence For example, 
a suggestion arose, from the work of S Ergun and 
I Wender on tho X-ray scattering of vitrimtos 
reduced with lithium m ethylene diamine, that 
partially reducod aromatic and/or alicyclic mole- 
cules may lead to reflexions in the angular region 
where the (10) and (11) reflexions of aromatic mole- 


cules occur Tins awaits direct experimental test, but 
if correct it may throw doubt upon tho derivation of 
aromatic layer sizes m coal, for cxnmplo, by Hirseh 
nnd Diamond Ergun nnd Wender also demonstrated 
an increase of layer spacing on reduction, oven in 
gra pinto 

Similarly, an interpretation of data obtained on 
coal by high-resolution mngnotic resonance spectro- 
scopy, by J Iv Brown, W R Radnor and N 
Sheppard, yiolded a structural distribution of non- 
aromatic carbon atoms which may prove incom- 
patible with tho present consensus of opinion on tho 
chemical structure of coal As a third oxnmplo, 
R L Bond nnd D II T Spencer illustrated the 
inadequacy of exist mg interpretations of sorpt ion 
data obtained with inert gases on coal and of heats 
of wotting of coal in polar liquids, a question 
thought by many to hnvo been settled, at least m 
principle 

Those, and tho othoi tlnrty-threo papors presented, 
wore groupod under four heads, as follow's 

Chemical Reactions of Coal 

E S Hammnek, H G Davis and F. B Brown 
estimated tho content of phonolic hydroxyl in vit rains 
by titration with sodium aminoothoxido in ethylene 
diamine, by tnmethylsylylation and by acetylation 
Thoy foimd reasonable agreement botwoon tlieso 
mothods and noted tho imjrorinnco of pnrticlo size 
Acotydation was studied by S Bolavarcnno, A 
Halloux and H Tschamlor, who also confirmed tho 
prcsonco of quinono groups m coal extracts, by 
reductive acetylation and reduction with copper/ 
hydrogon sulphido Thoy obsorvod tho corrosjKinding 
changes m tho infra-red spectra and sliowod that the 
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reduction wa s to a large oxtont reversible In both 
papers tests of tho quantitative accuracy of tho 
methods by experiments on modol compounds such 
as q u monos "wore reported Fvidenco for tho presence 
of tliioether groups in cools to the extont of 15-90 per 
cent of tho organic sulphur content ■was put forward 
bv L WnpkowBha Tho difficulty of combining all 
known observations on the oho mi col and physical 
nature of coal, together with the olementary analysis, 
in a structural modol was emphasized by P H. Given, 
who by comparison of data and experiments with 
atomic models had been able to find only one satis 
factory pattern of structure the essential feature 
of tins was tliat any pair of aromatic fused ring 
clusters is bound together by two motto lone bridges 
E. J Greonliow and J W Smith showed that 

C jh can bo regarded as a solution of phonolio or 
ic compounds of medium molecular weight in a 
relatively non polar solvent , results suggested that 
tho physical properties wore influenced by inter 
molecular association 

There wore three papers on chromatographio sop 
urfttion of oxidation products of coal by F iCoheoI, 
J E Gormain and F Valadon, and G J LawBon 
and S G Ward Tho first author had isolatod small 
yields of onilino anthrocono substituted anthra 
quinone, totraphono and fluoranthene from arr or 
rutrio ncid-oxidizod cools , the second group hod 
identified various bonzeno poly'carboxylio acids and 
the third malomo succinic and Z tartaric acids 
S Londa hod studiod hydrogenation of model sub 
stances, montan wax and humic ockIb extracted from 
brown coal, with tungsten and molybdenum sulphide 
catalysts Hydrocarbons with two to threo fusod 
aromatic rings and eido-chams wore found among 
tho products from treatment of the humio aoids 

Ultra fine Structure of Coals and Chars 

M Wpclewska discussed the influence of sorption 
on coals of organic vapours on thoir olastioitv and 
tho consequent dimensional changes 8 Ergun, 
W F Donaldson and I Bregor showed that apparent 
changes in rank induced in coals bv a particles origin 
a ting from natural impregnation b> uranium differed 
from those caused by normal codification processes 
J li Soul (5 and S Durif demonstrated, by measure 
jnonts of small angle X ray scattering the prosonco 
m a wide range of coals of pores of sires 22-25 A 
and tho variation of this characteristic with tempore 
turn of carbonization , tboy also doducod absolute 
values of specific internal surface In tho carbon iza 
tion temperature range 500-700* 0 tlieso surface 
areas agreed with those estimated by P Chioho and 
S Prr5germnin from adsorption of water and methanol 
vapours 

Sorption of pyndino by carbonization products 
their solubility m it and thotr swelling in vnrjous 
organic liquids wore studiod by A Ladam and P 
Tayon Important clmngoe wore indicatod in tho 
region 400-500* C S J Gregg and M I Popo luul 
studiod tho offoct on tho oloctncal conductivity of 
coal artofocts, of pressure and of exposure to 
atmospheres of various humid it ice J J Kipling 

and R B Wilson from a study of tho sorption of 
gasos and vapours on chars prepared by carbonizing 
synthetic polymers demonstrated tho presonco of 
nucrocnp Dianes of 5-10 A diamotor, molecular eiove 
proportios of tho structure, and tho effect of stoam 
activation in opening up this structure A Camoron 
and W O Stncoy combined measurements of internal 


surface area, apparent donsity and measurement of 
internal volume with tho porosimoter to demonstrate 
tho presence of two distinct pore systems m chars 
prepared from brown coals The presence in 600- 
000 C chare of cavities of some 25 A linked by 
passages less than 10 A wide was inferred 

Spectroscopy of Coals 

There were two papers on mass spectroscopy 
One by J C Robb and H W Holden, was concornod 
with tho volatilo products either volatUIzod or 
liberated by pyrolysis when coal was boated in tho 
ion source Interesting identifications m relation to 
temperature range were mado Tho other bv R I 
Rood and W Snodden, was chiefly concornod with 
the fragments produced from aromatic compounds 
and thus widened the background available for mtor 
pretrng results with coals Electron magnotic rcson 
an co spectroscopy had boon uaod to study-' coals in 
courso of carbonization under vacuum, bv J Smidt 
and D W van Krevolon. In addition tho time of 
relaxation T, was moasurod as a function of tempera 
ture J TJoberefeld had applied combined nuclear 
and electron nmgnotio resonance measurements and 
foimd ovidenco of interaction between protons and 
free radicals in coals of low rank exchange interaction 
in those of high rank Light spectroscopy was 
represented in two papers, by R A Dune and J 
Szowozyk and by S Ergun and J T MacGirtnev 
The first was concerned with a long wave length 
absorption edge which moves into tho infra rod with 
increasing temperature of pyrolysis Tho magnitude 
of a corresponding onorgy gap in tho structure was 
discusaod in relation to tho graph of polvnuolcar 
aromatic Htructuroe. In tho othor paper an nttompt 
was made to establish specific reflectance of coals 
as a significant structural parameter, related to 
tho hydrogen/carbon ratio and to tho diamond and 
graphite structures as extremes 

Carbonization 

C KrOgor, R BrQcker M Klatt and E Bade had 
studied tho maccral spooios oxrnito and vitrinito by 
pyrolysis under high vacuum Thoy discussed tho 
origin of tho liquid and gaseous products determined 
A M Wandloss and G W Fonton dosonbod coking 
tests, on coals of 84 86 and 87 nor cent carbon con 
tent tliat indicated a bonoflcinl offeot on the coke 
strength of the mace ml inortinito as a constituent 
in tho coal blond at the two lower lovols of rank 
D W van Krevolon F J Huntjens and A H Wilms 
presented n thorough study of strength of eoko in 
relation to partielo sizo of coal carbonized A D 
Dornton W G Kayo and J W Phillips described 
tho offeot of mocomls on v ohimo changes in bnquottes 
during carbonization A. F Boyer and P Pnvon 
throw doubt on tho interpretation of on apparent 
exothermic peak found in tho dlfTorential thermal 
analysis of certain cools thoy considered this to 
result from an mcreoso of conductiv ity duo to ogglut 
ination Finally in tins senes there was on out- 
standing paper by P M T Wolfs, D W vnnKrorolen 
and H I Waterman on tho carbonization of synthetic 
polvmors containing aromatic units linked by 
motliylono bridges labcllod with radioactive carbon 
thoir fato on pyrolysis could bo readily followed 
Tho courso of chemical decomposition was thus related 
to other measurements on tho polymer for oxample 
in n dilatomotor test and a thormobalaneo 
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M F Kessloi and V Vecel ikovn roportod a variety 
of physical and pliy 7 sicochomical measurements on 
cokos and related them to hardness and react m tv 
J H Ehretsnmnn and R C Soynnour had studied 
tho gaseous products and thormochomistrv of tho 
formation and decomposition of surfaco oxides on 
charcoals H Gudrin and M Bastick demonstrated 
the importance of microporosity during gasification 
of coke between 800° and 1,000° C C Hcuc humps, 
L Bonnetam, X Du\ nl and M Lotort showed that 
the appaiont energy of activation of tho combustion 
of graphite variod w ith tompornt ure and extent of com- 
bustion, and was a complex function of hetorogonoit\ , 
porous structure, impurities and reaction mechanism 
It is appropriate after three successive occasions 
when tho burden of organization has largely been 
borne by the Dutch Stato Mines to add an apprecia- 
tion of the magnificent arrangements made by tho 
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scientific and ndmimstrativo staff of that body The 
no\ or failing resourcefulness of Mr \V ,T R Berkx 
m all aspects is especially worthy of mention Tho 
mo\mg spirit behind these conferences has boon tho 
president Prof D IV \an Krovelen, and it must bo 
recorded with regret that ho has now resigned tho 
presidency in view of his pending transfor from tho 
coal to tho plastics industry To mark tho occasion, 
tributes were paid at the end of tho Conference by 
R Loison, I G C Dry den and M.-Th Mnckowskv 
on behalf of the French-, English- and German- 
speaking sections of the audience Prof inn 
Krovelen s impact on real science has occuried onh 
within the past ten % cars , -set, owing to the original 
and prodigious output of his research teams, ho has 
left nothing unchanged 'Dio Conference wished him 
oven, success m his new field of endeavour 

I G C Dm iif\ 


CURRENT RESEARCH ON NOISE 


I T is only within recent years that acoustic noise, 
once studied simplv for its effect on hearing and 
annoyance, has proxed important m phy sicnl systems 
Xoise has long been a source of anno\ ance , its 
effects on w'orkmg efficiency linvo been clear when it 
has interfered with speech communication, less clear 
m causing fatigue , and for years it lias been realized 
that continued excessive noiso can cause permanent 
deterioration of hearing — ‘boilermaker's deafness’ lias 
long been known 

These effects are still with us, in intensified form, 
since with the increased power of machines to-dav, 
noise — as a by-product of this power — is increasing 
also For this reason, the physical aspects of noise 
have come to the fore Tho mtenso fluctuating 
pressures m the noise field near a jet onginc can 
fatigue and fracture the structure of tho aircraft 
The forces on a missile flying through rough air may 
consist largely of random const itucnt®, which need 
to be analysed m some detail to dotormme whether 
any frequencies aro present winch may damage the 
equipment in the missile Such analysis is, of coin so, 
similar to that used m many other fields, such ns 
radar , and thus acoustic noise problems find their 
counterparts m other studies 

These different aspects of noise wero explored 
recently in two symposia held by the Acoustics 
Group of tho Physical Society The first, “Recent 
Studies of Noise Problems”, was held at tho Imperial 
College of Science and Technology, London, on 
March 24, with four papers on psycho-acoustic prob- 
lems, and two on physical acoustics 

Human Response to Noise 

The general effect of tho first group of papers, 
curiously, was that work in many aspects of tho 
subject culminated some five years ago in the United 
States, and little advance has been made since 
This was particularly true of the account of noise 
and hearing loss given by Prof IV Burns (Charing 
Cross Hospital Medical School) Tins subject is 
still heavily m debt to the classic report (Z24-X-2) 
of tho American Standards Association, and little 
more has been learnt about safe noise-levels How- 
ever, work is continuing on the effect of age on normal 
Rearing , this will give a better ‘base-lmo’ for the 


estimation of hearing damage and is a subject on 
which the American report was not \cry satisfactory 

Procedures for oinluntion of the loudness of a 
complex sound, how oxer, hnxe progressed very little 
m any country This was discussed by Mr N 
Fleming nnd Mr D IV Robinson (National Physical 
Laboratory) Tho National Phvsicnl Laboratory 7 
equal-loudness contours remain unchallenged, but 
they arc for pure tones onlv The \nrious ways of 
dividing and weighting the spectrum, in order to 
calculate loudne«s, do not seem xcry 7 productixo, 
while annoyance is a factor o\cn harder to measure 
objectively 7 

Much of this difficulty 7 may bo due to tho fact that 
pure tones hn\ o in tho past boon considered of major 
importance But ns speech, and even music, aro m 
effect successions of transients, many noises should 
bo considered in tlio same way , nnd a Btudx of the 
aural effects of transients may bo a more fruitful 
approach 

The point was, howo\ei, made by Mr Fleming 
that the multiplicity of criteria in American psycho- 
ncoustic studios may 7 not be needed Ho pointed out 
tho eqimalcnco between tho ‘oqunl-annoyancc 
contours for community noise, and tho readings of 
reprosentatrv o noises on tho A weighting of tho 
sound-level motor Tho A weight mg is a \nlunblo 
ono for many approximate loudness studies it is 
frequently used on the European continent m trnflic 
noise probloms 

Further points on community reaction to noise 
wore dealt with by Mr H J Purkis (Building Research 
Station) Tho Icclimques for evaluating the nnnoy 7 - 
anco of different types of noise, developed in America 
somo years ago, still appear generally valid, although 
some alterations to suit tho difformg susceptibilities 
of English communities arc needod It is hoped to 
collate sovoral case histones of noise annovanco, 
with tho viow of obtaining more applicable data 

Dr D E Broadbont (Medical Research Council) 
spoke on the effects of noise on working efficiency 
This is a field in which it is most difficult to obtain 
conclusive results A pattern is, howovor, beginning 
to omergo, connected with tho effoet of noise in inter- 
rupting attention , noise often seems to mtorfero 
with tasks necessitating short-term memory A* 1 
overall level of 90 db appears critical, and it is found 
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that* whatever maj bo the offoot on efficiency at 
work, noise increases for example wastage rate 
and number of mistakes 

Physical Acoustics 

Two papers on physical noieo problems were 
presented Mr DMA Morcor (Uiuversitv of South 
ampton) dealt with the difficulties mlioronfc m obtain 
mg accurate measurements of aircraft no iso Such 
factors as ground reflexions sue and behaviour of 
source can causo errors of a few docibcLs compan 
sons of, for example the performance of jet silencing 
dev icee may bo quite misleading if these precautions 
aro not taken 

DJeeol engine noiso was discussed b\ Dr A E W 
Austen and Dr D Pnede (CkA V Ltd ) Speed and 
swept volume have been related to sound output 
there is little variation, with load, duo to the character 
istics of the diesel engine A quite thorough survey 
has been made of the vibration of different surfaces 
of tho engine and their effects as noise producers, and 
sound lewis calculated from these aro consistent 
w ith measured noise levols 

Aspects of Noise Analysis 
The second symposium on “New Techniques m 
the Analysis of Nouto and Vibration" was held in tho 
Physics Department of the University of South 
ampton as a joint moot mg with tho Institute of 
PhyBics Tho attendance of about 150, drawn from 
di\ eree fields of physios, engineering and electronics 
indicated the considerable internet m the analysis of 
noise in the widest sense Tho emphasis was on 
new and projected techniques standard bandpass 
ffitonng methods received little attention 

Tho meeting was opened by Mr R A Eades 
(bignals Research and Development Establishment 
Christchurch) who described tlio speech spoctrogreph 
an instrument capable of oxnminmg and analysing 
short samples of sounds end presenting tho analysis 
m a manner similar to that of the visiblo speech 
techniques Mr Eades made the important point 
that, m much of tins work bandpass filtore with sharp 
cut-offs aro not desirable, due to tho ringing they 
give tho lowored frequency discrimination of a 
filter of Gaussian or timed circuit characteristics is 
amply repaid bj freedom from ringing 

Mr G J Herring (Royal Aircraft Establishment 
Fomborough) described an analogue to-digital con 


verter which converted a fluctuating voltage into an 
input suitable for o Pegasus digital computer The 
computor could then be used to maho on analysis of 
the input wave form This method was dovolopod 
because purelv analogue methods had proved tmsnlis 
factory This paper and tho prev ions one led to con 
siderable discussion it was cJenr that the problem of 
anah sis of random wave fonnswas important to man\ 
workers One point, howov cr, was that the distinction 
between wave forms with and without a periodic 
component — a difference important to tho statistician 
— was not always made clear with consequences 
perhaps of unnecessary difficulties In many nnnhscs 

Jfr DMA Blercer (University of Southampton) 
emphasized the practical point that in nn\ annly sis 
frequency discrimination stability of estimates and 
ease of computing were all linked and could not all 
be maximized at once great care was needed in the 
planning stages of an analjTns Cross-correlation 
techniques were often ablo to give results unobtain- 
able by straightforward methods 

Dr G M Jenkins (Imperial College of Science and 
Technology, London) discussed tlio statistical impll 
cations of obtaining a spectrum via an autocorrolo 
gram It is desirable to examine tlio autocorrologram 
itself before tlio Fourier transform process in any 
event some modification to it is often desirable to 
obtain a more stable spoctrum, but m addition much 
information is often available at thiR stage and 
different applicable statistical criteria were described 

Tho ensuing discussion demonstrated much in I crest 
in the use of axis crossings of a random function 
Presumably tliore is a major theoretical break 
through to be looked for on this topic but aport 
from this theoretical and experimental studies 
demonstrate that axis -crossings carrv most of the 
information of a wave form (njwrt from magnitude 
of course) Tbe limitations of the method, howrter, 
aro not jot known 

The concluding Impression of tlio symposium 
oppoarod to be twofold first, that noise in the 
widest Bonse is a subjoct of considerable interest 
and secondly that there often appeared to bo a 
considerable gap between tho theoretical studies and 
tho work of thoso concerned with practical noise 
and vibration analysis This leads, at best to correct 
analyses obtainod with unnecessary difficulty and at 
worst analyses which aro meaningless Closing or 
tliis gap would be of benofit to all con oc mod 

Derwent M A Metioer 


BIOSYNTHESIS AND SECRETION OF ADRENOCORTICAL STEROIDS 


A T a symposium hold on February 14 tho Bio 
chomical Sociotv gathored together a group of 
m\ ostigfttors who described their own work and that 
of others on vnnous aspects of the biogenesis of the 
adrenocortical hormones In on introductory paper, 
I E Busli doscribod tho chomical nature of tho 
steroids under discussion and tho application of 
various typos of chromatographic procedures to tho 
naporation and identification of theso substances An 
important feature of steroid cliromatographj is tho 
very large number of possible compounds and tlio 
danger of wrong identification if chromatographic 
proportion are relied upon to tho exclusion of others 
This danger mn\ bo diminished by tho use of numorous 


microohomicnl and spootrophotomotnc techniques 
Tho former includo acetylation or oxidation (notahlv 
tho romov al of tho C 17 aide cliain) on tho 10-50 pgm 
ecalo followed bv observation of the ohroroato 
graphic behaviour or tho product on papor Spots 
of steroid on jiajior give various well known colour 
and \on sensitive fluorimetrio reactions On tho 
physical eido a wale rnngo of correlations between 
structuro and absorption bands in tho Infra red 
region has been established Ultra nolot absorption 
spectra in sulphuric acid and nlcohoho alkali provldo 
useful information which, in conjunction with pnjwr 
chromatography and comparison w ith reference suh 
stances, may provido identifications almost ns relfnbio 
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as thoso from infra-red spoctra Nm\ work in Bush’s 
laboratory" has shown that useful generalizations 
about the bohaviour of storoids m partition systems 
can be made using Martin’s tlioory and the J?w 
function of Bate-Smith and Wostall For this 
theoretical approach Bush has collected numoious 
Bp values from tlio htointuro Not all Mill agico 
with him on tlio reliability of thoso valuos Tlio 
chromatogram tank is not yot a precision instru- 
ment 

J K Grant then reviewed present knowledge of 
tho biosynthesis of ndronocortical steroids Hero 
theie aro at least threo questions to bo answered 
What is tho nature of the socrotion of tho adrenal 
cortex, what soquencos of reactions aro involved in 
tho syntheses of the steroids m tho cortical colls and 
what are tho mechanisms of thoso reactions 9 Com- 
plete answers cannot bo givon Tlio analysis of 
adrenal venous blood collected from animals and 
from human subjects undergoing adronaloctomv has 
provided direct ovidonco of the nature of tho steroids 
socroted by tho adronal gland Hydrocortisono, 
corticosterone and aldosteiono arc tho principal C It 
compounds found Tho last of thoso, and a variotv 
of others of loss physiological importance, aro present 
m trace amounts There is mdiroct ovidonco that tho 
adronal cortex in man socretcs a substance which, m 
contrast with aldostorono, promotes tho oxcrotion 
of sodium A now steroid (8p lGa-dihydroxy-5a- 
pregnan-20-ono), which produces tins offoct m rats, 
has recently boon isolated by Wottstom from tho 
adrenal glands of swmo Tlioro is also ovidonco that 
the adrenal gland secretes androgenic and oestrogenic 
steroids 

Application of a variety of techniques lias clearly 
established that adrenocortical storoids may bo 
formed m the gland from acotato or cholesterol by 
formation and subsequent liydroxylation of pro- 
gesterone An outstanding question of major interest 
is the possibility of alternative pathways to thoso 
originally proposed These alternatives are concerned 
with the order m which tho hvdroxylations of tho 
koy intermediate progostorono procood, with tho 
possibility that cholesterol is not an obligatory 
intermediate m hormono formation, and with tho 
direct transformation of cholesterol to C 18 steioids 
Hydroxylations commonly occur at C-17, C-21 and 
C-lip m that order It has boon shown boyond i eason- 
ablo doubt that a C-2 1 hydroxy steroid cannot imdorgo 
liydroxylation at C- 17 Grant has, howovor, demon- 
strated that 11 (3 -hydroxy lation of progesterone can 
procood in good yield Hydrocortisono may then bo 
formed from ll(3-hydroxyprogcstorono but at ratos 
too slow to bo of significance m normal biosynthesis 
This alternative patliw ay may, how over, bo important 
m pathological states Despite much suggestivo 
evidence and numerous experiments with isotopically 
labellod compounds, it has not boon possiblo to 
establish firmly tho existcnco of alternative path- 
ways from acetate to adrenocortical hormones which 
do not involve cholesterol Wlion such pathways 
appear to have been demonstrated, alternative 
explanations of tho results have boon possiblo if tho 
existence of different metabolic pools of adional 
cholesterol is assumed In other cases tho results are 
unacceptable smee the comparisons between tho 
specific activities of precursors and products have 
been made at one point m time and not on a kinetic 
basis known to be essential in order to avoid mis- 
interpretation of results Despite intensive study, 
the mechanism of steroid hydroxylation has not been 
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olucidated Molecular oxygen and reduced tnphos- 
phopyridmo nuclootido aro cssontial It lias not boon 
possiblo to confirm that a frnnsliydrogonaso is 
involved m tho formal ion of reduced tnphospho 
pyridino nuclootido It has boon suggested that tho 
i educed nuclootido is roquned for tho reduction of an 
oxygon ncfivnting or transferring on7ymo containing 
a lioav v metal, but proof is Inching There arc, 
howovor, indications that tho 1 ip-hydroxv'Iating 
cn/ymo s^stom located in tho mitochondria is com 
plox The obsoivntion that 2-mothyl 1 2-bis-(l 
pyridyl) 1-projmnono ( SU 4885) appears to bo a 
specific inhibitor of 1 ip-hjdroxylntion vno and 
m vitro has aroused considerable intorost 

Adionnl glands of tho rat, ox and man liavo lieon 
most oxtonsivoly studied Tho anatomv and lustologj 
of these glands were described by T Symington Ho 
directod attention to two foaturos which linvo not 
until recently rocoivod ndoqunto attention from 
biochemists tho unusual musculaturo of tho adronal 
voins which may, by restricting blood flow tlirough 
tho glnnd, mfluonco steroid biosynthesis, and tho 
mnrkod differences m histology botweon tho ruminant 
and non-rummnnt adronal cortex Tho fascicularis 
and reticularis /ones, readily distinguished in non 
ruminants, aro not distinguished m tho rummnnt 
In tho ox, which is typical of tho ruminants, a broad 
7ono of ‘compact’ colls fills tho cortox from tho 
medulla to tho prominent glomorulosa boncath tho 
capsule In man, tho fasciculata 7ono of variablo 
width is filled with hpid-lndon ‘clear’ colls and lies 
between tho rotioulnns 7ono of ‘rompaot’ colls and 
tho glomorulosa, which is v cry irregular, forming 
islands under tho capsulo so that glomorulosa cells 
are absont from somo sections Tho ox adrenal gland 
is for this reason a more satisfactory object tlrnn tho 
human glnnd for the m vitro study of the synthesis 
of aldostorono which apjicnrs to occur in glomorulosa 
colls Tho morphology and histochemistry of ‘clear’ 
and ‘compact’ colls and tho mfluonco of corticotrophin 
thoroon have boon studied m Symington's laboratory 
using glands romoved surgical I j m two stages for tho 
treatment of breast cancer Tlio uso of thoso fresh 
glands has also pormitted tho study of onzvmo 
reactions involved in storoid biosynthosis Thoso 
biochemical studios and in addition tho results of 
analysis of adronal v onous blood obtained at tho time 
of adronaloctomv havo boon correlated with tho 
morjihological and lnstochomicnl observations It 
would appear from tho results obtained that ‘clear’ 
colls of tho fasciculata 7ono may function ns stores of 
hoi mono precursor, and that tho ‘compact’ colls of 
the reticularis 7ono, far from being tho sonescont 
colls described by othors, may bo tho site of octno 
hormono biosynthesis ‘Cloar’ colls aro converted to 
‘compact’ colls imdor tho mfluonco of corticotrophin, 
which stimulates corticosteroid socrotion, influencing 
various stops in tho soquonco of biosynthot 10 reactions 
Studios w ith tho electron microscopo in Glasgow havo 
revealed important differences botweon tho ‘clear 
and ‘compact’ colls, the most striking foaturos of 
which mo tho microvilli, which form extensions of 
tho coll membiano running out into tho mtorcollular 
sjiacos Tho function of tho microvilli is unknown, 
but it is interesting to spoculato that they may bo 
concornod with socrotoiy processes 

P J Ayres doscribod tho relation of steroid 
socrotion to tho histological zonos of tho adrenal 
cortox, with particulai roforonce to tho ovidonco 
which ho has obtamod m collaboration with Dr arid 
Mrs Tait that aldostorono is synthesized and secrotod 
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by the col la of the glomerulosa zone This -work 
dovelopod out of early observations on tlio rat , these 
supported the \ iow that a steroid active in electrolyte 
metabolism woe eecrotod by the glomemlosa zone 
relatively mdopendent of the pituitary but influ 
encod by elootrolyte intake Further indirect evidence 
followed the isolation of tho steroid concerned 
aldosterone, from whole adrenal extract by tho Taits 
in 1952 It was possible to show that aldosterone 
secretion, but not tliat of cortfoosterono is diminished 
in rats on a low potassium diet Hypophysoctomy 
has a much more pronounced effect on corticosterone 
than on aldosterone eocrotion in tho rat After this 
operation in dogs the fasciculata reticularis zone of 
tho adrenal gland atropines nnd the secretion of 
hydrocortisone and corticosterone falls by contrast 
tho glomerulosa zone and the secretion of aldosterone 
are unaffected Diroct evidenco for tho preferential 
production of aldosterone in tho glomerulosa zono 
was obtained by tho Taits and their collaborators by 
incubation of adrenal capsule strippings to which 
plomorulosa cells woro adhering, ana of tissue from 
the underlying zono In tho ox tho 17 hydroxylaiing 
enzymo system appears tolxnn the zono lying under 
the glomerulosa only, whereas the ] 8 oxidase system 
necessary for aldosterone synthesis is confined to the 
glomerulosa zono 

A remarkable featuro of the adrenal cortex is 
its ability to synthesize all known types of steroid 
hormones R V Short discussed the biosynthesis 
and secretion of sex hormones by tho adrenal gland 
In his laboratory, mot hods have boon de\ eloped for 
tho separation and determination of tho major nnd 
some of tho minor steroid constituents of adrenal 
■venous blood Theso have been appliod to the 
analyses of blood collected from human subjects by 
A P M Forrest m Glasgow and from adult, new 
bom and fcetol domestio animals by Dr Short’s 
collaborators in Cambridge Progesterono has boon 
found in adrenal blood from women cows sheep and 
pigs in concentrations higher than in tho peripheral 
blood 17a Hydro xyprogoet erone a storoia which is 
sixty limes as active os progesterone in some bio 
logical assays has been detected in tho adrenal 
\ cnous blood of women and cows The interesting 
observation lias been mado tliat young calves eccrcto 
20a hydro xyprcgn-4-on 3 -one This disappears from 
tlio secretion somo time after birth and is replaced 
b\ tho 20^-opimer in tho adult animal The sig 
mil con co of this is unknown There is good indirect 
o\ idenco for the secretion of ccstrogens by the adrenal 
v.ortox, but they must bo present m human adrenal 
venous blood in amounts too small for detection by 
present methods Four androgens have boon reported 
in adrenal vein blood m man Dehj droepiandro 
st crone is probably exclusively of adrenal origin, bat 
its precursors are still uncertain Androstonodiono is 
undoubtedly tho most biologically activo adrenal 
androgen and it may bo present in adrenal venous 
blood in rolotivoly high concentration It is remark 
ablo that androstenodiono and dehydiwpfandro 
stcrono cannot bo detected in oven largo samples of 
adrenal venous blood in cattle 1 1 p Hy drowandro 
strmediono is probably present in the adrenal venous 
blood of tho cow and sheep os well ns in that of tho 
rat and cat, hut this compound, in common with tho 
other known 11-oxy 0 lt steroids, seems to possess 
littlo biological activity Theso observations may be 
of considerable importance m votormary mcdicino 
and cost doubts on the reports of adrenal vmlism in 
ealtlo 


Tlie amount of corticoaterono and hydrocortisone 
secreted by tho adrenal cortex is controlled by 
cortiootTophm from tho anterior lobe of the pituitary 
How the pituitary obtains the informat ion neccssan 
to enablo it to adjust tho activity of tho adrenal 
cortex to the body s requirements is a fascinating 
question which has recently attracted much attention 
Knowledge of this matter was reviewed by M ortho 
Vogt Few histologists consider tho nerve supply to 
the adenohypophysis adequate for tho control of 
cortiootrophm secretion, and this control is therefore 
assumed to be humoral It has been shown that 
substances such as adrenaline, winch may be earned 
by tho systemi o blood, can pro mo to tho reloaso of 
corticotrophin by tho pituitary There is also much 
evidence in support of tho view that a stressing 
stimulus results in nervous activity in tho hypo 
thalamus which o lab crratcs a ‘corticotrophin releasing 
factor This is earned by a “portal circulation to 
tho anterior lobe, where it stimulates corticotrophin 
secretion. Tho original suggestion that the cortico 
trophm releasing factor is identical with vasopressin 
has been modified by tho independent observations 
of Saffron and GuiUemin, who now propose that it is 
a polypoptido similar to but different from vnso 
presain Tho purified material is active tn vitro in 
nanogram amounts, and microgram quantities pro 
duco a similar offcct on tho rat pituitary stores of 
corticotrophin or on blood corticostoroids as severe 
stress The active material contains seven of tho 
olght amino-acids of lvBino vasopressin and, in 
addition, sermo and histidine Hr Vogt also dis 
cussed the nature of stimuli which activate or inhibit 
hypothalamic activity Tlio lovol of corticosteroids 
in blood is now regarded as a contributing but not 
the solo, factor accounting for tho control of cortico 
trophin secretion m stress Recent work suggests 
that the suppressing effect of high doses of cortico 
steroids ma\ bo on tho hypothalamus rathor than on. 
tho pituitary In addition to lack of corticosteroid in 
the blood, afferent nervous impulses, especially if 
they elicit pain or worry, stimulate tho relcaso of 
corticotrophin but tho nature of tlio stimulus or 
stimuli wlilch act in other forma of stress is unknown 
General depressants of the brain inhibit tho re! cow 
of corticotrophin 

Dr Vogt also re viewed knowlodgo of tlio control 
of secretion of nl dost erone This secretion is less 

influenced by corticotrophin than that of tho gluco 
corticoids Farrell lias however, recently found that 
certain preparations of corticotrophin increased 
aldoetorono secretion in tho decerebrate hypophy 
soctomizcd dog but satisfactory ovidcnco for tho 
oxistcnco of a specific pituitan hormono which 
influences aldootcrono secretion is lacking Tlio role 
of such a hormono would bo limitod sinco increased 
aldostorono secretion in tho hvpophyscctonnzed dog 
1ms boon obtained with a variety of stimuli Experi 
monte in Dr Vogts laboratory ha\o demonstrated 
tho rapid and reversible responso of aldosterone 
secretion in tho dog to expansion and contraction of 
tho intrav oscular \ olumo Infusion of blood decreases 
whereas lucmorrhngo increases tlio secretion of aldo- 
sterone Tho former offcct was loss casih elicited 
than tho latter 

In the final paper, N Saba dealt with tho mode of 
action of corticotrophin from tho biochemical pomt 
of view Ho referred to tlio observations of Hechter 
tliat corticotrophin acts on tho conversion of chol 
cstcrol to prcgncnolono and the later independent 
work of Heard and Grant on the stimulation of 
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ll-hydroxylation by tho tropluc honnono Saba’s 
lesults obtained in collaboration with Hechtor suggost 
that corticotrophm influences tho spatial relation- 
ships of enzymes mvolvod in tho biosynthesis of 
ndronocortical sloroids Moro rccont "work by olhors 
has revealed an effoct of corticotrophm on on7ymo 
svst-ems which effects the reduction of triphospho- 
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pvriduio nucleotide Tlio requirement for reduced 
tnpliosphopyridino nuclootido for steroid hydroxyla 
tion has already boon roforrod to If this is un 
important offect of corticotrophm it is difficult 
to rolato it to tho specificity of action of this 
hormono 

J K GltALT 


EDUCATION IN THE UNITED STATES (I9S7-S8) 


E DUCATION m the United States of America is 
based on three fundamental concopts that the 
primary responsibility for public education rests with 
the States , that ov ory person has an equal right to 
educational opportunities , and that educated citizens 
are essential to freedom and human w olfnro Working 
within theso concepts during 1 057 — 58 tho United 
States made further progress towards its goal of 
improving education for all* 

Evidenco of progress is found in the increasing 
educational attainment of tho population Tho 
number of school years completed by tho average 
adult 25 years of ago and ovor increased from 0 3 
m 1930 to 10 0 years m 1957 The group 25-29 
vears had completed 12 3 years of schooling, 
v bile the group oldor than 05 had completed only 
8 3 years 

Although education is a State responsibility, no 
State administers its schools directly' Lavs have 
been enacted in each State dividing tho territory 
of the State into local school administrative units, 
commonly termed school districts Tho powors of 
local district school boards to establish and maintain 
schools are prescribed by State lav, but pormit 
exercise of local initiative in exceeding minimum 
educational standards required by tho Stale Each 
State has its own department of education, which 
exorcises controls and provides specialized services 
to assist local school districts m conducting the 
State programme of education 

At the beginning of tho school year tlioro were 
1,152,600 instruction rooms in full-time public 
elementary and secondary schools , an additional 
142,300 rooms were neodod to roliovo over-crow dmg 
and to replace unsatisfactory facilities About 
70,500 instruction rooms vvoro scheduled to bo built 
during the year About 61,000 rooms will bo noeded 
to accommodate next y'ear’s enrolment increase and to 
replaco rooms that will probably bo abandoned 
Almost one-third of all pupils enrolled in tho public 
elementary and secondary schools are transported 
to and from school at pubho oxponso During 
1955-56, more than 10 million pupils wore transported 
In most States pupils must live 1-J miles or moro from 
the school to be eligible for transportation for which 
the State helps to pay tho cost 

Institutions of higher education classified by typo 
of support and control are of two genoral typos — 
publicly controlled and privately controlled One- 
third of tho approximately 1,900 higher institutions 
are publicly controlled and supported by pubhc or 
government agencies , two-thirds are privately 
controlled and supported by individuals or ecclesiastic, 
philantliropic and other groups The State exor- 
cises little control over institutions of higher cduca- 


_ * p u>jy c B3 of Public Education In the U S A ,1057-68 (Washington 
Si? V ov , Printing Office , available also from H M Statloncrv 
Office, London ) 


tion, oven those supported by pubhc funds, and 
consequently both types of institution operate with n 
high degree of autonomy 

In 1937-58 expenditures for education in public 
olcmcntary and secondary schools and in higher 
institutions totalled 20,000 million dollars, which 
was 5 5 per cont of tho 1957 total national income of 
358,000 million dollars Funds to covor expenditure 
in pubhc schools wore provided bv Federal, State 
and local governments 

For tho fiscal year 1058 the Federal Government 
appropriated approximately 2,000 million dollars 
for educational purposes Tho total included funds 
administered by' the Office of Education and was 
distributed ns follow!? Office of Education, 7,000,000 
dollars, vocational education, 40,888,412 dollars, 
higher education, 5,031,000 dollars , rcIiooI construc- 
tion and maintenance, 225,650,000 dollars , and 
library services, 5,000,000 dollars 

Sinco tho States liavo primary' responsibility for 
public education in tho elementary and secondary 
schools they provide funds and nuthorizo local 
school districts to provide local tax-fundB for pubhc 
schools In tho 1957-58 school year it ir estimated 
that of tho total rovonuo for public schools the 
Federal Government provided 4 per cent, tho 
States, 41 per cent , and local districts, 55 per cent 
In recent yonrs tho percentage from Federal and 
States funds has boon increasing slightly' 

As much ns 93 por cent of local educational revenue 
is obtained from proporty taxes Local communities 
uso tho property tax to secure funds for current 
operating expenses and for school construction. Some 
local districts also low non-proport v taxes for schools, 
including local per capita taxes and taxes on wages 
sales and nmusoments Non-property' taxes for 
schools produce 7 por cent of local rovonuo 

Total expenditure por pupil in 1957-58 averngod 
431 dollars, an increase of about 7 per cent over the 
amount in 1955-56 

Tax revenues supply' most of tho funds for public 
institutions , private donations, student tuition and 
ondowmont supply' most of tho funds for private 
institutions Tho 1957 budgots for both private and 
pubho institutions for educational and gcnorol 
expenditures, excluding auxiliary sorviccs, student 
aid and plant expansion, totallod 3,200 million dollars 
Of this, Btudonts paid 950 million dollars ns tuition , 
earnings on endowmont provided 150 million dollars , 
private gifts, 250 million dollars 

The organization of public schools is determined 
by Stato and local authorities, but gcnomlly the 
basic 12-yonr programme is organized as an 8-yea r 
elementary and a 4-year secondary programme or a 
6-yonr olemontary and a G-year secondary pr° 
gramme Typically a G-year secondary programme i® 
divided into a 3-ycar junior and a 3-year senior high 
school Tho most common tvpe of school is one 
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attendod bj almost all children of school age m the 
community, regardless of social or economic stains 
fcx or vocational nun On nil levels schools vary 
greatly m size, from one room rural schools to largo 
urban schools enrolling several thousand students 
Improvement of the school district organization 
in sparsely populated regions has resulted m 
a continued decrease in the numbor of small high 
schools 

All States provide public schools and permit 
students between the ages of 0 and 20 years to attend 
Most States have enactod compulsory attendance 
laws for certain age groups The compulsory attend 
once agoe rongo from 0 to 18 y ears, but a majority 
of the States require attendance between the ages 
of 7 and 17 years Of the total population of persona 
between 0 and 17 years old in October 1057, 06 5 per 
cent wore enrolled in school At that time 93 per 
cent of all school age children, generally defined ns 
those between 6 and 17 years old inclusive wore 
enrolled In elementary and socondary schools the 
proportion of boys and girls was about the some 
but in higher education institutions mon made up 
about two thirds of the student body and women 
one third 

School onrolmonts mcroosod for the thirteenth 
consecutive year In 1957-58, 4.3,135 000 persona 
or about ono out of overy four in the population, 
were attending public or private schools and colleges 
an increase of more than 4 per cent over 1056-57 

The latest available data indicate that about one 
half of the high school graduates now go to college 
about 42 per cent fall time and 8 per cent part time 
Attendance of studonta at institutions of highor 
education is altogether voluntary Assuming that 
thov moot admission requirements students are free 
to choose the type of institution they attend— publio 
or private liberal arts or technical, 2 jeor or 4 >ear 
and to pursue any curriculum or prepare for anv 
profession to the extent of their abilities A student 
m an institution mav of his own volition drop out 


altogether or transfer to another institution In the 
autumn of 1057, colleges and universities enrolled 
moro than 3 million studonta, an increase of 4 per 
cent over the autumn 1050 enrolment and a 43 per 
cent increase over the 1952 autumn enrolment 
The number of freshmen entering collego m the 
autumn of 1957 represented shghtlv more than 30 
per cent of persons in the country who wore 17 years 
of ago m 1950 About 68 per cont of tho students 
enrolled were in public institutions Enrolment in 
pubho institutions is increasing more rapidly than in 
private About 800,000 of tho studonta attending 
full time lived in dormitories provided by the 
institutions 

Tho degree granting colleges conforrod a total of 
411 000 degrees in 1957-58 8 3 por cent more than 
in 1950-57 Of the total conferred, 82 8 per cent 
were bachelor's, 16 L were mastor s and 2 I wero 
doctor s degrees The average cost of a year in 
coiioge was between 1,600 and 2 000 dollars, and tho 
median award in scholarship aid was less than 300 
dollars 

In 1057—68 betwoen 30 and 35 million adults 
participated in adult education programmes sponsored 
bv industry, labour unions tho Aimed Services farm 
organizations and other groups In carrying out 
their programme theso groups bad tho co-operation 
of public libraries publio school systems higher 
institutions television systems and Government 
agencies 

liXtensivo rooearoh is earned on by public and 
nvnto agencies such os colleges and unnersities 
tate departments of education and various philiui 
throplo groups Their research is directed toward 
solving some of tho problems facing education for 
example, it inoludes farther investigation of tho 
learning process and tho character and extent of 
individual tbfforoncos Stato departments and local 
school systems direct their research primarily to 
solving local probloms and collegos and universities 
direct theirs to broader problems in education 


THE PHYSICAL SOCIETY, 1958-59 


T HE annual general mooting of tho Physical 
Sooicty was hold on May 21 at tho Royal 
Institution London and immod Intel} following the 
meeting Mr J A Ratoliflb dolivered his presidential 
address entitled * Rocont Trends in the Theorv of 
tho Ionosphere ’ Tho report of tho conned of tho 
Society and tlvc accounts and balance shoot for 1068 
wero adopt od at tho meeting and tho composition 
of tho now council to hold office for tho session 1059-00 
was announced 

Tho income of tho Socioty during 1058 excooded 
expenditure b} £4 581 and was mainly duo to the 
increase in prlco of the Sociot} s publications whon 
sold to tho general public which tho council authorized 
in 1067 Notwithstanding tho rise in price, sales linvo 
Increased Tho membership rose from 2 000 to 2,130 
hut tho increase was entirely m tho student member 
ship grade Tho fort} second annual exhibition of 
scientific instruments nnd apparatus was hold during 
March 24—27 in tho two halls of tho Royal Horti 
cultural Sociotv Thosizoof tho exhibition and attend 
anco wore similar to those of tho previous year Tho 
sales of the exhibition liandbook ond tho receipts 
from exhibitors resulted in a sntisfaetorv surplus of 


£5,005 of which £4 000 was transferred to the 
exhibition contingonoy fund and the remainder to 
tho general income and expenditure account 

Tho council's report refers briefly to tho activities 
of tho 8ociotj diming tho year and in particular to 
tho conferences of two or three days duration which 
wore held on various subjects in Cambridge, Durham 
Malvern and Swansea Tho attendances wore usually 
botweon 200 and 250 of which approximately half 
on tho average wore members of tho Bociot} A few 
research students and others were financially assisted 
to attend tlioso conferences by means of a grant 
allotted to the Sociot} b> tho Rojal Sooioty Tho 
decision to rocombino tho two sections of tho Sociot} V 
Proceedings wan put into oiToct during 1058 nnd the 
volume of work published (208 ongtnnl articles 74 
research notos and 21 letters to tho editor) was 
aubotantuvlk tho same ns in 1957 Vol 21 of tho 
Reports on Progress in Phjsics’ 1 which was puli 
Halted during tho summer contained nine articles 
and theso articles were also available for purchase 
separately 

Tho informal discussions with the Institute of 
PliVBics which wero begun in 1067 to consider tlte 
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closoi co operation between the Institute and tlio 
Society were contmuod A mutually agreed docu- 
ment entitled “Memorandum to Mombors — Proposal 
to Amalgamate the Institute of Physics and tho 
Physical Society” was circulated, togotlior with an 
explanatory lottor from tho president A joint 
amalgamation committee has boon sot up and is non 
engaged in more detailed discussions 

At the annual mooting, tho prosidont, Mr J A 
Ratcliffo, tho honorary sccrotanos, Dr C G Wynne, 


August 8, 1959 

Di H H Hopkins and Mr A G. Peacock , tho 
honorary foreign secretary, Prof E N daC Andrade, 
and honorary treasurer, Dr D A Wright, woro 
re-elect od to some for 1950-00 Tho nowly elected 
vico-prosidonts woro Prof F. Llouollyn Jonos and 
Dr G B B M Sutherland, and tho nowly elected 
mombors of council Mr D W Fry, Dr V, E 
Cosslott, Prof F, C Frank, Prof W E Burcliam, 
Dr It L F Bold, Dr R A Smith and Prof D E 
Wilkinson S WnrsTROun 


SCHOOL MEALS IN ASIA AND THE FAR EAST 


V ARIOUS Food and Agriculture Organization 
conferences, as noli ns rogional nutrition moot- 
ings convoned periodically in co-oporntion with Iho 
World Health Organization, lmvo emphasized tho 
importanco of supplementary feeding ns a moans of 
nnproving tho nutrition of vulnoiable groups Tho 
First Regional Nutrition Committee m South and 
East Asia, which met in Bnguio, tho Philippines, in 
1948, recommondod a typo of meal nhich could bo 
supphod to school-children m tho region Tins monl 
pattern emphasized tho uso of cheap, locally available 
foods that nould provido the children with all 
essential nutrients 

Tho Fourth Rogional Null it ion Comrmttoo of the 
two Organizations, which mot in Tokyo m 1950, 
considered a number of important factors rolnting 
to school feeding programmes , it recommended that 
tho Food and Agriculture Organization should con- 
vene a school feeding sommor for countrios in South 
and East Asia, at which tho future development of 
school-feeding along sound lines could ho discussed 
by appropriato countiy representatives 

Much of tho Food and Agriculture Organization’s 
practical work in school-feeding lias boon dono m 
co operation, with the United Nations Children's 
Fund, tho Organization providing tho technical 
guidance in organizing and dovoloping programmes 
based initially on dned skim milk and othor supplies 


made aiailahlo by tho Fund This Fund lias becomo 
increasingly interested in tho long-term develop 
mont of measures to improve tho nutrition of children 
and has recently been authorized t-o increase iho 
scopo of assistance which it can provido It was 
agreed, thoroforo, that tho Fund should join tho 
Organization m convening tho eominnr. Because 
malnutrition is often a serious problem among children 
of pro school ago, it was also agreed that coitsidcra 
lion would bo given to this important group of tho 
population 

Tho seminar was designed to bring together, fioin 
tho countries concerned, workeis associated with 
various aspects of child-feeding prop amines, in 
particular school-feeding programmes, for considera- 
tion of the problems met in do\ eloping them and of 
measures needed to improve and expand them on a 
Found nutritional and financial basis Tho Go\ era 
mont of Japan extended an im itation for tho seminar 
to ho held in Japan, and it was held m International 
Houso, Tokyo, during No\cmbor 10-19, 1958 Tho 
sominnr was attended bv delegates from twelve 
countries in tho region, as woll ns bv representatives 
from tho World Health Organization international 
Co operation Administration, and Co operative far 
Amcncnn Remittances to Evorvwhere A report 
on tho sornmnr has now been issuod (H M S 0 , 
2s M ) 


INDUSTRIAL HEALTH IN THE POTTERIES 


D URING 1950-58, four mombors of tho factory 
mspoctorato earned out a survoy of industrial 
health m the pottery industry m tho Stoke on-Tront 
area Tho survoy was undertaken with tho advice 
of the Industrial Health Advisory Committee This 
Committee was sot up in 1955 by tho Minister of 
Labour and National Sorvnco to ndviso him on 
measures to further the development of industrial 
health services in w ork -places covered by tho Factories 
Acts 

On the advice of the Committee the Minister 
instituted two industrial health surveys, which wore 
to bo regarded as pilot surveys Tho first was of all 
the factories m a particular area — tho town of 
Halifax was chosen — and tho report on that survey 
was published in 1958 The second was a survey 
of a specific industry — the pottery industry 

A number of considerations led to tho choico of 
the pottery industry Among them was tho fact that 
it is geographically compact, and that, although over 


a number of years much has boon dono m tho in- 
dustry to oliminato or reduco tho Irnown health ri«k, 
it was considered that a survey of Iho pottery in- 
dustry would hnv o particular mlorcst m giving nn 
opportunity to assess both tho success of tho measures 
so far takon and tho continuing noecls 

Although a survey of this kind offers no basis for 
compaung conditions m the pottery industry with 
those of othor industries, it is possible to draw somo 
comparison botwoon prosont conditions in tho potion 
industry and thoso of tho post Gonornl conditions 
in tho industry to day nro markedly diiforont from 
what tlioy wero Tho industry lias dono a great 
deal, particulaily m tho yoars sinco tho ond of tlio 
Second World War, to nnprovo working conditions 
and to reduco tho health hazards connoctod with 
pottery manufacture 

Tlio classic industrial disease of tho pottory industry 
was lead poisoning, duo in part to (ho load glazes 
used By tho middle 1940’s tho uso of low -solubility 
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or leadloBs glazes had booomo so widespread tliat it 
vmn considered practicable to prohibit the use of 
any glaze that was not either landless or of low 
solubility This was not an easy requirement for 
all firms to comply with and the glazed tile industry 
yeas faced with a particularly difficult problem 
Intensive research enabled all firms to be m a position 
to comply' with the requirement when it become law 
The other source of lead poisoning woe the colour 
used m decorating the ware Higher standards of 
cleanliness and improved mothods of dust control 
have so far, dealt with this hazard, with tho satis 
factory result that in recent years lead poisoning 
has virtually boon eliminated from the industry 

Anothor major achievement of tho industry, this 
time m roduclng tho risk of pneumoconiosis, has been 
tile substitution of al umina for powdered flin t m the 
placing of china for the biscuit fire When it became 
clear tliat alumina was a satisfactory alternative the 
( hum industry, In spite of some technical probloms 
in\ oh ed agreed that the flint should be replaced by 
aliunina By 1947, when this chango was modo 
compulsory, all firms m the industry had in fact 
changed over 

Work on the control of dust in the making processes 
whore there is a health hazard from pneumoooniosis 
is continuing For some years the British Ceramic 
Research Association has been uorking on the dust 


probloms of the industry and has done much valuable 
research work mto the behaviour and control of dust 
gi\ en off in certain processes The Research Amocia 
tion has already designed dust-control plant for the 
processes of towing and hollow ware fettling which 
is proving most effoctive Work is in progress on 
the control of dust in the dust tile making processes 
and to determine the most mutable material for 
workers’ overalls whoro there is need to protect them 
against duBt 

To provide a continuing forum for discussion of 
the health and safety problems of tho Industry, tho 
Chief Inspector of Factories m 1050 appointed a 
Joint Standing Committoe of the Pottery Industry 
With the help of the British Ceramic Rosearch Associa 
tion it has publish od an advisory booklet on dust 
extraction in tho pottery Industry It has a! so directed 
the attention of industry to tho d angora inherent m 
the use of hydrofluoric aoid in Meaning gold, encourag 
ing the uso of other mothods which it has modo known 

Tho aim of the survey was to present an objects o 
picture of existing conditions m tho industry and 
to indicate outstanding problems Tho visits made 
by the inspectors have boon followed up by action 
to securo improvements The work that requires to 
be dono in order to deal with outstanding problems 
is under examination by the Joint Standing Com 
raittoe (HJVI 8 0 5s ) 


DEVELOPMENTS IN TRAINING 


A SERIES of fivo papers on training were gi\ en at 
the Polytechnic, Regent Street, to an audience 
of two hundred directors and industrial executives 
during January and Fobruary, 10G7 They have now 
been reprinted and farm a valuable addition to the 
scanty information available for those concerned with 
all aspects of training in industry * 

The first, by Prof J Z Young deals with the 
fundamental aspects of learning by drawing on 
biological studios of organisms at all levels of com 
plexity Developing the importance of perception 
m learning W D Seymour of tho Department of 
Engineering Production m the University of Binning 
limn, jiroduccs evidence to show tliat carefully de\ lfted 
training procedures for manual skills which toko 


♦jseir DrT«Jopoiont* In Training Fire Stodlra In tb« Efficient 
Commtmk*(lnn or Skint Edltfd by Frank A Heifer (hey Here lop- 
mrnt Serin ho S > Tj> SO (Loudon Polytechnic Manfigemen t 
AModatlon 1P59 ) h* 


account of recent findings will usunlly lialvc the 
normal learning period In tho third lecturo, Mrs \\ 
Raphael assistant director of tho National Institute 
of Industrial Psychology, describes the in plnnt 
training being carried out in seven European countnos 
and allows that tho training proyided for opomtnea 
exists Iargoly in name only F A Holler, head of tho 
Department of Management Studies at the Poly 
technic shows how tho dovolopment of managerial 
skills can be approached from the samo biological 
and analytical points of \now as any other skill train 
mg Like other lectures in tho sene®, ho pays spocml 
attention to the mothods rather tlian to tho content 
of training programmes Tho fifth lecturo was 
gi\ en by 5 D M King director of Organization and 
Training, Ltd. who used caso studios to illustrate 
the importance of relating training to a carefully 
doy'isod policy at all lovcls of an organization 


ERGONOMICS 


T HE doyolopmont of modem industry with tho 
substitution of mechanization for oraftsmansliip 
lias brought new probloms tho mnohino lias reached 
tho point whoro it is no longer tho limiting fnotor 
in production and this in turn is imposing new 
stresses and strains on tho operator who can no 
longer be loft to got olong as best ho can That 
this was beginning to happen began to bo realized 
about fifty years ago, and early doyolopmcnts 
in fitting tho job to tho man like the motion study 
of Gflbreth were j>art of scientific management for 


increasing production through reduction of fatigue 
Mon of tho biological sciences began to become 
awaro that people at work wore worthy of study and 
that remarkably littlo was known about their capabih 
ties and aspirations 

It took tho added stress of two yvorld ware to stimu 
Into any ronl internet A start waa made m the First 
World War when groups of physiologists and pny elm 
logists such as tho Industrial Fatiguo Research 
Board in tho United Kingdom st art cd work Between 
tho wars progress was slow, perhaps ltocmisc a P f ' 0 ,vn ' 1 
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labour surplus lcmovcd a demand for maximum 
economy m uso of labour , but dining and sinco tbo 
Second World War the research offort has been 
vastly intensified Much of it gained its initial 
impetus from tlio armed foices and has, pnrtieulnrh 
m the Umtcd States continued to bo supported bv 
them In other countries lescarch has boon much 
move directed towards solving industrial problems 
as typified bv that done bv work physiologists m 
Sweden and Germ an % 

Tlio fragmentation of the subject into a number 
of disciplines independently studying human work 
could not continuo indefinitely, and the first fusion 
occurred m tlio United Kingdom in 1949 with the 
formation of an interdisciplinary social \ and the 
coining of the term ‘ergonomics to co\er the studs 
of human voik Although the British societt 
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attracted adherents from all over the world it soon 
became clear that a truly international meeting was 
needed Tlio lmtiutno was taken bj tlio European 
Product ivilt Agency in the form of Project 330, tlio 
final aim of which is a tripartite international con- 
ference of scientists, employers and employees Ab 
a preparation for this, two preliminary stops worn 
taken The first was to send a mission to the United 
Slates to r< port on the situation there, and the second 
was to hold a teelmical seminar to assemble informa- 
tion on progress m Europe A report has now heen 
issued, part ono of which contains tho report of 
the mission and part two a rojiort on tho 
s>einumi* 'Hie tupartito conference has still to tako 
pine o 

• llttlu,! tho Jo!) lo tho WorWr A Sunei of America) am) 
Earopnu Wor*lng Con lltlotu In Inltntry" (l’tri\ OtKC.Ui) 


AN OCEANOGRAPHIC SURVEY OF THE ROSS SEA 

By J S BULLIVANT 

New Zealand Oceanographic Institute, Department of Scientific and Industrial 
Research, Wellington, New Zealand 


I N January 1959 an oceanographic sunoy of the 
Ross Sea was carried out by members of the 
New Zealand Oceanographic Institute, from tlio 
New Zealand Antarctic Supplj Ship H M N Z S 
Endeavour 

Tho route taken by tbo Endcaiour and tbo dis- 
tribution of the twentv-four stations occupied are 
shown m Fig 1 A bnof station list is also included, 
particularly for tlie information of workers planning 
investigations in tho area in tho near future 

Tho aim of tho survey was to imestigate tho 
h\ drology, tho bonthic fauna aud tho marine sedi- 
ments m tho area 

The routine procedure at each station was to lower 
a bathythermograph (275 m ) and a cast of reversing 
bottles, make a vertical plankton haul from near tho 



bottom to tho top, collect ph^toplanldon, mako three 
lowerings with a twin orange peel grab sampler and 
collect optfaimrt from tho bottom with a trawl Tlio 
grab sampler consisted of two modified four-blndo 
orange peel grabs, each lm\ mg a bucket capacity of 
24 5 litres, suspended ono at each end of a 4 ft bar 

In addition to those routine observations, surface 
water samples from stations >44GG and >4470 and a 
bottom water sample from >4470 wore obtained for 
determination of earbon-14 nctiwty m order to studv 
wntei movements m the Ross Sea and under tho 
Ross Ico Shelf 

An undorwatcr-cnmora and a bottom trawl wero 
used at three stations (/14G8, >4400 and >4471) near 
Ross Islnnd, to sample tlireo different types of 
bottom commnnitj Some of tho photographs 



Fig 2 Bottom photograph from station AtCS , 8 Pf)P®P?' C ]e[t 
onterntea and bryozoana predominate Noto crlnold top , 
(Depth, 110 m. , foreground, 0 76 m, wide , depth of Hold, i 
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Tfcblo 1 List or BtAnoxg Occump nox HUT N ZJ Enfanovr rx thb Rosa Sea 


YXO L 
Station 
NO 

Petition 

Date 

ProviaJonal 
depth (m.) 

Nature of 
bottom 

Serial 

hydrolopicn! 
ohjerratioo* 
to (m.) 

Trawl* 

Grabs 

Phyto- 

plankton 

Plankton 

1 

1 

I Other 

J448 

77* 27* S 

172 

22 E 

10 1.60 

762 







1 

-4449 

77*05 8 

ITT IX E 

11 1 50 

362 





y 

* 

1 | 

.4450 

70* 4 r8 

170*44 E. 

11 1 50 

472-318 



. 


* 



A 461 

70* (XT 8, 

1-6 

25 W 

12.1.69 

523 

crltti mod 
yellow 



j. 

* 

v 

[ 

J452 

75 

35 S 

1-3 

18 W 

12.1.59 

1.230 

1.300 



* 



4453 












j 

75 

oo- S 

171 

00* W 

13 1 50 

2 195 

yellow 

1 400 

- 

y 

V 

X 

1 

1J54 

73 

50' 8 

170 

30 W 

14 1 60 

014-828 








-4455 

74 


ire 

35 W 

16 1-69 

322-340 

atone* 

320 


x 

y 


i 

-4460 

-4457 












i 

74 

76 

30' 8 

OS' S 

370 

175 

40 W 

60* E 

16 1.69 

10.1.50 

233-201 

315-342 

atone* 
gritty mud 
mad 

180 

312 

X 

X 

X 

X 

foiling 

line 

-4463 

76 

30'S 

174 

00' E. 

10 1 59 

4S1-486 

muddyasnd 





* 

corer | 

-4460 

76 

17' 8 

372 

20 E 

16 1.58 

534-640 


510 





-|400 

75 

33' 8 

163* 32' E. 

17 1.59 

416-430 

pi tty mud 




y 

* 

corer l 

4401 

TS 

32 8 

171 

22* E. 

18.1 69 

678-66- 

■andy mod 

555 





corer j 

.4403 

71 

16 8. 

3-0* so* E. 

20 1 60 

2,831-2 331 

gritty mod 

1 750 





corn j 

4403 

72* 

20 8 

174 

60 E 

21 1.59 

403-465 

barnacle 

435 













plate* 







4404 

"3 

20 ' 8 

1-4 

00 E 

221410 

309-334 

sand pebble* 

345 






4405 

72 

56 8 

176 

3 O' E. 

22.1 69 

399 

haroade 

376 













plate* 







4400 

78*26 3 

174 

60' W 

24.1.59 

609 

mnd 

570 

X 

X 

X 


corer i 
"C 

•ample 

440 

77* 25 8 

160*23 E. 

20.1 69 

88-183 

rocki 






-4408 

70 

50 8 

167* 30 B. 

26 1.59 

110 

— 









-4409 

77* 60 8 

160* 33' E 

29 1.69 

04 

gritty mnd 

— 


X 

X 



.4 4 re 

77* 60 8 

166*30 B. 

4JL60 

377 

aplculea 

muddy aand 

865 

- 

X 

_ 

X 

“C I 

-44"! 

77 

3" 8 

366* 20' E 

6JL&9 

105-69 

— 

- 

X 

- 

- 

- 1 

ewnrlc* i 
camera j 


rev ooJod a surprisingly dons© epifouna, dominated 
bv sponges and Bryozoa (Fig 2) 

A gravity corer was used at stations -4458, -4456 
4460 4461 and 4400 short cores were socurcd. 

Hourly surfoco water samples were taken on 
passage out of McMurdo Bound and continuous 
surfoco teroperaturea were recorded during tho 
greater part of tho cruise 

Of particular interest was tho discovery of largo 
deposits of calcareous barnacle plates Tho plates 
were found sparsely distributed over tho whole of 
the Boss Sea , but at stations 4403 and 4405 m 
approximately 400 m. and 400 m , respectively 
these plates, together with scattered rocks on which 
a hvo barnacle was growing formed the bulk of tho 
bottom deposit Tho deposit also contained a email 


percentage of tho calcareous remains of molluscs 
bry croons and corals but as far ns penetrated by 
tho grabs and trawl was ontiroly froo of mud or 
sand. The living and dead barnacles belong to tho 
genus Hexelasma Estimates of tho ago of tho 
bamaclo plates are to bo made from determinations 
of their carbon 14 activity 

Tho biological material collected is a substantial 
addition to that already available from Antarctic 
waters 

Bosults of tho survov will bo published by tho 
New Zealand Department of Scientific and Indus 
trial Research 

Tho wholohonrtod support tho expedition received 
from tho commanding officer and ship s company of 
HMN^S Endeavour is gratefully' acknowledged 


CHANGE OF COSMIC RAYS IN SPACE 

By Frof H V NEHER 

Norman Bridge Laboratory of Physics California Institute of Technology, Pasadena 


T HE advent of space rockets now makes possible 
direct measurements on quantities that hnvo here- 
tofore suffered from tho interference of the Earth, its 
atmosphere or its magnolia Hold Among these ore 
measurements on cosmic rays Tho absorption of the 
radiation in tho Earth s atmosphere and tho analysing 
effect of its magnetic Hold havo, howovor, yielded 
vahmblo information on tho total energy content 
nnd tho Individuol particle energy From such 
measurements together with n knew led go of their 
chemical composition one can deduce tho intensitv 
or number of primaries in space When this is done 
using results collected over a period of yrxirs obtained 
with balloons at various latitudes one finds surpns 
ingly largo time \ nrtations m tho numbers of primary 
jmrticlcs In what folIow-B wo discuss what such 


measurements havo so far disclosed about tlio 
absolute intensity and how it vanes with time Some 
preliminary measurements havo nlrcadv boon made 
m rockets, and further measurements giving more 
completo checks on these calculations will undoubt 
edly come in tho future 

A brief noto concerning these largo changes based 
on data taken in 1054 and 1057, has nlrend\ been 
published 1 Wo wish hero to present two additional 
mot hods of amv'ing at tho numbers of pnmnrv 
particles in 1954 together with new results taken near 
tho north goomagnctic polo in the summer of I05S 
when tho intensity there was even lower than in 
1957 

Tho period 1054-58, when solar nctivitv went 
from a minimum to n maximum of activ ity prov »de<I 
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Fig 1 Curves .rl and It alioir tlio extremes of tlie ionization so 
far measured with balloons near tho north geomagnetic pole 
Cune A represents data taken at tho solar minimum of 1954, 
while curve B represents the situation near tho solar maximum 
of 1953 The absorption In the atmosphere of the particles present 
in 1951 but which were absent In 1058 Is given by curve C 

an excellent opportunity to study the changes produced 
m cosmic rajs Fig 1 shows how largo these changes 
have been near the north geomagnetic pole The 
behaviour of curve 4 uas typical of tho curt cs from 
five similar balloon flights 1 made with ionization 
chambers in Julj r and August 1954 All five records 
showed the same tum-up of tlio ionization curve at 
about 15 gm cm -1 It was shown in ref 2 that 
tho behaviour of curve A at low pressures was con* 
sistent with the absorption of low -energy particles 
and that the tum-up was prohahlj- duo to the 
absorption of protons with energies down to at least 
150 MeV 

By 1958, the character of the radiation at the pole 
was radically different Tho largest decrease occurred 
m the year 1950-57 1 4s shown bj r curve B, tlio 
ionization at high altitudes was less than half its 
value in 1954 In fact, the area under curv o B is 
about 3 per cent less than the area under the curves 
taken in 1930 at San Antonio, Texas 1 (geomag lat 
38° U ) It should be remarked that w e feel confident 
that a direct comparison can bo mado betw eon these 
j r ears, for we not only have instruments which we 
have compared through tho years but wo ha\ o also 
checked their absolute calibration by using standard 
capacitors 

Our first method of estunatmg the number of 
primaries m 1954 is to calculate tho number causing 
the difference between 1954 and 1958 and then adding 
to this the number present in 1958 To arrive at 
this latter figure we note that due to the nearly equal 
areas under curves B and D of Fig 1 and to tho 
similarity of shape, the number of primaries must 
be about the same Takmg the difference m area 
at the lower pressures and assuming a mean energy 
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of 3 BeV per particlo causing this difference, wc find 
that tho numbor of primaries involved is npproxim 
atoly 0 007 cm* 1 sec -1 sternd -1 Previous calcula 
lions 4 liavo shown that tho number of primaries 
present at San Antonio m 1930 was 0 040 cin - 1 
see -1 sternd This number is consistent with the 
measurements of MacDonald 5 nt tho equator, together 
with tho increase in enorgj brought in bj r the primaries 
ns one goes from the equator to 38“ N Wo thus find 
that tho number of primaries present m 1958 near 
the pole was 0 047 cm *•* sec -1 sternd -1 

Kefeiring now to Fig 1, curve C show 8 the differ- 
ence between A and B and represents the absorption 
m the ntmosphero of those particles that wore present 
in 1954 hut were absent in 1958 A Gross transforma 
tion of this difference curve shows that tho major 
part of tlio area under the curve is duo to particles 
tho effect of which varies ncnrlv linearly with thickness 
of atmosphere The fact that curve G has a tad that 
extends even to sea-level is undoubtedly duo to 
mesons formed m tho upper part of the atmosphere 
and cspecmllj bv the higher-energj primaries that 
also chnngo during a solar cvcle 

Ignoring the high- and low-pressure ends, the hulk 
of the area may lie accounted for by particles with 
n mnxiimnn rnnge of nbout 300 gm cm -1 in air 
Assuming a rnnge proporLionnl to the cncrgjq wc mav 
snj' with sufficient accuracy that tho Grow trnns 
formed curve corresponds to a differential number 
distribution that is independent of onorgx 

We shall here assume that 15 jier cent of the 
primaries responsible for curve C nr e a particle- 
2 per cent of average Z - S and the rcrnnmder 
protons Wo find thnt we need protons of mean 
cnergv 0 55 BeV , a-particles of mean enorpv 2 2 
BoV nnd for Z = 8, a mean cncrgj r of 1 2 BeV per 
nucleon, for each to have a mean range of 150 gn 1 
cm -• Wc then arrive nt a weighted mean cnergv 
of 1 5 BoV per particle The area under curve C i« 
1 00 10’ cV cm -s sec -1 Hence the number of 

particles per unit of horizontal area is 0 07 cm _1 sec 
Thus per unit of solid nnglo wo have, 0 21 cm sec -1 
sterad -I 


To arrive nt the total number of primaries at tho 
pole in 1954 wo add to tho above tho number present 
irv 1958 We linvo already found this to ho 0 047 
cm -1 sec -1 sternd -1 In this manner we find the 
total at. tho top of the ntmosphero near tho pole in 
1954 to bo 0 20 par sec -t sec -1 sterad -1 

Another method of nrriv mg nt the number of 
particles responsible for tho diffeience between 
1954 nnd 1958 is to estimate tho mean specific lomzn- 
tion pel particle nt tho top of the ntmosphero nnd, 
lenovving tho ionization, the number of pnrlicles 
immediately follows 

Taking the mean energies of tho protons, a particles 
and average Z — 8 for tho heavy primaries, ns given 
abovo, wo find that the specific ionization relative to 
that for a minimum ionizing particlo of unit charge 
has tho values 1 3, 5 2 nnd 04 respectively Using 
the lolntivo abundances cited before nnd published 
curves on enorgy loss, wo find the averngo specific 
ionization for theso time-x r nrj T mg particles at the 
top of tho ntmosphero at tho polo to bo 210 ion 
pairs cm - 1 m air nt 1 atm If o is this mean specifio 
ionization and thero are J particles cm -1 sec -1 , then 
the ionization, I — o J Since I <= 350 ions cm "* 
sec -1 atm - 1 of air from Fig 1, then J = 1 07 Tlio 
instrument is receiving particles fioin a solid anglo 
of 2r Hence tho um-directionnl intensity is 0 20 
par cm -1 sec - 1 sterad - 1 This method then gives a 
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tots! of 0 31 par cm -* see - 1 sterad - 1 at tho polo in 
1954 

A third method of arriving at the number*? of 
partic/es is to fake (ho increments m the area under 
the ionization depth curves for changes of latitude 
This was done m 1954 from Boston to Thule Green 
land, using Bismarck as a beso station to taho account 
of temporal changes Tho rosults of this analysis 
have been published* These calculations gave a 
total of 0 24 par cm “* sec - 1 sterad “ l at the pole 
These three values, 0 20 0 24 and 0 31 then give 
an average of 0 27 par cm “ 3 sec ' 1 sternd -l at or 
near tho north geomagnetic pole m tho summer of 
1054 An application of Liouvillos theorem tells 
us that with an isotropic distribution at infinity 
this was also the intensity in space at that tune 
The corresponding total intensity in space was then 
3 1 cm “ # sec “* through n sphere of unit area 
In 1958 tho intensitv at or near tho pole was 
0 047 cm ~* seo -1 sterad “* or 0 59 cm “* sec -1 ns 
discussed abov r e We thus amvo at the conclusion 
tluit tho numbers of particles in space nenr tho Earth 
but hiiflloientlv far removed to tie free from any of 
its eflects, changed by a factor of 5 during this period 
of four years Tins is probably a lov\er limit for we 
do not know how high tho ionization would havo gono 
m 10 ">4 had our balloons gono higher 

So far data on the number of cosmic ray particles 
in space havo been obtained by both the United 
States and tho USSR On the journey of Pioneer I] 
which went near tho Moon and is presumably now m 
orbit around the Sun tho data at largo distances 
gave 1 8 £ 0 3 particles cm _ * sec - l (I am grateful 
to Prof J A Van Alien for giving me this figure ) 
This rocket was launched on March 3, 1059 For 
the Russian oosmio rocket launched on January 2 
1069, the value measured* was 2 3 cm -* see ~ l 
These values ore to bo compared with tho above 
calculated values using ionization chambers of 
0 59 cm boo " x in 1068 and 3 1 cm '* sec m 1064 
There are at least two reasons why the values 
measured in those rockots nt the beginning of 1959 
nro higher than those calculated from terrestrial 
measurements in the summer of 1968 (1) Cosmic 

ray intensity near tho orbit of the Earth appears to 


ha\e reached a minimum near tho summer of 1958 
and had definitely started to climb 7 bv January of 
1050 (2) Tho instruments m each of tho rockets 

were surrounded by the material of the vehicle One 
would therefore expect the number of secondary 
particles to be an important factor This would be 
especially true for the Soviet rockot which was quite 
massive To avoid the uncertainty of the contnbu 
(ion of surrounding matter the detecting instrument 
would need to be ojected from tho vehicle and remain 
at somo distance away 

For those interested m space travel an estimate 
may be mado of tho radiological intensitv of cosmic 
rays in apace From Fig 1 wo seo that tho ionization 
at the polo was at least 630 ions cm '• sec - 1 atm - 1 of 
air at tho highest nltitudo roaohed In space where 
tho shielding effect of the Earth is missing, this 
number would be just doubled In terms of radio 
logical units we would then expect at a solar minimum 
to havo nt least 1 000 ions cm see ~ l atm of air 
“18 mr (milliroentgcns) per Jir At tho solar 
maximum of 1958 we found tho total intensitv Sn 
spa co across unit sphere to bo 0 59 par cm tec _1 
Assuming an average specific ionization of 300 ions 
cm ~ l of path in air at 1 atm wo find an ionization 
of 130 ions cm -* sec - 1 atm -* of air or 0 21 mr per hr 
It is to be hopod (hat os timo progresses data from 
instruments in rookots will givo us more definite 
information as to the mechanism that causes tlie*^ 
largo changes in the primary cosmio radiation 
Tho assistance of the Office of Naval Research in 
making the nocoRsarv arrangements to carry out 
this programme is greatly appreciated I would 
also like to thank tho Offloo of Nam) Research tho 
Atomic Energy Commission and tho National 
Academy of Sciences through tho International 
Geophysical Yenr for financial support 
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STUDIES OF COAL 

By STAFF OF THE BRITISH COAL UTILISATION RESEARCH ASSOCIATION 


Carbonization of Coals in the Presence of 
Activated Charcoal 

I T has been reported recently by Adams ei al 1 that 
tho pyrolysis products of coal if left in contact 
with a hot carbonaceous surface undergo further 
reactions Exponmonts in our laboratories* havo 
viokled further results of a similar kind with respect 
to tho behaviour on heating of coal mixed with, or 
overlaid by, charcoal 

Arcasurcracnts of the amount of tar liko pvroly’sis 
products omitted on burning briquettes made from 
mixtures of a low rank coal and an activated charcoal 
(prepared from a coni char) allowed a decrease as 
tho proportion of coal in tho mixture decreased but 
more markedly than was to be expected from a 
dilution effect On tho other hand briquettes mode 
from tho same coal mixed with an unact lvated cliar 


coal did not show a disproportiormto reduction It tints 
appears that the tar liko pvrolvsts products evolved 
during heating were cracked on tho extensivo surface 
of tho activated charcoal Tho surface area that 
would bo nccessiblo to the large molecules Hholv to 
bo present in these volatile vapours would bo about 
200 m */gm , whereas the accessible surface area of 
the unactivntcd char would bo less than 5 m */gm 
When mixtures of coal and activated charcoal or 
beds of cool overlaid with activated cliarcoal were 
heated in a alow stream of nitrogen, or at a reduced 
pressure to about 000° C , no tarrv material was 
formed instead it was possiblo to collect in cooled 
traps an almost colourless liquid Tills liquid was 
found, by infra red analysis, to bo composed of simplo 
organic molecules (tho bonxeno and toluene yield was 
Sn tho range 0 3-0 7 per cent of the dry coal weight, 
compared with 0 1 per cent from tho cool alone) 
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Tabic 1 HELDS OF PRODUCTS FROM TnE CARtlOVIZATIOX TO 000' C OF A LOW-RANK Cent, (.X C 11 Tl IT 002) OVERLAID W1TII ACTIVATED 

CnARCOAL 

(Percentages of dry coal weight) 


Ratio of 
charcoal 
to coal 

Acidic 

aqueous 

liquor 

Tar oil 

Combustible gas 

Carbon 

dioxide 

Carlwn 
dt posited 

In the 
charcoal 

Total 

Total 

Benzene + 
toluene 

Total 

Parallln to 
hjdrogen rntlo 

0 

9 7 

10 0 


7 2 




29-9 

i 

9 7 

2 7 


8 S 




30 2 

} 

0 7 

1 4 


S 5 

9 BUm 



29 7 

1 

9 7 

1 2 

mm 

8 5 

I HI 

mtUm 


31 2 


The gaseous material evolved from tlio bed was 
found to be difforont from that obtained from the 
carbonization of tho coal alone and, further, it was 
deduced from weight balances for tho system and 
from analysis of tlio charcoal after uso that carbon 
had been deposited m the charcoal 

In Table 1 are comparod the results obtained from 
the carbonization to 000° C of a low-rank coal 
(N C B typo 902) with tlioso from tlio same coal 
overlaid with an activated charcoal 

When smaller proportions of charcoal were used in 
the carbonization experiments it was found that tho 
condensates becamo slightly coloured and their com- 
plexity was increased Tho charcoal could bo used 
again, provided tho deposited carbon from tho 
cracking process, which reduced tho effectiveness of 
the charcoal, was removed by oxidation, for example, 
with steam at about 900° C Thero seemed to bo 
little doubt that to achieve tho complete elimination 
of dark tarry matonal from tho condensates it was 
necessary for tho vapours of the pyrolysis products 
of tho coal to encounter a substantial amount of 
carbon surfaco Tho effect roported by Adams cl al is 
not as great as that winch wo havo obsorvod , tlio 
reduction by only 1 per cent of tlio amount of tarry 
matter formed, and tho slight mcroaso in tho amount 
of liquor, suggest that but little carbonaceous surfaco 
was available for cracking tho coal ‘\olatiles’ 

It could be concluded that if a largo amount of a 
pro-carbonized char, sufficient to havo tho necessary 
avadable surface area, was overlaid upon a 'green’ 
coal and the wholo was heated, very littlo tar would 
be formed, although some benzolo would bo obtained 
together wnth a gas of useful calorific value 

It L Bond 
A M Godeidge 
A ft Mtjenaohan 
D H Napier 
D ,T Williams 

1 Nature, 183, 33 (1959) 

* Brit Coal Utilisation Res Assoc Ann Bcp , 88 (1950) 

Smoke Emission from Coal and Low- 
Temperature Chars 

Work by this Association in a laboratory ap- 
paratus 1 -’ has confirmed tho observations of Piorsol 4 , 
afterwards verified by Adams, Gamos, Gregory 
and Pitt 6 , tbat volatilo matter is not on adequato 
guide for tbo amount of smoko producod from 
chars In Fig 1 it will be seen in all cases that 
chars prepared from a low-rank coal produce less 
smoke than coals with equivalent volatile matter 
Although Piersol 4 claimed a straight-line relation 
between the amount of smoke liberated under stan- 
dard conditions of testmg and the percentage of 
volatile matter m a range of coals, we did not find a 
direct proportionality (Fig 1) There is a general 


tendency for smoko omission to decrease with 
decreasing volatilo matter, but highly caking and 
swelling coals tend to mask this trend MoHugo, 
Shaw and Whittaker®, who burnt a rango of coals m 
a domestio applianco, observed a similar effect 

Wo found n rolution botw con tnr-j lolds (Gra\ King 
assay at 000° C ) and smoko omission for a number 
of samples, Bimilnr to that found by tbo Coni Research 
Establishment workers' 1 . Wo decided to oxtond the 
investigation mto tbo relation between tho hydrogen 
content of coals and thoir smoko emission for the 
following reasons 

(1) Spoonor’ mnmtnined that tho tar \ield of 
bright coals was related to thoir hydrogen contents 
Bradbury and Mott® theroforo stated that, 6inco tar 
yiold and smoko emission aro related, cither the 
hydrogen content or tbo tar yield should servo as a 
guide to tbo amount, of smoko produced. Wo have 
also established a definite correlation botween the 
tar yields (not given m this communication), and the 
lndrogen contonts for tlio fuels which wo examined 
(eighteen), tbo correlation coefficient being calculated 
ns 0 93, which is found to bo significant at tho 
0 001 lovol of probability 

(2) Smoko is probably related m some manner to 
tbo chemical constitution of tbo fuel, particularly to 
the size and stability of tho condensod aromatic ring 
clusters and tbo number of odgo groups, which in turn 
aro rolatod to hydrogen content 

(3) Wo havo Bhown by statistical examination that 
whon weight of smoko is plotted against volatile 
matter (Fig 1) tho high sw oiling coals follow a 
difforont relation from that, for tho low-sw oiling coals, 
tho high-swelling coals producing moro smoko thnn 
low -swelling coals w ith oqun nlont. volatilo matter 

Fig 2 shows tho general relation between the 
weights of smoko and tbo hydrogen contents of the 
coals and chars tested Both high- and low-swelling 
coals appear to follow tho sumo relation 



Fig 1 Variation of smoko with \olntllc mutter comparison 
between a aorles of chars and a range of bright coals 
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1 ig 2 Variation of *moke with hydrogen content oomparUon 
between a aorle* of chan and a ran^e of bright coala 


In Fig 2 the smoke emission from chars prepared 
from a low rank coal is also plotted against their 
hydrogen contents and the curve obtained may bo 
compared with that from the range of coals discussed 
abo\ e At tho lowest carbonizing temperatures 
(352-382° C ) thero is a rapid rate of decrease w 
smoko omission Aa tho carbonising temperature* 
increase tho rate of dooreos© deoelerates At about 
382° C (4 2 per cent hydrogen content DJiIJF ) the 
two curves moot Below this point the differences 
between the weights of smoke emitted for corre 
s ponding hydrogen valuoe are so small they may be 
ignored, and for the purpose of tho subsequent dia 
ouasion the lower parts of the two curves may be 
regarded as coincident 

From differential weight Joseoa on Langwith coal 1 it 
is known that its pyrolysis begins about 335° C and 
tho decomposition reaches a maximum rate at about 
410° 0 Consequently, since chars produced at 400* C 
emit inappreciable amounts of smoke (Fig 2) it 
would seem that the low boding (low molocular 
weight) constituents which oro first evolved are tho 
main compounds responsible for smoke formation 

Using infra rod techniques Brown 1 ' examined a 
weakly caking and a strongly coking coal Between 
440° and 550° 0 he found that hydrogen Is lost by 
tho removal of edge groups and tho evaporation of 
small molecules followed by the loss of aromatic 


427 

hydrogen and some graphitixation at higher tom 
peratures 

The rank of ooal 11 as well as the temperature of 
carbonization will affect the rate and type of deoom 
position and the structure of the residuo These 
factors will obviously influence tho constitution of 
the residue and the composition and amount of smoke 
evolvod from a particular char during combustion 
The results with chare from Langwith coal may 
therefore be used only cautiously when coals of other 
rank ore considered 

When volatile matter is the abscissa and smoke 
the ordinate (Fig 1) then the curve for chars lies 
below that for coals, but when hydrogen contont is 
the abscissa (Fig 2) the positions of tho two curves 
are reversed 

The explanation proposed is that although a char 
and a coal may yield the same volatile matter in tho 
B 3 test, the constituents ovolved may be quite 
different The coals will evolve moisture and low 
molecular weight hydrocarbons which react and 
polymerize to form “tarry bodies’ ”, whereas tho 
chare will evolve hydrogen and othor gases whioh 
ignite more easily or reaot together and condanse loss 
readily than those from coals Consequently, a coal 
with tho same volatile matter aa a char will produce 
more smoke It is not door why a char with a 
hydrogen oontent equivalent to that of a coal yields 
more smoke 

The laboratory work has suggested that oithor the 
tar yiold or the hydrogen content provides a bettor 
indication of tho amount of smoke emitted from coals 
than does tho volatile matter Othor work now in 
progress in theao Laboratories should indicate how far 
such relations hold for domestic open fires during 
ignition and etondy state combustion conditions 

D Finch 
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TWO ENZYMIC MECHANISMS FOR HYDROGEN TRANSPORT 
BY PHENOLIC CESTROGENS 

By Dr. H G WILUAMS-ASHMAN, M CASSMAN and MARGARET KLAVINS 

Ben May Laboratory for Cancer Research and Department of Biochemistry 
University of Chicago 


STRO GENIC steroidB such as oeatradiol 17{5 
can modiato tho onxymio transfer of hv drogen 
botwoon triphosphopyndino nuclootido and diphos 
phopyridino nuoleotide 1 -' Tho same onzymo oon 
comod with this ccstrogon-dopendont transhydro 
go nation also catalyses both tho reduction of those 
two nucleotides bv cestradiol 17p, and the oxidation 


of their reduced forms by ccstrono Tliere is itrong 
evidence 11 that In tho tmnshydrogonaso reaction 
tho steroid transports hydrogen by tho change 
utoroid alcohol ♦£ steroid kotono 

It lias boon suggested that this cocnzyTnntio fvmc 
lion of ovarian costrogens is related to tho rr hkxJo of 
physiological action 1 1 However powerful te*tro 




42S 


NATURE 


August 8, 1959 


VOL 1 84 


genic activity' is exhibited by many phenolic com- 
pounds devoid of secondary alcoholic groups capable 
of reversible oxidation to lcotone functions, and which 
fail (a) to act as coenzymes for In drogen transfor m 
such systems 1 and (6) to reduce pyridmo nucleo- 
tides in the prosonco of the enzymo which catalyses 
the tiansliydi ogenation Examples of such substances 
are 17-deoxvcestradiol'*, diethylstilbcestTol and 
liexoestrol 8 , doisynolic and allcnohc acids 7 , and 
isoflavones such as gorustein® Accordingly, it 
became of mterest to examino modol enzymic sy stems 
for the transport of hydrogon by phenolic a'strogens 
of this natme Hochster and Qiinstel* observed that, 
m the presenco of manganeso dioxido as a terminal 
hydrogen acceptor, dietliylstilbcestiol acts ns a 
hydrogon carrier m a numbei of dehvdrogenaso 
st stems Tlic qumono form of the oestrogen could bo 
detected m the reaction mixture, and it was postu- 
lated to carry In drogen m virtue of the reaction 
qumol qumono Tlio present experiments show 
tliat both natural and synthetic phenolic cestrogons 
fimction as hvdiogon caiTiers m tuo other types of 
enzymic reaction The first of these is catalysed by 
certain phenolascs and appears to involve an initial 
hydroxylation of tlio cestrogens to a corresponding 
o-diphenol , hvdrogon is then transported by the 
change diplionol qumono The second typo of 
reaction is catnlvsed by some poroxidnses, accelornted 
by traces of manganous ions, and implicates a freo- 
radical foTm of the cestrogcn as a hydrogen carrier 
It is veil known that many simple non- oestrogenic 
phenols can carry hydrogen in both enzymio systems 
Howevei, the remaiknble react ivitv of many phenolic 
cestrogens in either tvpo of reaction cmphnst/cs 
that these substances can participate directly in 
hi drogen transport 

Warbiug 10 demonstrated that phenolascs (polv- 
phenol oxidases) are coppor proteins, and that small 
amounts of o diphenols which nro oxidized by such 
enzymes mediate the oxidation of 1 educed pyridine 
nucleotides 1 ” 11 We havo found that phenolascs 
purified from white potatoos and edible mushrooms 
oxidize reduced di- or tn-pliosphopy ridino nucleotidos 
on the addition of trace amounts of many phenolic 
cestrogens The oxidations pioceed to completion 
w ith tho consumption of ono atom of oxy gen per mole 
of reduced pyridine nucleotide oxidized Fig 1 
shows that with ccstiadiol-17(3 as carrier, a definite 
induction period occurs beforo the rate of oxidation 
of reduced diphosphopyridino nucleotido roaches a 
maximal value, whoieas with the coi responding 
o-diphenol l,3,5-oestratnono-3,4, 17(3-tnol 17 , no such 
lag is observed Iloxoestrol and 3 liydroxyhoxcestrol 
behave in an analogous manner. Tho activity of tho 
mushroom and potato enzymes in theso reactions 
parallels their phonolaso activity (measured by tho 
oxidation of tyrosine plus 3,4-dihydroxyplionylal- 
amne) during fractionation procedures which result 
m purifications of more than fifty-fold Tho oestrogen- 
stimulated oxidation of reduced pyridine nucleotide 
is unaffected by catalase, but is abolished by heating 
the enzymes to 70° for 10 minutes, and by tho addition 
of 0 001 M sodium cyanide Tlio cyamdo-mhibited 
enzyme can be reactivated by cupric ions CEstradiol- 
17(3 did not mediate the oxidation of roducod diphos- 
pliopyridme nucleotide in the presence of luemocyanm, 
of copper sulphate (0 0001 M) or of tho soluble 
phenolase of spinach leaves 

A free phenolic hydroxyl group is essential for 
both natural and synthetic cestrogens to transport 
hydrogen bv these phenolase-catalysed reactions 



Tip 1 Oxidation of reduced dlpliospfiopjTldlnc nucleotide by 
plienoh'e In the preetnee of potato rhcnolnuo '-odium pho-rlale 
huflVr j>H 7 i (0-05 if ) , 15 ncm n utropenlc phenol In 0 01 tnl 
dloxanc , 200/<pm potato pneiioln'-r, 0 3 /imolen Iir-XIf Tout 
\ol 3 cc 1 tplit path 1 em WnacPnplli HO m/i 23‘ClnaIr 
4, no estrogen , 11, test radio! l Tf> , O, 1, 3, ft, critratrlene 3,4, 
17/1 triol 

Tims, nearly equivalent carrier activity is found 
with mstrnchol-lTa m -17(3, 17 dcoxv mstradiol, 

erstrone and a striol, while 3 dc oxy mstradiol- 17a or 
-17(3 are completely inert bis-Dehvdrodoiavnohc 
acid is a good In drogen carrior, whereas tlio corro 
sponding O methyl ether is inactive At least one 
phenolic livdroxyl group must bo present m anal 
ogues of diothy lstilbmstrol and hoxmstrok* to 
exert this tamer function Tho activity of natural 
and synthetic cestrogens ib affected markedly bv minor 
structural clinngcs in tho molecule Thus, 1 methvl- 
cestrndiol 17(3, 2-mtro mstrono and 4-nitro cestrone 
will not act ns hydrogen cnrriois, and are without 
influence upon tho nction or ocstmdiol-l7(3 0|3-Hy- 
droxya‘stradiol-17[3 (which docs not mediate the oxidu- 
tion of reduced diphosphopyiidino nucleotide) and 
7-keto-costrono (which lias approximately 10 per cent 
of tho activity of cestrndiol-17(3), both at equimolar 
concentrations, depress the by drogen-transporting 
activity of cestradiol-17(3 Tho concentrations of 
cestrogens permitting 50 poi cent, of tho maximal 
rato of oxidation of i educed diphosphopyridino 
nucleotido by potato plienolnso wero found to bo 
1 X 10-® jl 1 foi 1,3,5 costrutriono 3,4, 17(3 triol , 

3 x 10-“ ill for ocstrndiol-17(3, mstrono, 17-deoxy 
cestradiol and hoxrcstrol, and 1 x 10~ 5 Mforgemrtoin 
Hydrogen transport by r phenolic cestrogons under 
theso conditions can bo described as follows Tlio 
induction ponod with monophonolic mstrogons 
piobably r roflects tho timo roquired for tho phonolaso 
to catalyse hydroxylation to o diplionol derivatives 
Tlio diplionol is oxidized by tho phonolaso to the 
corresponding qmnono, and tho quinone is then 
roducod by tho reduced pyridine nuclcot ldo Although 
it is not known whether tho lattci reaction is 
enzymicnlly catalysed or not, it may bo mentioned 
that pyridine nuclcotido-monadiono 1 ® and -qumono 1 * 
roductoso activity is readily soparablo from tho 
cesti ogen -mediated reactions during purification of 
tho phenolascs In accordance with this formula- 
tion it was found that, aftor aorobio incubation with 
potato phenolase, diphosphopyridino nucleotide, 
ethanol and crystalhno yeast alcohol dohydrogonaso, 
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thr Oxidation of reduced d/phchiphopj-rtdlM Bucleot/de by 
In the prcKnco of cretrOtfroir P htnoU 7rit (lirdrorr 
taelli)!) nnilno roetbatio buffer (0-03 J/) i*Q 7 4 0 3 smofe 

i>p\Jr 20/fgm <*ttr*dlol~i7p In 0-02 ml ethanol 0-03 ^mole 
Mn< 1 3 liorafradUh pcroxlchue. Total voL 8 c.c Light 

path 1 cm £5 0 In air waro-lejQctJj 340 zau, J complete 
nybtfm B omit tf*tr*4lol 170 O ami D omit MnCl, or 
cf* t radio H 70 and JfoGl, 

<Ss(rrtJiol 170 i« converted to at least two other sub 
stances which migrate mu oh more slowly than 
cost rad id 170 when chromatographed on paper with 
a heptane-methanol solvent 1 * 

There findings are undoubtedly related to the 
reported inactivation of mstrogena bj plant phenol 
fiscs 1 ' It in possible that the} have some bearing 
on the formation of hydroxylated derivatives of 
cestradiol 170 catalysed by liver microtomes In the 
presence of reduced triphoephopyridmo nudootido 
and oxygon 1 *, the stimulation of formate Inoorpora 
tion into isolated uterus by the addition of o hydro*} 1 
« tod derivatives of ceatrodio) 170 m* vitro", and the 
urinary excretion of 2 m ethoxy forms of ceetrone 1 * 
and cestrjol ,# 

An entirely different typo of hydrogen transport 
mediated by phenolic cCBtrogens la catalysed b> 
peroxidases purifiod from either horse radish or cow s 
, milk. Fig 2 shows thAt reduced diphosphopyrldme 
nucleotide is oxidized upon the addition of peroxidase 
and low concentrations of oeatrndjo] 170, and that the 
I reactfon is stimulated by 10- 1 M manganous chloride 
' Manometries experiments revealed that the oxidation 
of reduced diphosphopyrldme nucleotide proceeds 
| to completion with the consumption of ono atom of 
oxygen por molo of reduced diphospbopvrklino 
nuolcotido oxidized Roduced triphospbopvridino 
1 nuclcotldo and roduced moot inarm do mononucleotido 
1 are oxidizod at the samo rnto as reduced Alphoapho 
pyndmo nudootido Tills plianol-dopendont oxidft 
tion of roduced pyridino nudootido done not require 
the addition of hydrogen peroxide Tinder these 
experimental conditions, hvdrogon peroxide does not 
indiico tlio oxidation of reduced aiphosphopyridmo 
nuolcotido unless an appropriate phenol is present 
With cestradiol 170, or hoxaestrol or diothylstil 
Ixeatrot as co fnotors, tho oxidation of roducod 
diphosphopvr/dmo nudootido is abolirfiod bj 0 001 M 
sodium cvnnido and bj catalase fiO per cent of tho 
maximal rato of oxidation was found with a final 
concentration of cestrndiol 170 of 8 X 10~* Af A 
free phonollc hj droxyl group is required for ©strogons 
to overt a carrier function In contrast to tho phenol 
nso-catnlveod reactions described above, no induction 
period is observed wbon mnnophcmofio ccstrogons 
' mediflto tho oxidation oF reduced diphosphopvrldlno 
r nuolootido in tho peroxidase systom Moreover, 

1 manj o diphenols wlucli act as hv dragon carriers in 


tho phenolase -dependent reactions are incapable of 
transporting hj drogen in the peroxidase system and 
inhibit tho action of ccstradiol 170 therein, for 
example, adrenalin, norm! renal in, and 3 hydroxx 
fcyramino The behaviour of phenolio cratrogcn* 
under these conditions is similar to that described for 
a numbor of simple phenols by Akazawa and Conn* 1 
The latter authors have pointed out the aimdnntv 
between such phenol -depen dent reactions and the 
oxidation of djh} droxyfumanc acid catalysed b\ 
p6rer/{^aeo ,, Thoj suggested that a torner} complex 
of peroxidase Mm* and hydrogen peroxide catahres 
the oxidation of tho phenol (f?OH) bv oxv gen to on 
oridized form {7?0 , presumably of n free radical 
nature) and bydregen peroxide Hie latter substance 
could then, by the action of peroxidase oxidize 
another molecule of the phenol to the oxidized (fnx. 
radical) form Reduced diphosphopyridine nuolootido 
could further reduce the oxidized phenol The process 
can be envisaged ns 

2ttOH+O t -*2RO +H.O, 

2AOH + H,0, — 2JiO + 2H,0 
4MO + 2DPNH -f 2H*-v 47?OH + 2DPN 
2DPNH 4- 2H* 4- O t -+- 2DP.N + 2H,0 


Our ability to recover cestrodiol 170 unchanged 
from this peroxidase rjstem is ui agreement with 
this formulation 

These experiments suggest stronglj tliat plionoho 
cestrogens can transport hydrogen m virtue of the 
reaction phenol phenov} radical Electron spin 
resonance studios bj Rexroad and Oordy” have 
shown tliat hoxccstrol can be converted to a free radi 
cal formfs) bv irradiation It is of interest tlrnt tho 
injection of physiological doses of both natural and 
eyntbetia oostrogens into ovorioctoniized rats induces 
enormous increases in tho activity of uterino peroxi 
doso* # 

It is a pleasure to acknowledge mnnv valuable 
discussions with Drs Charles Huggins, Paul Talalav 
Gerhard Closs and tho generous gifts of compounds 
from Bra G C MuoIIor and E V Jenson This wort 
was supported bj grants from the American Cancer 
Society , Ino 
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ACTIVATION AND INHIBITION OF THE ARYLESTERASE OF 

HUMAN SERUM 

By Frof B. G, ERDOS, C R DEBAY and M P WESTERMAN 

Mellon Institute, Pittsburgh 13, and School of Medicine, 

University of Pittsburgh, Pittsburgh 13, Pa 


H UMAN blood plasma contains at least two 
different enzymes capable of hydrolysing 
phonylacotflto 1 * One of them is a cholinesterases, 
the othor an aromatic estorase (arylesteraso) 3 Tho 
present studies deal with arylesteraso and stem from 
our observation that tho disodium othylenediamine 
tetraacetate (‘Sequestreno’) added to prevent co- 
agulation in blood samples mlubited nrylestoraso 
without affecting cholinesterase activity Since 
human arylesteraso has been reported to bo remark- 
ably resistant to many of tho usual inhibitors 5 , vso 
have supposed that further studies of tho inhibition 
and acceleration of activity of arylesteraso bv solectcd 
agents would prove of interest In particular, tests 
of the effects of metal ions and sequestering agents 
were indicated 

Tho activity of the enzyme was assayed with a 
modification of Zeller’s* method in a Cary recording 
spectrophotometer at a wave-length of 2800 A Tho 
instrument was equipped with an expanded scalo 
(0-0 1) slide wire assembly, which greatly increased 
the extent of registration The concentration of 
pbenylacetato was 1 x 10"* 31 In the early runs of 
the investigation, tho source of enzymo was pooled, 
heparinized human plasma Later, pooled, normal 
human serum gave similar results The serum was 
diluted 1 . 2,000 v/v , the absorption colls of tho 
spectrophotometer contained 0 002 ml of sorum in a 
fm-hydroxymetbyl aminomethano (iris) buffer of 
pH 7 4 At this dilution the contribution of cholin- 
esterase to the hydrolysis of phenylacotate was found 
to be negligible m tho sera of healthy donors In the 
experiments whero the effects of inhibitors or 
activators were tested on tho cholinesterase, tho 
source of enzyme was purified human plasma cholin- 
esterase preparation (‘Cholase’, Cutter Laboratories) 
This preparation was void of orylesterase activity 
The temperature was kopt constant at 27° C In a 
few control studies, tho usual Warburg manometric 
technique or an automatic recording tilrator (Titri- 
graph, Radiomotor) gave similar results Tho effect 
of most of the compounds on tho enzyme was tested 
after 5-min pre-mcubation All concentrations given 
m this report sbow the final dilution of the substance 
used 

It was found that the hydrolysis of phenylacotate 
by arylesteraso mcreased m the presence of calcium 
chloride* The sensitivity of tho different serum 
samples toward calcium varied to a groat oxtent On 
the average, an 85 per cent acceleration was observed 
at 1 y 10~* 31 concentration of calcium chloride 
Ethylenediammetetraacetate also enhances the act- 
ivity of arylesterase m the lower concentration ranges 
This activation changes sharply to inhibition at con- 
centrations higher than 10' 5 31 The enzyme was 
totally inhibited by 2 5 x 10* 5 31 ethylenediarmno- 
tetraacetate When the sodium salt of tho calcium- 
ethylenediarainetetraacetato complex (‘Sequestrene 
NajCa’, calcium-ethylenediaminetetraacetate) was 
used instead of ethylenediammetetraacetate, no in- 
hibition was observed On the other hand, tho 


magnesium - cllu, loned mnimototrancotato complex 
inhibited similarlj to etliylencdiammototrancetnlo 
Tins latter effect was probably duo to the foci that 
calcium from tho system replaced magnesium in tho 
complex Tho stability constant of ethy lenedinmine 
tetmacotnto with Ca 5 ’ is log K « 10 59 and that of 
Mg 5f , 8 09 Another cthvlencdmminototrnncctnto 
derivative, otliylenedmmmo di(o-bydroxyphcnyl 
neotic acid) (‘Choi HP’), which has little tendency to 
co-ordinate with uilcmm (lop K for Ca 1 * is 1 f>), did 
not inhibit arv lesteraso In somo preliminary studies, 
swine scrum nryleslcmsc 1 was also inhibited bv 
ethylenedtamino tetraacetate 

Tho results obtained with calcium prompted us to 
investigate the effect, of othor cations on tho enzyme 
Arylesteraso was inhibited by a number of rare earth, 
alkalino earth and metal ions The bost inhibitor was 
GdClja J t0 — 1 y 10' 1 31 , tlio weakest, MgClj, 
I to = 4 \ 10 31 Tho inhibitory effect decreased 

m tho following order GdCl s , OCl„ LnClj, Y(NOi)», 
SmClj, CdSCL, HgCl„ AgNO a , PbCL, ZnSO„ NiS0„ 
CoSO«, CuCL, klnSO«, BnClj, SrCl., JTgCl- 
Under the experimental conditions used, the most 
interesting feature of theso series was tho inhibition 
by low concentrations of tlio stable trivnlont rare 
earth cations and by somewhat higher concentrations 
of hcav y metals Yttrium and tho raro earth ions 
were about equally active, the I t0 values falling m 
tho I0~ 7 to 10-» 31 range p cliloromcrcuryqd lcn - * 
sulphonic acid also mlubited tlio enzymo {1 % o = 
3 / 10" a 31) Thus, in addition to rabbit 5 , tlio human 
enzymo is also sonsit n o to snlphydryl ngonts Sodium 
citrato and an amino-oxidaso mliibitor, l-plionyl-2 
hydrazmopropano (JB51G), inhibited the onzymo m 
a relatively high concentration Tho J t < , values were 
G v IQ -4 31 and 2 > 10-* JU, respectiv civ 


<■0 


(V) 



FIr 1 Inhibition nnd acceleration of tlio hydrolysis of pticnyi- 
ncctato by human scrum arylesterase ( a ) and by purified, con 
centrated human pInsmnchollnestom.«e (m (l) control, (2) map 
enedlnmlnetotraacctato 2 D x Hr 4 M , (3) calcium chloride, 
1 x 1(T 4 1/ , (4) oscrlne, 2 S x 10"* Af , (G) J JJ51G, 1 x 10~ t 
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As indicated above 2 0 x 10"‘ M ethylenediatnino 
totraacotate inhibited the enzyme completely Pro 
sumably this inhibition is duo to removing tho 
calcium from tho onzyme molecule Tho accolemtion 
by low concentrations of othylcnodiammototraaoetnto 
may reflect a bmding of an inhibitor present m tho 
system When a 10~* M calcium chloride solution was 
added soon after 5 x 10"* Af othy lcnodiammetatrauco 
tato to the onzyme, tho inhibition gradually dccreasod 
and up to 70 per cent of the normal activity was 
restored If, instead of calcium, magnesium was added, 
only a nogligfblo decrease in inhibition was obeerv od 
Wien a 1 10 v/v dilution of serum was dialysed 

against a trus buffer nt 4° C , tho activity of aryl 
esterase decreased 05 per cent within 17 hr , but it 
could bo partially restored by adding cnloium to tho 
dialysed enzyme If the enzymo solution contained 
cthylonodiaminetotraocotato m the dialysis tube, 
05 por cent of the activity disappeared during tho 
dialysis and caloium did not reactivate tho onzymo 
This indicates that the removal of caloium from tho 
ary lost© rase lod to irreversible changes When tho 
enzymo solution contained cnloium -ethylenodiam mo 
tetraacetate during tho dialysis instead of ethylano 
diaminototraacotato tho enzymo activity remained 
tho same as that of the dialysed oontrol Finally 
when tho enryrae was dialysod against a tns buffer 
ubich contained 10 -4 M calcium ohlonde, tho activity 
did not diminish during dialysis 

Others have shown earlier that phonylacotate is 
hydrolysed by both aryleatcras© and the chobn 


estorase of human serum or plasma Howovcr Fig 1 
summarizes somo of the differences between tho two 
enzymes In this figure tho increase m optical density 
js plotted against timo m mmutos This increase is 
due to tbo amount of phonol liberated which in turn 
is a funotion of the enzymic notn ity Part 4 shows 
that ary lost erase was inhibited by ethylenodiam Ino 
totrnacotato and »IZ?5I0 activated by calcium and 
unaffected bv escrino 1 "* Cholaso (port B) ns o\ 
pec ted was inhibited by osonno The activity of 
cbohnostorase with phonylacetnto substrate was 
accoleratod by JB 610 ond unaffectod by 1 x 10- 4 M 
Ca 1 *' and ethylenedmmmetetraacetnte 

Tho results summarized m this report indicate tho 
depondenco on cnloium of tho nrvleatomao ns well as 
the sensitivity of this enzymo toward so\ oral inliib 
itors A detailed account of tho work with nry 1 
esterase and on the offoct of JTJ510 on cholinesterase 
will bo published elsewhere 

Ethylenediaminototraacetate its derivatives nncl 
tho technical data were kindly supplied by Goigy 
Industrial Chemicals JBG 10 by Lakeside Labor 
atorlea 

‘ iToont*r L A. and WlUtUVer \ P BkrUm J 64 Ml (1053) 

' AnffTUtlnaoo, K. IL K*tun 181 17M (1M8) 

• Aldrld«o W X DfoeAm. J U 110 (10M) M 11” (I0M) 64 

442 (10M> 

4 Zeller E. K. Arr\ BuxJxm lUopfiw 61 £31 (1060) 

* Dertt«cfen, J Zeller H A. and Cochnuxi L. 8 0 Ftd. Fnc. 18 

183 (1054) 

4 AtntuVIrvMon K IL and Olvnn II B(oe Arm J 71 4 "7 (1050) 

71 m 0050) 


REDUCTION OF TOXICITY OF CATIONIC MACROMOLECULES 
BY COMPLEXING WITH ANIONIC DERIVATIVES 
OF SYNTHETIC POLYGLUCOSES 

By P T MORA, B G YOUNG and M J SHEAR 

NitJonil Institute* of Health Betheda M Marylind 


A NIONIC derivatives of synthotio polyglucoaes 
ViOro found 1 * to inhibit enzymo aotlvity of 
cationio protoins in conaoquonco of tho formation 
m vitro of complexes through electrostatic forces 
In tho otvs© of lysozyme, small amounts of salt 
prevented complex formation whan added after 
completing salt caused dissociation accompanied by 
reversal of tho inhibition On tho other hand low salt 
concentration did not prevent oomploxtng with rlbo 
nuclease hyTilurtmidnso and somo other onxymes 
Tho present communication reports OTperimonts 
deeignod to ascertain whether tho toxicity of entlomo 
drugs of lilgh rao locular weight can bo offcctivoly 
blockod by analogous comploxing with anionic 
polyglucose derivatives in tho living animal, where 
complex formation can be affected by tho salt and 
by the competing cationio maoromolocules which oro 
present It was found that tho toxic lty of a number 
of such materials could, indeed bo reduced. Our 
findings extend tho recent report of Higginbotham* 
that lioparm a naturally occurring anion iq polysac 
charido, reduced the toxicity of polymyxin B in mice 
In tho current experiments tho compounds were 
omployod in solution in pyTogen free water , tho 
total volume of fluid administered was kept between 
0 I and 0 4 ml per animal Ten wooh old strain G 


mme of both sexes, woighing 18-20 gm , wore eui 
ploy od in groups of ten 17 io mice wore observed 
for bov oral hours after treatment, and 24 hr sirrv ival 
was tabulated 

Tho cationio substance* administered at toxin Jovol 
were polymyxin B protamine, streptomycin and 
neomycin Toxic ©fleets were found to bo reduced, 
by subsequent administration of tho sodium salts 
and of tho froo acid forma of tho Bulpluvtc and corboxy 1 
derivatives of polyglucoso Two sulnhatod prepare 
tions wore omployod, both dorivod from a poly 
glucoso with a number average molecular vvolght of 
about 20 000 j tho number of Rulpbato groups per 
anliydro glucoso unit was 3 and 0 0 respcotivolv 
Tlio former was preparation U 4 [7j] — 0 04 tho 
latter was preparation -D 4 , [vjl ™ 0 04 , tho froo acid 
form was obtained by treatment with a cation 
exchange ream Tho carboxyl derivative contained 
17 por cont carboxyl (preparation e)‘ 

Polymyxin B was glv on m a standard dnso of 
0 5 rngrm/raouso The mice reacted n» follows 
withm 3 min they wore prostrated respiratory 
embarrassment and severe convulsions developed 
in about 10 min thoy bogan to dio In nl>out 20 
mm. those fow tlint surv ivtxl for 40 min r.xx> vored 
and were still alivo nt 24 hr 
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Table 1 Counter action of Toxicity of Cationic Macpomolfcclf-S 

BY SUBSEQUENT ADMINISTRATION (6 MIN LATER) OF ANIONIC POLV - 
GLUCOSE DERFV ATRIS 


Toxicity from 

Counter treatment 

24 lir 





surv hal 
(10 mice 

Cationic 

Mgm / 

l’olj glucose 

Mgm / 

substance 

mouse 

derivative 

mouse 

per group) 

l’olvmyxin It 

0 5 





O 


Sulphate JI 





(acid form) 

t 

10 1 



Sulphate n 

0 5 

10 



sulphate 1/ 

1 

0* 



Sulplntc II 
Sulplmtc II 

1 

8t | 



(Na unit) 
Carbovil 

1 

10 



(acid) 

1 

10 

i 


(acid) 

(Xa salt) 

o r. 

0 5 

10 

10 

[ Protamine 

3 

Control 
Sulplmtc II 

— 

0 



(acid) 

3 

10 j 

Sfreptomjcln 

8 

Control 
sulplmtc JI 

— 

2 i 



(acid) 

8 

8 . 

Xconncin 

3 

Control 
Sulplmtc II 

— 

4 



(acid) 

0 

S 




10 

c 


* 10 min Interval between Injections 

1 20 min Interval between Injection? tvvomloi were alreadj dead 


When polyglucoso sulphate was administered 3 
mm after this dose of polymyxm-ZJ, nil llio mice 
recovered rapidly and behaved nonnallj within 30 
mm , even when the counteracting dose was delaved 
for 10 or 20 mm , at which time sonio of the mice 
wore already dead, tho moribund animals recovered 
Similar counteraction of the toxicitv, of polvinv vm 
was obtained with both tho salt and tho acid forms 
of tho sulphate and carboxyl derivatives (Table 1) 
Analogous protection was obtained against the letlml 
effect of protamine How ov er, tho toxicity of stropto- 
mycm and of neomycin was only partially reduced 
even when larger amounts of polyglucoso sulphate 
were used Tins is m lino with the requirement for 
high molecular vvoight in tho blocking* of cmyrao 
activity 

In tho second set of experiments (Table 2) the poly- 
glucose derivative was mjeetod first, subcutaneously 
at the nape, while tho cationic substance was given 
mtrapentoneally In the oxponmonts with poly- 
glucose sulpliato and polymyxin-#, protection ngamst 
lethality and toxic manifestations was virtually com- 
plete when the interval between tho injections was 
2—90 mm Tho protective effect of tho carboxyl 
derivative was of shorter duration Polvglucose 


Table 2 Protection from Lethal Toxicity op Poiymvxin-.H 

(0 6 MOM /MOOSE) BY TRIOR INJECTION OF ANIONIC POLVOLUCOSE 
DERUATIYES AT A DrFFERFNT SlTF 


Protective trea‘ 

mont 

Time 

between 

Injections 

24 hr survival 
(10 mice per 
group) 

Polyglucoac deriva- 
tive (acid forma) 

Mian / 
mouse 

Xone 





2 

Sulphate II 

i 

1 day 

4 


1 

300 min 

3 


1 

180 , 

8 


i 

00 ,, 

10 


i 

00 ,, 

10 


1 

30 ,, 

10 


i 

6 

10 


i 

o 

D 


0 5 

30 ,, 

0 


0 25 

30 „ 

5 

Carboxj 1 

1 

0 ,, 

10 


1 

10 „ 

1 

' 

2 

10 „ 
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sulphate (1 nigni ) yielded partial protection against 
tho lothnl doso of protammo (3 mgm ) 

These oxpernnonts showed that polyglucoso sul- 
phate afforded protection promptly ovon when 
injected by a different route and at a site distant 
from that employed for the poljmyxm In addition 
to tho direct action of tho anionic derivative upon 
tho cationic drug, it is possible that mobili7od acid 
polvsaccharido of lissuo origin also may contribute 
to tho blocking of the letlml effect* 

Sjnthotic polyglucoso derivatives can provide 
molecular model systems suitnblo for tho frtudj of 
mncTomoleoulnr interactions and of the consequent 
biological changes Pol} glue oscs can bo prepared 

different in molecular weight and in dogreo of branch 
mg’ They hnvo a lugblv branched, spherical struc 
turo\ and possess numerous alcoholic liydroxjl 
gioups suitable for graded substitution with dissociat- 
ing groups For examplo, polvglucoso sulphates 
with different degrees of sulpbation* can bo used to 
studv tho effect of molecular parameters (hizo, 
chnrgo density, etc ) on mocromoleculnr interaction 1 * 
Tho effect of differeneo in chnrgo densitj of poly 
gluco«e sulphates upon their jiotency m counteractuig 
the letlml effect of polymyxm-J? was also mvesti 
gated Preparations 11 and D of polyglucoso sulphnto 
sodium salt, do«crd>ed above, were given us in tho 
experiments sumirmri/od in Table 1, that is, tho 
anionic derivative was inject od ii mm after the lelhal 
do«o of pohmvxin-B (both given mtrnpontoneally). 
Table 3 shows that the polyglucoso sulplmto with the 
higher charge density gnvo greater protection, for 
oxamplo, at the 0 1 mgm level, preparation H gave 
completo protection wlnlo propmution D gave none 

Tabic s LrFrcT or Cuutoi Bfnbit\ or l’oLvrLcro a r sririKTE 
on CorNTir action of Toxicm oi I’olvmvxin ji <o 5 mom /mof'F 
jnjfctth t min raiuilr) 

- - } 

l’oljglucose sulphate sodium salt i 


Preparation 

SO,/nnhv dro 
rIuwi unit 

Mgm /mnu«e 

24 lir survival 
(10 mice per 
group) 

JI 

3 

0 5 

1 

10 

1) 

0 0 

0 

5 

P 

11 

3 

O 

25 

10 

D 

0 0 

0 

25 

3 

11 

3 

0 

1 

10 

r> 

0 0 

0 

1 

1 

if 

1 

0 

05 

4 J 


Thus it has boon found that such anionic donvn 
fives of polyglucoso wore capablo of protoctmg mice 
against a lethal doso of cationic macromoloculcs not 
onlv wdien ndministorod first, but also by counter 
acting toxicity m moribund anunnls Furtliorinorc, 
tho greater tlioir charge density tho greater was their 
offoctivonoss 

Cationtc polyglucoso derivatives lmvo now bcon 
synthesized Their interaction w ith naturally occur- 
rmg anionic macromolcoules, and tho effect of such 
mt-oraction on the biological properties of tho lattor, 
arc projected 

1 Vfora, F T , and Aoung, I) G , Katun, 181, 1402 <1059) 

* Morn, F T .and Aoung, D G , Arch Jhochnn Jhophvs (In the press) 

’ nigRlnbotlwm It B and Carter, F I) . AnhhioUee and Chnnth 

therapy, 7, 527 (1057) 

‘ Wood, J VV , and Vlora, F T ,J Amer Chan Soc , 80, 3700 (1053) 
‘Mora, P T , Mcrlcr, E , and Maury, P , J Amer Chem Soc (In tbe 
press) 

‘ Cf Higginbotham, 11 B , Ami A 1" Acad Sc i , 73, 180 (1053) 

7 Mora p T , Wood, J W , Maury, F , and Young, H G , J Irner 
Chem Soc , 80, 003 (1058) 

* Mora, F T , J Potym Set , 23, 345 (1057) 
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QUANTITATIVE ASSAY OF COMPOUNDS IN ISOLATED, 
FRESH NERVE CELLS AND GLIAL CELLS FROM 
CONTROL AND STIMULATED ANIMALS 

By Prof HOLGER HYDEN 

Department of Histology Faculty of Medldne University of Gothenburg 


F )R oytophysiolofjicftl studios rt is desirable to 
express results in amounts of biologically impor 
tout substances per coll Tho same trond seems now 
to exist m nourooytology for uni coll analyses as is tho 
rase in electrophymology Tlus article gives an 
account and applications of tho methods used in 
our laboratory for the determination of substances 
expressed as (iftgm per fresh norvo cell or per volume 
of fresh glial oells 


Lowry 1 and his associates* have dissected nemo 
colls from tliiok, frozen and dnod sections and have 
obtained excellent results We prefer to dissoct nemo 
cells from a cut surface tlirougn tho desired locus of 
the fresh tissue, immersed in Isotonic sucrose solution 
The chssoction is nrndo freo hand under a steroo 
microscope at o magnification of 04 or 1 Of) A 
stainless thread 1C or 18p in diameter, and slmrp 
oned to ^ 2(i (manufactured by Kanthal AB, Hall 



Fig 1 Pfflih nerve calls illuected oat free hand photographed In tho pb&*e-eontr*»t microscope SlltfiUy stsliwd with methylene 
blao to sliow density of the synapses u small knob* on the sorface ( x e 200) 



»*C UbetW 
components 
Orotic sdd 
Lytino 



Fig Z Surrey of the method* used on the directed oot nerve fell* and their dial cell* 


Atohammar Sweden), in used for 
lifting out tho neno evils into on 
isotonic sucreso solution Tho main 
part of tho dendrites comes with 
tlic coll (Fig 1) Usunlh a von, 
small amount of mothy lono blue in 
eucroso solution is applied to tlic 
cut surface for eomo seconds Tlic 
slain is taken up by tho svnapsos 
which are soon as a flneh dotted 
border around tho area occupied 1>\ 
tlio unstamod norvo coll Tlic coll 
is removed before it takes up tho 
dye and transferred to tho sub 
strato or to tho sucroso solution, 
whore it is freed from adhering pha 
by gentlo manipulation Xoto the 
density of syrrnpw. a on the surface 
of tho soma and dendrites of tlic 
fresh norvo coll (Fig 1) Lorvo 
colls sampled in this way are used 
for the determination of tho n< igbt 
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Tig 3 Ercdineno cells plus the ncurosllnt celts nrl/rlmlh rln» H 
Burroundlnc each cell dissected free and trimmed G> tin rum 
volume as thnt or their nerve cell nnd nlvred In a row below the 
none cells The collection of glial coll< ellghtlj pre^rd nmtnst 
the glass (Those contrast, > c oh) 

a protom and a froo lipid fraction* 1 , nbmnwW 
acid 5 , nucleotides* 7 , of labelled substances mkIi 
as 14 C-orotic ncid nnd w C-l\Mnc*, and of uuvmc 
activities* (Fig 2) 'flic oligodonthot jtrs < lo<-« lv 
surrovmdmg the norvo cell ensih come olT m the 
substrate and adhere to each other, and the collection 
may assumo a spherical form It can ensih be 
trimmed to approximately tbc same voluinn as that 
of the nervo coll to 'which thev belong (Km 3) 
Tlio collection of glial cells is freed from larger parts 
of axons or dendrites 

No method hitherto described is ideal for volume 
determination of such an irregular coll as the none 
cell , not. oven tho interference nncroscopo technique 
Tho following method scorns adequate The total 
dry weight of a fresh nerve coll including the mam 
port of tho dondrites, precipitated with 1 N told 
perchloric acid for 30 sec nnd washed and dried 
determined by X-ray microrndiogmpliy at 8-10 A 
The X-radiogram is evaluated b> our scanning coll 
analyser, which gives the weight of tho tell based on 
up to 12,000 measurements m 4 mm Hie dry weight 
per unit volumo of tho nervo coll is determined on a 
frozen and driod section prepared in tho ervostat 
Tho volumo of tho fresh coll irrcspecliv e of its irregular 
form is tho total weight divided by tho mass per g 5 
of the coll material Tho value for tho organic 
material in tho nuclous has been found to bo as high 
as that in tho cytoplasm 

It was found that tho mass per unit volume of 
fresh ghal colls is 0 20 fxfigm /g 3 , which is tho same 
as that of their norvo colls Hence, it is possible to 
compare norvo cells and ghal colls on tho samo volumo 
basis 

Rabbits were subjected to mild rotation, through 
120° horizontally and 30° vertically, 35 turns/ 
mm , for 25 mm /day for 0 days Tho results — 


those on the offer t of stimulation on tho none colls— 
will he published in detail elsewhere, m collaboration 
with I>r A Thgon 


Tattle J Jhtv non ro Iimri.V Nenvi. Crus, it wot 
V vltiej In inn tn Vo! vu ramd os 200 /C The dry vetglit nv 
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The ribonucleic mud content of the oligodendrocytes 
expressed per \ oluino, equivalent to that of the nervo 
veil, was m 15 atmUt'Cs found to 1 k> npprovimateir 
1<10 jqigm , that i«, ten times less than tho ribonucb * 
netd content of tho nerve cell Tins is noteworthy 
Rime the nuinlKr of ghat colls surpasses thnt of th n 
neurons bv a factor of probably more tbnn let 
Tlnis, it is not possible to a Into tbnt rilionucleic and 
found m bulk analyses of the rentral nervous system 
ir> flint of tbo nerve cells, as is at uteri in revera! 
jmjiers 


T'iit' c I rncT oi t I'-momr SrmruTiov <w rar Per tma 
or In rrr" s t'ru" lunnrr 
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Tho elToct of tho vestibular stimulation on the-o 
colls, second in the neuronal chain, is thus a pigmficoo 
increase of tho drv' weight of organic material T s 
conehision is that tho inei eased functional donian< 4 
cause a pioduetiou of mtranouronnl organic mnterm 
tho proteins included This fits with earlier finding 
using another typo of lochmqiio 1 * 

IN tlh measurements afro on nerve cell ph 1B ^ 
volume of ghal cells altogether 500 coils have 
measured 

In tho controls, tho respiratory onzynio ucturif* 
twice as high m tho ghnl colls as m tho nervo ^ 
tlioy liolong to. measured on tho same volumo 1 
fits well with tho results of tho samo onzvmo achvjb 
m spinal ganglion cells and in their satellite co - 
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and also with respect- to other enzyme activities m 
tills typo of nervo cells 11 

The vestibular stimulation for 26 rpm /day for 0 
days increased the respirator} enzymo activity of tlio 
nerve cells, bolotiging to tho second neuron of this 
pathway, to a higher level Considering that tho 
organic mass per nervo coll also increased, it may be 
assumed that tho stimulation caused an increase in 
tho enzymo concentration os well os actiwty Bat, 
at tho samo time, the enzyme aothitv m the glial cell 
decreased, and significantly so in tho case of cyto 
cliromo oiddoso It is impossible at present to inter 
prot thoso results Tho following tentative working 
hypothesis may bo presented. Several observations 
support tho view that the glial cells, especially the 
oligodendrocytes, aro donors of energy or of food to 
tho norv o coll they servo It is also known that thoro 
occurs a shift in tho substrate for the motabolwm of 
the stimulated central nervous system compared with 
the non stimulated The central nervous system 
can furthermore burn substances other than glucose 1 * 

Therefore, when tho nervo cells demand more 
energy at the mcroasod activity, they aro presumably 
given priority to tlio necessary substances by the 


neuroglia These colls may out down thou* met a 
bo! ism, which is reflected in tho decreased cytocliromo 
oxidase activity Thoro may be an 'inhibiting 
mochamsm at that tormina! step at increased 
neuronal activity and tho glml cells may he the 
oellular parts of tho oontrai nervous system which 
hai a to resort to substances other than glucose 
Those studies hn\e been supported by the Booko- 
feller Foundation and by the Swedish Medical 
Bose arch Council 
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VIRAL MULTIPLICATION AND CELLULAR HYPERPLASIA 

By Prof COUNCILMAN MORGAN 
Depirtment of Microbiology College of Phytlclinj and Surgeons 
Columbia Unlvinlty New York, 32 


I K assessing tho meohniusms wheroby cert am 
viruses cause oither cellular proliferation or 
neoplasia, it w obviously important to determine 
whether replication of tho a inis augments or inhibits 
mitosis of the host ooll Data bearing directly on this 
problem aro scant Dawson 1 , studying the histology 
of focal lesions m cluck on oliorioaUantoio membranes 
infected with Uerpoa simplex vmia, reported necrosis 
and hyperplasia of the ectodermal cells but found 
tliat only “some of the cells show the cl mmet eristic 
vaVranuciear clumgee of infection’ Burnet el al * 
confirmed these observations and noted that tho 
proliferation followed initial necrosis of tho ectoderm 
In addition, those authors doacribod hyperplasia of 
tho entodormot colls without tho nuclear swelling 
margmation of clrromatin and formation of inclusion 
bodice wldch were bolieaod to accompany ural 
infection Later, Bovoridgo and Burnet* found 
inclusion bodies "only with great difficulty 1 1 in somo 
chorioaUantoio lesions induced by horpoe tnmplox 
virus Tlie foregoing observations, togotlior witli tlio 
fact that sterile broth, aalino and emulsions or 
filtrates prepared from animal tissuo caused pro 
liforotion of tho ootodorm at tho sito of inoculation, 
loti tho authors to suggest that in tho caso of \irnl 
infection 'the cell is damaged, and in rosponso to 
something diffusing from tho damaged ooll — oitlier 
vims particles or, moro probably , growth stimulating 
substances resulting from primary damogo — noigh 
bouring ectodermal cells proliferate 1 1 

Regarding neoplasms it has been recognized 
that m tho human skm Borne Aerrucro caused by 
\ iruses 4 woro characterized bj tho presence of intra 
nuoloar inclusion bodies 4 * and by tho nppoamneo m 
tho electron, microscopo of Intranucloar crystalline 
arrays of particles presumed to represent virus* 


Bunting el al 7 and Blank*, howovor, notod that tho 
cells wluch contained tho inclusion bodies woro not 
soen in process of division. More recently Bloch and 
Godman* reported that the bulk of theao tumours 
was composed of "normal appearing oolls 11 and sug 
gosted that ‘opidarmal colls with morphological 
stigmata of mfoction, tliat is inclusion bodies lin\o 
lost tho it capacity for mitotic proliferation 1 Tliooo 
authors proposed oitlior that tho explanation by 
Beveridge and Burnet regarding growth promoting 
substances was corroct or that tho \lral mfoction 
was present but morphologically and cytocliomicallv 
innp parent m tho light microsoope 

Tho procoding studies by light microscopy v ore 
largely dependent upon tho rocogmtion of inclusion 
bodies as presumptive o\ idonco for tho prosonco of 
\ mis It has not boon dofirutoly established, houovor, 
what relationship tho inclusion bodies boar to tho 
viral partiolos themselves, nor is it known wliethor 
\Tral dovolopmont is invariably accompanied or 
followed by tho appearance of an inclusion body in 
tlio host coll Another approach to tho problem of 
identifying virus in specific cells was pro\ Idod b\ tho 
fluorescent antibody technique >.oyes and MoMore 1 * 
examined sections of robbit papillomas fttninod with 
fluorescent antibody to tho antigen of tho Shopo 
papilloma virus Tlio antigen was found to bo intra 
nuclear and generally confined to colls of the super 
ficial kora toh yah no or kemtimzod layors It waa 
surprising 11 tho authors comment od, "that practicuUv 
all tho colls in tho proliferating layers of tho papil 
loma contained no antigen, Tor tho colls in those lay era 
mako the major contribution to tho growth of the 
papilloma 1 They added that “thoro was failure to 
demonstrate nny Aural antigen in tho rmtotio figures 
of tho proliferating lavers 1 From tlioeo result* tlio 
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authors advanced the postulate “that, the virus is 
present in the germinal and the proliferating cells but, 
exists there in an early st-ago of development, con- 
sisting mainly of nucleic acid and deficient m protein, 
and therefore non-ant igonic and not, demonstrable 
by fluoroscent antibody” Tho possibility that \ irus 
was present but in insufficient amounts to produce 
fluorescenco could not bo excluded 

With tlie advont of tcclmiqucs suited to tho 
preparation of thin sections for electron microscopic 
examination, a method was at hand for \ lsuali/mg 
viruses m host colls at sufficient resolution to detect 
stages m the differentiation of structural components 
Of tho viruses mont loned abo\ o, horpes simplex \ irus 
lends itsolf most readily to study m tho electron 
microscope by Airtuo of tho fact that it grows well 
both in tissue cultures and m tho chorioallantoic 
mombrane Employing tho latter cell system, it had 
been determined proMously” that tho virus dev clops 
m the nucleus whoro it differentiates within charac- 
teristic aggregates of granules and appears initially 
ns a central body enclosed by a singlo membrane 
Afterwards, a second membrane is formed Particles 
with a central body and two poriphoral membranes 
appear to bo tho completed, infectious unit Once 
tho stages in morphological do\ olopment w ere recog- 
nized it became possiblo to identify an infected cell 
with considerable certainty sunplv by the presonco 
of rural components, or en though fow m number and 
not fully assembled into complete virus, and by tho 
accompanying alterations in fine structure It was 
decided, therefore, to ro-examme thp relationship of 
herpes simplex virus to collular hyperplasia Accord- 
ingly, a recently isolated strain (.7 M ) lt of horpes 
simplex virus was transferred from tissuo cultures 
directly to chorioallantoic membranes Thrco and 
five days after inoculation tho resulting focal Iosions 
were fixed in osmium tetroxide, dehydrated in othyl 
alcohol, embeddod in methacrylate and cross sectioned 
at multiple levels for examination in the electron 
microscope Thick sections w ero also cut and stained 
for orientation by light microscopy At thrco days 
there was markod hyperplasia of tho ectoderm with 
necrosis of tho superficial cells toward tho centre of 
the lesion The mesoderm showed oedema and 
infiltration by inflammatory cells and there was 
moderate, but definite, hyperplasia of tho underlying 
entoderm The most striking feature rovealed by tho 
electron microscope was that only a small proportion 
of the ectodermal, opithohal colls contained viral 
components or, indeed, showed any of tho character- 
istic changes m nuclear fine structure associated with 
viral multiplication At five days moro colls of the 
ectoderm were found to be vnfoctod and necrosis had 
oxtended Contrary to expectation, howevor, many 
of the cells undergo mg ncciosis wero devoid of virus 
In no instance was an infected coll encountered within 
tho hyperplastic entoderm Tho forogomg suggests 
that undor tho conditions of theso experiments 
hyperplasia is not dependent upon tho intracellular 
presence of recognizable virus or viral components 
Recently, Stoker 1 ’, studying singlo HoLa colls in 
tissuo cultures infected with horpes simplex virus, 
found that “none of tho colls which yielded virus 
divided” and, further, that using tissuo cultures m 
synchronous division it was possiblo to inhibit 
mitosis by the addition of virus even 1 hr bofore 
division w as to occui If it could be shown that tho 
mode of viral development were similar both in tissuo 
- '•"’♦jure and in the chorioallantoic membrane, it 
ild not bo unreasonable to assume that Stoker’s 
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observations regarding llio inability of infected colls 
to di\ ido would apply to tho lattm coll system as well 
Consequent ly, detailed comparison was made by 
olectron microscopy between the development of the 
.7 M strain in chorioallantoic mombinncs and its 
de\ clopmont in HoLa and human arnmon cells grown 
in tissuo culture. No basic differences either m the 
manner of viral evolution or m tho morphological 
response of tho host coll wore encountered Pro 
sumnblv, then, in tho ehorionllantoie mombrane, as 
in ti«suo culture, herpes simplex virus presents 
mitosis of tho cells in w Inch it differentiates It would 
appear that some factor provided In the intact host 
is necessars for tho In perplnsia to occur, for, as 
Stoker 13 has pointed out, there is little ovidonco to 
suggest that this phenomenon is associated with tho 
infection of tissue cultures bv herpes simplex virus 
There are insufficient data to determine whether 
virus also interferes with mitosis of host cells in the 
case of tumours, but tbo observations ute<l above 
regarding vemioir and the Shojie papilloma are 
certainly consistent with such a concept In this 
connexion, it is of interest that tho a irus encountered 
in tho Lucko raremoma of frogs 1 * eloseR resembles 
herpes simplex virus in morphology and intranuclear 
site of mult lplieat ion 

Tho purpose of this communication lias boon to 
indicate that the hypothesis advanced by Beveridge 
and Burnet regarding tho hj p< rpl/usia associated with 
infections by herpes simplex virus is supported by 
olectron microscopic examination and warrants 
furtlior study until the techniques currently available 
Although none of tho observations herein roported 
exclude tho possibilitv that a masked form of tho 
vims is operative m neoplasia, it is equally possible 
that m certain neoplasms a cellular product other 
than tho virus itself stimulates mitosis Tho role, 
tbon, of tho initiating viral infection would bo to 
generate or liberate this produrt Jf such wero tho 
c aso, it would explain the apparent rontradiclion 
presented by the suggestion that a virus may inhibit 
mitosis, on ono hand, and stimulato cellular division, 
on the other, for tho virus could multiply at a sito 
removed from tho region of cellular proliferation 
Moreover, tho wide variation encountered in viral 
assay's of tumours’* could bo accounted for if tho 
stimulus for mitosis wero mediated not by tho virus 
per sc, but. by T a cellular product resulting from viral 
infection In theso circumstances tho litre of virus 
within tho tumour would not nccossanlv bear a con- 
sistent relationship to tho extent of mitotic notmtv 

Tlus study was aided by a grant from tho National 
Foundation 
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FORTHCOMING EVENTS 


Saturday October 3 

AasociArirm of < uxica i Biocumm (Joint meeting with the 
Association if ( llnlral l^hologlsts at the Royal CoIleRC of Surgeon* 
Lincoln i Inn rickls LoiHlon 1V0 2) at 0 30 a m — Scientific Paper*. 
5 p m.-— Annual General Meeting 


Monday October S 

Socimr or cubmkal iKnurmr Loxdox Segtiok (Joint meeting 
with the Pla.tlc* and Polymer Group at the Royal Inatlttrtlon 
Albemarle Street London Wl), at 6 30 pm — 8Ir Robert Robinson 
0)1 T IU8 The I olymertsatlon of Olcflne* Using Orgnno-metntllc 
Catalyst. 


Wednesday October 7 

SocriTT roR A5ALTTT04L CaKVt8T»T (at the Chemical Society 
Burlington llmac PIceadlUy London Wl) at 7 pmt — Meeting on 
+Atmo.pherlt Puliation AnaJy*!* 


Friday October 9 

Ixarm+io. or Electbtoil ExotXKM (at 8avoy Tlace London 
WC.2) at 6 30 pm- — Sir Willis Jackson F TL8 ■ — Presidential Address 

BOCICTT Fn* AXALTTICAL OllMmKT BIOLOOICAL METHOD* 
Grout (at Tin. Feather*”, Todor Street. London E.C.4) at fl-80 p.ro 
-_IH*cii*.lon Meeting on ‘‘Routine Trnridty Te*ti In the Control of 
Pbarmaeeuflenl* opened by Ur P Andrewi 


Saturday October 10 


Mrrarrtov •<ociirrT (at Ouy'f Hospital Medical School St Tbomaaa 
Street London SKI) at 10 30 a.tn — Symposium on Nutrition and 
the By®" 


APPOINTMENTS VACANT 

APPUf vtiovk are Inrlted for the following appointment* on or 
before tlio date* mentioned 

Af«i»TAJrr LBonjaw ix AotuuuLTumK— The Prlnclpol, loriahlre 
mn ) Institute of Agriculture Askharn Bryan near \ork (October 8) 
VlEAD or THi Dktaetxxxt or pom akp Attutd FnTsrcx— The 
lleizlstrar Royal Technical Co II ego Salford 5 Lane* (October 10) 
bVxiOE LBTFin IX JlATUKf ATIC8 a LWJTtTEM 15 MATnrVATK^ 
*nd an Asslitaxt Grade Jt jx AUthecaticw— T he Registrar 
Royal Technical College Salford 0 (October 10) 
flexion Lbotueir (with particular Interest In protein* or nudele 
arldo IK the I) rr A atx ext or 5U Cl own loot— T he Deputy Registrar 
The University Edgbaiton Birmingham IB (October 14) 

REAPER OT HB5IOR Fallow tx lUtMEOORAFnT IX TUX DCTARTMH5T 
nr OEOOXsrirT Rraearth School of raeiOe Studies Australian National 
?rn venlt), Canberra — The Secretary AuocUtlon of Un rrrallle* of 
tlio UriUwh Commonwealth 38 Gordon Square London W C 1 

(A ?xmmXJULy 0 mcuoLOoiLAL MiDiaxx— The Secretary of UnWer 

•itY Court The Uni re rally Glasgow (Oct ober 1 0) 

UlTAIt or OrUTRALMOLOor AT THX Ht gll T U T X OF OrUTUAUtOLOOT 
„The Academic Registrar. Unlrcnlty of London Senate Home 
tendon WOl (October tl) , __ 

VINDERVEIL CHAIR Or PUAXUACOLOOT AT TH* IXrnTCTE Of 
IUATO llEDlOAL ScTEXcrft— The Academic Reglitrar University of 
i^indon Senate Ho tree London MCI (October 22) ^ 

^LrctuKk* IX CTML 1 XOIKXKW50 at the Unive rsity ^of Weatern 
HMtralla — De Secretary Aa*odatlon of Universities of the British 
cjSmonwritlb 30 Option Square London V? 0.1 (Australia 

°n«AiR OT Iioxotsio and 1 htsical Ciratmr In the University of 
T« .mania— The Secretary Association of Universities of the British 
roromonwcalth 36 Gordon Square London TV C.l (Au*tralla 

(2) ix OcooKAMir and a LxcTtrxat nr Orouvrr at 
the University oblong Konff— ' The ' Secretary Association of Uniyer 
* tie* of the Brltlah Commonwealth 38 Gordon Square London 
WO 1 (Hon* Kora October 31) 

TtojfKtclAX In the Department of Physiological Chemistry to rut 
.<wt!nn. and apply ■tandnrd hl.toehemlrml teat* In relation to a pro- 
onmmt of revearen which is Just be Inc atarted — The AwUtant llumr 
The Unlrcraitr Readln* (October 31) 

FELLOW or SEXIOB lELLOW lx PmLoaornT within the Department 
of Social PtillfHophy AmtraJlan Rational University Canberra — The 
uoerctary Varoctatlon of Unlrereltle* of the UrttUh Commomrealth 
38 Gordon Square London, W 0.1 (Amtralla November 10) 

Chair or Axatoxt tenameln tlte Newoutle Dbrl*lonofth« Unlrer 
jity— The lteglftrar University Office 40 North Bailey Barham 
(Novemlter 21) 

Chair or GtodXArtrr In the Unlreralty of Otago Dtroedin New 
Zealand— The Secretary A**ocfatlon of Uolvendtlr* of the lirlUth 
Commonwealth 36 Gordon Square London W 0.1 (New Zealand 
December 16) 

Head or thx DETAXrxcrr or MArntiiA-ncs— The Reglitrar The 
Cull eye of Technokwy A*hlcy Down Bristol 7 


REPORTS and other PUBLICATIONS 

(not indudfd In (Ac moxtAfy JJoott Svprlf*uni) 

Greit BrJuln and Ireland 

Philosophical Transaction* of the Royal Society or London SerJe* 
A Mathematical and Phyilca! Selcnee* No 097, ^ oL CM (11 June 
1059) The Propagation of Plane Irrotatlonal Wave* Through an 
Ela*tonla*tlc Medium By L. W Morland Pp 341-383 13# af 

No 908 Vol 251 (11 June I960) The Rational Chamcteriatlon of 
Certain Bela of Relatively Abelian Extension* Jly A. FrOhlleh 
Pp 3S3— 125 1 St (W (London Royal Society IOjO ) [188 

Seventh Special Report from the Select Committee on Eathnatre 
8e**Ion 1058-69 Trewinry Control of Expenditure — (Observation* 
of the Treasury) Pp 16 (London UJL Stationery Office 1060 ) 
1* net rpc 

Education In 105-3 Being the Report of the Ministry of Education 
and 8tatl*lle* for England and Wale*. Pp r+301 (Crond 7~7 ) 
(London 3LM Stationery Office 1050 ) 12* net [200 

Government or Northern Ireland )tlni*try of Agriculture Leoflct 
No 132 Farm Planning Pp 16. (Belfast Ministry of Agriculture, 
1959 ) tff 

Hopkln and William*, Ltd Orgnnlc Chemical Reagent* — M ooch 
graph Vo 87 Zlncon Reagent for Zinc aud Mercury Metal Indicator 
By El Icon A Johnson and W Jablomki Pp. 6 (ChadweK Heath 
IlonldB and William*, Ltd 1059 ) [77 

Royal Institute of CbemUtry Le tore* Monograph* and Report* 
1050 Vo 1 Recent Developmenla In Inorganic ami Organic Ana 
Iytlcal Chcmlitry By Dr T 8 West Pp 11+41 5* 6J net Vo 2 
Struct oral Analysis of J*olysaedurldea. By Dr D J Manner* 1m 
11+89 6* net [London Royal Institute of Chemistry, 1050 ) if 
Government of Northern Ireland Ministry of Agriculture Supple- 
ment to Leaflet No 10ft ! Tho Bnckflut Abbey Strain of Honey Bee 
Pp 4 (BelOut Ministry of Axrleulture 1069 ) tf 

Genrral Register Office The Registrar General s quarterly return 
for England and Wahre — Dirties Death* and Marriage* Infectlom 
Disease* Weather Population Estimate* aoarter ended 31st 
March 1050 (No 441 Ut Quarter 1030 ) Pp. £3. (Loudon JUf 
Stationery Office 1960 ) tr net [7“ 

Jtlnlstry of Labour and National Service Industrial Health a 
Surrey or the lottery Industry In Stoke -on Trent— a Report by 
IOL Factory Inspectorate, pp v+78 (London IT M Stationery 
Office 1050 Published for the Ministry of Labour and National 
Service ) 6* net [77 

Fire Protection Association Booklet No 21 Industrial Solvents 
and Flammable Liquid. Revised new edition. Pp 24 (Londoti 
Fire Protection Association 1060 ) (77 

Commonwealth Education The United Kingdom Contribution 

Prepared for the Commonwealth Relation* Office and the Colonial 
Office by the Central Office of Information Text by Dtmran Crow 
Pp 63 +4 plate# (London JEM. .Stationery Office 1050 ) 2/ 67 
l*we* Arrieultnral Trust Hothamsted Experimental Btatlon 
Report for 1958. Pp 233 (Harpenden Rotharusled Evperlrarntnl 
Station, 1030 ) 10s [77 

Die Coal Tar Research Association. Review of Coal Tar Teelinnlojn 
Vol 10 Part 2 (July-DceerabCr 105^) Pp IHS*-16fl. (Gomenal 
Leeds Coal Tar Research A wrfat Ion I960) 10». (7 

Department of Scientific and Industrial Rrseare n. Tony Rcvearrh 
1958 on the Handling and Preservation of FI h and Fldi Produci. 
Report or the Director of the Tony Research Station. Pp l\ +35 
(Edinburgh n.M SUtlonery Office 1059 ) 2s Of net [— 

Other Countrie* 

Laboratolre d Astronomle de Lille Astronomical New* Letter 
Vo 04 Pp 1+66. Aitrooomlcwl Newsletter No 05 Pp 1+66. 
(Lille Laboratolre d Astronomle 1050 ) [186 

Smlthsonlsn Contributions to Astrophyile. lol S f?o 4 Som* 
flon.pot and Flare Statlitka. By Barbara Bell and Harold Olater 
Pp 11+25-38, (Washington D CL Doremment Printing Office 
1059 ) 20 cents JIM 

Ontario Research Pocmdatlon Annual Report ltES. Pp 36 
(Toronto Ontario Re#cardi I oundat Ion, I960 ) [1S6 

Official Records of the World nealth Orgnnltatlon No 04 llrat 
Report on the World nealth Situation 1934-1966 rt> vIll+392 
(Geneva World Health Organlratlon lxmdon II3f Btatlonery 
Office 1050 ) 10 Swiss franc 17# <V i^SdoIUra. {1*6 

United 8 tales Department of Agriculture : Agricultural Research 
Service Technical Bulletin No 1190 Soil Fertility Studies In 1 ysl 
meter* Containing lakeland Sand Pp. 62. (Washington D C 
Government rrlntlng Office 1059) Ij cents. [188 

Annals of the New \oric Academy of Sciences, ^ol 77. Article 2 
Axenle Culture of Invertebrate Afetaioa a Goal By Eli .worth C 
Dougherty and 85 other author* Pp 25-408 (New lork New 
\ork Academy of Science* 1050) 4m) dollar* (166 

Peabody jruseom of Natural nistory kale University Bulletin 13 
Nole* on a Collection of Birds from Mindoro Iiland Philippine*. 
By S Dillon Ripley and D S Jlabor Pp iv+fc. PovtilU No 38 
(April 20, 1059) Commenti on Bird* from the Western Papuan 
fGands By 8 Dllfon Rlnfey rp 17 (New Haven Conn Fcabodr 
Mn«crm or Natural nistory \ale UmveraUy I960) [IM 

C3ommonwe^th Sclent 16c and Industrial Research Orgnnltatlon 
Au.tralla. Divtslon of Flslierle* and Oceanography Technical Paper 
No 5 The Barramundl Lelrt ealearifer (Bloch) In Queensland Waters. 
ByD J Duustan Tp 22. Technical Paper No 6 Measurement* or 
Light Penetration In the Taxman Pea 1P55-67 By n R Jltt* 
Pp 26. (Melbourne Commonwealth Sdentltlc andlndostri*! Re^arrh 
Oryanliatlon 1959) [ 1 M 

United State* Department of the Interior Fl*h arwl Wildlife 
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LETTERS TO THE EDITORS 


ASTROPHYSICS 

The Upper Boundary of the Van Allen 
Radiation Belts 

Three meumiromontB have now boon mtulo of tho 
intensity an<l oxtont of the Earth b upper radiation 
belt and of tho primary cosmic ray intensity beyond 
Those wore rondo by (1) tho American space probe 
Pioneer III (Docorabor G-7 1068, rof 1) (2) the 
Russian cosmic rochet, A Iechta {January 2—4 1959, 
rof 2) ami ( 1) the American spaco probo Pioneer IV 
(March 3—5 1969 ref 3) Since tho radiation Iwlta 
von with tune tho three oxporlmonts give different 
results for tho intensity of tho bolts but the measure 
meats of cosmic ray intensity beyond tlie belts ought 
to bo comparable Neyortholoas preliminary results 
of the Pioneer teeta Boomed to mdicato a difference in 
cosmic ra\ intensity of almost a factor of 2 This 
commuiucalion discusses tho resolution of this 
discrepancy und some now data bearing on tho spatial 
extont of tin trapped radiation 

On Pioneer IV tho counting rato was observed to 
be a constant 1 00 counts/scc beyond a range of 
01 000 km (measured from tho centre of tho Earth) 
Since this rato persisted for 8G 9 hr during which tho 
range of tho prolw increased by 504 000 km it is 
clcorh charnel eristic of the interplanetary pnrtioio 

^ Pioneer III on tho other ltand nover rcachod a 
region where the counting rato censed to vary with 
altitudo Vau Allen 1 suggested that tho upper 
boimdarv of tho radiation bolt miglrt reasonably bo 
considered to bo 04 000 km emco tho rato of doorcase 
of counting rato with increasing range is yxrry small 
ubovo this altitudo (seo 1 Ig I) Actually hoyvoyor, 
wlion tho Goldstono tracking station lost radio con 
tact with tho probo at a rango of 107,500 km , tho 
counting rato luul droppod to only 2 25 count s/sec 
and appeared to bo still dropping at approximately 
0 01 count /boo per 1 000 km 

It was reasonable to assumo as Van Allen did Hint 
tho 2 25 counts /sec rato was near tho asymptotic 
wine and that tho trapped radiation contributed 
negligibly to tho counting rate It will bo Hhown 
hero tluit these assumptions are not \nhd tlmt tho 
counting rato actually droppod considerably lower 
and that therefore tho puzzling dcHcrejwmoy lietwecn 
tho moasitremonts of Pioneers III and II probably 
does not indicuto a change in tho primary cosmic ray 
flux as has boon suggested* 

X] io C ohlstono trnckmg station lost contact with 
Pioneer III at 22 10 30 ut nl>out 16 0 hr aflor 
launcli rnd 2 5 lir before it rcachod apogee It was 
oxpocted to rise over tho horiron at Puerto Rico about 
13 hr lator at a rango of 87 000 km and the tracking 
station there attempted to ro-nequrro Ita flignal At 
first, only occasional momentary phase lock -oris 
wore obtained but their duration and frequency 
increased steadily , and after 16 20 uj tho telemetry 
data were, to use Van Allen h phrnso “solid They 
continued to 1 k> solid until tho probo set oyer Puerto 


Rioos eastern horizon at 19 29 ur about 3 300 
km over tho central Atlantic During solid tolo 
mo try the counting rato roeo rapidly , as shown by tho 
solid curve m Fig 1, from about 3 3 counts /sec to 
y ory high rates in tho radiation belts 

Evon without reading the doubtful region of the 
telemotry record it can bo shown ns follows that the 
rate of 2 25 counts /sec cannot correspond to tho 
cosmic ray counting rote alone 

Tho 17 stage scaling circuit was pro\idcd with 
fhreo output taps so that distmctiyo signals (which 
wo call down flips ) occur at intervals of 2 B 2 1 *, and 
2 17 counts and up flips halfway between At low 
counting rotes all six different kinds of scaler flips 
are distinguishable Thus, between tho last etago 17 
up flip on the Goldstono record at 21 55 5 7 ut, 
and tho first ono on tho Puerto Rico re -entry record, 
at 16 17 24 u t the noxt day tho counter must Iia\o 
recorded 2 17 n «= 131 072 » counts (where n is an 
integer) Botweon three times 35 stage- 9 cyoles 
corresponding to 17 820 counts, appear on tho solid 
telomotry record, and lienee wo can calculate tho 
number of countu which tho probe detected alien wo 
wore not wntelung it Thus 

Interval of mtninR telemetry £2.14.32 to 16.21.30 

Time Interval 61 0L.4 *e«. 

Count* 131 0T2 n — 17.S20 

JIean counting r*te(cotmt»/*ee ) 1 83C + • 127 (n - 1) 

Tims, tho moan counting rato in tho interval of 
missing tolometry was cither (1) 1 830 counts/nec if 
n — 1, m which case tho minimum counting rato was 
considerably lower or (2) 3 003 or 0 000 counts/sec 
or Borne higher vnluo if ri > I in winch case tlio probo 
must bavo rim into a region of radiation of liigh. 
mtonsity near its npogoo and would prolmbU noy'er 
hay o recorded cosmic ray background 

Further o\ ldonco is obtained by a rc examination 
of tho tolomotored data Tlio telemetry yeas recorded 
on mngnotic tape By play ing tho Puerto Rico tapo 
back mto a pen recorder using a compressed tinto 
scale and an oxpandetl frequoncy scalo, it is po^iblo 
to obtain a graph which cannot bo rood accurately 
but on which tho pattern of senior flips is clearly 
discomiblo back to about 13 00 ut fairly readnblo 
back to 12 30 ut and possibly distinguishable na 
early ns 12 00 u t \V ith tho ti mo -com pressed record 
as a guldo it ir possiblo to Iocato somo of tho scalor 
flips on tho original record to within a few seconds 
and to obtain reliable data well before 16 20 u t 
In Fig 1 tho solid curyo shows tho counting rate 
whoro it is yroll knmvn from solid telemotry and tho 
experimental points nre our liest estimate of the data 
in tho region where pliose lock is intermittent Tlio 
data shown ns circles were obtamod by reading flip 
tunes from tho original record and are essentially 
as roliablo na tho solid data Each point represents 
70S counts and times can bo read to a few seconds. 
Tho data marked as triangles wore obtained by read 
mg tho played book t mu -compressed record with an 
accuracy of nixmt a minute their reliability is 
increasingly doubtful at earlier times Each point 
represents 512 counts It appears clear Hint tho 
counting rato dropped to as low ns approximately 
1 4 countn/soo anil tlrnt o\on Hus Value prolwibly 
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docs not~correspond to cosmic-ray background, since 
it was ’observed at a rango of only 05,000 km , 
bolow a rogion of higher intensity 

Tho two dashed curves m Fig 1 slum tho implica- 
tions of assuming different valuos of it Tho low or 
ono corresponds to n = 1 end tho uppor to it = 2 
Thoir oxoct shape is arbitrary, but they mo adjusted 
so that tho area under each corresponds to Iho piopor 
number of count s in tho interval of absont oi inter- 
mittent tolomotry, while still making tho cui\os as 
simple as possiblo It is, of courso, jxissiblo that tho 
curves should show additional peaks end \allo\s, 
such as wore seen by Pioneer IV 

Tho lack of symmetry about apogee of the lngh- 
altitudo portion of tho counting -rnto cui\o could 
mdicate a spatial or a tomjioral variation of tho 
radiation itself or could result from the dnoetionnl 
response of tho counter Tho first explanation seems 
most roasonablo, since tho probo was considerably 
farther south on dosconf than on ascent An alt it udo- 
voTsus-latitudo plot of tho trajectory is given in Tuf 1, 


Table 1 Caicmuted Tosmox Co oitnixvm oi Pioneer til at 
SnrcTi a Torrs 


i j UnUcrwil time 

I Bodtlon 


i co ordinates 

i 

Dec 0, 

10 48 

Dec 7, 

: 00 45 

Du 7, ’ 

. 03 15 , 

Dec 7, ! 
14 41 j 

i Itange (km ) ' 

Longitude , 

05,000 

103,700 

i 

, 100,050 1 

05,000 ' 

1 (deg ) , 

1 JgUitudC , 

20 5 AA < 

140 j ] 

105 1 h 1 

18 4 AV ; 

1 

1 (dtp ) 

! itlght Axcoii- ’ 

15 3 8 

21 7 S 

2 1 7 s ; 

2S 4 S , 
J 

slon (d< g ) 

, Declination 

210 1 

233 0 

230 S 

2SS 3 j 

(deg ) 
f Afagmtle 

-15 3 

- 23 7 

-24 7 

-28 4 ; 

> range (km ) . 
1 Magnetic lati- 

04,070 

108,000 

in7,ioo 

01,720 , 

i I 

tude (deg ) 

0 OH 

32 8 S 

30 2 3 | 

; 18 4 8 i 


between the two points et (>5,00(1 km range ir 40 ‘l 3 
or about 51 000 km 

Vomov ct al : state that the uppoi boundarx of tho 
ladiation belt as seen In jl hehta iur at a rango of 

55,000 km near tlio magnetic equator Pioneer IV 
doh'ctod numerous narrow peaks of 
radiation mtonsitA between 47,000 
and 91,000 km, but tho rapid drop 
in intensity lievond Hie main peak 
of the radiation bolt appears to end 
at about 00,000 km Tho curvo of 
Fig 1 for Pioneer III is fairly nrcurat- 
oh m mrnot rieal about apogee between 

40,000 and (50,000 km Tho^o three 
facts stronglv point to tho region of 
9-10 Faith radii as )>oing the upper 
boundary of the radial ion holts This 
accords well with the thcoroticnl 
considerations of Ho\lo° and tlio 
mugnotomotor measurements of 
Pioneer I (rof 7), which plnco tho 
upjier boundary of the Earth’s mag- 
netic dipole Hold in tho samo rogion 
Probably the radiation al>o\o cosmic 
rax background at greater ranges tlian 
this is trapped on magnetic field lines 
which aro still attncliod to tho Sun 
Tlio amount of such radiation 
obsor\od by tho threo probes which 
lm\ e ponotratod tho region correlate 
woll with tho amount of solar aclivitj 
m tho fow days preceding thoir 
laimchmg 

Tins communication prosonts tho 
results of ono phoso of roseatch 
carried out at tho Jet Propulsion 
Laboratory, California Institute of 
Technology, under Contract No 
NASw-6, sponsored by tho National 
Aeronautics and Spaco Administra- 
tion 


Distance from Tartli’s centre (tnegnmetres) 

CO 80 100 107 10S 7 107 100 80 CO 



Fig 1 Ilndlatlon counting rate observed by Pioneer lit In the region 
near apogee Tho solid curve shows the rate at times when telemetry 
■was continuous Experimental points show tho rate when telemetry was 
Intermittent Dashed curves, Illustrating possible rates when telemetry 
was absent, aro adjusted to has e the proper area on tho assumption that 
tho 17-stagc binary scaler went through ono (lower) or two (upi>er)o\clcs 
In the Interval. 


Conw nv W Snyder 
Jet Propulsion Laboratory, 

California Institute of Technology, 
Pasadena 


and the dotailod co-ordinates of foiu points aro listod 
m Table 1 These are the two jjoints at a rango of 

65,000 km , tho njx>goe, and tho point of most 
southerly magnetic latitude Positions aro boliovod 
to be accurate to about 10 km Tlie magnetic co- 
ordinates are basod on tlio occontiic dijxile of 1922 
(ref 4), using tlio formulas of Sholton 5 Tho distance 
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Formation of Stellar Assertions from Galactic 
Gas 

Galactk gas is present in throo types of regions 
According to bchliitor 1 those are (I) cold donso HI 
clouds of temperature of tho order of 100° K and 
dons it j of 10 otoma/cm • occupying about 5 per cent 
of space (2) these are surrounded by a hot trims 
parent continuous gas at 10,000° K density 0 1 
atom/cm * and pressure 10 -11 dyne/cm * (3) in 

addition about 0 5 per cent of space contains hot 
donso rvpidly expanding HII regions, heated by 
nuclear onergj derived from embedded 0 or B typo 
stare supernovas and novro The temperature of 10 000* 
K of tho mom continuous component is probably main 
tainod bv turbulent and viscous dissipation of rota 
tional galactic shoar -which can supply 10-** org/cm.* 
soc for fl x 10* j cars, and bj absorption of stellar 
radiation The energy sink is provrdod by radiation 
into mterga lactic space Tho HI regions must havo 
a cornpamtiv oly abort lifo of some 10 7 years and 
must l>o replenished Steady population of all agea 
must dev» lop in which condensations are bom from 
the hot continuous component by Zanstra type 
instabibtN based on strong dependence of cooling 
of lonizod gas on donsity Denser oddios of ionixoa 
gas continue losing internal pressure by excossivo 
radiatn o cooling and collapeo from tlie excess pressure 
of the surround hot gas After recombination, cooling 
rote slows down but shear energy snpply disappears 
An ideal spherical region would doform under galactio 
eh ear flret into an oDipsoId, which would then con 
tmuo to collapeo into an olongated disk of very small 
thickness Collisions of H I regions and turbulence 
of the continuous component combined with galactio 
shear would tend to disporso such sheets and return 
the it contonta to tho hot gas closing thus their cyclo 
of evolution 

The hot component is turbulent at Mach number 
or order 0 5 as a consequence of largo Reynolds 
number Howovor, the galaxy is stable against 
large scalo turbulence Thore must therefore bo a 
maximum sire of an oddy, which cannot exceed 
3 000 parsecs, na then tho Rajleigh stability criterion 
d(er) /dr > 0 begins to work This probably accounts 
for tho observed peculiar velocities, sizoe and masses 
of tho HI regions, whereas tho large -scalo appcoronco 
of spiral arms is laminar 

The lifo-cycle of tho larger HI regions may bo 
modified bj gravitational self-attraction Grnvita 
tional offocts in thin shoots are much stronger than 
m throo -dimensional regions of tho samo total moss 
and lateral extension Forces similar to surface 
tension of liquids appear although gravitation is a 
long mngo force whereas in liquids only short- ran go 
forces contribute to tlio surface tension. These tend 
to keep tho sheets infinitoly thin and planar Local 
condensations of tho typo suggested b> Joans may 
form which inav account for so mo stars and clusters 
oepociollj at tho galactic nm Howovor, o more 
efficient process has boon found, similar to bursting 
of a mombrono under surface tension When a thin 
shoot of self gravitating matter is pierced bj a hole, 
for example by an accidental presenco of a hot star 
tho hole w til begin to expand by tho appoaroneo of 
redial forces at the run An ovpanding ring will 
form, which will increaso its mass na it swoops up tho 
material of tho shoot Instability, may arise along 
tho ring, loading to tho formation of a cluun of stars, 
located on an expanding cirelo 


Galactic shear and magnetic fields mav modify 
this process, causing amsotropj of expansion. Mag 
netic linos of force may become drawn along porta of 
tho ring and the resulting stars would assume mag 
notic dipoles directed along the ring 

Search of stellar photogroplis reveals manv 
olhptical chains of stars, which may bo identified 
with stellar associations When searching photo 
graplis, very elongated ellipses become more clearly 
visible to the oye when tho photographs ore viewed 
obhquoly so that the ellipses become foreshortened 
into circles 

Somo star chains so observed appear to be double 
with a dark lano running in botween tho two parallel 
ellipses This phenomenon can readily bo explained 
by the present theory If tho ring is fod bj a suiH 
ciently planar sheot two v ortices of opposito circula 
tion may form one above and one bolow tho shoot 
They will hyxlrodynamically ropol each other Tho 
rings may disintegrate mto two parallel chains of 
stars spinning with their axes paraUol to the local 
tangents to the rings Corresponding pairs of stars 
above and below tho shoot would rota to in opposite 
directions Trappod mognotlo fields will generally 
bo parallel to the rotation axoe In tho outermost 
layers of the pro testers nngular momentum would be 
a\ aflablo for plonot formation whereas inner portions 
of stars would tend to rotato but slowly Planotarj 
B} stems should bo common 

Rough order -of magnitude calculation suggests 
that a ring 10 parsecs in diameter formed in a si loot 

0 01 paraoo tluck and of surface domnty 3 x I0-* 
gm. /cm * would have radial expansion volocitv 
5 km. /sec and mass of 10,000 solar masses. Much 
thinner shoots would produco compamblo expansion 
velocities at lower surface densities and masses 

I wish to oxprcss my thanks to Prof G Gfimow 
for helpful discussion This work has boon dono whon 
under apjiomtmont ns a visiting professor in tho 
Chemistry Department, University of Colorado 

VXiADDtm Vand* 

Chemistry Department, 

University of Colorado 
Boulder Colorado 
July 10 

* Pretent addict* CrriUl Remrth laboratory Phjnlea Pflpart 
mtnt P«on*7lT*nJA 8Ul« Unlvertltr UnJwiltjr Park wnraylranla. 

1 SchlQter Iotamat Astro UdIod fljTDpoalam No t p 144 (North 

Holland Pub Co Amiterdam 1055) 


An Error In the Determination of AT from 
the Lunar Ephemeris and the Frequency of 
Caesium In Terms of U T 4- AT 

The ollipticity of the Earth causee perturbations 
of tho elomonts of tho Moon s orbit with a penod 
of 18 0 years Tho value of the ollipticity uflod in 
Brown s “Tables of tho Motion of tho Moon’ and in 
tho “Improved Lunar Ephemeris” is 1/294 Ab has 
boon pointod out elsewhere 1 , tho correction to bo 
applied to tho tabular Iongltudo of tho Moon in order 
to roduco it to olhptlolty 1/207 w equal to —0 149' 
Bin Q where Q is tho longitudo of tho Moon’s nodo 
This is equivalent to a correction of -f 0 271 s sm Q 
to AT os do fined bv tho International Astronomical 
Union* Rocont observations of artificial Earth 
satollitos Indicato tlmt tho true value of tho ellip 
tieitj mnj bo nearer 1/2D8 (ref 3) in which caeo tho 
correction to bo applied to AT la -f 0 30 n ein G 

A voluo for tho frequency of ctrslum iti terms of 
UT -f- AT liaa boon published bj Mnrkowitx ond 
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others 4 based, on the change of AT in tho interval 
1955 50-1958 25 Tho corrections -which should ho 
applied to AT at tlicso epochs, on tho assumption 
that tho truo value of tho ellipticity is 1/298, are 
— 0 30 s and —0 19 s, respectively, and tho 
corresponding correction to tins particular de- 
termination of tho frequency is — 18 c /s 

More gonorally, if c is tho two value of tho ollip- 
ticity, then tho correction to bo applied to an obsorvod 
frequency of ciesium in terms of u t -f AT, whore 
AT has boon determined from tho lunar ophemens, 
is + 8 8 (cr l — 294) cos O c /s 

Tins communication is published by permission of 
HM Astronomer Royal 

C A Murray 

Royal Grecnv, ich Observatory 
Herstmonceux Castle, 

Hailsham, Sussex 

•Murraj.G A, Item Jo < Rov A’lron Soc , 116, 477 (lP5f.) 

1 Trnnt Int Aitron Union, 8, flfl (1054) 

» CooV, A H , Geophyn J , 1, 341 (1053) 

* MnrKowitt, W , Hall, It Glenn, Lsscn, T-, and I’cit) J 1 I , t'hn> 
Rcr Lrtlnr, 1 105 (10 r >s) 

GEOPHYSICS 

Geophysical Effects of High-Altitude Nuclear 
Explosions 

Recent observations of geophysical effects of high- 
altitudo nuclear oxploston 1 have indicated that sucli 
blasts givo rise to signals similar to solar flares vlion 
recorded m tho 27 kc /s range A ro examination 
of tho 27 kc /s rocord of August 12 1958, obtained 
in Pittsburgh, Pa , shows a striking similarity to the 
integrated atmospherics obtained m Japan, but 
dolayed by about 1 hr 



Flp 1 

The accompanying graph (Fig 1) shows tho 
enhancement between 12 and 13 lir ut Tho lmo 
at 12 15 (8 15 e d t ) is a time chock mark Local 
sunrise was at 10 u T and is shown by tho character- 
istic sunrise hump This sunrise effect is prosont 
on all records previous to and following August 12 
Tho local weather report for August 12 indicatos 
clear skies at sunrise, followed by fog later in tho 
morning and thunderstorms in tho late afternoon 
There was no major solar activity at tho time of 
enhancement 

While these results are not entirely unambiguous, 
they may add interesting speculation on the dotoct- 
abihty of high-altitude nucloar blasts 

W A Feibemiax 

1083 Findley D, , 

Pittsburg 21, Pa 
July 2 

1 ObajashI Cnronltl and Pierce Mature, 183, 147G (1050) 


PHYSICS 

Quadrupolc Anti-Shielding Factor in 
Copper 

Recent measurements of tho nuclear mngnotic 
resonance absorption lmo in heavily deformed copper 
sheet’ showed that, although the plastic deformation 
caused some reduction in tho intensity of the line, this 
reduction was only one third of that predicted by 
Bloembergcn 2 on the basis of nuclear quadrupolc 
interactions, furthermore, there was no apparent 
broadening of the line 

Assuming a value of > — GO for tho qundrnpolo 
nnti-slnelding fnclor m the copper laltieo (see below), 
Btoembcrgen showed by an approximate calculation 
that a dislocation densit v of 9 X 10® ltncs/rm 2 would 
bo sufficient to render unobservable the sntollito 
components of the resonance line, and thus cause a 
reduction of GO pei cent m the intensity of tho ob 
served line In the specimens of rolled sheet referred 
to above, which had undergone 25 per ccnt-90 per 
cent reduction m thickness by rolling, the dislocation 
densit v was probably 3 of the oidor of 10” hnes/cm 5 
and the reduction m intensity compared with tho 
annealed material was only 20 per cent, if therefore 
appears that the ostininto of > — GO, w Inch is deduced 
indirectly from measurements on copper zinc alloy's, 
mav ho loo high 

Jn t lie present investigation a series of experiments 
has been performed with the objot t of determining) 
directly from measurements of (he broadening of tho 
resonance line in specimens of copper subji'cled to 
elastic strain The maximum strains available are of 
the same ordei of magnitude as those fo be expeeted, 
on the basis of a simple mo lei, in the main part oftbo 
strain field due to n random array of dislocations with 
a densit \ or 1 0 1 0 hnos/cin 2 

Tho specimens wore inn F from the same sample of 
• leitrolvtie coppei that was used m the earlier 
experiments on plastic deformation a preliminary 
experiment on anncnlod filings showed that tho in 
tensitv of the resonance line was the same as that front 
nn annealed sample of spectroscopically pure copper 
Each specimen was a stnp 20 x 0G x 0 0045 cm 
which lmd boon annealed foi 2/ minutes at a tem 
pLraturo of .100' after 97 per cent reduction in thick 
ness by rolling Mctnllograpbic examination revealed 
thnt the material had fully recrvstalh/ed and hnd a 
gram size of 5-10 p Tho strip was in the shape of a 
spiral of 1’ turns with an air space of 0 1 cm betweon 
adjacent surfnccs, this was mounted m a special 
holdei in which the spiral could bo ‘wound up’ like a 
clock Bpi ing w lule remaining in tho specimen coil of the 
spectrometer It was found that after the centre had 
boon rotated in either senso through nn nnglo of 4<> 
tliore was less Ilian 5° change in the equilibrium 
position, from which it was nssumod that this dofor 
mation w-ns predominant ly within tho elastic range, it 
corresponds to a maximum strain of approximately 
9 X I(M 

Tho nucloar mngnotic icsonanco absorption lm° 
was observed by means of a Colpitks marginal oscil- 
lator operating at a frequency 7 of 5 5 Me /s , with tho 
specimen in tho equilibrium position and m the do- 
formed positions About 60 lines wore rccortlod from 
5 specimens Tho result was that no difference could 
be detected, either in width or mtonsity, between the 
lines obtained m the two states Tho signal-noise 
ratio was reasonably high (about 5 1 with an into- 
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grating timo of 5 see ) and, m mow of the fact that a 
homogeneous type of broadening would bo expected 
it was estimated that a change of 20 per cent in tho 
mean square line width would have boon easily ob 
servnblo Since the normal mean square lino width is 
about (3 kc /s )*, the following upper limit can be 
laced on the contribution of qundrupolar strain 
roadenmg to the width of tho satellite components 

< (1 Oko /a )* (1) 

Tho quudrupolar perturbation of tho nuclear mag 
nctio resonance at a gi\en site depends on the electric 
field gradient grad grad 9 which is connected with the 
strain at tho sito bv a fourth-order tensor which may 
bo written by the use of the Voigt notation, m terms 
of components F tf An estimato F* t . of these com 
pononts mav bo obtained if it is assumed that tho field 
gradient is duo to single electronio chargee 0 located at 
tho lattioo sites m a uniformly deformed crystal for 
the twelve nearest neighbours in a face centred cubic 
lattice with nearest noigbbour distance a these 
component d aro 

F il = —2I U it *= (ka -3 , 2> <1 w F u (2) 

and the nnti shielding factor ? may bo defined by the 
equation 

X » Fu/F « (3) 

It must be emphasized that ? is not in general, the 
namo as tho Stemheimer factor (1 + Ya>) 4 

In first order quadrupolar intomofcion tbo only 
operative component of grad grad 9 is 3*9 fdz* where 
t is tho direction of the applied magnetic field The 
effect of a simplo compreesional strain e m polycrystal 
line material may be estimated by calculating d^/dz* 
m forms of the components of F as a function of 
crystal orientation and avoroging over all possiblo 
orientations to find the moan squoro valuoc the 
result (assuming that Faa *■* Fi*) is 

~(3 + co»M)= (4) 

^vhcre A is tho angle between tho strain and the z axis 
An upper limit oan now bo set on tho \aluo of X. 
Using equations 1—4 m conjunction with tho well 
known formulae for first -order quadmpolo inter 
action 6 , and averaging over all values of A and c, tho 
result is X < 7 

In this calculation tho usual assumption luvs been 
mndo that tbo satellito oomponents make their full 
contribution to tho nuclear magnetic resonanco in 
ptira annenlod copper How over tho possibihtv 
cannot bo excluded that > lias a very high \aluo and 
that the satollito components do not contribute oven 
in tho annealed stato 

E A FAtTLKN'EIt 

Division of Tribophysics, 

Commonwealth Scientific and 
Industrial Research Organization 
University of Melboumo 

I F*tiIkT*r r A-. 1W vrt IS3 1043 (1956). 

• UkwTnlrrKwt, N Urittol Coofmne* 00 iMftctj la CrriUllIoe Solid*. 

1 (London. rbv*. Soe 1955). 

• Cltrtbroigh L. ll lI»rpraTT*, M E iml Wwt 0 Aria S 

TM 1105“). 

* ^ Ht^rnbritaer n )I ud Tjtkr Pkyt Ptr 93 724 

* round Jl % Phft PfT 79 C85 (19X1) 


Solid State Rheological Study 
of the Mechanism of Paraffin Detergent 
Interactions In Aqueous Systems 

The generation of new surfaces in a solid by 
rheological means affords tho opportunity of study mg 
the behaviour of these clean surfaces in respect to 
specific surface reactions Thus a sensitive stress- 
strain record of tho slow plastic deformation of a 
solid is somewhat akin to tho Hoyrovskv dropping 
mercury polarograph in the respect of fresh surfaces 
being availablo for analytical (ohomicnl, physical or 
electrochemical) studies As a part of a fundamental 
Instron’ precision tension apparatus study of first 
and Booond-order transitions m some solid paraffins 
wo made a number of stress strain tests of tho 
mechanism of paraffin detergent interactions in 
aqueous solutions We washed to seo whether tho 
new surfaces produced by a slow (0 CO in /min ) 
plastic extension would interact to a measurable 
degreo with two detorgent solutions. Four represents 
tive specimens wero tested in each of three environ 
mente distilled water, a 0 -4 por cent solution of 
technical grado sodium laurvl aulpliato m distilled 
water, and a 0 4 por cent solution of tochmcnl grade 
sodium dodocyl benzene sulphonato in hard water 
(The approximate composition of this Fonca Citv 
hard water was calcium 110 magnesium 34, 
sodium, 180 potassium 4 cblondo 284 sulphate, 
107, bicarbonate 320 ppm, tho total solids being 
888 ppm) Tho hard water solution was used 
according to a suggestion of Dr W H Harwood of our 
Research Department who indicated (this was easily 
proved by simple beaker dipping tests) that a greater 
paraffin wetting action might bo oxpoctcd in waters 
containing tho divalent ions of calcium and mag 
neeium these forming the corresponding detergent 
salts of decreased solubilities Tho tcnsilo specimens 
wero prepared from a thin paraffin sheet formed by 
pouring liquid paraffin upon a clean hot water surface 
There were found pronounced o fleets upon both tho 
mirfneo of tho paraffin wax tcnsilo specimens and upon 
their elongations With the detergent molecules 
resent thero wore mvnnds of surface cracks which 
ad a tendenev to be normal to the surface and 
normal to the longitudinal axis of tho specimen Wo 
interpreted and expected that the preferred orientation 
of tho paraffin crystals controlled this particular 
rheological response Tabic 1 illustrates tho results 

T*bk 1 I LoxoATiDx Mzutrftu or Dmr.arrr Pmrrri Irmucnoxx 
(tnin* *u Iintren prcd«V>n tendon twt lartrumrat) 

Tint llr-Mllt* 


rJooRAtkw 

Coodhkm Avrrmjto oT Poor TOonrutlon 

-<pM~lrr»rfw Eacb ( «) 

1 DhUllpJ water ekmp*tkia 1 7 In 1UO 

Z. With 0-4 ]*-t trot Mjatlrtu of 

Kxllam Uaryt cul|iOal« l -CIO In. Ci 5 

•3 With 0 4 j»*f emt notation (hard 
water) of Kid him dod«ji 

beruntt *u!phon»te 0-036 In. 55-S 

(» »porltntM) 

• The mrf*rr ehecklmr effertu of Run No 3 were tharpar and deeper 
than with No 1. Here al«n were the hr-a pHnoetrlc tadkalkmi upon the 
nurfare* of the terwlte inedmetw of the direct relation of tho paraffin 
H rector*! orientation to tbe crack form and orientation* 

Sprdmenr 6} M. kmc A In thlrk- 1 in. wide at thooMer j Jn. wide *1 
wakt, t Id ahooMer uwbooUW length 
TetuUn itretutfh. 1£2 lb. per *1 hi. (not Krrkraily affetfed hr deterrent 
Kdotloo contact*) (be *rer*go of cbrtit •pedny-na totted »i S2* C. 

obtained No spooial strength effects were noted Wo 
interpret this to moan that strength is primarily a 
volume property whereas olongation is a strongly 
surfaco limited property It wall bo noted that tho 
detergent paraffin system of tho sodium dodocylben 
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zenc sulphonato m hard w atcr was tlio most damaging 
to the elongation Four specimens were employed 
foi each data, point One speennon was tested in 
sodium laurel sulphate at a concentration of 0 01 per 
cent, but the elongation thereof nos sucli ns to fall 
within the scatter range of the distilled water data 
Wc conclude that the wetting effects caused by the 
deteigont molecules cause a serious elongation 
reduction, that the mechanism of this is probably due 
to tho no repair possibility of extremely fmo surfaco 
cracks in the paraffin by tlie wetting action of the 
detergent solution If the second point bo true, then 
it would appear that tlioro nic many surface cracks or 
microfissurcs winch are at least parti} healed during 
tensile flows under ordinary circumstances From tho 
data it also can be seen how r important tho testing 
environment is To tho extent of our data (four 
sepaiate runs 0 per cent, 0 01 per cent and 0 4 per cent 
sodium lauryl sulphuto m distilled water and 0 4 pel 
ccntsodiumdodecvl benzene sulphonato in hard water), 
tho elongation impairment is m a direct relation to the 
obseived wetting action 

These data lm\ o a multiplicity of possibiht ics, ns t he\ 
not only show the rheological consequences of the 
paraflm-dt tergent surface interactions but they also 
indicate how paraffinic or othor solids could be 
studied for use in extraction oi for chromatographic 
purposes Perhaps the data afford the explanation 
possibility of why it is that the commercial dotergent 
product, as ‘Tide’, happens to bo a good chromato- 
grapluc column material for various hvdrocnrbon 
gases — lutein again is the detergent -para ft in fastens 
but m an imersed relation ns to the solid and the 
dfluto (gaseous) states The paraffin-detergent inter- 
actions also ha\o at least two significant industrial 
aspects Ono is that some of tho solid long-chain 
hydrocarbons are in widespread use for milk cartons, 
wax paper and various food packaging applications 
The other is m tho field of plastics testing there 
exists a standard stress-corrosion cracking test of 
polyethylones in a certain nonionic detergent solution 
This elongation test may be a supplement to or n 
substitution for tho above stress corrosion cracking 
system Finally, whereas it had been shown that 
aqueous protoins and milks of carious fat contents 
wore capable of eluting certain complex hydrocar- 
bons from wax surfaces, we arc unnvnre of studies 
of tho reverse system 1 

Wo aie indebted to Dr William H Harwood for lus 
comments and interest in these studies 

F J Radd 

L H Crow dkr 

Continental Oil Co , P O Drawei 1207, 

Ponca City, Oklahoma 
July 9 

’II t ralU, P Kotin, A Miller, A aUtrt, 183, 1181 (1930) 

Action of Mixed Solvents on Wool 

Dobing tho course of another investigation 1 it was 
observed that tho resistance of w ool fibres to extension 
in water is greater than m butanol saturated with 
water Tins surprising l esult , which has an important 
boaitng on methods of detei mining tho accessibility 
of wool to different reagents’, led to a study of the 
behaviour of wool fibres in mixtmes of othor primary' 
alcohols and water, as well as in mixed solvents 
generally' Among the more interesting results so far 
obtained are thoso for n -propanol and water After 


boing calibrated by’ 30 per cent extension m distilled 
water at 22 2° C , merino wool fibres (5 cm lengths) 
wore lelcascd and allowed to stand in distilled water 
for 24 hr , beforo tianHforonco to tho piopanol-watcr 
mixtnro for 18 hr , follow od by ro extension in tlio 
mixture at 22 2° G Tho percentage change m resist- 
ance to 30 per cent extension (C It E ) was calculated 
from tho two load /ovtenmon curves for each fibre, 
and each of tho results in Tahlo 1 is tho nvorngo of tho 
values for 10 fibres 
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containing 4(3 per cent (w/w) propanol, and m this 
mixture tho diameter of Lincoln wool fibres was 
found to be 3 4 per rent greater than in water Tlio 
woakenmg is thus accompanied by swelling winch is 
greater than that of wool fibies m hydiochlorio acid 
at pH 1 (ref 3), and it seems probable that this 
is ono of tho causes of tho success of solvent assisted 
dyomg processes 4 

The form of the curve showing tho CRH as a 
function of the propanol content of tho mixture is 
similar to that of corresponding curvos for tho 
turbidity tomperatuio of solutions of zem and 
glinduP In addition, there are tnanv similarities 
between tho action of aqueous «o1u1ioiir of different 
primary’ alcohols m modifying the elastic properties 
of woo) and in dissolving zoin Tt seems probable, 
therefore, that amide and inert side chains of korntin 
uro grouped in such a wav that somo sections of tho 
chain molecules ic=oinble those of 70111 , nnd Hint 
cohesion between such sections is weakened by tho 
same solvent action which lends to the ready 
dissolution of /oin m aqueous propanol 

1 C Atkinson 
A Fn sox 

.7 B SlTAKMAN 

Depaitment of Textile Industries, 

Univ orsitv of Leeds . 

May 1 1 

1 Ulson.A nnd Spoiktnmi, J ]l , J .s of Jlyrrt and Cotound*, 

702 ( 1 058 ) 

• Spenknnn, 1 It Proc ling S oc A 132 1 07 <1031 ) 

* Spcnkmnn, J JJ nnd Stott X, , Trail* farad Sof 30 530(1031) 
‘Peters L., nnd btenns, 0 It , J See Dittn and tolountt*, 72, 100 

•Dll?°n G> lI J ISM Chn II 72,2.10 (1027) Mntdcx.K H , imd 
Penns, (’ I) , Indtmt J-ng thfin , 35, 001 (1043) 

Polynomial Representation of Thermo- 
dynamic Tables 

In a rocont communication Berry, Black and 
Endorbv 1 dosciibc an into estmg use of tho Tchobichof 
polynomials to roprosont tho thermodynamic steam 
tables of Keenan and Ixoy'os This was a preliminary 
description which will presumably bo followed by 
moro details and a tabulation of tho actual expansion 
coefficients How'ovor, bosod on tins initial commu- 
nication, it is apparent that those authors liavo dono 
a particularly ologant job of reducing a lengthy' 
tabulation to a relatively' small number of expansion 
coofficionts It is tho purposo of this communication 
to point out tho possibility of ovon further reduction 
in tho number of coefficients reqmrod to represent 
tho thermodynamic data 5 
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For tlio gas plume the tables of Keenan and Keyes 
actual h present \nlues of speoiflc volumo, specific 
enthalpy and specific entropj, l\ ith temperature and 
pressure as the mdepondont variables Berry et al 
aotuallj regarded the curvo fitting an threo separato 
problems \ oliune enthalpy and entropy were eoch 
represented by orthogonal polynomial expansions m 
temporal urn and pressure This Is somewhat re- 
dundant thermodynamically The expansion of 
volumo as a funotion of tomporature and pressure 
plus an expansion of tlio lsobano hoot capooity as a 
function only of tomporature at zero pressure would 
provido tlio necessary and sufficient information to 
compute explicitly values of enthalpy, entropy and 
other tliennodynarruo quantities 

Those thermodynamic computations require differ 
entintions and integrations of tho volumetrio and 
heat capacity data One advantage of tho Tohebichof 
polynomials is tho availability of a sot of relations 
which reduce integration and differentiation opera 
tions to simple algebraic operations Lanczos* 
describes tho integration identity A differentiation 
identitv which Is porliaps less known is as follows 

ZV(X) “ rfT^) [rn-,(*)-rn +1 (*)] 


Bern ct al rovortod their Tchobichef polynomial 
expansion to a conventional integer power poly 
nomiftl expansion There may bo substantial ad 
vantage m using tho equation of state directly in the 
Tchebichof form. First, there exists a recursion 
formula which makes it feasible to gonorato values 
of t lie Tchebicliof polynomials very rapidly, especially 
if the computations are bo mg performed with a 
digital computer Secondly the availability of tho 
differentiation and integration formula! montionod 
abov e make it possible to obtain values of all 
thonnodynomic quantities by simple matrik opera 
tions on the % olumotrio and heat capacity expansions 
Thirdly in the Tcholuohef form tho expansion co- 
efficients are independent ontitlos, which makes it 
possiblo to truncate tho expansion arbitrarily - if a 
lower ordor approximation is roqulrod this is in 
contrast to tho power polynomial coefficients wluoh 
fonn a docidodly interdependent sot for which 
truncation ik disastrous 

A fuller description 1 *of tho use of orthogonal 
polynomials for representation of thcrmodynnrnio 
tables will \yo avnilablo shortly 

C J Pings 


DojNirtmont of Cliomwtr\ and 
Cliomical Fngmoormg 
Stanford UimersitN 
Stanford California 
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RADIOCHEMISTRY 

Thermal Decomposition of Irradiated Lead 
Oxalate 

In a provious communication 1 it was suggested 
Hint tho thermal decomposition of a solid would be 
affected by pro frradfotion if tho decomposition of 
tho untmuliatod substanco procoods by a branching 
nlvain meclmnism, and if a simplo metal cation w 


pr^ent Lead oxalate satisfies these requirement**, 
and we report, hero some preliminary results on the 
effects of pre irradiation by gamma rays on the 
subsequent thermal decomposition of tins substance 
in tho range 300-326° C 

The study of pre lrmdiation offocts necessitates a 
high degree of reproducibility of tho decomposition 
of tlie irradiated and umrradiatod material The 
decompositions of the permanganates so far studiod 
and silver oxide, satisfied this requirement How 
ever whan using load oxalate prepared bv tho mothod 
formerly used* the decompositions were not suffi 
oiontly reproduoiblo This difficulty was o\orcomo 
by precipitating the lead oxalato from A r /600 sodium 
oxalato by the very al ov> addition of NJ5 lead nitrate 
The specimen was crystalline with particles approx 
imatoly 4 2 x Iff-* era in diameter Tlio induction 
period prior to tho mam acceleration of tho doeom 
position reaction was preceded by tho rapid ovolution 
of gas liberated during tlio decomposition of a mir 
fmx> layer of the oxalato This conclusion was sup 
ported by tho fact that immediately after tins rapid 
reaction tho particles were -visibly coated with 
product Pro irradiations wero earned out at room 
temperaturo m tho spent fuol irradiation facility at 
Harwell The y ray dose rato was 4 x 10* rads lir 
The effects of pro irradiation, doses of 70 Hmd and 
260 Mrad on tho decomposition arc shown m Fig 1 
In all cases for a constant mass of irradiated and 
ururradiated load oxalato tho final gas prossuro -uas 
the samo within experimental error, snowing that 
no measurable decomposition takes place during 
irradiation 



Flff. 1 Carre* shovrln* l be e fleet ■ of pre Irradiation by gamma 
rayi on tlie duromiXHi Ion »t 320 C i LnlrndUted H 
70 itrad O -50 Mmi 


Tho offocts of pro irradiation nro similar to those 
found for {iotas* mm permanganate* and silver 
permanganate* m that tho induction period is pro 
grossi voly sliortonod with an increasing doeo of 
gamma rays, and tho accoloration of tho reaction is 
mcrcasod In tho studios of potassium and silver 
permanganates it w ns suggested that tlio d open donee 
of tlio length of tlio induction ponod on toraperoturo 
for a fixed irradiation dose, could bo mod to obtain 
values of tho activation energy for tho migration of 
point defects Tlio plot of logi, (induction period) 
against 1 jT (deg KL) for a gamma my do*o of 70 
70 Mmd on load oxalato m shown m Pig 2 The 
activation energy calculated from tlie slopo of the 
line is 3 3 oV Tlio reported* activation energy for th » 
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decomposition of unirradiated lead oxalate is 30 0 
k col /mole 

A more detailed account of tins is ork, together with 
further observations, will bo published olsow boro. 
Wo vrish to thank tho South African Council for 
Scientific and Industrial Research for a grant ton aids 
irradiation costs and for a scholarship held In one 
of us (P J H ) 

P .T Hcnua 
E G Prout 

Chemistry Department, 

Rhodes University, 

Grab amst own 
Juno 29 
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CHEMISTRY 

Mechanism of Atom Recombination 

The recombination of two atoms requires tho 
intervention of a third body — a clmporon' — winch 
stabilizes the diatomic complex by reducing its 
energy below 3 that of the two separate atoms Ono 
plausible kinetic representation of this process is 

i+i -a r (i) 


In order to explain tho negntno tempernturo 
coefficients and to account for tho efficiencies of tho 
atomic gases, it is necessary to assume that JM is 
a collision-stabilized complex m thormnl equilibrium 
The o\cmll termolocular rnto constnnt of recombi- 
nation L, then becomes equal to L,K, whoro Ii, is 
tho equilibrium constant of JM formation Tho rato 
constant can then bo expressed in tho form 

/• = AT c-'AH lT (5) 

where LE is tho incrcnso m internal energy nccom 
pnm ing reaction (3) and A is n factor which is nearly 
independent of tempernturo Detailed calculation by 
statistical meclinmuil and colli=ionnl theory' methods 
shows flint tho relatnc rates with tho \anous elinpo- 
rons will then bo determined principally In tho 
magnitude of A E 

Previous experimental work 1ms not supported 
this conclusion The only extensive work on tem- 
perature coefficients in n number of gases indicated 
that theso coefficionts wore nearly constant for nil 
chnporons 3 . Only in tho case of iodine ns tho chape- 
ron moloculo is there clear evidence for a higher 
temperature coefficient, lint this was thought to lie a 
special caso of chemical compound formation 3 . 
A further serious difficulty is that energies of forma 
tion of complexes IM calculated from second unnl 
coefficients arc too amnll in absolute magnitude and in 
rolatno variation to account for the observed rates 

In order to test tho complex tlieoiy of rccombinn 
tion wo have recently carried out an lmestigntion 
of tho tempernturo coefficients of lodino atom recom- 
bination in a number of gases and our results ore now 
sufficient to establish that there is a dcfinifo correla- 
tion botween tho rato of recombination and tho 
magnitude of the negative tempernturo cocfiicicnf 
Tho mlues of A and A E defined bv equation (5), 
and tho rate constnnt of recombination at 20° C 
aro gn on for iodine atom recombination m rune 
different gases m the accompany mg table, A E for 
lodino being taken from rof 7* Tho value of A 
varies m a random manner by a factor of about ten 
whilst tho rate vnrics over u factor of 10 5 . Sonio 
xanafion in A ib to he expected and absolute calcu- 
lations of A require a rather empirical choico of 
coHisionai diameters and statistical weight factors 


I] + M-yl, + M (2) 

where I are atoms, M is the chaperon and I* repre- 
sents a colhsion complex which is iso-energetic with 
the separate atoms 

This scheme does not give a satisfactory account of 
the principal features of atom recombination reactions 
which have been observed experimentally The most 
accurate data are those derived from flash photolysis 
studies of halogen atom recombinations which have 
established that (a) rates of recombination of 
lodme atoms in the five inert gases are in inverse 
order to those calculated for reaction (2) by means 
of collision theory 2 , (6) rates m many other gases, 
for example, mesitylene 3 and iodine* are much greater 
than would be predicted simply on the basis of 
increased collision diameters or additional degrees of 
freedom, (c) temperature coefficients are negative 3 
An alternative mechanism which has been widely 
discussed for Borne time (see, for example, refs 5, 6) 
is the following 

I + M Zt IM (3) 

IM -f- 1 ~y J x -j- M (4) 


Turn l 


Chnptron 

1 :o (ml 2 
molecules 2 
pcc -i)y ion 

A (ml 2 
molecules 2 
sec,- 3 ) X 10’6 

cal? 

mole) 

Helium 

0 84 

2 0 

1 4 

Argon 

1 04 

1 8 

2 0 

Ovjccn 

3 72 

2 0 

2 2 

Cnrbon dloiido 

7 41 

4 1 

2 4 

Benzcno 

43 0 

24 

2 4 

Toluene 

107 

11 

3 4 

Etliyl iodide 

144 

24 

.7 J 

Mcsltvlcne 

223 

2 0 

4 8 

Iodine 

704 

2 n 

5 1 J 


but a not unreasonable soloction of such parameters 
can lead fo agreement with tho experimental values 9 
If this evidence is regarded ns sufficient to establish 
the theory outlined wo must conclude flint the iodine 
atom forms complexes with other gases whoso energies 
of formation vary from 1 4 k cal for helium to about 
5 k col for mesitylone and jodino Tbeso values 
aro considerably greater than tho usual estimates of 
Tan der Waals typo interactions botweon such species 
Absolute calculations based on sucli interactions 
can lead to correct rate constants m somo cases 1 
hut they depend on a fortuitous choico of various 
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quantities and arc of far less significance than the 
fact that neither the correct magnitude of temperature 
coefficients nor the oorreot relative magnitude of the 
rate oonfltanta ore predicted Calculations of IM 
energies from second vinal coefficients are carried 
through on the assumption that the iodine atom has 
the same properties os xenon and use of the geometn 
cal moan combining rule The absolute magnitude 
of the calculated interaction energy could be increased 
by ass umin g that the iodine atom has a much higher 
polansabihty than xenon but no matter what 
properties of iodine are assumed the observed 
relative values of IM interaction enorgies cannot be 
reproduced 

The phenomena are too general to be interpreted 
m terms of specific chemical forces and we believe 
that the explanation is to be found m terms of a 
charge transfer complex between the iodine atom 
and the chaperon. No satisfactory quantitative 
theor\ of charge transfer forces has yet boon dovolopod 
but the theory of Matsen tt al *, and the limited 
experimental results on charge transfer complexes 
involving the iodine molecule in solution indicate 
that enorgies botwoen one and five k.cal are not 
unreasonable for charge transfer complexes between 
the gases studied and a species with high electron 
affinity suoh as the iodine atom 

The question as to whether tho complex mechanism 
and the charge transfer theory are generally applicable 
to other atom recombination reactions and perhaps 
to some radical recombination reactions must wait 
further experimental data. Although tho energj 
of formation of chargo transfor complexes by other 
atoms will genorallj bo lees than thoso of iodine, we 
shall expect that in many other cases tho complex 
mechanism of recombination will plaj a significant 
part 

G Porter 
J A. Smith 

Department of Chemistry 
Tho Umvorsitj, 

ShcfBoId 10 
Aug 13 
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Primer Explosion Triggers Reaction 

Recentlv , whon making certain experiments with 
the fuses for trench mortar aholls, a thin (0 1 mm ) 
disk of pure aluminium was placod botwoen tho 
prim or and tho dotonator It was noticed that, 
immediatolv after this disk was pierced by tho gases 
of tho exploding primer, a whito mass start od to 
grow on tho aluminium mtrfnco around tho holo, and 
this growth continued to expand mostrcigorously for 
about 12-15 mm 

Figs 1-4 show conrocutn o stages of this reaction 
After about 10 min (Fig 4) the fragdo structure 
started to collapse under its own weight 

Tho disk was placod under on inverted beaker 
to protect tho dolicato growth from air currents 
In bo mo cases those ‘foathcra reached a hoight of 


(D (2) 



(3) (4) 

about 20 mm. before collapsing and resembled groat lv 
m shapo tho dolicato Roa anemone^ Tho primer 
charge consisted of approximntoh , 60 mgm. of tho 
usual priming mixture containing mercury fulminate, 
potassium clilorato and antimonj sulphide 

Tho mechanism of this reaction is apparently, as 
follows vapours of morcurv formed at tho moment 
of explosion (Hg(CNO), — Hg + SCO 4- N,), are 
condensed os tiny droplots on tho cold aluminium 
surface m presence of tho moisture of air an 
onorgetio oloctrochomical action starts at those points 
whore two motols are m mtunnto contact and alum 
mi urn is readil} converted into Its hjdroxido — 
Al(OH), 

G Larikov 

Ordnance Research Institute 
2 Tsinan Road 1st Section 
Taipei, Taiwan 
Juno 9 

A New Approach 
to Carbon Gasification 

Terms such as ‘activo sites’ and ‘active centres’ 
have long boon used in describing tho reactions of 
carbons with gases, without anj specific knonledgo of 
either tho real nature or real function of such ‘sites 
Recent work In theso Laboratories lias thrown some 
hght on both nature and action of at least ono com 
mon typo of rcoctiv e centre 

A series of chars was produced from Eucalyptus 
margtnata These samples contained \ nrving amounts 
of oxygen depending on the temperature of charring 
When this oxygen was determined bj heat mg the cliar 
in o stream of purified nitrogen at 1,260® C it was 
liberated partly as carbon dioxide and partlj os carbon 
monoxide Tho greater part of the ox>gcn, liberated 
as carbon monoxido, represents oxygen groupings in 
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yyhicli only one atom of oxy gen is attached to a carbon 
atom These groups show both owin' mg and reducing 
characteristics and may possibly bo tlio somiqumono 
typo or tlio cliromeno groups described by Garten and 
Weiss 1 >2 

When reacted with hydrogen, carbon dioxido or 
water vapour, to form methane, carbon monoxide and 
carbon monoxido plus hydrogen respectively, under 
the usual conditions of temperature and pressure 
applying in gasification practice, tho rates of reaction 
measured by' tho number of gm moles of product 
formed per mm por gm of carbon, were found to 
follow , in every case, the ty r po of curve show n m Fig 1 . 



o 


050 750 650 050 10j0 1150 

Temperature ot preparation of char 

Fig 1 Showing relationship between residual oxygon bound as =C — 0~ 
and reaction rntc O, Oxj gen content of char rcMdinsi A, reaction mtc of 
carbon when ga3lDcdl)> wnter\apourdi=ioclated In a radio frc'iucncj field 

This pointed to the oxygen-containing groups ns being 
the rate determining agonts 

Tlio same chars were also reacted in an apparatus 3 
in which the gases were first passed at a pressure of 
about 0 3 mm morcury' through a high-frequency 
field The effect of tho field was to produce high 
concentrations of hy'drogen atoms from liy'drogon, 
oxygen atoms and carbon monoxide from carbon 
dioxide, and hy'drogen atoms and hydronyl radicals 
from water vapour In the experiments w itli liydrogon 
and carbon dioxide the atomic species reacted very' 
readily' with tho carbon at room temperature and the 
rate of each reaction was tho same for all tho chars, 
thus indicating that atoms of hydrogen or oxygen w ero 
reacting with the carbon independently of tlio active 
sites However, for water vapour the reaction-rates 
showed tho same variation as for tho various gases at 
high temperatures and pressures in tho absence of tho 
radio -frequency field 

It is deduced from this evidence that tho role of tho 
oxygen groups is to split the molecular species involved 
to atoms, which then react with tho carbon either at 
the site or nearby In the cases of hydrogen and carbon 
dioxide in the high-frequency field tho production of 
atoms of hydrogen and oxygen is brought about by 
the field and the oxygen groups are therefore not 
involved However, for water vapour m the field 
splitting of the hydroxyl radicals must still be brought 
about before oxidation can occur, and this is again 
effected by the oxygen groups 


U R E August 8, 1959 VOL- 184 

A more dotadod account of this work will he pre 
Bonted elsewhere 

J D Blackwood 
F K MoTaogabt 

Chemical Research Laboratories, 

Commonwealth Scientific and 
Industrial Research Organization, 

Fisbornicn’e Bend, Melbourne 

• Gnxton \ A nnrt Wrl<«, I) J Chrm , 8 (is (11) >5) 

• GftrWn, % A , nml W ( 1« 1) 1 , Ami J than, 10, too (IP >7) 
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Polyethylene Absorption Cells for Infra-Red 
Spectrophotometry 

The mfra red spectroscopy' of aqueous solution? 
has been liampcreel not onlv by the infra-red absorp- 
tion of water itself, but also by tho difficulty of find 
mg material for absorption cell w mdows which would 
bo insohiblo in water and still sufficiently transparent 
m tlio desired region This problom is particularly' 
irksomo to biochemists who nro primarily interested 
in aqueous solutions Ro\eml groups of workortd'* 
ha\ o boon successful m observing infra red Bpoctra 
in water solution by using cells sufficiently thm for 
absorption by' water not to bo oxcossn o and by cIioch 
mg materials such ns silyor chloride, bnrmin fluoride, 
thallium bromide, etc, for yymdoyys Hie exponso 
and inconvenience of tlioso special windows lias 
prevent od many' from benefiting by tins poyvcrful 
technique, so that yyo hn\o been led to consider tho 
possibility' of using poly otln leno as a w mdoyy material 
for aqueous solutions 

All measurements hnyo been mndo using the 
Perkin-Elmor Tnfrncovd’, Model 137 Spectrophoto- 
meter Tyyo pieces of polyethylene shoot vrero lieat- 
sealod around threo sides to form lings of a size that 
yyould fit m tho regular sample cell holders A few 
drops of liquid to bo analysed yycro added and tho 
excess squeezed out to romoyo air bubblce and loayo 
a capillary film 

Fig 1 giy os tho absorption spectrum of poly otlivlono 
showing tluvt largo trnn.spn.ront bands nro nyndahlo 
botwcon tho by drown bon absorption bands For 
comparison a spectrum of ‘Nujol’ is included smeo 
Nujol’ is frequently' used ns a mulling medium in 
spectral determinations Poly othydeno is clearly' os 
transparent as ‘Nujol’ m tho regions of most interest 
Fig 2 compares tho absorption spectra of capillary 
films of nitrobenzene on sodium chloride and poly- 
ol hydono yvmdoyys Except for tho narroyy bands of 
polyothylono absorption, tlio tw o spoctra nro identical, 
so that because of its negligible cost, polyotliy lono 
may bo preferred oven for some compounds yyhich 
can bo run on sodium clilorido No cleaning of polv- 
otbylono yvmdoyvs is oy or necessary' , fresh ones can 
bo usod for each determination 

Fig 3 greos tho absorption spoctra of sodium 
acetate as a ‘Nujol’ mull and m aqueous solution 
In tho region around 3 microns ‘Nujol’ appears 
superior bocauso of tho largo yvator absorption If 
desired, deuterium oxide rathor than water may' ho 
used as a solvent* so that only' the narroyv poly* 
othylono band would mtorforo In tho carboxyl 
absorption region bettor resolution was obtained ui 
solution than m ‘Nujol’ aineo Nujol’ has two nbsorp 
tion bands hero while polyothylono lias ono narroyv band 
which falls at C 8p, just between tho carboxy'l bands 
at 0 4 and 7 lg Throughout tho romninder of the 
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spacers being used with nny accuracy However, 
for qualitative applications with aqueous solutions 
polyethylene seems in many ways prefomblo to tho 
other cell materials which are available 

Thanks arc expressed to tlio Kordito Corporation 
Mocedon, New York, for supplying the polvethylono 
sheet used m those experiments 

TltEVOR Rodp BON 
Biological and FckkI Research Center, 
and 

Department of Bacteriology and Botany 
Svracuso University, 

Syracuse 10 NY 
May' 11 


Fig 1 Infra-red obtoraUon apcctra of ‘Xujol In a capillary film 
on todium chloride window* and of polyethylene film In two 
I aye ra each of 0-002 In thick 



Fla 2 Infra ml aWrptlon apectrum of nUrobentene u a 
capillary Wm either between indium chloride wlndowa or between 
twoUrera nro-OOb in polyethylene Dim In the latter caie ■ aim 
liar thlcknrai of polyetliylenr w»« In Hie reference beam Break* 
Id the bottom curve Indicate recloru which nre not tmbki became 
of polyelhyleno absorption 



Fin s Infra ml absorption ■pectrnm of * odium acetato tri 
hrdratc a* a Nukd mull between •odium chlorklo window* or In 
saturated aqueou* solution m a capillary Aim between pel) 
ethTleno sheets In tho latter case the reference beam passed 
through a capillary Dim of water In polyethjlene Hatched 
llnesTndlcate rmioni wltere hlcb al>*nrp11on bj water or poly 
ethylene makes sample « poet rum Indistinguishable 


upoclrum tlioro is httlo of interest but tho two toch 
niquos apponr to gtvo similar bands Both poll 
othyiono and ‘Nujol Bhow strong absorption at 
13 5-14 Ojx. Tho difference appears because for 
polyothjleno this was compensated by a reference 
samplo 

Tho major objection to tho polyethylene tcclmiquo 
arises from tho difficulty of controllmg sample thick 
ness Tho flexibility of thin poly otliy lone prevents 
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Stability of Metal Complexes of Oxine 
and Its Sulphonic Acid 

The stability constants for the complexes of 
8 hydroxy quinohno 5-eulphonic acid (oxine sulphonio 
acid) hn\o recent l\ been compared with those for 
8 hvdroxy quinohno (oxine) For any given metal 
the reported difTorcnco between corresponding con 
stonts was largo (up to 10 000 fold) and n plntisiblo 
explanation was offered* Howovor tho comparison 
is not valid because tho values for tho sulphonio acid 
were determined in water and those of the 8 hydroxy 
qiunolino in 70 per cent cUoxnn* 

Whon a comparison is made between results 
obtained m tho same solvent it is Boon that tho 
presence of tho erulpbonic ncul group lias only a Rmall 
effect on tho stability constants This is clearly 
shown by tho typical values (Table 1), all of which 
wore obtained m water at 20 25® 


Table l 


(.at km 

Ovine 

Oxine 

Ovitir 

Otlnc 


(rcr 3) 

eul phonic 

(rrf 4) 

aulpbonk* 



arid 


acid 



(rrf 3) 


(ref 5) 


!oe±i 

lojr t| 

kin ti 

loti 

CnU 

12 r 

12 fi 

12 rt 

11 5 

M» 

o-y 

10-0 

9 3 

P K 

(W 

0 1 

0 2 

8 7 

8 8 

T n*> 


8 4 

8 0 

8 7 

im 

8 0 

8 4 

— 


Mn»* 

0 8 

o n 

— 

C 0 

ji»>» 

j 6 



4 7 

4 8 

Metlwd 

Potent kv 

Polcntto- 

Spectro- 

Spectro- 


rrwtry 

motrr 

metry 

metry 

Itmlc atreuatli 0 01 

0 01 

kfi 

► () 
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Department of Chemistry 
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BIOCHEMISTRY 

Rivanol, Resin and the 
Isolation of Thrombins 

Human, cow, and horse thrombins were quickly 
fractionated from citrato- or bio-activatcd prothrombin 
preparations by precipitation of residual protlnombm 
and inert protem(s) with the cationic dvo G,0-dmmino- 
2-othoxyacridmo lactate (often referred to as manol, 
available under tlio tiado name ‘ISthodin’ from the 
Wintlirop Laboratories, New York, Now York) Tins 
is a general procedure previously applied in purifying 
Y-globulin 1 , pl-metal-combmmg globulin 2 , and crorulo- 
plasnnn 3 A more efficient yet rapid fractionation, 
however, was achioved by the adsorption of pre- 
parations contaming thrombin on filtor cakes or short 
columns of ‘/I?C- 50’ (\XK-04-Rivanor), this resin 
form being prepared by stirring ‘XL’-G4-Na + ’ with an 
excess of rivanol After tlio impurities, including 
other m anol-solublo proteins, w ere washed ofT, the 
thrombins wero oluted with 0 15 ill calcium chloride 
Tlio tlirombins were lecovered from all eluates In 
acetono piccipitation 

As thrombin sources, piothrombin preparations 
from the plasmas of \anous species 4 were activated 
both autocatalyticnllv 5 and with bionctnators pre- 
pared by special treatment of acetone powders of 
brain tissue from tlio species to bo studied Fno 
hundred mgm of tlio brain powders 8 were first 
incubated with 10 0 ml of serum from the snmo 
species for 30 mm at 25° C Thoy wero then washed 
twice with 0 15 M magnesium chloride and finally 
suspended m 10 0 ml of 0 15 M calcium chloride 
Within 30 min one volumo of the suspensions com- 
pletely activated 5 vol of prothrombin solutions con- 
taining about 4,000-5,000 units/ml After activation 
the thromboplastin was removed by high speed contri- 
fugation and tlio proteins wero precipitated with cold 
acetone 

Tlio batch purification of these thrombin prepara- 
tions by precipitation of impurities w ith rivanol was 
studied m various solutions Maximum purification 
was obtained over a broad range of conditions 
Rivanol concentrations of 0 1-1 0 per cent, ionic 
Btrengtlis of 0 1 to 0 5, and pH’s botw eon 7 0 and 9 5 
did not affect the degreo of purification Anion typo 
did not influence tho fractionation Tlio only im- 
portant variable was tho protein concentration 
Quantitative recoveries of thrombin wore obtained 
when the protein concentrations wero hold in tho 
range of 1-5 mgm /ml .whereas some losses occurred 
with more dilute or concentrated solutions Tho 
results m Table 1 demonstrate changes in the specific 

Tabic 1 reiunoATiox op Tunosmixs with Rivaxol aku 
‘AT i-Gl IU\ akol 

Specific Acthlty* 

Method Species Typo 

activation Before After 

purification purUlcntlon 

Iloreo Autocat- 12 000 28,500 

Batch Horse Bio- 10,700 10,400 

Rivanol Cow Autocat- 17 700 28 000 

Human Bio- 0,900 12,100 

Iloreo Bio- 8,200 10,800 

XE-Ot- Cov, Bio 5,100 01 100 

Ittvanol Human Bio- 0,900 42,000 

* Iowa unlts/mgm. tyrosine (Folia Clocaltcou) 

activities of some citrate- and bic-activated horse, 
cow, and human protlirombins brought about by the 
batch precipitation of impurities with rivanol Tlieso 
fractionations were carried out at 0° C in 0 05 M 


potnssium citrato, pH 8 5, which was 0'3 per cent 
with respect to rivanol. After contrifugat ion to remove 
tho insoluble impunties, tho thrombins were pro 
cipifatcd by adding two volumes of cold ( — 10° C) 
acotono and tho procipitates wore dissolved in dilute 
magnesium chloride solutions Tho inert proteins 
were recovered from tho dye protein prccipitnto by 
dissolving tho material in 0 5 M trisodiuin citrato and 
then adsorbing tho rivanol on LYZ7-04-Nn + ’ 

Subsequent to fheso preliminary batch expen 
ments, a highly efficient and rapid fractionation tcch 
mquo w as dovised by superimposing tho rivanol procipi 
tation phenomenon on tho v cry eflecliv o ion exchange 
chromutographv of thrombin first accomplished by 
Rasmussen 7 Up to 12 fold purifications were 
achieved ‘XZ?-G4-Rivnnor was w ashed repeatedly 
with 0 1 M sochuin acetate Filter cukes oi columns of 
the resin 5-7 cm high were prepared and t lie thrombin 
preparations wore applied and washed with 0 1 JI 
sodium acetate until the elllucnts were protein fret 
Tho thrombins were tlu*n eluted with 0 15 M calcium 
chloride, and tho effluent fractions wero collected 
with an automatic dev ice Only 2-3 hr were required 
for the entire procedure, including activation of tho 
prothrombin, separation of tho thrombin on ‘A'L’-Of- 
RivnnoP, and, lmally f , precipitation of the thrombin 
fraction with acetone Data indicating the degreo of 
purification of several species or tlnombm by tins 
method appear m Table 1 Samples of tho horso 
tlirombin contaming 8,200 umts/mgm tyrosine, 
which in quantitative vitld was purified to 30,800 
units/mgin tyrosine on the WU-Ol-Rivanol’ column, 
wero also purified independently by' tho batch rivanol 
treatment and by ion cxchango chromatography 7 - 
Tho bat ch technique gnv can increase in specthc activity 
to onlv 1G,800 umts/mgm. lyTosmo, while throina* 
togi aphy produced a product w ith only 22,800 units/ 
mgm ty'rosine To omphnstzo the gieat efficiency' of 
tho purification method, tlio activated prothrombin 
preparations selected for this study wero purposely' of 
a very' low activity compared to their thoorotical 
maxima 4 However, except for its rapidity, tho 
author doubts that tho ‘XL’-04-Riv nnol’ technique is 
suponoi to ion cxchango chromatography' in tho 
isolation of thrombin prepared from completely 
activated, homogeneous prothrombin preparations* 
Preliminary studies indicate that tlio horse nnd co\v 
thrombins isolated using short ‘XZ?-04-Rivniiol 
columns approach homogeneity If tins should bo truo, 
it is noteworthy' that a twofold difference in specific 
activities oxist-s between tho isolalod thrombins of tho 
two species just as botw ecu tho respect ivo pr°' 
thrombins 4 

The ‘XF-G4-Rivanor fractionation mothod is 
being applied to oilier protein mixtures, nnd tho sevoral 
factors govormng tho separation process oro under 
study 

Tins work was supported m part by tlio Oflico ot 
tho Surgeon General, Department of the Army' 

Kent D ^Miller 

Division of Laboratories nnd Research, 

Now' York State Department of Health, 

Albany, Now York 

1 HotoJbI, J , and Smetana, B , Ada Med Seaml , 155, 05 (1050) _ 

* Boottclicr, E W , Klstlor, 1* and Nltsdimnnn, Hs , Nature, 181, l" 

ii, M , nnd Qnontln, 31 , Nature, 183, 323 (1950) 

* Miller, K D , and JtcGarmtinn, J , Proceedings, Spring Meeting, Amor 

Cliom. Soc , Boston, Maw (1050) 

‘ Sccgcre, VV II , rroe Soc Erp Biol Med , 72, 077 (1040) 

* Quick, A J Science 92,111 (1040) 

1 Rasmussen P , lhochim Biophyt Ada. 16, 157 (1055) 

« Miller, K D , Fed Proc , 17, 270 (1058) 



I 


NO 4084 


NATURE 


451 


August 8, 1959 


Identification of Phenazodne, a 
Potent New Analgesic 

Tup* eynthoein of a now analgesic of remarkable 
potency, phonaxocino (2 hydroxy 5, 9-dimethyl 2 phen 
ethyl 0,7 bcnzom orphan), has recently been an 
nounced 1 This compound of which the (— ) isomer 
has an analgesic effect twenty times as great as that 
of raorpliine, is now undergoing cl uuca) trials in the 
United States 

The absolute identification of a compound of this 
typo is of considerable importance, as all synthetic 
analgesics pro\ lously described have been shown to he 
habit forming, and have therefore been placed under 
interactional control Phonozocino may be identified 
by both colour and crystal teete 1 It gives a brown 
colour with the formoldehyde/aulphuno acid reagent 
(Marquis) and a bright blue turning to yellow green 
with the ammonium molybduto/aulphurio acid re 
agent It resembles the morphine alkaloids in giving a 
yellow colour followed by orange with Vitoh’s teat, 
while with the micro-diazo test 3 , when coupled with 
dinzotizod p nitroamlme, it givoe a brown colour, 
turning to bluish grey as the tost drop dries These 
toots however do not servo to differentiate between 
the racemic and the optically active forms of phona 
roc me nor to distinguish this compound from 
2-hydroxy 2,6,9 trunethyl 0,7 benzomorphan, which 
also lias analgesic properties 4 Nevertheless, this may 
readily bo done by means of crystal testa AVith 
potassium iodide solution (±) phenazoclne gives oily 
roeettee, the ( — ) isomer an oily amorphous pre- 
cipitate, and the trunethyl compound no precipitate 
at all With sodium carbonate solution they give 
bunches of irregular prisms, fans of oily needles, and 
donso rosettes of prisma respectively The first two 
crystallize slowly and incompletely, while crystals of 
the last form In a few minutes With piarolonio acid 
(i) phenazoame givoe an ofiy precipitate, ( — ) 
pbenaxocine shell like roeottes, and the trunethyl 
compound curving bladce that are higlily character 
istio. 

Run as a paper chromatogram, using the butanol 
citric acid system described by Curry and Powell* 
phenaxocino has an Hr value of 0 80 and 2 hydroxy 
2,5,9 tnmothyl 0,7 benzomorphan a value of 0*40 
' I am grateful toDr N B Eddy and Ur E L May 
of tho National Institutes of Health, Betheodo, for a 
irift of tho abovo compounds 

E G C Clajike 

Department of Physiology , 

Royal Yotcnnnry Collego, 

London, N W 1 

i Iter E. Xu and Eddy KP J Oiy CAm 24, MU (18501. 

* Cterie E. 0 a »nd \V totem* AL J Pftarm. Pharmani 7 235 (1835) 

* riirfrr E. O C J P)>cm* rh*rm*cU. 10 101 (18310 

* Jtey E, E, «*I Fry E W., J On CAm. 72, 1360(1857) 

* Cary A- L wd iWdl 3t Ae/iar 173 1143 (10M) 


Corticosterone Inhibition of Pvridlne 
Nucleotide Oxidase from Heart 
Sarcosomes 

It lias recently boon found in this laboratory that 
oorticoatorono is prcsont in higher concentrations in 
hoart tissuo than in plasma 1 Since storoid hormones 
are known to interfere with tissuo oxidations, pro 
uumably at tho Iovol of tho flavmo enzymes 1 , tho 
relative abundance of corticosterone in hoart tissuo 
BUggoetod a study of tho offect of this storoid on heart 
tissuo oxidations in vitro Roduccd diphosphopyndine 
nuclootido was chosen as substrnto in order to got the 
flavmo onxymoe mvolved ns dirootly ns possiblo The 


enzyme preparation used in the experiments was 
made from isolated pig heart- sarcoeomee These were 
ground with alumina oxide, suspended in dilute tns 
buffer pH 7 4 and centrifuged for 20 nun at 25,000 g 
The opaleecent supernatant oontamed an active 
reduoed diphoephopyridlno nucleotide -oxidase 3 with 
a specific activity of about 0 1 pmole reduced diphoe 
phopyndme nuclootido oxidized per min per mgm 
protein at 26° C 

The time course of the oxidation of reduced diphoa 
phopyndme nucleotide is presented in Fig 1 Ad 
dition of corticosterone to n final concentration of 
1CM M produces an instantaneous fall in tho rate of 
oxidation as measured by tho docreaso in optical 
density at 340 mjx of the reaction mixture The 
reaction product was diphosphopyndine nuclootido 
also when corticosterone was present This could be 
shown by the restoration of optical density to tho 
initial value following addition of tho diphospho 
pyridine nuclootido -specific alcohol dehydrogenase 
and ethanoL 



Wmrta 


FI*. 1. Cortlrc»t«r<»* LnhJUtoc of n?daM»l dlphorphopTrldto* 
nnekctfcifr-oiidMe Iteth ermtt* eooteltwd 23 uimte fruAydro- 
cfUcrie OH ii mote reduced dlpborphopyridlw rrarteoUdo uwl 
CTuyuM la » toteJ TtJuroo of X-6 ml pll 7*4, 25 a The re*cttea wu 
lUrted br fcddltkm of tbo eniyme. Tbo arrow Indicate* addition of 
0 23 itrrvxe corttetaterotk* dtewlred In 10 nJ. dkrxan* to tbo experi- 
mental, and of 10 pi dtatane to the control curette Each point 
represent* the mean of champ-* in optical dtmtty recorded In two 
separate nrra O— — O cootroi, X X, cortkwtereoe 

Cvtochrome c is oommonly agreed to bo a component 
of tho reduced dlphosphopyndLno nuclootido oxidoso 
system 4 , linked with tho dehydrogonation of reduced 
diphosphopyndino nuclootido by tho cyiochromo o 
reductase Tho offect of cortioosterono on tho roduc 
tion of oytochromo c was therefore compared with tho 
offect on tho comploto oxidase system A comparison 
wna also made with the offect of corticosterone on the 
diaphorase activity of tho enzyme preparation Tho 
results are given in Tablo 1 They show that oyto 
chrome o reductase ia inhibited to about tho same 
extent as tho reduced diphosphopyndino nuolcotido 
oxidase within tho rango of corticoatorono con can 
(rations used The diaphorase activity, however is 
almost unimpaired by tho addition of tho storoid 
Thoso results thus agroo with tho abo\ o mentioned 
suggestion that tho site of action of tho steroid hor 
mones in tho respiratory chain Hob between tho fiavo 
proteins and oytochromo c 
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Table l Efffctof Cojltjcostfrom on itrnccrD nirnosniorutiniM 

AUCLEOTIDE OX1DASI , ClTOCIinOMF C HFDLCT1SF AM) DIMHORASI 

Cortlco5tcrono lelhlti « JOB pi r min 

cone 

(1/) Dl'VII Cjtoehromce ])!aphorn*ot 

oxidase* n-Jiiclnset 

(110 nvi) ( r >'i» mu) (000 nipil 


(I Iguro In bratkite arc % Inlilblt Ion) 

0 0 125 — 0 111 — 0 182 — 

5 v 10-* 0 103 (14) 0 101( 7) 0 170 ( 2) 

5 - 10-‘ 0007 (40) 0 007(40) 0 101(10) 

5 v 10-' 0017 (87) 00)1 (70) 0 1G3 (10) 

* Experimental condition’) m fititod In lcyend to flynre except thnt 
cortlewtcrone/dloxnm. wns prei-ont from the stirt o( tliu reaction 

+ home ns for reduced dfphosphapx rldlne imrli otldo-oxhl vo with (lie 
addition of 2 i tuuolc iiot n-«Ium (jniildt and l mgm cjtoihrome r 
j Same as for reduced dlpHosphopxrldlnc illicit iitldc-oxldn-e ivlth tin 
addition of 2 5 pmoli potis-Inm cinnldc and 0 1 pinole 2 0-dloliloropln nol 
Indoplienol 


Table 2 Effect of Copticosti roids on ltroi ct n l)n ttoNritoi j tipim 
NCCLrOTIPl 0 \ii»\el 

CorflctHtt rold ndded Attlilt' ilOD 

(Hnal cone 10-‘ 1/ ) l>cr min 

(Figures In hrnktt* 
na Inhibition) 


0 110 — 

Corticosterone 0-015 (50) 

17 hjdrow, corticosterone (cortbol) 0-070 (lit) 

ll-desoxj corticosterone 0-flli (50) 

17 hjdrow, 11-dcsoxjcortlcostcrone 0 070 (10) 

17 lijdrow, ll-dt-h)drocortlco«terone 
(cortUoni ) 0-OsS ( 20 ) 


Experimental conditions n« stated In Upend< to Fig 1 and Table l 


Table 2 lists the effect of fi\o dilferent corticos- 
teroids on tho oxidation of reduced dipliosphopyridmo 
nucleotide Corlicosterono and desoxyeorticostcrono 
inhibit tho reaction t-o tho samo extent Tho corre- 
sponding 17-hydroxy compounds are less potent in- 
hibitors, and cortisono is tho least effective Mahler 
ct al 6 found that a purified and solublo cj tochromo c 
reductase from pig heart was inhibited to 70 per cent 
after 25-min premcubation with dcsoxycorticosterono 
(3 X 10' 3 iff) but found no effect of cortisono under 
tho same conditions Both steroids wero inofTeclixo 
m concentrations of 3 x 10 -4 M Tho difference 
between this purified preparation and tho preparation 
used in tho present experiments with respect to 
steroid sensitivity may be explained by tho particulate 
nature of tho latter, an explanation offered 5 to account 
for tho difference m sensitivity to British anti- 
lewisite and antimycin between tho purified prepar- 
ation of Mahler and a particulate preparation of 
Slater 4 similar to tho one described hero 

Tins work was supported by grants from Statons 
Aim Vidcnskabsfond and Johann og Hnnnc Wilie- 
manns Legat 

P Iv Jfmskn 


Division of Endocrinology, 

University Institute for Experimental Modicino 
Copenhagen Juno 8 

1 Jensen, V K , and Bojesen, F, , Abstr Fourth Jnt Congress of Bloehem 
Sect 0-115 W len (bent 1058) 

’ Hajono M , Dorfnwn, it I , nnd Yamndn, F Y , J Biol Chtm , 180 
003 (1950) 

* Baltocheltakj, H , Erp Cdl lien , 13, 030 (1038) 

4 Slater, E C , Bioehem J , 46, 484 (1050) 

» Vernon, L P , Mahler, It II , and Sarknr, K K , J Biol Chem , 199, 
590 (1052) 


Interferon produced by Cultures of Calf 
Kidney Cells 

Certain influenza A viruses multiply readily in 
bovine kidney cells) Calf kidney cells infected with 
the influenza A strain 1 VS produce virus continuously 
for about 2 days and then cease to do so Few cells 
degenerate After a few more days influenza vitub 
begins to appear again (Fig 1) Periods m which the 
amount of virus formed rises and falls may alternate 


m this w ay for up to three months Culture.?, infected 
0-12 days prcuouslv, which were yielding no detect 
able influenza 5 irus haimngglutinins, wore found tolw 
resistant to Buperinfeetion with Sendai Mrus Xo 
hiemagclutinm was produced and no degeneration 
occurred. 

Tho dm elopmont of this state of interference was 
studied further It was found thnt medium collected 
between 21 nnd -IS hr after infection with about 

1 h emngglut mating {11 A) unit of h\o influenza A 
contained n substnneo resembling the interferon of 
Isaacs nnd Lindonmnnn 3 An oxpt rimcnt demon 
strntmg this is shown m the first column of Table 1 
Roller-tubo cultures of calf kidney cells maintained m 
Hanks’ saline were mfi cfed with npproximotcU 

2 h.emngglutumting units of influenza A (1947) strain 
Kunz Two dn\s Inter the medium was collected and 
dinljstd for 4 hr against 0 Llf ntrie ncid-utrate 
buffer t jH 2 1 and then against three changes of 
buffered saline) Tins treated medium did not h.-emag 
glutinntc nnd wns non-infections It was inoculated 
m volumes of 1 ml to each of a further set of calf 
kidne\ cultures After 21 hr the medium in these 
was completed chnnged and 0 3 liiemaggliitinatuig 
units of Sendai \irus wns inoculated. '1 he medium 
was titrated 3 days Inter and the results are given m 
Tnblo 1 The\ show a reduction in tho amount of 
\irus produced bv cells treated with the interferon 
preparation Tho netiwty of interferon was not 
eliminated by immune serum against the virus strain 
used but wns destroyed In boiling 



))ny» nflcr Inoculation 

Up 1 TItrc of Inrmngglutlnln In n culture tube of calfMdnfr 
cells Infected with 0 02 Irrmncgliitlnatliig unit of W9 virus TW 
medium cnntnlnoil 5 |X r cent horse eerum nml 0f>pr cent Inclal 
bumln hjdrolraite nml sens chanced and titrated on the ‘t"' 3 
lmUrated bj the points on the graph 

It was found thnt interferon could bo demonstrated 
after infection of pieces of chorioallantoic membrane 
with living Kunz \ mis using the samo technique os in 
the experiments with calf kidney (column 2 of Table 
1) Isaacs and Lind enmann 1 used inactivated virus 
wdien they first demonstrated interferon but Burke 
and Isaacs’ haxo sinco used live virus ns described 
bore. Howovor, Tnblo 1 shows that interferon made 
in cultures of chorioallantoic membrane 1ms much less 
activity when assayed m calf kidney colls than when 
assayed in chononllnntoic membrane Similarly* 
interferon mndo m calf kidney colls is rclatixely woro 
nctivo in homologous than in heterologous cells J* 
has previously been shown that, interferon made wul* 1 
inactivated virus in chononllnntoic membrnno ha 3 “ 
little activity when assayed m monkoy kidnoy ce “ 
cultures 

In view' of those results any theory of tlio nature of 
interferon should now include an explanation of why 
it camcs some of tho specificity of tho coll typo fr° m 

Tablo 1 Interferon assats on fluids from cultures infected 

WITH INFLUFN-ZA.4 MRUS 

_ ,, , Log- mean lucmngglutlnln tltrc 

Culture UBC<I as source of In nssa\s using culture of 

Interferon Calfkldnoj ChorIosll«m° lc 

cells membrane 


Calf kidney cells 0 3 4 7 

Chorioallantoic membrnno 5 0 - 1 


Saline control 4 0 6 0 
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| which it was formed although it is prodncod as a 
j response to virus infection Also, interferon produo 
~ tlon should be considered a posstblo mechanism by 
1 whioh active virus and cell populations may coexist 
over long periods of time 

s D A J Tyrrell 

i Medical Research Council Common Cold 
Research Unit 

1 Hart ard Hospital, Salisbury \\ fits 

1 ' Uratli R 0 anilTyrrrtl D A. J„ A rrhfii Mr Hifortt A, B, 67" (IMS) 

* Ivutrt, A and U mien quum, J J roe Roy Soc, B 147 -6S (1057) 

I J Uarke D < and I«ur< V., Uni J Erp PalM S9 45- (19j8) 
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J PHYSIOLOGY 

Resistance to Flow In Vascular Beds 

i Carlill’s attempt 1 to dispel confusion in the nso of 
j tho Ohm a law analogy in blood circulation theory 
l requires further clarification since it Is only the 
i incorrect application of this analogy that needs to 
i lie abandoned not the analogy itself but it raises 
an important point This is confirmed by Burton* 
when he insists that for vascular circuits 
Resistance to flow (12) — 

Pressure drop across the bed ( P ) 

Flow ( F) 

For a definition consistent with the electrical analogy 
wo must have R — ( P — p)fF where p is the critical 
dosing pressure as referred to by CarlflL This gives 
F ■=> P(R — pfR which is of the form y — mx — o 
einco pjR is constant for any single ono of the linos 
m Carlill’fl Fig I and gives the same result for dFfdP 
ns in Burton b equation (4) derived from his m 
complete expression of form y — mx 

Tho usage of the term 'dynamic resistance is well 
defined in electrical Adds, as is tho term ‘ohraio 
resistance’ and it is dcsirablo that analogous appli 
cations of such terms m physiological fields should 
bo equivalent to tho deotrical ones If conventional 
practice in electrical analysis (that is analytical 
symbols represent pure properties, for example, of 
voltngo resistance, rectification as distinct from 
practical components whioh usually oo inbine several 
properties) bo used to interpret Carlfll’a Fig 1, it 
can be seen that tho hnoe showing pressure intercepts 
have aliaraoteristics given, m electrical analogy, by 
a direct current source or battorv, in senes with a 
resistance obeying Ohm s law and a rectifier This 
equivalent circuit is shown in Fig 1 botween points 
A and D 

For current flow to occur (in fashion comparable 
with tho vascular case) an electrical (hydraulic) 
energy source (of magnitude P), as shown between 
X and I , must bo noting across AD (or tho vascular 
bod) The roltago botween A and B (equivalent to 
tho critical closing pressure p of the vascular bed, 

- O — fi — " — A/\AA—*— # 



Fttf 1 Till* »bow? hetween A *nd 0 t TolUffB *r>d mHtaoc* a* 
el&ctrkxl mulooir i of the two component* propowd by 0»rlQ|i to 
■pecUV rcihUm*© to flow Inthe-nuenJarbedirrUtedtoliBFlu 1 
namely nrewote Intercept awt djTiimki rwhtanro The recti Ocr 
between U and D U nece^oo to complrto the analyth of Carifll • 
llrw* ihowlntt pm to re IntcrrenU. Between T and 1 ti a rartihk 
voltaKQ *ourcc, tbe electrical anaJo^y of Ibe bydraollc enemy 
•onree wbWi mint be anplkd acros* a Tawnlar bed to determine 
1U critical riounf pre^wre and djmamlc Mlitanco 


and of magmtudo specified bj Cnrhll a pressure 
intercept) opposes tho flow of eloctncity (or of blood 
or perfusion fluid) Tho term dynamio resistances’ 
then refers to measurements mu do across 4C or AD 
using a number of nppliod voltages (or pressures), 
which could involve alternating current (pulsating 
flow) and is obtained ns a singlo v nine, the reciprocal 
elopo of a straight lino so long ns resistance BO is 
ohmio If resist anco BO is non-ohmio, say Iiavmg a 
partly curved characteristic as instanced by Burton, 
then a number of values of dynamic resistance must 
be chosen for parts of tho curve each of which is 
regarded as approximating to n straight lino Cnrhll 
onlj considers the case where resistance BC docs 
follow Ohm s law Clearly tho Ohm s Inw analogy 
is applicable to Bpocify the rcsiataneo component of 
tho vascular boils considered by him and is vory 
helpful, if not essential in explaining nnd defining 
tho term ‘dynamic resistance A more extensive 
discussion of this typo of electrical analysis nnd of 
the term ‘dynamic resistance is given by Richtor* 
It shows how tho confusion in physiological theory 
to whioh Carhll draws attention can nriso in clcotncal 
theory in precisely analogous fashion 

Carhll proposes only the use of pressure and rests 
tanco components as represented botween A and O 
However connecting A to O would givo a current 
flow Also a reduction of pressure to negative 
values that is application of ft auction, cannot 
produce n reversal of flow in the vascular bed This 
‘valve o fleet in a vascular bod must bo represented 
electncallv bs tho rectifier ahown between O and D 
Tho analogy with tho offset of o singlo rectifier is 
virtually complete for vascular beds containing veins 
with competent valves, whioh pormit blood flow in 
only ono direction under positivo pressures in addi 
ion to tho valve effoct of tho closed vessels under 
negative pressures or small positive ones 

For vascular beds without vein valves, or with 
incompetent ones, an analogous electrical circuit may 
be obtained by adding m parallel with tho circuit 
between A and D in Fig 1, its own mirror imago 
making contact D with A and A * with D or by 
drawing a full wave rectifier bndgo with a battery 
and resistance in senes across ita output 
In tho above equivalent circuits an ohmic rcsis 
tanco componont can bo saul to bo involvod although 
the characteristic of the comploto circuit ovor the 
range giving analogy with vascular phonomcno, as 
far os it goes, doparts from Ohm s law 

In practice tho circuit botween A and D in Fig 1 
can bo roplacod by an appropriately designed tnodo 
valve having mutual characteristics corresponding 
with tho pressure flow lines of Carl ill’s Fig 1 Tho 
magnitude of tho pressure intercept for any of tho 
pressure-flow lines is then determined m tho tnodo 
analogy by the gnd bins voltage Other practical 
analogues can also bo found 

Tho abovo analysis does not covor all dotails of tho 
non-olimic properties found in vascular circuits, 
uomo of which wore dealt watli by Burton, but is 
confined to those arising from the phenomena which 
Carhll iB concerned to analyse It has been necessary 
to asflumo »implificd vascular circuits corresponding 
with the electrical circuits mentioned, m order to 
achieve tho necessary link wjth his treatment A 
comprehensive treatment could usefully load to tho 
design of practical analogue circuits giving models 
of tho circulation or of parts of it, impossible to 
achieve by mechanical moans 
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The crux of this problem scorns to lio in tho dilTorenf 
levels of advancement of analytical theory m tho 
fields of electronics and physiology of tho circulation 
The development of physiological concopte now talcing 
place should follow analogous practico m electrical 
or otlior fields where prior development has occurred, 
if circulatory' physiology is to bonofit from tho possible 
uses of electrical analogues 

Harris S Burry 

The British Boot, Shoo and Allied Trades, 

Resoarch Association, 

Satra House, 

Rockingham Road, 

Kettering, 

Nortliants 

1 Carllll, S D Nature 181, 1007 (1058) 

2 Burton A C , Aofurr 182, 1450 (1058) 

3 Blchtcr W , ‘ Fundamentals of Industrial lleclronlc Circuits Chap 

6 (McGraw-Hill, 1017) 

Interrelations between the Blood 
Coagulating System and the Physiological 
Anticoagulating System 

Previous publications 1 - attest to tho existence of a 
physiological anticoagulatmg sjstcm in somo animals 
Moreover, a surmise v, as made concei nmg tho presence 
in blood vessols of chomorecoptors reacting to tho 
appearance of thrombin m tho blood, and through tho 
reflex arc calling into play a ncuro humoral mechan- 
ism which prevents the coagulation of tho circulating 
blood 

In subsequent experiments carried out by 
Kalishevsky and me, tho physiological anticoagulating 
system was found to exist not only in the organism of 
mammals, but also m that of amphibians 

After injecting into tho -ventricular cavity of tho 
frog’s heart a modcrato doso of thrombin (6 35-0 40 
ml clotting an equal volume of tho frog’s blood at 
37° in 7-9 sec ), tho circulation of blood w as maintained 
and no clots w ere formed Blood taken from tho hearts 
of such animals completely lost its coagulating capacity 


In experiments earned out on frogs, it was estab- 
lished that a preliminary injection of hepann (0 1 ml 
in concentration of 1/100,000) mlo tho blood of frog 3 
with destroyed spinal cords fully protected the?o 
animals against an intravascular blood clotting after 
a subsequent injection of thrombin solution into their 
heart cavities 

Under tho same condit ions the blood of normal frogs 
was found to possess tho samo protective property 
after thrombin injection into it Thus, 0 9 nil of such 
a blood saved a frog tho spmnl cord of winch hnd been 
destroy cd from thromb formation, when followed by 
an injection into its heart of 0 35 ml of thrombm 
solution clotting in vitro the normal frog’s blood m 
9 see at 37° 

Experiments made in collaboration with Pnstorova 
havo shown tho blood of rats to liecomo greatly 
enriched with active plasmin after an intraienom 
infusion of tissue thromboplastin or thrombin, due 
to winch a shnrplv accelerated fibrinolysis is scon to 
occur in distinction from tho normal control animal 
blood Thcso results seno to proio (lint m a reflex 
act induced by tho appearance of thrombm in the 
circulating blood, an actuator of plasminogen 
together with other substances, is produced m tho 
blood. Tins fact causes the formation of an excess of 
plasmin which removes fibrinogen. 

Tho \nnoii8 schemes nlrendj put forwnrd vithtbo 
nnn of interpret ing tho hiochcmicnl mechanism of blood 
congulation without taking into account the existing 
ncuro humoral regulation, are, to n greater of lesser 
degreo, correct for tho process occunng tn vitro or 
outsido a normal vascular bed Tho foregoing results 
show thnt the njiponrnncc of thrombm in tho blood 
nmx lend to dinmotncnlly opposite reactions de 
pending upon tho presence or nbsenco of the nervous 
bj stem control If thrombm appears m the circulating 
blood under physiological nouro-humoral control, 
it does not produco coagulation, but on tho contrary 

BSosyDUiwfci 


in vitro m tlio prcscnco of throm- 
boplastin obtamed from tlio tissuo 
of tho frog’s lungs At tlie samo time, 
m frogs with a preliminarily destroy- 
ed spinal cord tho injection of tho 
samo doso of thrombin in nil cnscs 
resulted in an unmcdiato total co- 
agulation of blood m tho vascular 
system Tho destruction on extirpa- 
tion of tho brain as distinct from des- 
truction of tho spinal cord did not 
have tho same effect, the anticoagu- 
latmg system of such animals re- 
maining m its functional condition 
This suggests that tho centre of tho 
frog’s reflex arc receiving tho signal 
of the appearance of tlirombm in 
the circulating blood is connected 
with the spinal cord 

In previous communications 1 •- it 
was shown that in response to a 
signal of thrombm formation m the 
circulating blood transmitted by 
chemoroceptors present in tho vas- 
cular system, cor tain agents are 
immediately given off mto the blood 
to prevent its coagulation, namely, 
fibrinolytic and heparm-hke sub- 
stances 
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ita presence results in ‘switching ofT the clotting 
mechanism When thrombin is formed in the blood 
which is beyond the control of the mechanism 
indicated, a conversion of fibrinogen to fibrm is seen 
to occur That process may occur on the surface of the 
wound or m a test-tube as well as in the vascular 
system in pathological cases inducing a dyBfunotion of 
tho physiological anticoagulating system 

fho coagulation and the anticoagulating physio 
logical mechanisms should be considered as two 
opposite but inseparably connected parts of a single 
clotting system of blood This may be illustrated by 
the accompanying scheme 

The schomo indicates only some eesontial steps in the 
clotting process and of its regulation To avoid un 
necessary complication the actually existing two-stage 
slow and rapid form of thrombin production 3 is 
omitted At the appearance of thrombin the rogu 
I a ton mechanism of the neuro humoral anti 
coagulating systom already seems to act during the 
former slow stage, thus preventing an excessUe 
thrombin content being present in the circulating 
blood Tho schomo is based partly on Seogora 
re nil t s' 1 b on transformation of prothrombin mto 
autoprothrombms that is mto agents stimulating 
the conversion of prothrombin to thrombin Tho 
scheme indicates natural coagulants stabilizing the 
liquid condition of the circulating blood as a dynamio 
system in contradistinction to suggestions tlial there 
is a static balance bo tween coagulating and anti 
coagulating components 

B A. Kudejasho\ 

Faculty of Biology and Soil Science, 

Moscow State University 
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Response of a Single Retlnula Cell to 
Polarixed Light 

It appears to be a well established fact that some 
arthropods use polarized light as a kind of light 
compass von Fnsch 1 has shown clearly that honey 
be© workers utilize polarized light from the blue sky 
to identify the direction of e food source Wellington 5 
reported that ndult flios con also exhibit orientation 
relative to the direction of vibration of polarized light 
These reports suggest that tho arthropod photorocep 
tor, both tho compound oyo and the ocelli, has a land 
of polarizer in the visual organ \\ ulff* has reviewed 
tho many attompts that have boon made to locahzo 
tho po«3iblo polarizer in tho compound eye and to find 
the physiological mechanism involved in the recoption 
of polarized light in tlie compound eye, but no 
conclusion on this problem seems to have been reached 
Kuwabam and Nnka 4 have recorded an ultra 
cellular action potential from the compound oyo of tho 
fly and condudo that the response was obtained from a 
rctmula coll In our experiments tho effects of 
stimulation by polarized light on the intracellularly 
recorded action potent ml wore observed 

Tho fly Lu cilia caestr reared in this laboratory 
wos used As shown in Fig 1 the stimulating upper 
atus cons is tod of a 260 watt projector lamp a 
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TUNGSTEN POUWOC SECTOR LENS 
LAMP | 


Fig 1 BchfmuUo rspre^nUVkm of the optical *ppar»Un to give 
Mamtttent poUrterf UgliL The poUro+d mu routed it 15 r p.m. 
while the «edor iDterrupted tho poUriwd light to fire Intermittent 
•thnuUtioti U 3 cycle* per eecood. 


Mitmibiflh ‘D I a oli rum’ polaroid, and a turning sector 
to givo an intermittent stimulation of about 3 cycles 
per second In the experiment the polaroid nn s eon 
tinuously rotated at about 16 r p m while the turning 
soctor interrupted the polarized light to tako a 
continuous recording of responses Other oxpori 
mental procedures were the same as described else 
where 6 

In Fig 2 ultra and extra cellular responses to tho 
stimulation at 3 cycles per second aro shown Tho 
forraor were raonophnslo waves with an amplitude 
of more than 40 mV while tho latter wore diphasic 
with amplitude of about 6 mV This figure also 
shows that the intracellularly recorded response com 
pletoly followed stimulation at 3 cveloa per second 
The response to polarized light is shown m Fig 3 A 
and the record in Fig 3B is a control taken without 
the nolnroid From thess records it is clear that the 
amplitudes of the action potentials varied synchro 
noualy with rotation of the polaroid whoreas in tho 
control these amplitudes remained tho samo through 
out the stimulation Tho amplitude of tho action 
potential docreased about 20 per cent when the piano 
of polarized light was rotated through 00’ 

As these records were obtained intracellularly from 
the receptor layer the reaponso to polarized light in 
Fig 3 appears to represent tho response of a singlo 
receptor cell that is tho rctmula cell 

The recent olectron microscopic studies on tho 
mic rout rue turo of the insect compound evo hn\ o 
revealod that the rhabdomere is composed of many 
regularly arranged hono\cornb like nucroviii and tliat 
the direction of tho arrangement of tho honeycomb 
llko struoturo is different in each rhabdomere* In an 
ommatidnim of the fly there are seven rctmula oclU 



(2) O) 

Fif 2. IntrarrUular (nww rcrord) ud erU*rtflaUr (lerwrr rroord) 
rr4pocUM to hitertnht^flt •tlmobafcxi at 3 cyri« prt *r«m4 
Ft* 3 A lntr»rrflal»JlT ircorded rMponw^ In tb<* •ttaroWioe by 
poixrlxrd light B cootroi rfoerdrd wltboat noUroiJ. Ampule*!*** 
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and each retmuln coll has a rhabdomore, indicating 
that any stimulation of a rotmula coll is mediated by 
the rhabdomero attached to tbo coll Thus tlic 
oleetron-microscopic studies and tlio results of tlio 
present experiment favour the view that the rlinb 
domere acts as a polamer m the compound eye 

M IxuwAnAnA 
K Naka 

Department of Biology , 

Kyushu Unix ersity, 

Fukuoka, Japan 
Max 10 

1 vou 1 rUch K Jfcv*, Uidr \ Won Clu mirni s mnl tansiiagc , 
(Cornell Unl\ I rc*3, Ithacn 1950) 

1 AN clllnpton \\ U Mature 172 1177 (19*1) 

MNuliT \ J VhyxxtA htr , 36, 1-15 (1050) 

4 Kuwnbam M nnri Nnku K J rrp hid . (In tlir* )>n «) 

4 Nnkn, K ,nnd Kuwnlnm M , J in* /’Ay 'inf 3, -il (1050) 

* Fernanda Monn, 11 , «\flfurr, 177, 742(1050) Wolken J J (apeno*, 
J , and Tumno A J litophv* Ihwhrm Cylo! , 3 4 11(19*7) Hold 
smith T II and Phllpott, I) k ,%bul , 3, 420(1057) 

A Low Concentration of Certain Blood 
Constituents observed in Offspring of 
Alloxan-Diabetic Rabbits 

The purpose of this communication is to ieport 
our observation of low lex els of plasma cholesterol, 
albumin and protein-bound licxoso in offspring of 
alloxan-diabetic rabbits on the first dux of life 
Four female rabbits of no pai ticulai strum weighing 
approximatelx- 3,500 gm xxere rendeied dinbetie In 
injecting alloxan monolixdrate intravenously m an 
amount of 200 mgm /Kgm body-xxeight The animals 
wore gix'on protamine /me insulin and. when the 
motabolic condition was stabilized and no signs of 
albuminuria xxore present, thox r w ere mated xxith 
normal males The rabbits xxeie fed conunereial 
chow ad libitum and supplements of carrots 
and lettuce xxero proxided Once a month a 
multiple xitamin preparation xxns administered mtra 
muscularly On this regimen tlio blood sugar-lex els 
fluctuated about tlio 250 mgm por cent lox'cl and the 
glycosuria seldom excecdod 10 gm a dax Tins xxas 
the best control xxlnch we xxero ablo to acluoxe xxitli- 
out encountering the danger of hx poglx cjcmic at tacks 
Undor these conditions demands for exogenous insulin 
fluctuated xvidcly m piegnant ns xxoll ns non-pregnant 
animals Four normal rabbits woie bred and main- 
tained undor tlio same experimental conditions 
The length of pregnane} and the xxeiglits of now- 
boms are recorded in Table 1 Txxo or more animals 
from each litter xxero killod within tlio first 18 hr of 
lifo by sovering the carotid arteries, and blood xxas 
collected usmg heparin Results of cliomical analyses 
are presontod in Table 2 The remaining animals of 
each litter xxero killed in tho same fashion on the 
socond and third day of life, but results of chonucal 
analyses are not presented Offspring of diabotic as 
well as of normal fomalos appeared equally lively 
and well developed on tho first day of life, and tho 
stomachs of all autopsied noxv-borns xxore filled xvith 
milk It is thorofore unhkoly that tho differences 
obsorved between noxx -boms of diabetic and normal 
mothers would bo tho result of inadequate dietary 
intake in tho postnatal period On tho socond and 
thud day of life, many noxv-borns of tho diabetic 
animals deteriorated rapidly Their stomachs xxore 
found ompty, and lack of maternal care xxas oxident 
m many other ways Tins invalidated fuitlior com- 
parisons between offspring of normal and diabetic 
mothers after the first day of life 

Blood sugar xvas determined onxx hole blood by King’s 


method 1 Plasma cholesterol xxas estimated by the 
Bloor, Polkan and Allen procedure 1 and protein 
bound hexoso by Lustig and Langei’s mothod* with 
minor modifications Total plasma protein xxa3 
determined xx ith tho linnet reagent by Wciehsclbmim’fl 
method* Fractionation of plasma proteins was 
carried out by papei electrophoresis by Kunhcrs 
inothod 1 Paper stups xxere stained xxith bromopheno] 
blue and cut into appropriate segments Tlio djo 
xxns eluted and the intensitx mensmed m a jihoto 
olectrie colorimeter The < arbohydrato componejits 
xxero visualized bx Ktaming paper strips with a 
modified jicriodie acid bchifT reagent, following 
K6ixx and Gronxxitll* 

It is notexxorthx' that a high meidonco of still 
birth and mtra uterine death observed by' Miller 1ms 
not been encountered under our controlled expen 
mental conditions The length of pregnane v in our 
diabetic animals xxas not different fiom that observed 
in tho normals, but tho offspring of the former 
weighed less At the same tune there was statisticnllx 
a highlx significant difference between corresponding 
levels of total cholcsieiol, protein bound hexoso and 
albumin in tho txxo groups of new -boms The lower 
ing of the total lex ids of plasma protein was probnhlx 
a reflexion of loxx albumin levolsm offspring of diabetic 
rabbits because no appreciable differences wore found 
m tho throo globulin fractions Similarlx no appro 
eiablo differences xxero found in blood sugar lovels 
between the two groujis of now -boms No corrections 
were made on the basis of leenuitocrit readings, but it 
xxas obvious that the pronounced tendency toward 
liiemoi oncentration in the offspring of diabetic 
fcmnles made the observed diffcrenci's even more 
significant 


Taljll 1 Itl sCLT*- OK l’l FOX XM 11 - IS Xoi M XL XM) III XIUTIC R IBBtn 


OlHerxntlnn 

Xominl 

Dlilalk 

lue 

Signific- 

ance 

Vo nf nnlmnls 

4 

4 

— 

— 

Xo of preR 





imnclrs 

Is ncth or pree 

4 

4 



imnrj 

32 0 ~ 0 8 

31 8 i 1 0 

>05 

No 

(inem j SO) 
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live m » Imrns 

*15 

31 

— s 

— 

Demi 

» 

1 
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— 

Weights ofllxe 




Xes 

new burns 
(mean j. S ]) ) 

53 S i 13 0 

41 0 i 0 1 

< 0 01 


Table 2 OnxrniNo or Voumxl xxn Dixiutic TUnmrs J !LOOP 

f iirxiis-TRx os Fiicst I) xx or Lin 


Constituent 

Xrenn ± S' I) 

(No of observations 

/’ xnluc 

Slpnlflc 

nnee 


Normnl 

Dinbetie 



Wood suenr 
(mem / 

300 ml ) 

54 4 ± 35 1 
(0) 

01 3 r 37 5 
(11) 

>05 

>0 

Totnl protein 
(ftm yioo ml ) 

3 00 i 0 27 
(0) 

3 44 i 0 23 
(11) 

<0 01 

\C3 

Albumin 
(sm / 100 ml ) 

2 32 ± 0 28 
(H) 

1 84 2- 0 23 
(8) 

< 0 01 

\C3 

Cholesterol 
(mem / 

100 ml ) 

134 ± 31 
(3) 

101 2- 20 
(10) 

< 0 02 

\CS 

1’roteln bound 





liexosc 

(niRm / 

100 ml ) 

53 5 ± 5 0 
(3) 

43 -1 J- 4 4 
(0) 

< 0 01 

\C5 

ITicmntrocrlt, 
(per cent 
form-sl de- 
menti) 

40 4 ± 5 8 
(U) 

51 ’0 i 0 7 
(23) 

< 0 05 

Yes* 


* Significant nt a 5 per cent level onlx nfler enlnrcing flic series of 
nnlmnls tested 
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>jp I Eleetrcmliorefle patlerzn of pfa*m» protein* »UJ«d for 
rjtrM»$Tir*ti» OttiprtnE of * norma! rabbit DR* offiipftnt 

of a diabolic rabbit 

Ii~, 1 ifl a photograph of a fow representative) 
plunna protom patterns stained for carbohydrate It 
(tin )» mHn that tho amounts of etamabl© material 
w*re diminished in all fractions from new boms of 
dial* i females 

Tin I »'i concentration of certain blood constituents 
and the low bod\ weights aro presumably rofloxiona 
of the pathological maternal environment to which 
tlH'rf' animals wore exposod during tlie fcotal lifo 
Further work ia m progress 

OTAKAR V SlREK 
AyNA bmEK 

Dojiartmont of Fhvwfology and 
Bunting and Best Department of Medical Research 
University of Toronto 
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Sallva-Serum Ratios of Deuterium Oxide after 
Administration of Heavy Water 

Total body water may bo estimated by ad minis 
term# o known woight of deuterium oxide and, aftor 
equilibration lifts occurred, determining its concen 
txation m water obtained from some body fluid 
FaUer et at » have shown that within tho limits of 
experimental error the some \alues aro obtainod for 
total body water whether the deutonum oxide is 
administered orally or intravenously Scrum is the 
usual eourco of body wntor containing the equilibrium 
concentration of doutrmm oxide If however unne 
or eahva eould bo used, the wholo prooeduro could 
bo earned out without venipuncture, this would bo 
an advantage when sonnl estimations are to be made 
or when other invest igoticms involving venipuncture 
are undertaken m the same aubjoot 

Unne formed during tho ponod 3 — 0 hr after 
administration of deuterium oxido Molds wntor with 
a deuterium oxido concentration oqual to that of a 
j*, nim samp Jo obtained during tlio some period* » 
Unfortunately tho tnothod of Scldoorb et at * for 
estimation of deuterium oxido cannot bo appliod 
directly to urrno, which contains ‘omdisablo impuri 
ties’ tliftt are not removed by siroplo vacuum di< 
filiation Tho modified distillation procedure of 
Faller et aU enables samples of unne instead of 
scrum to bo used, but is longer and more laborious 
Within about 2 hr after administration, deutonum 
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oxido is distnbutcd uniformly throughout many 
body fluids, including arterial and venous blood 
unne, liver water, gastric jmeo and cisternal fluid* 
No report comparing salivary concentrations of dou 
tenum oxido with those m blood has )>een found 
Tritium apparently equilibrates m bodv voter so 
that its concentration is similar m ecrum urrno 
saliva Bwcat, firccs and inaonwblc perapimtion* 
within the limits of sensitivity of tho method used, 
tho concentrations of tritium involved: are extremely 
low 

The subjects were normal pregnant women SuiTl 
cient doutonum oxido was givrn orallv , to bring tho 
equilibrium serum concentration within tho rnngo 
0 100 to 0 250 gra doutorium oxido per 100 ml of 
serum water Immediately afterwards patients had 
breakfast Three hours aftor ad m in is t ration of 


ioutenum oxide, and approximately 2\ hr aftor 
breakfast, samples of venous blood and of saliva 
wore token For tho saliva sample, tho women wore 
pneouroged to salivato and ewnllovr tho saliva for a 
few minutes boforo providing tho sample thus on 
wiring that It was recent secretion “Water was 
obtained from tho serum and anhv a b\ doublo v aouum 
dat illation and tho deuterium oxide concentration 
in tho water was estimated b\ a modification or tho 
falUng-<Liop method described by Schloorb et at * 
In one subject samples of blood and of saliva were 
taken 0 hr and 24 hr after administration of douter 
Sum oxide In alb 17 pairs of estimations were made 
Tablo 1 shows tho ratios of saliva concentration 
to so rum concentration of deuterium oxide together 
with tho corresponding aorum concentrations Tho 
ratios aro all greater than unity tho mean being 
1 MV anil tho range 1*05 — 1 3fl AlwoUite serum 
concentration of deuterium oxido has no effect on 
tho ratio but two women A and K tend to have 
ratios only *llghtl> above unttv 
Although tho possibility exists that some »«(>* 
stance in saliva durtll* arrow vritli ila- «•»“ r * nd 
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affects the density of tho drops, there is no reason to 
suspect this, and the results indicate that tho salivary 
glands concentrate deuterium oxide above tho level 
in serum, at least at tho low levels of concentration 
in these experiments Salivary gland appears to bo 
unique among human tissues so far investigated m 
this ability 

Nan Taggart 
F E Hytten 

Obstetric Medicine Research Unit 
(Medical Research Council), 

Aberdeen Maternity Hospital, 


1 Faller, I L Pctt>, D , Last, J IT , Pascale, L R , and Bond, E E , 
J Lab Chn Me d , 45, 74S (1056) . , . 

i Poller, I L , Bond, E F, , Petti , D , and Poscalc L R , J Lab Ct\n 
Med . 45, 759 (1055) , , 

3 Hurst, V W , Schcmm, F R , and Vogel, W C , J Lab Chn Med , 

39, 41 (1052) 

4 BcUoerb P R , Frits Hansen B J , Fdclmnn, T S Sheldon, B B , 

and Moore. F D , J Left Chn Med , 37. C53 (1051) 

3 Edelmnn I S , Amer J Phyttol , 171, 270 (1052) 

* Pinson, E A , Phyttol Iter , 32, 123 (1052) 


Effect of Cell-Free Extracts from 
Mycobacterium tuberculosis H 37 Ry 
on Lung Succinooxidase 

Segal and Bloch showed that non-proliferating 
suspensions of human tuberclo bacilli grown m tivo 
(LRv) exhibited different biochemical properties os 
compared with tho same strain of tuberclo bacilli 
grown in vitro (a) they had a lower hydrogen transfer 
capacity, ( b ) glucose and its intermediates failed to 
cause an increase over thoir endogenous respiration 1 

The experiments reported hero w ore concerned with 
the electron transfer capacity of cell-free extracts from 
tubercle bacilli grown i n vivo and in vitro and with tho 
effect of theso extracts on tho respiration of lung 
homogenates 

The bacilli grown in vivo were obtained from tho 
lungs of moribund or dead mice infected intravenously 
with the human Btram of M tuberculosis H37R1 To 
obtain a good yield each mouse was given intra- 
muscular injections of 1 2 mgm cortisono acotato 
every second day starting from the fourteenth day 
after infection Tho bacilli were isolated from the 
lungs by the method employed by Segal and Bloch 1 
The in vitro grown tuberclo bacilli strains HstRv and 
BGO were obtained from 10-20 days cultures on ‘Tween’ 
albumin medium Tho colls wore separated from tho 
culture media by centrifugation and washed twico 
m 0 1 iVf phosphate buffer pH 7 1 Coll -free extracts 
were obtained by disrupting of tho colls in a 9 KC 
Raytheon some oscillator for 30 min and tho debris 
removed by centrifugation at 9,000 r p m for 10 mm 
at 6° C 

The hydrogen transfer capacity of tho extracts was 
examined by the reduction of tn phenyl totrazohum 
chlonde in the presence of different substrates Tho 
cell-free extracts of BCG and H^Rv reduce totrazohum 
in the presence of lactate, malate and succinate 
whereas the cell free extracts of HrpRv grown in vivo 
{LH^Rv) did not show any activity in this respect 
Since it was difficult to believe that LB^Rv extracts 
would be entirely devoid of hydrogen transfer capacity, 
the assumption was tested that their inactivity was 
duo to the presence of an inhibitor LHnRv extracts 
were incubated with active BCG preparations m the 
presence of lactate As seen from tho experiment 
summarized m Table 1, this assumption proved to bo 
correct The cell-free extracts from LBs 7 Rv in- 
hibited the lactic dehydrogenase of BOG extracts from 
60 up to 100 per cent 


Tabic I I'annrnox or Lactic Dim vnoorvisr or BCG Ccix-Fm 
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Svilcm Cell free extract* (equivalent to G-5 mmn protein) 0-5 ml la 
0 iff Jibwplnto buITrr pH 7 1, lartntc, 0 3 If, 0 3 ml , 1 p-r cent Mint 
of trlphenjiutraxollom chloride 0-2 ml Time of Incubation 1 hr Ten 
perature, 37* C Tlio formatnn was extracted with po-butanol se<l rext 
nt 4Sj m|i In n Coleman Jr nprctropholomtlrr 


Tins result prompted us to test tho no! ion of LIJjiBc 
extracts on normal lung tissue homogenntes For this 
purposo lungs of normal mico woro homogenized m 
0 2GM sucrose and their oxygen uptake was measured 
by the comenlional Warburg method in tho presenco 
of tho extracts Tablo 2 shows that the extracts of 


Table 2 Enter or MrcoDAcmriAt- rviTACTS ox Sccmoosnusi 
or Normal Mice Leva IIomoofxatfs 


Source of cDivtii 1 


1 1 


pi nxyr-’n per lionr* 
xp 1 j Fxp 2 1 1 xp 3 j rxp t 


I MUR homoRcnate 

27 2 

j 50-4 - 

33-0 

RCG+1 nna homnRi nnte 

, 272 ' 

' 53 2 ( 

3.3 V 

f/r,7fr- 1 -IimR hmnoRcnnte 

27 3 

| 43 2 j 

1 34 3 

Lll„llr-b I nnc homoRrnate 

1 152 

31 1 

15-5 


I no* 

ciatn’ttfd 
not i 
examin'd , 

£<H) ! 

, j ! 

The V urban; vc«->cl contnlncl 10 per rent empemlou of 
trrnato In 0-25 If r m ro*e, 0 4 ml where present bacterial extracts, 0 5 mL 
0-3 M succinite, 0 3 nil tipped from nldc arm after 15 min equilibrate’ 3 * 
phosphate buffer 0 1 .If, 0 5 ml (pH 7 1) 15 per c« nt rotation of pot a* < I on 
indroxldo, 0 2 ml In centre well The final lolnmc 2 2 ml Temperature 
3rc 

• Tlic 'allies ore corrected for onRon uptake off bacteria! extra™ 


LHwRv mliibited tho suocinooxidoso of lung fissuo 
from 31 1 up to 53 per cent Tho extracts of IfaRv 
and BCG were without any effect except for ono 
experiment in which H37RV oxtrnct inhibited tho 
oxidntion of succinate by 14 per cent 
A dotniled report will bo gi\ on later 

A BFKIEaKtTNST 

M Artjian 

Department of Bacteriology , 

Hebrew University, 

Hadassab Medical School, 

Jerusalem 
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Seasonal Changes in the CEstrous 
Response by the Ovariectomized Ewe 
to Progesterone and CEstrogen 

Robinson ct al 1 havo presented results of tho 
quantitative requirements of progesterono and cestro 
gen for cestrous bobaviour m tho spayed Merino cross- 
bred owe Theso results woro derived mainly* ^ ror ? 
oxponmonls conducted over short periods (2-3 
months) and within the normal cestrous season of that 
owe Wo have noted 2 that tho cestrous responso of 
tho spayed Romney ow r o following progesterono 
oestrogen treatment during Novombor and December 
(months within tho anaestrous season) was loss than 
during tho cestrous season This difference could havo 
resulted from tho vnsectomized rams exhibiting 
reduced libido during the summer and so failing to 
mark all ewes in cestrous 3 However, our observations 
suggest that rams in this district will detect owes in 
cestrous as wo have seen following treatment of owes 
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with progesterone and pregnant mares’ serum during 
the anoestrous season Also, ewee have been marked 
at this time following administration of greater quanti 
tiee of oestrogen, than previously* Therefore wo 
havo investigated further the response to progesterone 
and oestrogen In tho spayed ewe 

Trials were conducted with spayed Romney ewes 
during January 1057-May 1950 Tho 12 spayed ewes 
previously mentioned* were used during Januory- 
July 1057 For the remaining trials these ewes and an 
additional 8 spayed animals of similar age and 
breeding wore treated In each trial throe groups of 
owes were injected for three consecutlvo days with 
progesterone (10 mgra /day) followed 40 hr lator by 
oestradiol benzoate Tho groups of ewea m a trial 
received either 10, 20 or 40 p^m or 20, 40 or 80 pgm 
cost rad 10 I benzoate The trials were conducted at 
14-daj mtorvnls, but after each three consecutive 
trials a 3-6 week control period was allowed to elapse 
before further hormone treatment The animals were 
nin as one flock with one or two vasoc to mired rams 
and observations wero rnado for mating marks Muons 
from tho cervix was also collected on tho three days 
following treatment with cratradiol benzoate and 
examined for crystallization patterns 4 As well, 
random collections were made during the control 
periods and on some days of progesterone treatment 

Oestrus did not occur a ft or an injection with 10 
[ig m mstradiol benzoate The ccstrous response 
following injection with tho higher quantities of 
oestrogen is gn on in Fig 1 We noted previously 5 that 
similar progesterone treatment and 40 pgm. ccstradiol 
benzoato resulted in ono ewo of tweh o treated being 
marked by the ram during Noverabcr-Decembor 
1956 Wo havo again found this to be the case during 
the two following ancBstrous Bensons However during 
the ceatrous season tins same treatment has caused a 
greater ccstrous response A similar seasonal relation 
ship appears to ovist aftor treatment with 80 pgm. 
ccstradiol benzoato 

Crystallization patterns in cervical mucus were 
found m praotically all ewee treated Even after tho 
lowcet lovels of oestrogen (that is 10 and 20 pgra 
ccstradiol benzoato) tho response of cervical mucus 
has been similar throughout the experiment In 
contrast cervical mucus collected and examined during 
tho control periods has shown in most cases little 
or no characteristic crystallization patterns. Thus 
although in some of tho target organs associated with 
ccstrous behaviour the sensitivity to progesterone and 
oestrogon may be reduced during an oestrus, tho 
response of cervical mucus appears unaffected by 
seasonal changes 
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Uramia and its Treatment by 
Arginase Inhibitor 

Uraemia is retention of urea in tho body, and is duo 
to renal insuffiotenoy It has been proved beyond 
doubt that tho kidney is the only organ tlirough which 
urea can bo eliminated from tho body* Therefore 
renal insufficiency of an organio or a functional typo 
will reverse the clearance of urea from the bod} with 
consequent retention The methods involving infos 
tinal and pontonoal dialysis artificial kidnoj and 
possibilities of a successful kidney homotransplant for 
the treatment of urtmrua are mainly baaed on tho 
principle of eliminating urea from tho body Tho 
problem becomes verj much simplified if technique 
can be ovolvod checking the synthesis of urea vvhioh 
obviousl} could cause least damage to the patient 

In order to explore this possibility, experiments 
were performed involving the application of l>lynno 
monohydrochlondc tho most powerful arginaeo 
inhibitor on dogs in an artificially orented state of 
asthenia uraemia It may bo noted that arginaKO 
activity is essential in the synthesis of urea according 
to the classical work of Krebs* The results so far 
noted are so consistent!} encouraging that an im 
mediate announcement has been thought dosirablo in 
tho interests of tho medical praotitioncr in genoral and 
urologists in particular 

In spito of tho fact that a numbor of orginoso in 
hibitors 5 * such ns quinones, buffers, dilToront ammo 
acids and some protoin denaturontn arc known, 
L-lysmo monohj droclilonde was chosen in order to 
eliminate the different faotors exerting harmful 
influence on the patients 

Control dogs (average weight of 10 kgm ) were 
induced to a stato of asthenia uraemia bj bilateral 
nephrectomy under a gonoral on truth otic Tho lovel 
of blood urea (N) was recorded before and overy 
24 hr after tho operation Tho urea (N) pcrcentngo 
was found to increase at an average rate of 16-16 
mgm overy 24 hr Tho animals died 80-84 hr after 
operation at urea (N) levol of 07-70 mgm duo to 
urro ml a During the period following operation tho 
animals wore kept on a protoin froo diet and roconod 
60 gm, of glucose in 25 per cent solution intrav cnously 
dail} in order to meet tho basic calono requirements 
and prevention of endogenous protein breakdown 

In another set of animals operations wore performed 
In this sot, howover a dose of 1 gm or L-Iysino 
monohydroohlondo in 10 per cent solution was 
injected intravenously daily after the operation It 
was noted that tho urea (N) percentage in tho blood 
was found to increase on!} at tho rate of 3-4 mgm. 
every 24 hr in strong contrast to tho control \>horo it 
was 15-10 mgm during the same period Tho 
animals survived for 274-278 hr after tho operation 
at a urea (N) level of 08-70 mgro per oont nt tlio 
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of death, whereas in no caso in tho control preparations 
the animals survived more than 84 hr 

In order to find out whether tho surviv al period can 
be prolonged with an increased doso of L-lysino 
monohydrochlorido m another sot of experiments 
1 o gm of L-lysmo monohydrochlorido in 10 per cent 
solution was injected intravenously dmlv Tho result 
w’as found to be similar to tho prc\ ions ono This 
mdicates that actiMty-lovel of L-lysino monohydro- 
chloride m mlnbiting synthesis of urea reaches its 
optunum with a dose of only 1 gm per every 24 hr 

It is worth pointing out that in normal animals, 
where bilateral nophrcctomy was not performed, 
injections of L-lysinc monohvdrochloride no doubt 
caused a fall in tho urea-lovol of tho blood, but m all 
cases at least a level of 18 mgm per cent of urea (X) 
was maintamed in tho blood indicating thereby that a 
minimum level of urea in tho blood is always kept by 
normal animals, if necessary through extra -hepatic 
urea formation 5 Tho latter process can also explain 
the steady and slight rise in urea level m bilaternlh 
neplirectomwed animals treated with i.-lvsmo mono- 
hydrochlorido 

It is obvious that if urea synthesis can be minuni/cd 
in a state of asthenic unemin, the results of treatment 
with L-lysine monohydrochloride are expected to be 
very satisfactory when tho kidney’s are functioning at 
least partially 

I acknowledge with thanks the help received from 
the authorities of tho Bengal Veterinary College, 
Calcutta, and specially Prof P C Sen Gupta for 
allowing me to work m their laboratory 1 am also 
greatful to Emsons Pharmaceuticals Ltd for the 
supply’ of r,-lysine monohydrochlorido 
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Enhanced Synaptic Function 
due to Excess Use 

The aim of tho present investigation has been to 
give, m cats, excess use to tho synapses of somo 
monosynaptic pathways through the spinal cord, 
keepmg other monosynaptic pathway's as controls 
In an initial aseptic operation tho nerves to somo 
muscles of a synergic extensor group in ono lnnd limb 
have beon severed and capped to prevent regeneration 
Since the remaining muscles of such a synorgic group 
have to substitute for tho whole group m supporting 
the weight of the animal, it can bo ex-pcctcd that thorc 
will be an excess of stress on thorn, consequently' 
there will be on increased discliargo from thoir stretch 
receptors along the group la afferent fibres, so giving 
an increased activation of tho excitatory synapses on 
their motoneurones 

The nerves to the medial gastrocnemius, plantans, 
tibialis posterior and flexor hallucis longus wore 
severed and capped, leaving mtact only' tho norvos to 
the lateral gastrocnemius, and flexor digitorum longus 
from the tw'O groups of synergic extensor muscles A 
dummy’ operation identical m all respects except for 
cuttmg and capping the nerves was performed on the 
other leg The reflex pathw ays used as controls w ero 
from the biceps semitendmosus nerve and tho deep 
peroneal nerve in both hind-limbs They are particu- 


August 8, 1959 


larly suitnblo for controls because they gi\o largo 
monosynaptic rcfloxos, and, since tlioy sulisme 
flexor muscles, they should bo little affected by the 
extensor asymmetry induced in tho lmid-Iimbs by' the 
opera! ion 

After recovery' for a few days tho animals were 
oxereisod in n trendmil) for 40 min daily’ over 3-4 
weeks, and appeared to spnrc the affected side very 
Rhghtly, although compensating to some dogreo hy 
everting that foot nt tho tune of stepping off At the 
finnl acute experiment under ncinbutnl nnirstlie-un, all 
test nnd control nerves in both hind-limbs were pro 
pared nnd jilnced on stimulating electrodes The 
central cut ends of ventrnl roots»ST,7/7 nnd 7>0 on both 
sides were used for monophonic recording Both leg? 
nnd the back wore mndo into pools or paraffin mam 
tnined nt n constant temperature of 3(4-37° C The 
stimulus strengths of the testing volleys nt a frequency 
of 0 5 per sec were nlwny s at least tw ice maximal for 
activation of tho group I a afferent fibres, nnd the 
stnndard repetitive (tetanic) stimulation employed for 
post-tetanic conditioning m all exqicnments was 
400 per sec for 1.7 see Coi responding reflexes vero 
in\cstigntod m quick sucre«Mon on the two sides m 
order to elnmnnto temporal inequalities of temperature 
or depth of an.esthesia 


i 1 1 1 1 1 t * ctf-i \r* rrnt.ioioi 
— « (CCNTP0U 


ill i i I * ■ imi. 
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J Jr 1 All relieve* In thU llnure \u n InKen from one (vplrvl cxpcd 

ment In whirl) tin inowwjnnptlt rclli vr*forrarhnervv wrrv uoi'Hw 3 
rlmnltnnroielv from two venlrnl roots Jtellex lirlplits 1 , ^ 

jXHt tetnnlc potent Int Ion T, uflcr poll tetanic polintintlonnresliow 11 
for cnrli nerve tested In lwtli limbs 


On tlio left sido of Fig 1 tho reflexes evoked bv tho 
biceps semitendmosus nnd tlio deep peroneal voiles 3 
boforo nnd after post-tetanic potentiation indicnto « 
symmetry of monosynaptic reflexes into both LI n nc 
8\ ventral roots In contrast on the right side of Fig 1 
there is nsymmotry for all monosy’nnptic reflexes 
evoked by’ lateral gastrocnemius nnd flexor digito rl * ro 
longus volloys, invariably’ tho rofloxcs were larger for 
tlio side on w Inch thoso muscles w ero presumod to hove 
been subjected to a prolonged excess st ress on account 
of the donervation of their synergists In each ot 
14 cats, up to four senes of refloxes boforo nnd after 
post-totamc potentiation wore recorded with interval 8 
of 1-2 hr botw eon soncs Thoro wore slight increases, 
not statistically significant, for biceps semitendmosus 
nnd deep poronoal reflexes on tho cut side, b ut 
marked increases, which averaged more than 60 per 
cent, m tho refloxes from tho lateral gnstrocnormus and 
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flexor digitorum longus nerve* when compared to 
the corresponding reflexes from the control side These 
increases are statistically significant P < 0 001 except 
lateral gastrocnemius into S1YK for which P < 0 05 
There woro no changes of statistical significance in 
the conduction velocity of the afferent fibres or the 
absolute refractory periods for any nerv o on the two 
Bides; nor were there an y significant differences bo tween 
the fibro counts or distribution of fibre diameters for 
the lateral gastrocnemius and flexor digitorum longus 
nerves on the two sides Muscle wet weights did not 
allow any significant differences between the two 
sides except a wasting of approximately 40 per cent 
in the donervntod muscles 

In the absence of demonstrable changes in the 
afferent fibre* wo assume that the site of changes in 
excitability loading to the increased lateral gastro 
cnemiufl and flexor digitorum longus monosynaptic 
rofh xes was either at the presynaptio terminals of the 
group In fibres or tlio post synaptio motoneurons 
membrane that is, at the excitatory synopses Possible 
mechanisms by which the presumed excess wso could 
rentier synaptic action more efficient Include mcreasod 
size of presynaptio terminals or alterations m the 
numbers and/or disposition of the synaptic vesicles at 
tho presynaptio terminals With synaptio potency 
thus increased more motoneurones m the pool would 
bo actii ated by each testing volloy tho monosynaptio 
reflex boing correspondingly greater than on the 
control sido Past evidence that prolonged disuse 
od\ orsolj affects synaptic function 1 * together with 
tins now ewdenco that excess use lends to an onduring 
increase of synaptic officacy provide strong support 
for the postulate that learning and conditioning are 
due to the enhancement or synaptic efficacy by oxccs* 
use 

Rosamond M Ecclks 

R A Westeruan 
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Australian National Univ ormty 
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Effect of Sulphanllamide on Citric Acid 
Production by Aspergillus nlger 

It lias been shown that the mechanism of resistance 
to Bulphnnfiamido toxicity in E coh involves tho en 
Ponced formation of coonzvme A which is required 
for tho acotj lation of tho drug 1 A sunilor increase 
in tho coonzymo A lev els of tho cells ha* boon observ ed 
in S ctrti istae subjected to sulphanflnmido toxicity* 
An interesting observation mado in tho experiments 
with S ceremstac was that concomitant with the 
increase in the coonzymo A levels of the cells, thoro 
wnA an enhancement in tho lovols of crgoaterol as well* 
In view of tho known rolo of coonzymo A m sterol 
biosynthesis it was considered of interest to invest l 
gato tho effeot of sulphonilamido toxicity on othor 
biosynthetic proce«scs involving tho action of co 
enzyme A Accordingly the effect of tho drug on 
citric acid production by a citric acid accumulating 
strain of Aspergillus mger was investigated The 
results presented horo show that the production of 
citric acid by tho mould is markedly inhibited by 
sulphnnilamide 


The basal medium used in theee studies was 
glucoso 140 gm ammonium nitrate, 2 6 gm pot ns 
sium chhy drogen phosphate, 2 5 gm crystalline 
magnesium eulpliate, 0 25 gm cr>ratall uio manganese 
Buiphnte 100 mgm crystalline zino sulphate, 
1 25 mgm distUlod water to 1,000 ml The pH of the 
medium was adjusted to 2 0-2 5 m all cases Aii 
experiments were earned out in 250 ml Erlenmey or 
flasks containing 25 ml culture medium 

Tho offect of sulphanilaraido on accumulation of 
cltno acid by growing cultures of A ntger as well as by 
resting mycelial pods was investigated In tho 
former case sulphanllamide wo* introduced into tho 
culture medium of growing colls of the organism and 
the incubation continued for a further specified 
period The contonts of each flask wore analysod for 
drj weight of mycolia, total acids produced citric 
acid formed and tho amount of sugar consumed Total 
aoids wore determined by titration of an aliquot of 
culture medium against 0 1 A sodium hydroxitlo A 
colonmetno mothod* was employed for citric acid 
determination whflo reducing sugar determinations 
were earned out by a method involving tho use of 
Somogyis high alkali copper sulphate reagent 4 The 
result* are given m Table 1 

Table 1 El f ter or Sputum hude ox Onowrjto CcuvitiA or 
Aijxrjiliui affiT 


Period of fiulpha Tolal niuctur Citric acid JVrwnt 

1 n cabal Ion nllamfdfi Dry arldi rocaumrd formed molar 
•llrr added welRhf nfjiroduml M)(tnftm.g/1) (urn/ yield 
addition (nutxn mjrell* (ml o t 1(A) bi*ql 100 mom (III l * 
(da>«) prr (msm.) 0-1 \) drr dry 1001 

RmX) mjrHratn) mjrHIotn) 


3 
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54-0 
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i-oo 

11 30 


BO 
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92 

1419 

U 4 

1 09 


75 

m 

80 

1409 

3° 5 

109 

e 

0 
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01-0 

1279 

2*4-0 

17-0-- 


BO 

112 

20-6 

icon 

6° 1 

2(W 


5 

104 

11 3 

1522 

.16 1 

201 


100 

100 


1B00 

10 9 

0 91 


The nrpanbm wm IntUaHy prawn for 4S hr 1 b 15 ml medium at • con 
centralkra ccja Indent to 25 mb »Injrlc itrmpth rardlum. in ml of itrriV 
dhrtlllrd water w*j thru added to each of the control (U*kj «od 10 mi 
lulphanUamkle aoluUon lu appropriate rtmeeatratWm to the n~mahdo< 
fiaaka ondrr a«»r»tlc condition* Irwmbation was contlmr-d for 3 or II day* 
after width Ur- fliukj arte •frrDte'd and (he content analysed AD value* 
represent avrraftca of dnpOcmte dot mu Inat torn 

In experiments with resting rmcolia of Aspergillus 
ntger tho replacement tcchniquo of Cliugtal and 
Walker* was adopted The organism was initially 
grown for 4 davs to form strong and integrated pads or 
myoelin Tho culture medium was then withdrawn 
and replaced aseptically by an equal volume of atorilo 
basal medium dovoid of glucose After incubation 
overnight tho medium we is again withdrawn and re 
placed with stonlo 10 per cent glucose solution (w/v) 
containing added sulpluvmlamido where required Tho 
incubat ion was continucxl for a further period of 3 or 0 
day* and then the contents of each flask analysed ns 
before Tho results ore giv on in Table 2 


TaWt 2. Kmcr or SrunuxiLAjanE os Crrzic Aai> rouunos *T 
nranso Mtckua nr nipr 
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(racttL/100 
mum drv 
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molar 
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ion 
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60 
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no 


Mvcrlhl pad* of the orpvnWm were Ineulwted a»eptlrally under rc«t biff 
condiUom In 25-raL loti of 10 iicr rent placcne aolalkm. wttb addhkm of 
•alphunUamkh* a* .grilled TV- content 4 ol cwr h da k yv 
after n day* locubalkm In tbr rrpUrrmr-nt medium Alt \wIoe« rei*" - ***™ 
avrrapm of duplicate detmidnaUoo* 
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It is seen from the results given in Tables 1 and 2 
that sulphanilamido produces a profound inhibitory 
effect on the production of citric acid by A nxgcr 
under grow mg, as well as resting, conditions That tins 
inhibition is not caused by an impairment in carbo- 
hydrate utilization is obvious from the fact that thoro 
is no decreaso in the relative amounts of glucoso 
consumed In another sot of experiments it has been 
found that the addition of p-aminobonzoic acid 
to the medium reverses tho effect of the drug on the 
final weight of tho mycelia under grow mg conditions 
but does not have any effect on citric acid formation 
Indeed, it can bo expected that tho vitamin will have 
the same effect on tho acetylating system as sulphan- 
llamide and hence it is not surprising that it does not 
antagonize tho effect of tho drug on citric acid for- 
mation Again, the inclusion m tho medium of a 
mixture containing ndemno, guanine and uracil and 
tho anuno-acids methionine and sermo, compounds 
the biosynthesis of which involves tho action of 
p-ammobonzoic acid, reverses tho inhibition of growth 
but not tho inhibitory effect on citric acid production 
It would seom that tho inhibitory effect of sul- 
phamlamide on formation of citric acid in A xvger is tho 
result of tho stress produced by tho drug on the acot y- 
lose Bystom Tho present results, therefore, emphasize 
tho importance of acetate m citric acid synthesis by 
tho mould 

K V RaJAGOPALAN 
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A Chemical Effect of Ethylene during the 
Storage of Peas 

In recent work* the author and otliors found that 
the crude lipid extracted from raw peas held in tho 
pods in frozen storage (- 17 8°C ) for periods of time, 
consistently developed much larger peroxide values 
than that extracted from raw peas of the same variety, 
harvested from the same plots at the same time, which 
wore vined previous to placing in storage 

It occurred to me that this difference might bo 
caused by ethylene in the atmosphoro inside tho pods 

Tho present experiment was designed to test this 
hypothesis The peas used m this work were harvested 
from tho same plot at the same time, and wore of tho 
Perfected Freezer variety Raw poos wore carefully 
shelled by hand to avoid injury and were packed m 
glass bottles filled with gloss load-m and oxit tubes so 
that tho bottles could be flushed with an atmosphoro 
of known composition These tubes were so con- 
structed so that they could easily bo sealed with a 
flame as soon as the flushing with tho controlled 
atmosphere was completed The following atmos- 
pheres wore used for this purpose 

Gas I, 5 per cent carbun dioxide, 3 per cont oxygen, 02 per cent 
nitrogen 

Gaa II 6 per cent carbon dioxide, 3 per cent oxygen, 01 98 per cent 
nitrogen, 0 02 per cent ethyleno 

Controls were run with raw peas held in tho pods A 
7-month storage period at — 17 8°C was employed for 
the results presented here 


Tho crude lipid was oxlrnctcd and tho poroxido 
numbors wore determined as previously reported 1 .* 
{Tablo 1) 

Tnlito 3 rrnoxmr Vjitvrs* or Emucrro Crude Lirrn 

Storngo condition* Goa I Go* II Held In podi 

Peroxide value 5 0 10 1 20 4 

• Millimoles of peroxide oxigen per hgm ofllpld, mango of deter 
mlnatlons In triplicate 


It scorns, therefore, that ollij lone haa nn action on 
tho lipid matter of peas stored in tho presenco of tha 
gas. Tho peas stored m tho atmosphoro containing 
ethyleno yielded cnido lipid which gave a high per- 
oxide vnluo. It is interesting to nolo that thoporoxide 
valuo of tho lipid extracted from tho peas hold in the 
controlled ntmosphero containing ethyleno wns nlmost 
identical with that obtained from tho lipid extracted 
from tho peas stored m tho pods 

Smco it wns found in previous work' that storage 
in the pods rot arils tho deterioration in flavour, ltmnv 
bo suspected that cthy leno and possibly other gases 
have a pnrt in bringing about tins result 

It is possible, therefore, Hint tho lipid fraction, 
small as it is, may he involved m tho biochemistry of 
the normal ripening of fruits nn d certain vegetables 
Tho results of tins work will ho published m dotail 
elsewhere 

I acknowledge with thanks the technical assistance 
of Mias Kathleen Thomas 

Frank A Lee 

Now York Stato Agricultural Experimental 
Station, 

Cornell University, 

Genova, Now York 


1 tec. F A , Wnnenknecht, A 0 , and Grnlmrn, K , Food firr 21,054 
(1050) 

1 Lee F A , Food lift , 19, 510 (1054) 

1 Ecw, F A , nntl Wngcnknccht, A C , Food 16, COO (1051) 


Isolation of Fatty Alcohols with 
Plant-Growth Promoting Activity from 
Maryland Mammoth Tobacco 


It has beon reported previously that 3 -imloleacetio 
acid could not ho detected m leaves or apical tissues of 
Maryland Mammoth tobacco* Consequently , further 
attempts linvo have been made to dofino more clearly 
tho chemical factors responsible for tho growth and 
development of this vnrioty 

Leaves and apical tiasues of two-month-old Mary 
land Mammoth tobacco plants were harvested, 
frozen rapidly m solid carbon dioxide, and ground w 
nbsoluto otlinnol Tho subsequent extraction P r ° 
coduro was ns described previously 1 Tho a* 10 
extracts wore chromatographed on a Gryksbo chro- 
matographic filter papor column (typo LK.D- 3301/ 
with a steady flow of solvent consisting of wopropano 
ammonium hydroxido water (80 5 15 v/v/v) Sueces 
sivo 100-ml fractions of porcolato wore removed at tho 
bottom of tho column until a total of three litres ha 
been collected, and each fraction wns stored fl 
-20° C 

A light-coloured, oily precipitate separated > n 
fractions 26-28 after a fow days This material wns 
collected by centrifugation and dried ovor calcin 11 
chloride The dry, tan solid then wns subjected to 0 
process of fractional crystallization from absolute 
ether which afforded finally several mgm of a waxy 
solid exhibiting growth -promoting activity in tho bio 
assay mentioned below 
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nr Z. rtnal tac*n Icocthj for ten Arrrra Ant-lntrenodo Mctkmf 
potted S hr In bnfler (with *ocro*e) ronfalnlnff C,, -f C« 
itturttrd alroboU *rxt C„ + C„ urwtt tutted tkohob td tided 
tret* represent rtitUkaHy *ijwflr*nt. dlfTrreceoi (P — 0-01) 


Tho whlto crystals were solublo in other, ethanol 
and benzono but were insoluble in water Tho eob'd 
molted nt 70-72° C on a Vanderkamp block, and 
resolidified only very slowly Nitrogen, sulphur, 
halogens, and phosphorus were not present in its 


elementary composition E\en m concentrated 
hexane solution, no ultra violet absorption was 
observed, indicating the absence of unsaturation 
Infra red spectra measured on a Perkin Elmer model 
12 a 1 spectrophotometer equipped to handle micro 
samples, were found to be almost identical with thoso 
of long chain normal primary alcohols such as 
1-docosanol 

Nilsson, Byhago, and von Sydow 5 ha\o isolated s 
neutral, crystal! me substance melting at 70-74° from 
air -dried pollen of Ptnua montnna Mass epoctro 
metrics investigation, using a special high temperature 
instrument revealed that their isolate was a mixture 
of 1 tetracosanol, 1 bexacosanol, and 1-octacosnnol 
Although our own mass spectromotno evidenco is 
inconclusive it is quite likely that wo, too, have 
isolated such a mixture 

Tho plant-growth regulating activity of the tobacco 
isolate as well os that of sixty Tong oham fatty alcohols 
and related oompounds was measured by means of tho 
Avtna flrst-intomode bio-assay 5 Results of typical 
experiments are shown in Figs 1 and 2, in which 
shaded areas represent elongation which is statis 
tically significant at the 1 per cent levol Those vs lues 
were reproduced on at least two subsequent occasions 
m each case Tho do tails and results of further 
investigation will be discussed elsewhere in a future 
publication However, m general only Cj» to Cm 
alcohols and thoir acidic osters wore found to exhibit 
growth regulating aotivity in this sense 

The absence of 3 indoleacotic acid in tissues of 
Maryland Mammoth tobacco, coupled with tho 
demonstration of growth regulating ncthity in a 
moleculo very different from tho indolo type suggests 
that the present o\ er-simplifiod conoepts of tho 
hormonal regulation of plant growth are in need of 
re -evaluation 

A J Vutos* 

Boyce Thompson Institute for Plant Research, Inc , 
Yonkers, Now York 

D G CRoanii 

Union Carbide Chemicals Company, 

Research Department, 

South Charleston, W Ya 
Juno 8 
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Trinidad 

1 Vltto* A J lleodt, W AndBcImlcr XL Adwrr 177,8 OOpO^fl) 

1 NUmoo, M., E. And too 8rdow IL, Ada Chan Saemi^ 11 

Wl (1«7) 

• KtUdi J 1“., And NlUch, 0 Jta* riyriei 11 SI (ltt-fl) 


Essential Pentosuria 
Renal or Enzymic Disorder 

Essential pentosuria is a rare, recessive genetic 
metabolic disorder characterized by tho excretion of 
gram quantities of l- xylulose It was includod among 
Garroa’s “inborn errors of metabolism*’ 1 and has 
usually been considered to bo tho result of an enzymo 
doQciency Gnrrod’s original concept of a horoditory 
motaboho anomaly lias been broadened by some to 
include renal defects, and in regard to essential 
pentosuna, Knox* has reoenth stated “the paramount 
question of a renal or an onzymio roochanisrn is still 
to bo decided * 

Our experiments were based on the use of d glu 
cruronolactono to stimulate xjluloso production in 
human subjects EnkJowitz and Lasker 5 find in 1935 
discovered this phenomenon in pentosunca bv 
measuring tho excretion of the pentose in unne nxul 
Touster and his co workon** more recent!} shmv r<l tlmt 
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a small but definite effect is demonstrable m animals 
and in normal humans as well Moreover, experiments 
using isotopes showed that n-glucuronolactonc is a 
direct precursor of urinary l xyluloso in tho pento- 
sunc 5 , and that the metabolism of glucuronolactone 
m the pentosuric is blocked at L-xydulosc 0 

If a renal defect exists in pentosuria tho admnnstia- 
tion of D-ghicuronoIactone should not cause a greater 
mcreaso in blood xylulose levels of pentosuries than of 
normal individuals beenuso the pentose would be so 
readilv cxcroted bv the pentosuric If pentosuria is 
due to a metabolic (cnrymic) defect on tho other 
hand, glucuronolaclono should result m higher blood 
xylulose concent i at ions in pentosuric individuals 
than in normal persons FIvnn 7 , using paper chroma- 
tography, foimd that glucuronolactone administration 
augments the trace of xylulose normallv found in 
pentosuric plasma, but comparable experiments on 
normal indiv ldunls weic not done 

Five gm of n glucuronolactone. dissolved in about 
200 ml of water, were taken orally in ono dose by our 
subjects This quantitv is known to vield 1-2 gm of 
additional urinary xylulose in pentosuric subjects 3 4 
At tho tunes indicated m Table i, blood samples were 

Table 1 rnrcT or 5 om or Oiul Caron o\oi icrnvr os nil I’casmv 
Avi.ri.osr Liviix or Noma am> IS vnoscric sewrers 

rivinv xvlulo-j* (mem /IO0 ml 1 


Subject 

1 noting 

1 hr 

2 hr 

Normal (MKP) 

<0 J 

<0.1 

701 

Normal (U 0 11 ) 

<0 3 

<0 1 

<0 1 

Pentcnurlc (1 11 ) 

<01* 

0 

K 

Pentosuric (I 11 ) 

nm 

i 

11 

In two other tamptes of faatlnc jicntowlc iitosma, (he xvlulo»c gut 


was less than 0 3 mpnc/lOO ml 

obtained by vempuncturo from each subject Tho 
hepanruzed blood was centrifuged to obtain the plas- 
ma, which was dcprotemized with 20 per cent tri- 
chloroacetic acid (5 per cent final concentration) Tho 
filtrate was extracted several times with dicthy 1 other 
to remove the trichloroacetic acid and was then freed 
of ionic compounds by means of a mixed bed rosin of 
‘Amberlito JI?-120(H + )’-‘Amberlito JJ?-400 {acetate)’ 
(3 gm of mixed resin per 5 ml of original plasma) Tho 
deionized solution was concentrated to drvncss in 
vacuo at 45-55°, and tho residue was dissolved m a 
small amount of absolute ethanol After clarification 
by centrifugation, tho solution was analysed by paper 
chromatography in 88 per cent phenol Synthetic 
xyluloso and pentosuric urino were used as standards 
The values given m Tablo 1 nro based on v isual com- 
parison of the plasma xyluloso chromatographic 
spots with the standards, after spraying tho paper 
strips with either naphthorcsorcinol 8 or phloro- 
glucinol 0 reagents Tho use of several other sugars ns 
standards showed clearly that tho plasma pentoso 
was xylulose Tho lower limit of detection of tho 
ketopentose was about 0 3 mgm per 100 ml of 
plasma 

All subjects w r ere adult males m apparent good 
health One (I B ) exhibits typical findings of essential 
pentosuria The two controls do not excrete readily 
detectable quantities of xylulose 

Table 1 clearly show's that the pentosuric plasma 
increases markedly m xyluloso concentration after tho 
administration of glucuronolactone, a result in full 
accordance with the concept of a metabolic defect 
The magnitude of the increase is of the order expected 
from the known effect of glucuronolactone on urinary 
xylulose-levels m persons with the anomaly Tho 
unavailability of our subject for further experiments 
made it impossible to establish tho time of attainment 


of mnxnnum blood xyluloso concentration or to in 
vestigatc the vurmtion m tho fasting xylulose level m 
the pentosuric The plnstna xvlulose of the controls 
lemninod below the level of detrition, undoubtedly n 
result of a considerable capacity to utilize xyluloso os 
soon as it is founed fi om the ndrnnuslerod glucurono 
lactone 

The missing or deficient cn/ytne in es-jonlial 
pentosuria is presumablv t ripliosphopv ridino micleo 
tide xv lit ol (l -xvlulose) debv drogenn«e, a very sjiccific 
ou/vine which lias been found in the liver of several 
species 10 -* 3 This en/vme tatnlvscs the reduction of 
i -xv lulose to \y litol m the glia tironate-xv hilour, or C* 
oxidation, pathway of enrhohvdrnte metabolism 1 * 14 
'Die lelotionslnp of this pathwav to tin* metabolism 
of xvlulose in noininl and prntomiru hunmris lias boon 
discussed in two recent reviews-* 16 . There is no 
evidence to mipport the suggestion that T, xvlulose 
excretion bv pentosuric indiv iduals may bo duo to tho 
presence of an abnormal en/v me which stimulates tho 
production of the pentose 7 * 10 Tho determination of 
the exact nature of the cn/y malic abnormality in 
essential pentosuria will prolmblv depend ultunateh 
on a comparison of the concent nit ion of the L-xylulo^*- 
xyhtol cun mo in normal and pentosuria liver 

The glucuronolactone loading test desenbed m this 
report not only appears to rule out tho renal hv jiotliesis 
for tho pentosuric defect, but it mnv bo of vnluo in 
detecting hetcrozygotcs carrying the pentosuric gene 
Tins possibility is now being explored 

This work was support ed by a research grant from 
the National .Science Foundation 

R C Bo/ian* 

OsCAU TOUSTEltf 

Vanderbilt University’ School of Medicine, 

Nnsliv die, Tennessee 

• '-upjiorti'il )>\ n Graduate 1 ralnlnR Grant from the IT 8 futile llfil’h 
Serv In 

t InvcMleilor of 1 he Howard HutthM Medical !n.«tltuto 
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RADIOBIOLOGY 
Free Radicals in X-Rayed Seeds of 
High and Low Water Content, as 

Measured by Electron Spin Resonance 

Recently Caldecott 1 * 3 and Ehronberg 3 * 4 b nv0 
shown that contrary to enrber ideas dry stored seeds 
of barloy oro moio sonsUivo to ionizing radiation 
tlmn aro normal stored seeds Thoso results have been 
confirmed by* ono of us 5 in seeds of Vicia Jaba 

In order to find some possiblo explanation for tins 
remarkablo effect wo liavo studied tlio frec-rodioal 
content of X-raycd Ftcia Jaba seeds by r means of 
electron spin resonance absorption Tho material 
used was an inbred lino of Ftcia Jaba var minor, 
Throws M S Winter Beans from Hosier and Co, 
Ltd, Dunmow , Essex Measurements woro carried 
out separately with embryos excluding tlie cotyledons 
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(that is, radicles and plumules), with piecos of cotylo 
dons and with pieces of the testa using normally 
stored material (62 per cent relativo air humidity) 
and dry stored roatenal (2 5 per cent relativo air 
humidity, storage 4 days over calcium ohlondo at 
20° C ) The water oontent of the material under those 
conditions of air humidity was measured and is 
shown in Table 1 


TaWa l V> A Tim CovrBXT or DirrcRnvr Lar-w or 1 icti Sr cm Arura 
Storage Usdck Vorxal or Usher Day Coxuraoxu 


Jte)*tlTe bapiklUy of air (per cent) 

62 

2-3 

FlnwuW nul RatUckv (per cent) 

0-6 

4 8 

CatrtMom (per cent) 

T«iu (j«rr cent) 

12 2 

1*0 

4 3 


Doses of 10,000 r X rnva were given at 250 kV , 
16 m amp , using 0 6 mm copper + 1 mm aluminium 
filter intensity 600 r /mm The dry material was 
irradiated m micro desiccators Within a few minutes 
after irradiation samples were transferred to quart* 
tubes and cooled down in liquid oxygon (00° K ) Tho 
electron spin resonance spectrometer used for the 
radical deteotion operates at 10 kMc /s the cavity 
being cooled by liquid oxygon (ref 0 pp 52-53) Tho 
material was introduced into tho cavity m weighed 
amounts so that the whole volume was always within 
} cm of tho centre of the cavity Tho free radical 
concentration was determined by a comparison of tho 
integrated absorption obtained from tbe sample and 
that obtained from a standard carbon samplo of known 
radical content It is estimated that tho absolute 
accuracy of such measurements is about 60 per oent 
We found no free radicals m normally stored un 
irradiated matorml or in normally stored irradiated 
embryos and cotyledons (sensitivity about l0 Ia 
radicals per gm dry weight) However free radicals 
are present m normally stored test os after irradiation 
(about 8 X ia 18 radicals per gm dry weight) We 
found no free radioals m dry stored un irradiated 
embryos and ootyledons, but obtained a distinct 
signal from dry stored un irradiated test as, indicating 
about 8 X 10 18 free radicals per gra dry weight These 
were not as might bo suspoctod, induced by tho 
f rooting process (ref C,p 241), as m dry testas an equal 
signal appears at room temperature In dry stored 
irradiated material clear evidence of free radicals was 
found in all parts of the seed The concentration m 
tho testa lmd risen to nbout 2 x 10»« concentrations 
of nbout 7 X 10' 8 radicals per gm dry weight being 
caloulatod for embryo® nnd cotyledons 

Thoso results indicnlo that there is some correlation 
between tho X raj sensitivity as measured by 
biologioal damage, and tho production or survival of 
radiation induced free radicals in seods In dry 
seeds higher concentrations of free radicals are built 
up during irradiation and tho biological damage is 
greater It mnj well bo that these froo radicals play 
an important part in tho sequence of ovents from tho 
pninorv ofToets of tho radiation to tho ultimate 
observed biological damage This suggestion ia 
supported by tho recent results of Ehrenberg et al T • 
from ontiro soods of Agrostxs stolomfrra Moreover 
certain after-effects in X rayed dry stored seeds*- 11 
may bo attributable to tho action of such radicals 
whoso survival depends upon conditions of storage 
It should bo homo in mind however, that relatively 
high concentrations of freo radicals are induced by 
radiation in what might appear to bo tho less vital 
parts of tho seed namelj the testa and further that 
dry storago itself appears to induce free radicals Dry 
Btorago also produces biological damage m tho seeds* 


How close]} these effects are connected w at present a 
matter for speculation but tho} are clearl} of impor 
tanco in tho interpretation of further experiments 
^ c vv ish to express our sincere thnnks to Dr J R 
Clarkson of tho Koval South Hants and Southampton 
Hospital for taking charge of tho irradiation One of 
us (W K ) is mdobted to tho Department of Scientific 
and Industrial Research and the Deutsche AJ ado 
mischo Austausclidienst for a research studentship in 
Great Britain Another (AF S ) acknowledges with 
thnnks a research fellow-ship under tho Colombo plan 
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BIOLOGY 

Interaction of Plant Growth Regulators 
In Regeneration Processes 

In previous > cars much attention has been paid to 
the influence of growih regulators on regeneration 
processes, especially to the interactions of kinctin and 
auxin m morphogenesis of tissue, cultures 1 In 
exponnionts with Btgoma leaves wo have observed a 
decuuvo effect of auxin and kinctin on regonoration 
In addition it could be shown that gibbcrelhn pro- 
foundly affects tho complox horraono system nppar 
entl} controlling different in t ion in higher plants. 

In the experiments loaf disks (12 mm duim , cut so 
as to include a portion of a sccondarj vom) wore used 
After washing tho leaves in 3 por cent hydrogen 
peroxide the disks wore cut nnd kopt for 00 hr on an 
isotomo salts solution (pH 5 6) w ith or without addition 
of 2,4 dichlorophenoxjocotio acid, kinotm or gib- 
borellin, or combinations of these After this pro 
treatment tho disks were placed la Petri dishes on 
filter paper moistened with tap water 

Under tho oxpcnmontal conditions tho control disks 
developed after 2-3 weeks n root at tho base of tho 
longest vom, and after a furthor 2-3 days a shoot 
appeared at tho same, position Tills pattern of 
regeneration which ao far nan always boon observed in 
three experiments (August 1958-JuIy 1050) was 
shifted by treatment with 2,4 dichlorophenoxyneotic 
acid in favour of root formation That is with 
concentrations of tins acid between 10'* and 
lfr-5 gm /ml , often 3 or 4 roots were produced nnd 
these dov eloped up to 8 davs earlier than in the 
controls At tho lower concentrations (up to 10-* 
gm /ml ) production of tho shoot was delayed for 
only 8 day's relativo to tho controls but at tho higher 
concentrations for nt least 3-4 weeks or indefinitely 

Kinotm (G furfurv lominopunno) had n twofold 
effect It not only suppressed tho formation of roo • 
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Fig 1 FITect of (a) glbbcrelllc odd (10- 1 gm /ml ). (b) klnctln 
(5 >, 10“ * gm./ml ) (e) vrator (control), (d) 2,-t-dIchlorophcooxvacctIc odd 
(10-‘ pm /ml ) on regeneration of leaf disks of flryoma rex six weeks 
after application fhe disks (c) hast! the ventral surface uppermost 

or counteracted their promotion bj 2,4-dichloro- 
phenoxyacctvc acid, but also abolished the polarity of 
shoot formation so that shoots Mere distributed ovor 
the whole area of both sides of the leaf Tins latter 
effect was especially pronounced at a concentration 
of 5 X 10~ 6 gm /ml m the absence of added auxin 
(Fig 1) Kinetin had no effect on the time of appear- 
ance of shoots 

A third type of hormono which could bo expected to 
influence the regeneration process is gibbcrolhc acid 
It is known that it can react synergist ically with 
auxins 2 and it has been shown that it can replaco 
km otin 3 Addition of gibberellic acid in these experi- 
ments led to surprising results In concentrations 
between 10~° and 10~ s gm /ml it inhibited both root 
and shoot formation Tins inhibition could bo relio\ cd 
by addition of 2,4-diclilorophenoxj acotic acid at the 
same concentrations respectively, under theso con- 
ditions the ability of tho disks to form shoot and roots 
was roughly the samo as in tho controls In contrast to 
2,4-dichlorophenoxyacotic acid, kmotin was unable to 
counteract the inhibitory effect of gibberollin 

Wo thank Dr Levons of tho Lilly Research Labor- 
atories, Indianapolis, for providing us with a sample 
of gibberellic acid 

H ScnnA.unoLF 

J Redout 

Department of Botany, 

University of Tubingen 

1 Skoog, F , and Miller, C O , Sympotia Soc Exp Bid (Cambridge) II, 
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Fertilization of Rabbit Ova in vitro 

In reviews of the evidence for mammalian fertili- 
zation in vitro, Austin and Bishop 1 stated that “it 
seems best for the present to regard tho caso os sub 
judice”. Chang 2 concluded that “up till now wo still do 
not have a repeatable procedure to fertilize mammalian 
eggs tn vitro" Since the recognition of ‘capacitation’ of 
spermatozoa m the female tract by Chang 3 and Austin 4 , 
Thibault and hi3 associates 5 -? havo reported cytological 
evidences of fertilization of rabbit ova tn vitro by 
capacitated sperms It was thought that unless living 
young are obtamed by transplanting such fertilized 
ova into recipient rabbits, fertilization tn vitro, as 
determined by cytological evidences, may not bo suf- 
ficiently proved because such ova may bo abnormally 
and/or incompletely fertilized, may die during tho 
process, or may not he fertilized at all This note 
reports a procedure to fertilize rabbit ova tn mtro and 
the probability of normal development in vivo of such 
tn mtro fertilized rabbit ova 
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An ocstrous rabbit was bred three times by fcrtilo 
bucks at about 9 00 pm for tho rocovery of capaci- 
tated sperms, and two other rabbits wero injected 
intravenously with sheep pituitary extract to induce 
ovulation for the recovery of unfertilized ova Next 
day at, about 9 00 n m , before lulling, an animal was 
bled by heart puncture or from the carotid artery m 
order to obtain fresh Berum for tho culture of ova 
About 3-5 ml of freshly prepared Krebs Ringer 
bicarbonate solution containing 0 25 per cent, ofglacose 
was injected into ono uterine horn of the mated rabbit 
and tho fluid withdrawal immediately and placed into 
1 5 ml capacity small Carrel flaslcs Progressive 
motile sperms from tho utenno washings could bo 
seen m most cases Tho Fallopian tubes of tho other 
two rabbits wero flushed with Krehs-Ringcr bicar 
bonato solution and tho o\ a (still m mucous clot) were 
placed into a small Carrel flask that contained ulenno 
sperms These flasks were stopped with rubber and 
attached to a gentle rocking device placed msido on 
incubator at 38° C After about 3-4 lir , tho ova, free 
from tho mucous clot but with corona colls still 
attached, were picked up with a capillary pipette and 
transferred into on 8 ml capacity Carrel flask contain 
mg 4 ml of 50 per cont licnted rabbit serum (at 55° C 
for 20 mm ) m snhno After culture for another 18 hr 
tho ova wero picked out, separated, mounted in Mo 
on a slide 5 and examined under a compound micro 
scope before fixation to dotormino the location of 
sperms After fixntion with ncotic alcohol they wero 
examined for tho polar bodies, pronuclei, and the 
Recond mnturation spindle, and then stained with 
Lncmoid for checking dotails 

The ova thus examined were classified into four 
groups (a) Unfertilized, tho ova that had definite 
second maturation spindles irrespectiv o of the presence 
sperms (5) Uncertain, those ova having no second 
maturation spindles but tho nuclear configuration of 
which vi ns at v nrmnee, some lind ono pronuclous, somo 
had tw o groups of chromozomes, and some had several 
pronuclci They may liavo been parthenogcaetic- 
olly nctiv ated, or fertilized, but died at an carlv stage 
(c) Fertilized hut dead, ov a showing sperms on tho zona 
or m tho perivitelhno space and w ith tho nucleus at the 
anaphase of the second mnturation division, some had 
a definite second polar body and had either cleaved 
into two colls or had two pronucloi, but roost of them 
bad fragmented (d) Fertilized and cleaved normally, 
those cleaved into 4 cells and with either a second 
polar body or sperms in the pormtolline spneo 

Of 200 rabbit ova examined, 100 (02 per cent) wero 
unfortflized, 23 (8 7 per cent) were uncorlnm, 22 (8 3 
per cent) seemed to hnv o been fertilized but died nt im 
early etago, and 55 (21 per cont) cleaved normally 
and wore considered definitely fertilized Of H 103 ® 
51 ova, 30 were transplanted® mto tlio tubes of 
recipient rabbits that had been injected w ilb pituitary 
extract 18 hr previously Tho recipient animals were 
allowed to delivor at term Two recipients did no 
become pregnant, but 4 delivered 15 living healthy 
young Tho probability of normal development of 
such in vitro fertilized ova is then about 42 per cent 

Tho procedure used in tho present study is similar 
to that recommended by Thibault 10 , and tho propor- 
tion of ova fertilized is sumlarly low Tho concen- 
tration of sperms m tho ulenno washings ranged fr? m 
10,000 to 26,000 per ml and the proportion of f flr * 
tilized ova was not correlated with tho concentration 
of sperms Furthermore, alien uterine washings wero 
centrifuged to concentrate sperms, or when a small 
amount of saline w as used to w ash tho utonne horns 
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the 'proportion of ova fertilized was not increased The 
proportion of fertilized ova was also not increased by 
using sperms recovered from the tubes of a mated 
animal (at 10,000 to 15,000 sperms per ml ) In this 
cose only 5 out of 41 ova (12 2 per cent) were fertih red 
Autologous serum seems to be better than hoterologous 
serum for culturing newly fertilized ova when auto 
logons serum was used 50 out of 102 ova (49 per cent) 
wore fertilized and 43 of the 102 (42 per cent) cleaved 
normally but m heterologous serum 18 of 100 ova 
(17 per cent) were fertilized and 11 of the 100 (10 per 
cent) cleaved normally 

Due to the thick layer of corona cells on the zona 
pellucida, it was not possible to observe the pene 
tration of sperm through the zona. Judging from their 
rate of cleavage, as compared with tho30 ova reco\ erod 
from the mated rabbit and cultured similarly, pene 
tration of sperms probably occurred when the ova 
v>< re in saline rather than In serum In some oxpon 
menth the zona pellucida at the time of examination 
was \ ery soft or partially dissolv ed Tins may be due 
to a reaction between the zona and some factors in tho 
uuruie washing as it was shown that the zona of 
unfi rtihzed ova dissolved in a fow hours when trans 
plAnttxl into tho uterus 11 or it may be that certain 
factors in the scrum of a particular animal affect tho 
zona in tins wav At the timo of examination tho 
general appearance of a fertilized ovum is hotter than 
that of an unfertihzod ovum This shows that 
fertilization increases the resistance of the ovum to the 
artificial medium 

Although tho proportion of fertilized ova is rola 
tively low and sometimes no fertilization occurred due 
to in foot ion or other unknown reasons under tho 
present experimental conditions, it can be said that 
nt least wo have a ropoatablo procedure for fertilizing 
mammalian ova in vttro and that such ova are truly 
fertilized and able to develop into normal young 
Furthor studies ore planned to elucidate the median 
isms of mammalian fertilization tn vitro 

Tins work was supported by tho Population Council 
and the Dickinson Research Memorial Planned 
Parenthood Federation of America Thanks are duo 
to Miss Dorothy M Hunt for assistance and to Dr G 
Fincus for constant interest 

M C Ciia^o 


Worcester Foundation for Experimental Biology, 
Shrewsbury, Moss and 
Department of Biology, Boston XJniv orsity , 
Boston, Mass 
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Mineral Uptake and Retention in 
Cotton grass 

(Ertophorum vogtoatum L.)J 

SrvnriAL investigations 1 *^ have indicated tho 1m 
port-anco of mineral nutrients in determining tho 
characteristic flora and vogotatlon structure of tho 
v arious types of bog and fen Thcso and other oxten 


eivo examinations of tho nutrient Iovcls m tho under 
l>mg peat and water have not yet been followod, 
however, by a parallel study of the actual amounts of 
macro elements taken up tliroughout tho year by tho 
principal mire species thomsohes nor has their rato of 
turnover of mineral ions been investigated 
In viow of tho oxtremely low nutrient status of 
raised and blanket bogs, where tho only source of 
salts w apparently via dust and seasgpmy blown 
inland 4 8 , nutrient supply , accumulation and turnover 
relationships may be at their most critical and 
accordingly, wo have chosen for the present study a 
typical bog species, Ertophorum vagi nation L ob tamed 
from a site noar Moel Llyfnant, Mononothalurc 
(altitude 1 400 ft.) Tho noodle like loavos of this 
species grow from tho base and dio back from the tip, 
eventually falling over to bccomo incorporated m tho 
litter layer Duplicate monthly samples wero col 
Iected by hand pulling over a fourteen month period 
1954—5, dead leaves and dead leaf portions wore 
separated from Irving leaf material, each borng dnod 
and ground prior to analysis Although both growth 
and die-back occurred on a small scale simultaneous!; 
tliroughout the yoar m tho Ertophorum comm uni tv 
Fig 1 indicat oe that thoro was nn overall seasonal 
pattern of autumnal dio baok followed bv a spring 
regrowth 

bodium and potassium dotorminntions wore made 
b\ flame photomotry on diluted nsh solutions 
calcium was also measured in this wny by a method 
developed m this laboratory to minimize mterftrcnce 
Mognoaium and phosphorus wore detormmed photo 
motncally usmg titan yellow* and molvbdate/stannous 
cldondo methods, respectively Tho glucoso formed 
after ono hour in boiling N sulphuric noid (R E 
Denaz, Grass Res. Inst Hurlev , prxvato communi 
cation) was determined photometrically usmg an 
nnthrono procedure and n figure for cnrbohvdmto’ 
calculotod Tlio mineral Iovcls are graphed ns milH 
equivalents por 100 gm of carbohy drato free dry' 
leaf matonnl as shown tho 'carbohydrate’ correction 
being an attempt to eliminate errors duo to seasonal 
v nriations in photosyntholic activity, oto Tho results 
of our mineral analyses are m gen o ml agreement with 
those of Thomas and Traider 1 when allowance is 
made for the fact that they nnalvBcd unsortod leaf 
material collected throughout tho growing pen son and 
expressed tho results on a total dry matter basis. 

Samples of peat taken nt rooting lovcl were 
nnaly’sod for total phosphorus and cat lonscxcliangeablo 
with A ammonium acetate and tho results which 
are similar to tboso of Gore and Allen 7 included m the 
approprmto graphs as milhequivnlonts por 100 gm 
dry peat Values for tho ratio of average nutrient in 
liv mg or dead material to tho nutrient value for peat 
are. as follow's: potassium (living material) 52 (dead) 8 
phosphorus (living) 28, (dead) 0, sodium (living) 4 
(dead) 3 magnesium (living) 0 (dead) 3 calcium 
(living) 3 (dead) 4 Thcso ratios, considered together 
with tho graphed remdts mdteate that Enophorum 
concentrates potassium and phosphorus to a marked 
degree and further irrespective of any' of their 
seasonal fluctuations in living leaves, these elemonts 
are translocated away pnor to die back and thus not 
wholly incorporated into tho httor Tho ratios and 
graphed results for magnesium and sodium also 
suggest tho possibility of ft similar concentration and 
retention of thcso olomenta by hving leaf tissue The 
apparent increase in tho calcium content of tho deoil 
material may bo duo to a foil In dry wolglit enu^od by 
breakdown oF protein prior to die hack The re*u?<* or 



tntq/IOOg meq/IOOg mtq/IOOq 


468 


NATURE 


August 8, 1959 


VOL. le4 


I 






Prevention of the Onset of Seed 
Dormancy by Gibberellic Acid 


Osr of (Ik* striking projicrtic* 1 ! of 
gibboiolho nu<1 isitsabditv toeurtnilthn 
n M period of ki-ocIk and otlici dormant 
organs For example, dormnnt t-rah 
oT lettuce 1 , peach-, .'lm/ndopviv 3 and 
bnrlov 1 germtnnto spoittarHOiish when 
placed m solutions of gibberellic acid 
JIovov er, no data are nvniinblo con- 
cerning t hoc fretta of this substance on 
the onset of seed dorinnnev when plants 
beaiing de\ eloping heeds are treated, 
although such effects might he pre 
dieted Results obtained in tins 
laliorator\ brnr out tliLS prediction 
1 or this studv an uibred strain of 
.litiui fatua was chosen Seeds of tins 
ptiain exhibit % cry deep dominnev 
stieh that ni'ither the* remo\nl of tlio 


Urs 1-0 1 Vnmtvl (luctuntlon In Hvine and <lcvl fraction* o{ lent 
materhl tv r 100 qm <lri m-tlttr - 0 Mineral nutrient content of 
IK Inc and dc id leaf mat* rial thronchout I lie mr a* mlUKsiuh alcnt t 
ixr 100 pm Cirl>oli\drit(_ fixe drj mutter J tchanp aid ( tirh ) 
or tolnl {tot ) mitrknt content of peat Included on njijirojirlnie grajil) 

'll mllllequlvnlent-i [K-r 100 am. dn )>eit (criuKnlint vilslit of 
Iiho*pl|onu = 10 JJ) P leul of vlunlllesna of dllt. n nr* Imnsen 
mein mineral eonteut of dead nnd Ihlnp material 

potassium nnd calcium arc in line with thoso obtained enriched 


hull noi an incision into t lie* seed (in 
air) has am beiu final effect in pro 
moling germination hurt her, eicn 

I'-otntod cmbr\os germinate onlv when 
supplied with gibberellic acid, or after 
prolonged leaching, or in an oxvgon 
atmosphere Thus, thi^e seeds possess true 


for Fagtts si/hat tea L bv Olsen 8 wlio, however, 
observed no autumnal mobility of phosphorus or 
magnesium Other experiments to he described 
elsewhere, suggest that the lower mineinl values in the 
dead material were not caused b\ the 'washing out’ 
effects of rainfall, a conclusion also reached for the 
beech 8 

Thus the phenomenon of mineral retention mnv 
possibly be an important factor in extending the 
range of nutrient conditions undoi which/? i agination 
can successfully grow Tussocks or ‘islands’ of tins 
species may bo regarded as nutrient reservoirs particu- 
larly of phosphorus and potassium, an it cm of pracl icnl 
significance ns both leaves and peduncles of tins 
species are extensively gra7cd by ceitain breeds of 
hill sheop, especially during the ‘hungry -gap’ ponod of 
eaily Spring Mineral accumulation mnv also ho a 
contributory factor to tho successful wav in which 
Galluna and other species colom/o moribund I‘J 
vaginatum tussocks In view of tho strong potassium 
retention by living leaf tissue it would be interesting, 
in relation to radioactivo fall-out, to investigate 
whether eicsium behaves in a similar manner 

We are indebted to tho Agricultural Research 
Council for a grant to assist this w ork, to tho Royal 
Society for tho provision of a flame-photomotcr and to 
Mr L Pugh for assistance in the collection of material 

Gordon T Goodman 
Donadd F Perkins 

Botany Department 
University College of Swansea 
Juno 3 
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ombrvo dorinnnev 

For these experiments plants wore grown in a 
greenhouse during Mimh-June, Mbit) When the 
endosperm of the seeds had renchotl tho ‘milk sfaco 
tho stems wore cut below the node c>T the v mingl'd leof 
and tlio cut end placed in an Jirlenmev or llank ton 
taming 200 ml ol an aqueous solution of gibberelho 
ncal (potassium salt) Jn the picluninniv experiment 
three, plants veto placed in each flask containing the 
eoncentrntions 0, 10*t, 10, 10, 100, or 1000 I 1 P 111 
gibberellic acid nnd kept in tho greenhouse WTentho 
solutions lmd betn taken up, the flasks were re 
planished with distilled water The scwls were 
collected nt maturity (8-10 davs after initiation of the 
oxporiment) and attoi n further 2 davs thev were 
tested for germination capacity In this test seeds 
woro plnced m Petri dishes on filter paper moi'-toius 
with n standard volumo of n mixture of antibiotic 
solutions (Cnndidin 200 p p m , Ncoimein 20 p P m j 
which prevented fungal nnd bnct crml growth, and hep 
in dnikness at 20° C and 100 per cent relative m> 
miditv Twenty intact ‘seeds’ (enryopsis surroum cj 
by hull) nnd 20 isolated caryopscs were tested in enc i 
case After 10 dnjs tho percentage germination ° 
caryopscs flom plants treated with 10, 100 and 1J 
ppm wore 75, 100 and 100 pel cent respective v 
.Similarly, intact ‘seeds’ gorminated 30, 25 anil 50 per 
cont respectively Tlio intact ‘scods’ and isolate! 
enryopses from those plants treated with distiller 
water did not germinate oven after 20 days m t 10 
germination test 

This oxporiment was repeated using tho sunio 
technique oxcopt that 0 plants woro placed m ento 
flask containing cither 200 ml distilled water, 10, 10°» 
or 1000 ppm gibboiolhc acid After harvesting, th° 
germination capacity of isolnted caryopscs w ns testeu 
For each experimental group, two roplicatcs hot 
consisting of 50 caryopscs were employed 
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Tho results shown in Fig 1 indicate the rate of 
germination Clearly, treatment of plants with 
gibberelhc acid resulted in the production of non 
dormant seeds Tho effect here is particularly re 
markable when it is remembered that oven isolated 
embryos of seeds from normal, untreated plants are 
strongly dormant 
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fig 1 Ocrmlnif fon of hoteted raryon*cs from rdmnt* treated with 
water 10, 100 or 1000 p.p m. glbborelllc add Point* on the cttrrea 
mpraent the mean of 3 mpheattn each eomprf*tnc 60 embryo* Ute 
itandard deviation for alt point! mu lee* than 2 


The moet plausible and simplest explanation of these 
results is that gibberelhc acid w as transported into tlie 
seeds during development thus rendering them 
capable of spontaneous germination when placod 
subsequently under germination conditions 

In these experiments the gibberelhn content of the 
seeds was augmented artificially We have found that 
seeds of this species contain gibboroUin like sub 
stances, and presumably, if In the development 
of the seeds tlie Iovol of these naturally occurring 
gibbcrclhns wore increased thore would likely be no 
rest period Further it might ho pointed out that 
results of experimental work in progrees in tins 
laboratory indicate that tho beneficial offoct of 
gibberelho acid depends on on antagonism between this 
substance and an endogenous inhibitor It is an 
interesting speculation that differences in tho level 
of naturally occurring gibberolhns and inhibitors 
might ho of general significance in tho onset and 
maintenance of seed dormancy 

A similar effect has been reported by Lipport and 
jus co-workers 0 who produced non dormant potato 
tubers by treating llio tuber bearing plants with 
gibberelho acid solution 

This work was supported b\ an extra muml research 
grant from tho Canadian Department of Agriculture 

M Black 
J M Naylor 

Department of h icld Husbandry' 

University of Saskatcliou an, 

Saskatoon, Canada 
July 14 
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MICROBIOLOGY 

Microbiological Transformation 
of a Cardiac Aglycone 

It has been shown recently by Brown and lus 
co workers 1 that when digitoxm was administered to 
rats or to adult humans some of it underwent hy 
droxylation at Cj* to give digoxm This fact, sug 
goetive of the possibility of such bioeomersions to 
be effected by micro-organisms as well, prompted us 
to investigate microbiological transformation of tlie 
cardiac glycosides and their aglyconca In this com 
mum cation we wish to report that the C« and Ci« 
hydroxy lotions of digitoxigenm 

Incubation of digitoxigenm was conducted with 
cultures of various species of micro-organisms Ex 
traction of tho oulture broths with ethyl acetate 
followed by concentration of tho solution afforded 
crude extracts which were submitted to the examt 
nation of products by paper partition cliromatographv 
under the following conditions Toyx> Filtor Paper No 
fil developing solvents sy'stem 1, benzeno othvl 
acetate water {8 6 4) 1 , systom 2 bonzono.mothnnol 
water (5 3 2) 5 ascending mothod at 20° C reagents 
trichloroacetic acid 3 and 3 G-dimtrobenzotc acid 4 
Each case was accompanied b\ blank incubation 
(that is moubation with no substrato) for tlie purpo-»o 
of comparison The results of tho experiments showed 
that at least three fungi among the strains of micro 
organisms examined, namoly Hchcostylum pirijorme 
Banner OunnxnghameUa blaktalecana Lendncr and 
Oxbbtrtlla fujtLuroi (Saw ) A\r , were ablo to convert 
digitoxigenm mto other substances 

Hdxcoatylum pm/orme On tho paper chromatogram 
were observed two distinct spots ono of which had 
an J?f of 0 70 (sy’stem 1) or 0 12 (system 2) and the 
other an R r of 0 40 (system 1) or 0 05 (system 2) 
These Hr values were mdwtinguislinblo from tho 
respective Hr values obtained on concurrent eliro 
matogmphv of nuthontio gitoxigemn and digoxigenin 
Tho rate of formation of digoxigenin seemed fairly 
higher than that of gitoxigenin Under other fer 
rnontation conditions theso products were not 
detected but another spot was found having on Rp of 
0 35 (sytora 2) formation of which was more evident 
in tho coso of Citnmnghatnclla 

Cimmnghatnclla bialrdccana Two intenso spots of 
produots appeared on tho paper chromatogram Ono 
of thorn exhibited an Rr of 0 80 (sy’stem 1) or 0 35 
(systom 2) which was not consistent withanv of tho Rp 
values of tho so far known ngluooncs of digitalis 
glycosides and tho product awaits further scrutiny 
Tho othor of tho two spots showed nn Rp of 0 08 
(systom 1) or 0 12 (system 2) and coincided in Rr 
value with authentio gitoxigenin The yiold of tho 
latter product was apparently somewhat lower thnn 
in the formor case 

QibbcreUa fujtkuroi The product luid an Rr of 0 40 
(system 1) or 0 03 (systom 2) and wns identical with 
authentic digoxigenin. 

Gitoxigemn and digoxigenin thus identified were 
further con firm ex 1 bv comparison of their coloration 
and fluorescence on paper chromatogram and other 
properties with those of respective authentic samples. 

Thus, wo were ablo to find throe strains of micro 
organisms wlnoh convert digitoxigenm mto gitoxi 
gernn digoxigenin, or on unknown product and could 
open up future possibilities of microbiological trims 
formation of cardiac ghcosidcs for obtaining more 
useful compounds 
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learned recently (lint his ret^irrh errcy-p rz,-. Ts-^l 
independent)} the Cn h\ droxy hymn of dc\i <y-:r — _ 
effoclod by a species of G&btrdla ir rood jarii. 
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Survival of Spermatozoa Following Drying 

■7(kt (in M'tirs aco, A’o'err pub'i A^d report of 
(ho Hitr\i%nl of spermatozoa following frec'/mu in 
the presence of ghcerob, n discovery of major 
nnpoitmioe winch afterwards led to t h' pro-' nation 
by freezing of a wide range of mammalian li'"tir 1 
Thin piooeduro lias provetl eminently H'ircr-’sful for 
long-term storage, its only draw bad h Ixmg the 
necessity foi the introduction of glyc'rol and ihr 
not'd for very loir temperatures ol Hloraj" For 
those reasons, tho presentation of non glyi" v Ant'd 
living rolls in tho dned slate at mom t< mp' 1 a turn 
has added virtue in terms of pracf /''ability, 7*1 iw 
communication reports the vut mtful un mnpluih- 
mont of the first stop toward itticb an <od. namely, 
tlio rocovory' of a high p'i"nlaga of' living tells 
following freei'/ng, dtyitif/, and its 'institution without 
storage 

Previously 1 opoi led atfompla to fri 0/0 dry i<\>‘ rinti 
tozoa'2 have atari' d with gly'-oroJal' d material on 
tho assumption tluil apoimulo/on t'/mnof otherwise 
survivo tho mil in) It/r/hiff, Unfortunately the 
desiccation of fiiieh mnlei/a) loaves (lie tel/s siispi nded 
m concontratod glyeeml in which almago nl mom 
tomperaturo ih not presold ly feasible However, as 
tho subsoquonl experiment mdli ales, thorn tlo appear 
to bo conditions undei iviiieli good mu vivid of motile 
spermatozoa can be expected following /mazing m 
tho absence of glyeeml, malting (lie p/’opnr/dion ,»f 
truly dnod matoiial possible, 

Freshly collected bull iiemeu m dilulod npprmu 
mately 20 to I with honied, fllloied whole milk 0 / 
with a citrato ogg yolk eXl-ender oo/dsmlng Jf 1) gm, 
sodium citrato and 22 ml, egg yolk made up in 
100 ml with distilled wafer. The diluted nemo n 
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■' ’O’ - 7 — rf the sp'C^imeo « 

— 2-/ f7.7 < rr.ln'7‘v; follswinj 

- - z-,a~7a *.r spp- osch rcom 
'• - fr. 77 t. 7 im ohzraber 

fir wT - . J; it -ttacMaJA', 
- rnfxo’ rxi^cidinir 
^ : '-7~. rv-uhkg it r 

ir V 7 r-xv-is’ m 
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.7"; r' 
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' ~ ^ -f 7- dn-r-T 'A*sl y,-!ds s 

— Z r* 7 r nr - r tk •> ,c jx**t,77r‘oz-,o 
v t 7 " ' ' “zrzrTi *=f .r, 1 'at Ichlal 

•-ted r_- -it „ri> 7 ccc - ? Tcti 
■,x'"} IT f-'r ts-nt rx-tfls speTTn 
-P/e no'i!, tv, 73if rir-'Ct. 
rdki-. r..ve' ,','h f ml, of fi-yo ;on co—niriz 
7pp~r xtnj' v T ,- 07 ' frulJ'on t" 7 !-, Th .4 
ta.~ r< '-■llu-'i tn f rtihzfi'-'jft 

TP d'fml wif?( 7 huh tV > A.\it 1 = d-— -crVd 

td>,w fiO't'-a'y ho'-uj-e <, r fhz norm - Ltri'- 
-dhm vdudi this t nii^ll'. t mpincal preo-ts? r 
sful It may perhaps }>^ totnc t to 
ils ni:m\ in\t figiitor v },o }>n rr e im-scoe^Talir 
d (Ins procedure in flic pist that we m iff 
zidmif to an rnordman.' dtgrre of good fortune a 
th 1 1 eject 107 / /-if » xp'nm'ntnt condd ions The identi- 
ud procclure tarnml out with a pump of half the 
cnjm/'it} yielded /,/d^ occm>ionnl molile sperm 
With a pump of more than five times the capacity, 
rr v,'< r< whollv' nzgativz iSu)>-equ f at prelimi- 
nary Z'Xfs rimenfs uifhrnti the ncce=sitj for discrimi- 
nating fwezn freenng and drying Basalts ore 
improiefj if the rnto of frep/mg is reduced bv con- 
nirieimg the pumping orris' until freezing has taken 
]ibi< o, JJowc \r*r, n similar reduction in pumping 
«p" d during flu drying umuHs m n total lo»s of 
mol ile up* rm 

It is well known from many past experience-, that 
c jcre-wivn rales of freezing nrn desfructivo to sperma- 
tozoa so f hid it in noL surprising to find this still true 
for fr'vzmg by stihlimaf ion Whether the successful 
frze/mg of non-glycorolnfcd matcrml is duo simply 
hi a for/ minus choice of freezing rnto or wliethor tho 
Himidlaneoiis dehydration plays n protective part 
n< < di 1 fm flier sfudy. The latter probability 78 
suggested by pnst studioi on partially dehydrated 
eell/p end by our concurrent studies with orytbro* 
ey'tes On ( heorof ical grounds ono might also havo 
pre dieted that inpid di-ymg would he desirnblo Tho 
interval befwoon fi eczmg and the completion of 
•hying is, itlfor all, a period of sfornge in tho frozen 
sfnlo for undried portions and - 30° C ib too high 
a lempomtmo to bo fully stabilizing 

Only a few isolated sloingo ovponmonts havo boon 
conducted, Mntorml dned ns doscribod nnd st-orotl 
nr periods o( J, 3, and 7 days at room tomperaturo 
C k)i)lacnp)i eonlainmg silica gel sliowod occasional 
motile nporm on loconslniolion after 24 hr storngo 
with no l.n flier loss m tho 3- nnd 7-day siorago 
^P° rj,7l0, ifa. J Jiis jiislitlos Romo dogreo of optimism 
ling mom tempoi nf uro siorago, and wo anti- 
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cipato that a stud} of preservation under controlled 
conditions of water vapour pressure should enablo 
a substantial improvement in recovery following 
storage 

We wish to express our appreciation for the 
assistance of Mr H F Hamer and Mr W L Camp 
bell of the Maryland West Virginia Artificial Breeders 
Co-operative m supplying experimental material and 
m carrying out Hie insemination 

Tlio opinions or assertion contamod herein aro 
our own, and are not to be construed as official or 
reflecting the views of the Navy Department or the 
Naval Service in general 

Harold T Meryman 
Emanuel Kafiq 

Naval Medical Research Institute, 

National Naval Medical Center 
Maryland, 

Bethea da 

1 rolae 0 Rmltli. A V *nd Parke* A s A store 184,000(1019) 

2 Albrluht, J L. Erb R E„ and Ftih.r* M 11 J Dairy Set 41, 200 

( 1088 ) 

J Loyet B J and Hodopp E L. Prve Vor Srp JJiot NY 39 433 
(1938) 

Fractionation of the System Bringing 
About Oxidative Phosphorylation In 
Azotobacter vlnclanall 

Respiratory chain phosphorylation in a particu 
late fraction of Azotobacter vtndamfti is inactivated by 
incubation of tho suspension m salt concentrations 
lees than 0 01 M potassium chloride or sodium 
chlondo, or 0 0008 M magnesium ohlonde, manganese 
chloride or calcium chloride This inactivation is 
partially reversed by adding salts back to the in 
act ivated suspension 1 It lias now bocn found that the 
inactivated suspension oan be fractionated by 
centrifugation at CO, 000 g for 30 min Tho sediment 
contained 85-00 per cent of tho reduced diphaspho 
pyridine nucleotide oxidase activity, but restoration 
of oxidative phosphorylation was not possiblo unless 
the suspension was pre-incubated with the supernatant 
from tins high-speed centrifugation, as veil as -with 
magnesium chlorido (Table 1) Although after pro 
T*Wf 1 RtucnrinoK or Ohdititk inoeruoRv latiov by a 

tfOLUJLE CO*rOSFYT 

^ l'ro-buTiWlkm mhAuto OxM*ll\c 

c jJiMi'hnryUlIon 

S Tlow 
Seram needed to 

W8P Wfil*' W8I" WpO, alba ml a 5, complete P O 

(0 003 J/) (0-1%) oxklatioa ratio 

(mlnnfM) 

1 4 — + 4- - 0 51 

- 4 - - - - *"3 0-02 

— 4- - 4- 4- — --2 5 0-30 

- — 4- -r — 3 0 03 

— — 4- -1-4- 25 MW 

24--- 4- 4- - 53 0 07 

— 4- - — - — <8 5 0-lfl 

-4- - 4 -*--<21 <H*2 

— — 4- 4- 4- - 2-5 0 04 

— — •*- 4- 4-4* 2 U 29 

— — + 4 4- +• 2j Ml 

— - 4 -*• -*- 4t <3 MO 

- - - - 4 4 1 13 0-10 

- “ — 4 4 41 13 0-40 

W8P ■wuhed »ma0 particle* obtained by ce«trttmraUon far 2 hr at 
140,000 f (bottom of tnbo) (ref Bfc rapendtd to 0 01 J/ Sarttwen pho* 
phat* buffer pH 7-0 WSlT waabed imDl particle* »amendnd to (HXfl M 
pboaphate trailer pH 7-0, far 3(4M mtn. at o* Wsi" *cdfment alter 
centrifocation ot WBP' for »0 min. at 50,000 r 5* *arematant oWatoed 
from thb ccntrifnsatkm. 

Tbo mlitnna todlcmtrd were pre-Iocnbatcd for 00-120 mtn. at 0* and 
were then added to a reaction medium wed to racoiuro oxldatlr* phot 
phoryUttoo with reduced dlrbotphopyridtoe nadeoUde a* retaliate. 

• 8, ni beatod at 100* for 6 mfa. and Altered 
4 t wm not pn*ent to the pre-tocut*t Ion mbrtare bat wai addwl 
ImioedUtelrbefore tbe tvx'urcnvnt of oxWaUve ptoaphorylatJon 
t Three time* u moch 8, a* wd In the mramrementa with W8F* 


incubation this supernatant nlono also catalysed 
oxidative phosphor} Iation, tho oxidase aofnit} nos 
much too low to account for tho increased P O ratio 
obtained with particles pro incubated with mag 
nesium chlondo and supernatant It appears, there- 
fore that the supernatant contains a factor which is 
necessary for the restoration of the notmty of inacti 
vatod particle© This factor is dcetro>ed bv heating 
for 5 min at 100° 

This fractionation resembles that earned out bj 
Pmcliol 3 with extracts of Alcahgmes faecahs Tlie 
conditions leading to tho reversible inactiv ation of the 
phosphor} Iating system in Azotobacter aro similar to 
those which bnng about a reversible dissociation of a 
two stranded polynucleotide complox 3 , or, so far as 
decreasing the magnesium concentration is con 
cemed to tho dissociation of nbonucleoprotcms in 
particles obtained from yeast 4 and Escherichia cob 5 
Hub provides some support for Pinchot's* suggestion 
tliat in his preparations a polynuolootide acts as a 
bridgo holding together tho necessary enzymes It is 
possible that a factor necessary for oxidativo phos 
nhorjlation in tho particles obtained from Azobacter is 
bound to tbo particles bj means of such a pol} 
nucleotide complex which dissociates on lowering tho 
cation concentration 

Theso experiments with Azotobacter recall also recent 
reports on tho fractionation of the phosphorylating 
enzymes m particles deri\ ed from beef heart mito 
ehondna 7 8 Phosphor} lotion was obtainod b> brmg 
ing together a particulate fraction (containing tho 
oxidnso), a soluble fraction and magnesium Linnanc* 
found that no fractionation took place in tho prcscnco 
of magnesium 

H G Hovknkami 

Laboratory of Physiological Chcmistr}, 

University of Amsterdam 
July 24 

* HonrnkAinp, H Q^BIocIIm lHopkf* Ada 34 4*k» (IOjB) 

1 Vtftchat, G B J Biol C5«* ,205. 05 <10M) 

• Fetorafdd Q„ and IUdi A., tHochlm Bwpkyt Ada 26 457 (IDj~) 
•Ch*o,r U^Arek Blockem Diapkfi 70 4*6(165“) 

1 TbllAr.n A^tmlWaUoo J D A «torr 183 " 8(1018) 

• Ptochot OBJ Did Ckr* 239, 2^ (IBjT) 

* Pullman iL L., lVuelfky H *nd lUikcr C. Artk. Bvxbrm. lltopfit/t 

76 227 (1B5S) 

• Ltnnane A W BiocAun. IUpokwt Ada 30 221 (IBM) 

* TbiWm A. Rowilnimp li (i ami Slater Kl L, B*<klm Jimphyt 

Ada 25 338 (105 ) 

Transformation Reaction of Pneumococci 
in the Absence of Serum Factor 

Contrary to tho general proposition that trans 
formation reactions of pneumococci cannot take 
place in tho absences of scrum factor 1-3 our expen 
monts 4 1 indicated that cells of -R30JVC, a pneumo 
eoccal rough strain demod from 11 D39S could be 
transformed to etreptomj cin resistant ones by 
means of purified deoxynbonuoleate m difTasnto 
media But in these experiments dooxyribonuclento 
was kept present throughout tho culture growth and 
tho cultivation was continued overnight before 
plating on streptomycin plates, so that tho population 
change after tho occurrence of transformation reaction 
might havo distorted the results This possibility 
was completely excluded in tho present experiment 
by tlio use of dooxynbonuclcasc which was added to 
tho reaction mixture to stop tho action of dcoxynbo 
nueleato nt a doflnito tune 

Stroptom}cin sensitive I?30AC7 from a blood ngar 
slant was inoculated into Adams and Roos medium* 
and incubated overnight Tlio culturo was od'Jf'd 
noxt morning to 4 volumes of fresh medium an 
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incubated for about 2 hours more until it showed 
good visible growth One part of the preliminary 
culture and 17 parts of the medium were mixed and 
1 8 ml of the mixture was distributed in test-tubes 
and incubated at 37°C At a dofinitc time 0 2 ml of 
deoxyribonucleatc solution (100 (cgm pci ml ) was 
added and .10 minutes later its action was stopped b\ 
adding one drop of deoxvnbonuclenso solution The 
cultures were incubated further foi 90 minutes in order 
to allow the streptonrs cm resistance to do\elop com- 
pletely One of the results is shown m Table 1 The 

Tnblp 1 Tun or trrFvrisn ni ( omi m vr Cl its 


Tlin< of ("tpo-nrt Xnmli'r of n “Ufant rnlonh 

to <1 fo\\ ribomicl. nh (Quulriipl' ( \\n rlnieiiNU 

(hr min )* 


0-00-0 10 0 

0 m-i oo o 

1 00-1 30 0 

1 30-2 00 0 

2-00-2 (0 is 

2 30-3-00 2 

3 00-3 30 t 

1 30-4-00 5 

4 00-4 10 0 

4 30-3-00 0 


II li II 

0 0 o 

o o o 

0 0 o 

0 0 o 

t * -23 

: i> 201 

12'* 1 0 
o o o 

n o o 


* limp from flic ft trt of tin culture^ 

t Xiimlxr of rpHl.tant colonli ■» which ipiv-tntl from 0 1 ml of thr 
culture containing no ft rum 

* Colonics co'crins lard r pirt of plaft 
{ Isolated hut Inmimprahlo colonics 


mean rate of transfonnation in 4 tubes between tunes 
3 00 and 3 30, was about 0 0.7 per cent 

The effect of serum 3tns next studied The pre- 
liminary culture 33 as grown m the nbsenee of serum 
In one series, one part of this culturo, and 2 parts of 
normal horse serum (heated at 00° C for 30 minutes) 
and 15 parts of the medium 3verc mixed, and 1 8 ml 
of flies mixture 3\us distributed in test tubes In 
another series, no serum 3\ns added As shown in 
Table 1, the test-tubes under the snmo conditions 
eontainod \ arying numbers of transformants, so in this 
case 3 tubes 33’ere subjected to the same conditions 
Immediately after the addition of deoxyribonuclease a 
definite volume of culture 33 as taken from each tube 
and mixed, and nil the \’inblc cells in it 3\cre counted 
The number of transformants m the mixture from 


30 



012345 

Time when deoxyribonuclease was added (hr ) 

Fig 1 Effect of serum , 10 per cent scrum, , no scrum 


3 tubes 3\ns counted after 90 minutes’ incubation for 
phenotypic lag Fig 1 shoxca an example of these 
experiments Tho number of 33 I 10 I 0 viable colls in 
tcst-tul>es containing scrum was larger after 170 
minutes’ incubation than in those containing no senim. 
But more remarkable effects of serum 3\ero found in 
the number of tiansformants and then appearance 
The competent cells, which aro able to react with 
deoxvribonuelente appeared about one hour earlier, 
3\ ore present for a longer period or time and were 
more numerous m the pre«cn<e of scrum than in its 
absence 

These results thro3\ doubt on the claim that serum 
factor is essential for pneumococcal transformation 
In the Hjstem lined hero serum, as in the case of II 
mjhtcnzac \ is not indispensable, but it mac lie an 
accessor\ factor, the effects of 3\hieh appear to bo 
related to the pnttorn of appearance of (ompeient 
cells 

According to tho genernlh accepted 3 icw , m order to 
8 tud\ the mechanism of the transformation reaction in 
pneumococci, one lins to consider 1 components, a 
conqietcnt strain, a transforming principle (dcox\n 
bomicleate), a mutable medium for grocsth and senim 
factor But the results of the present experiment lime 
bho3\n that the serum factor can be eliminated, and as 
a consequence tho reaction system to be annUto'd 
lms been made simpler 

Takeshi Odcka 
Tadasiu Watanath 

Institute for Infectious Jhson«cx, 

Um\ erbit v of Tok\ o 
Mnx' 19 

> 3frCirtj, 31 Tn\lor 11 1 nndVvrn.O f , Cold Spring Hutsr s )i"P 
Quant Jllo! II, ITT (1040) 

< UotchMx, It ]> nnd 1 plini.'l Enlor, 11 Unr . 10 200 <10j1) 

* tox, M s , nnd HotrliU", K l> \nlnrr 179 1J22 OPaT) 

‘ Odaka, T , Japan I llart,H 254 (1030) (In Jnpn»e-r) 

' Odaka, T nnd W nf T, Japan J 1'ip Vnl (In the prrw) 

* Adam', M If , nrnl lttv\ A s , / p n /i ,49 401 (1013) 

' Al'xnmlrr, II >„ nnd T/dtl), (• , J In' Vrrf , 93, 3(3 (J951) 

Incorporation of 5*Bromouracil into 
Transforming Principle of Bacillus subtihs 
and its Biological Effects 

Tice moot pornf ion of 5-bromourneil into dooxvn 
bonucleie acids of bacteria nnd bncteriophuge 1 raised a 
problem concomnig the biological effects of stick 
incorporation It has been shown that at least sonic 
of the cells of Escherichia coh containing . 5 -bromouracil 
in their deoxc ribonucleic acid remain nine 2 Further 
evidence on this subject 33 ns obtained by tlic demon 
st ration of tho mutagenic effect of 5 bromourncil 3 . 
these results also indicated that 7 bromourncil was 
incorporated into molecules of dooxyribonucloic acid 
that functioned ns heredity determinants Similar 
results hu\o been obtained cuth bacteriophage 4 

It appeared of interest to make a further studv of 
the above problems b 3 f the incorporation of 7 bro- 
mouracil into deoxyribonucleic acid that has trans- 
forming activity Tho incorporation of 5 -bromoumca 
into deoxyribonucleic acid of Hemophilus mjlucn“ ac 
thus far could notbe demonst rated 5 presumably becauBO 
this organism could not be groevn under conditions m 
cvhich it 3\ouId requiro exogenous thymmo Nm' 
possibilities lin3 r o been opened by Dr J Spiz* 7en s 
discovery of tho transformation m 'Bacillus subtihs*, an 
organism easily cultivated on synthetic media la 
preliminary experiments, tho cultivation of the 3\'nd 
strain of B subtihs in enriched broth 7 containing 

4 mgm of 5 bromourncil per ml did not result in a 
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demonstrable incorporation of tins analogue into 
dooxynbonuoloic noid Uae was therefore made of tho 
fact that tho urnoil requiring strain may also partiallv 
require thymine and that aminopterln can be used 
to prov ent endogenous metliylation thus resulting m 
an uptake of exogenous thymine analoguo * 

As donor of deoxyribonucleic acid (transforming 
principle) served a uracil requiring strain 265 of B 
subtitle, kindly supplied by Dr Robert Guthne, 
Children s Hospital, Buffalo The strain was grown 
with aeration at 37° for 20 lir in enriched broth 7 
containing 200 pgm of 5 bromouraod and 200 ugm of 
anunoptenn por ml Tho cells w ere washed five times 
with 0 85 por cent sodium chlondo solution and 
resuspended in ft similar solution made 0 05 M with 
respect to sodium citrate and containing 1 mgm of 
crystalline egg iysozymo per ml The coll suspension 
was shaken 16 mm at 37° It was obsen ed that cells 
grown in the presence of 5 bromourncil and nminop 
term were not lvsed bv lysozyme alone but did lyso 
upon the addition of a 16 per cent Duponol (T 
solution to ol) tom final 'Duponol concentration of 
5 per cont This phenomenon is being investigated 
further 

Highly polymerized deoxyribonucleic noid was 
isolated and 6 bromourncil content therein determined 
osdesenbed in ref 7 Tlio molar ratio 6 bromourncil 6 
bromouraail -f* thymine was 12 por oenfc (average 
of 4 determinations) 

For preparation of the transforming prmciplo an 
aliquot of isolated dooxyribonucloic acid was dopro 
femized, precipitated and stored as described m ref 0 

Tho transforming principle prepared as above as 
w oil os tbo control ono prepared in a similar way but 
with tho omission of 6 bromouracil and nrmnoptenn 
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He 1 Curaptrkoo of trmtwfncmlmi irtlrtW ivtwr^n d»xjrflionu 
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Dotlrd Ur* non oil (WiryritwatH-Wo arid, full line aril conlatnlrut 
MiroinfHirarTL TruWocnuttoa from drpeodcnrr (— ) in tndrprri 
drtice{ + ) for the fottowtn* markmt auflnlDo (•) pfrHoxIrw (A) 
methlnolne ! ■) and InduV (y ) 


from tho broth were used in transformation ox pen 
monts performed as doeenbed in rof 0 uimg iw rc 
coplors the following strains mutant 108 (indole'), 
kindly supplied by Dr T Spmrcn a motluonino' 
mutant, Bnargtmno- mutant and n pynrloxmcr mutant 
isolated in this labomtoryaftor ultra \iolot irradiation 


Tat* 1 Tunronxna Acttvttt (Mo nhta*) or nrovnuuo- 

SCriElO ACID CTIVTArlCTO 1- iloLE BEK CEYT OT S-DlOEOEEini 




TrajHlonnJoff activity* 


Uffra /ml 

Pyridoxioo 

Vrfdnloc 

JfclWooloa 

Inrtot* 

1 

42 (ilO) 

2i<±10) 

04(±4) 


0 1 

38 (±S) 

2U(i7) 

66 (10) 

60 (±0) 


3 (*<) 

30(J:5) 

2V( t *) 

01 (±4) 


• In j«rr cent of control without 6-bfonKmrarll 


The results are represented in Tablo 1 (nverngo of 4 
transformation experiments) and in Fig 1 (a typical 
experiment) First, it will bo scon that in general 
tbo dooxynbonucleio acid containing 6 bromourncil 
has transforming activity In tho caso of transfor 
mation from indole dependence to indopondenco 
(tndole marker ) the transforming activity is not 
significantly affected in the cases of other markers , 
tho aotivity is decreased to a degree different for 
each marker These results could be mtorprotod to 
signify that cithor the activity of cacli marker is 
affected differently • by the botoo amount of analogue 
or clso that the amount of tho analogue m each mnrk< r 
is different, for example if normally tho amount of 
thvmme in each marker w different 
Wo wish to thank Dr J Spizizen for hw advioo on 
the transformation of B subtil is and Mr JConnotli 
Rich for technical assistance 

This work vras supported b\ research grants from 
tho National Institutes of Jfealth American Cancer 
Society and National Science loundnffon 

Ehela EPimATi hurt it 
Stephen 7a meniiof 
Deportment of Biochom/stry , 

College of Physicians and Surgoons 
Columbia University 
Now York 32 
July 13 
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•JUnvnhot Ih, L^ily <1 Orwr 3 and Hahn K. J hartnicl., 74 ID 4 
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Psittacojis Elementary Bodies 

In tho courso of an investigation of tho develop 
mental cy clo of psittacosis virus certain morphological 
features of the mature olementary bodies have been 
observed 

Changes occurring m the appearance of tho v irus 
during a single stage infectivo process were studied by 
electron microscopy of ultra thin sections of cliono 
nllnntofo mombrano of 8-10 day old chick embryos 
Tho virus strain M O B 154, originally obtained from 
Sir Sam Bedson woe adapted by repented passage to 
grow on tho chorioallantoic membrane which in 
24-48 hr became cetlomatotifl and developed opnqno 
wluto lesions Mombrnneo were harvested at timed 
intervals fixed in a buffered cranium tetroxlde solution 
and embedded! m methvl and bnivl mol harry In* e 
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tivifcy value Recontly, Daniolli-* has amended this 
relationship to the linear form 

log (iU« + ) b = ~ + constant ( 1 ) 

whore {ft[ Q+ ) b is the concentration of motnl cation of 
valoncy q in the bulk phaso which gives the standard 
toxicity, 9 is the electronegativity of the motnl, F ono 
faraday, Jt the gas constant, and T tlio absolute 
temperature The arguments in favour of an equation 
of this typo, •which assumes that toxicity is dependent 
on the formation of an unionized complex between 
metal ions and cell surfneo components, have been 
given by Damelh 6 in an earlier paper 

It was decided to im estignto further the validity of 
equation ( 1 ) with reference to tho fungitoxicity of 
metal salts many of which, particularly those of tho 
heavy metals, aro widely used ns fungicides Tho 
toxicities of aqueous solutions of nitrates of potassium, 
sodium, thallium, sihcr, barium, strontrmm, mag- 
nesium, 7inc, manganese, beryllium, copper, nickel, 
mercury, lead, palladium, cerium and yttrium, of tho 
sulphates of lithium and chromium, and of ruthenium 
chloride and osmium tetroxide w oro determined against 
conidia of Altcrnaria tennis Tho solutions wero 
unbuffered and no spore stimulant was required Tho 
standard test-tube dilution spore germination tech- 
nique 0 was used and tho median cffectno dose 
(EDn o) determined visually from tho probit regression 
lanes In Tig 1 tho logarithms of tho EDio x alues for 
the metal ions have been plotted against tho electro- 
negativities of tho metals and fair agreement with tho 
linear relationship proposed by Danielli is acluoved, 
although all the metals do not share a common anion 
Tho electronegativity values m Fig 1 aro from 
Pauling 7 , Gordy 8 , and Danielli and Davies 3 (chromium, 
nickel, manganese, morcury, coppor and lead) whilst 
the \ alues for palladium, cerium, rutliomum and 
osmium are calculated from tho first ionization 
potentials of tho metals by tho method suggested by 
Pauling 7 Because of somo uncertainties in Gordy’s 
values for mercury, copper and lead it w as decided to 
use tho values of Daniolh and Davies 3 for those 
elements 



Fig 1 A plot of the tojdcltj o{ metal cations to A lenult against the 
clcctronegnth ity ol tho metal 


Horsfall 0 has suggested that tho fungicidal notion 
of metal ions is primarily duo to interaction at tho 
fungal cell surface Tho present work lends Bupport 
to this hypothesis by showing that for tho wide rango 
of metallic salts cxnmincd, n general relationship of 
tho typo of equation (1) holds Thus, it would appear 
that tho primary toxic action of metal cations is tho 
formation of an unionized complex with mirfaco 
lonogernc groups, for example, phosphate, carboxyl 
and fc>H, and that tho different toxicities of tho metals 
can he correlated with tho varying strength of surfaco 
binding 

A fuller account of this work will bo published 
clscw here 

E So vr as 

Long Ashton Research Station, 

University of Bristol 
June S 
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HISTOLOGY 

Histochemical Localization of Oxidase 
Activity in the Mitochondria of the 
Human Heart 

A review of the liternturo lias fnilcd to reveal any 
definitive histochemical localization of oxidase activity 
in cardiac ns w oil ns skeletal musclo Recently, several 
now oxidaso tcclmiqucs linvo been reported winch aro 
capable of prcciso localizations nf tho cytochomical 
lovol 1 1 

In tho present study, frozen sections (8 p thick) of 
human heart musclo (obtained nt autopsy and sur- 
gery 7 ) wero prepared uccording to tho Adamstono 
Taylor cold -knife technique and mounted on 
chemically clean glnss microscopic slides They wero 
incubated for 30 mm nt room temperature (about 
24° C ) in a substrnto solution containing 10 mgm 
N - phenyl - p - phenylenedmmmo (p - ammodiphonyl - 
ammo) (British Drug Houses, Poole, England) and 

10 mgm p-methoxy-N-phcnyd-p-plienylenodiamino 

(varmmmo bluo B baso) (Cnrbic Color and Chomical 
Co , New York) Tho substrates wero first placed 
in a 50 0 ml Erlonmoyor flask and dissolved in 0 5 ml. 
reagent ethanol Tlurty-fivo ml distilled wntor wore 
added followed by 15 0 ml 0 2 M tns buffer pH 7 4 
Tho solution was shaken and filtered through folded 
filter pnpor into a Coplin jar Incubating solutions 
containing 0 001 M jiotnssmm cynmdo ns well os 
0 001 M sodium sulphide wero also used In addition 
tho offect of adding cy r tocliromo c (Sigma Chemical 
Co St Louis, Mo ) (20 0 mgm per Coplin jar) to 

tho Rubstrato solution was observed Somo sections 
wero protreated with physiological snlino for 30 mui 
prior to incubation These sections wero afterwards 
meubated in substrate solutions with nnd without 
cytochrome c 

Following incubation, slides wero transferred to a 
10 por cont solution of cobaltous acetate in ID P® 1 
cent formalin contairung 5 0 ml 0 2 M pTA 5 2 acotato 
buffor for 1 hr They were then washed in running 
water for about 5 min and mounted in glcy'orol- 
gelatin or polyvinyl pyrrolidono 3 
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\\ ah routine incubations the distribution of dye 
corresponded to tluit observed with classical mi to 
ohondnal stains (for example, Regaud) (Fig 1) An 
interruption of staining was observed m tho inter 
calated disks Tlio localizations corresponded exactly 
to those described for heart earcosoines (mitochondria) 
by Clclnnd and Slater 4 who omployed tho Altmann 
mitochondrial technique The distribution of attuning 
also appeared to correspond to tho sarcosome pattern 
as seen with the electron microscope 5 In some firms 
intense perinuclear staining which corresponded to 
the localisation of perinuclear aarcoeomee, was 
observed 

Cyanide and sulpludo completely inhibited the 
reaotion as did pre incubation in physiological saline 
How over, the reaction in the aaluio treated sections 
v,nn complotoly restored by addition of oytochromo c 
to the substrate solution Addition of oytochromo c 
to routine incubation solutions augmentod tho 
staining intensity Cytochrome oxidaso is bolioved to 
bo associated with mitochondria. Thus tho locab 
ration of the staining reaction to mitochondria, as 
well ns tho results of tho inhibitor and oytocliromo c 
tests would indicate tho presence of oytochromo 
oxidaso 

M 8 BtmsroNE 

National Institute of Dental Research 
Bothosda 14 Maryland 
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ANIMAL PATHOLOGY 

Sex Chromatin in 
Cultured Human Tissues 

Tiir sex chromatin clump of Barr has been reported 
ns occurring in human femalo tissues cultured in intro 
for short periods, and ns not occurring in long 
established cultures 1 ’ 3 Tho purpose of this com 
mumcntlon Is to provido n cpiantitativo summary of 
tho available) know lodge in this respect and to indicate 
that bon chromatin apparently occurs routinely in 
Buftnbly stainod prtmnry explants but not in long 
cultured cells. 

Tlius far sox chromatin has lx>on reported in 7 


benign outgrowtlis m 3 porsuinably cancerous 
growths from primary explants of human tissues and 
m an unspecified number of primary explants of 
thyroid tissue 3 In addition there Iuw o been reports 
of the absence of sex chromatin in 3 long terra cultures 
known to bo of female origin that is, H Ep No 1, 
H.Ad No 2 and HoLa 1 10 cultures of nralo on gin 
haw been reported as essentially negotiv o- 

Herorn are report od 38 now cases 29 of femalo 
on gin and 0 of male With the oxcoption of 1 amnion 
culture none of the ranlo cells allowed characteristic 
sox clumps. The one exception showed peripheral 
clumps with on incidence ranging to 12 per cent Such 
positive cells wore presumed to be contaminants of 
maternal origin This coso with other amnion cultures 
will be dismissed m greater detail in n subsequent 
publication 

Of the 20 tissue cultures of femalo origin 0 were 
classified as cancer and 23 as benign The malignant 
cultures wore so colled only if they were derived from 
cancer and showed tho appropriate cytological 
characteristics in in intro growth This precaution in 
classification is necessary since many primary oNplnnts 
of cancer tissue give nso only to cydologicollv benign 
fibroblast like cells presumably of stromal ongm 

Of tho benign cultures 11 were denvod from lesions 
of the utenno cervix 0 from amnions of female 
infants 2 from thyroid lesions, and 1 from on ondo 
motnal carcinoma Of the cultures exhibiting can cor 
characteristics tn mtro 4 Rtommed from opidermoid 
carcinomas of tho cervix, and 2 from ovnnan carci 
nomas 

20 of the 29 cultures displayed characteristic 
peripheral sex chromatin dumps in nt least some of tho 
cells In a number of cases tho incidence appeared 
low but this may probably bo attributed in part to 
fading of tho stem in tho older preparations Tho 
negative cases comprised tho 2 arising from ovarian 
carcinomas and 1 arising from an amnion Those 
cultures were respectively approximately 2} montlis, 

3{ years and 2J years of ago Tho youngest was 
in tho 9th transfer Tho amnion was that designated 
A185 by Zitcer ond Dunnebacho 4 Samples of tho 4 
■ublino strains Nos /ll, A2, A 3 and v!4 were nil 
negativo Tho sox cliromatm positive cultures varied 
from 2 to 66 day's m ago Ono was camod through 6 
transfers, none of tho rest through more than 3 

These cases with thoso previously reported justify 
tho tentative inference that sex chromatin clumps 
appear invariably in tho primary explants of human 
female tisanes — benign or cancerous but that tho 
sex chromatin feature is event unlly lost in later trnns 
fors Further evidence on this point is provided by 
recent primary oxplants of H.Ad No 1 H.Ad No 1 
is a tumour of femalo origin which has been maintained 
in heterotransplant for almost 3 years and 70 goner 
ntions 5 • Tho recent explants in tissue culture do 
exhibit sex chromatin in contrast to tho culture 
previously reported os negative 3 In this ono case a 
change (loss of sox chromatin) ulilch occurs in tissuo 
culture does not occur in heterotransplant As pro 
\lotisly reported 3 , tho culture of R.Ad No 1 which 
did not show eo\ chromatin had boon tn intro for 1J 
months If our assumption is correct, this would 
represent the earliest reported lo«s of sex chromatin 
Tho longest reported survival of sex chromatin 
appears to bo in tho case described by Orsi and Ritter* 
as 10 weeks 0 transfers Sex chromatin might 
eventually prove to bo a convenient indication that 
cells cultured tn vitro hnv e not und< rpono transfer 
motion On the other lwnti while preliminary 
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cloning experiments do not favour sucli a possibility , 
it has not definitely been ruled out that Transfar 
mation’ of female cells into established strains is 
actually a process of selecting the sex chromatin 
negativo colls in the original oxphvnt 

Whether or not the 21-year-old negative female 
amnion culture reported hero had become malignant, 
it did show a very high mitotic rate (74 mitoses per 
thousand cells in one count), and moderate variation 
in nuclear size It mav be true that tho li\ pothctical 
development of cancer in tissue cultures of benign 
origin is imarinbly accompanied by a loss of sex 
chromatin Since primary oxplants of feinalo cancer 
developing m tito bare imarinbly shown sex chro- 
matin in vitro when nppropt lately stained (but not 
always in tissue section 2 ), it seems that at least in this 
one respect hypothetical malignant chango in intro is 
not identical with cancer do\elopmont in nvo 

I w ish to express my thanks to Dr .1 G Moore and 
Mr W AY Brandkamp of this Unnersity who kindly' 
permitted me to exannno a series of their primary 
explants of corneal tissue, to Dr T H Dunnebncke 
of tho Unn ermty of California at Berkeley' w ho pro- 
vided mo with stained co\ershp samples of a number 
of cultures, and to Dr H AA Toolan of Slonn- 
Kcttermg Institute New York, and Mi«s M Tai who 
provided recent material from H Ad No 1 

These studies were supported by Contract A T(04 1)- 
GEN-12 between the Atomic Energy Commission and 
the "University of California at Los Angeles 

Charles P Muls 

School of Medicine, 

University of California at Los Angeles 
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Detection of Thyroid Antibodies using 
Bentonite Particles 

Dfwoxsthaiiox of circulating thy roglohuhn anti- 
bodies by r the gel diffusion-procipitution technique ib a 
simple procoduie which can be used for routine 
laboratory diagnosis of Hashimoto's thyroiditis’ 
AAhtcbsky and Rose 2 , Roitt and Donineh 1 and Owen 
and Smart 2 hay r e also applied Boy'den’s tannic ncid 
hiemngglutmation technique foi detection of thyroid 
antibodies and have demonstrated its greater sensi- 
tivity' over tho precipitation technique The tannic 
acid hicmagglutmation technique is howeyor in our 
experience, less easy' to adapt ns a routine procedure 
becauso it is complex in its performnneo and requires 
minute attention to detail to produce consistent 
results A recent report by Bozicovich ct at on the 
successful use of bontonito particles, coated yvjlh 
human -globulin, m the detection of tho rheumatoid 
serum factor prompted us to try this substance 
sensitized with thyroid antigen in the detection of 
thyroid antibodies 

Thyroid glands romoy'ed at autopsy yvore stripped of 
thou- connectn'o tissue, y\ oighed and then blended with 
twuce their y\ eight of physiological saline ill a Konmix 
blender for 10 min The resulting homogenate w ns 
spun at 4,000 rpm for 10 min to remove heavy coll 
debris and fibrous tissue The supernatant from this 
centrifugation yvas then spun m a high-speed centri- 
fuge at 27,000 rpm for 45 min at 4° C Tho super- 
natant was removed and Btored at — 20° C for use in 
both precipitation and bentonite sensitization tests 
Bentonite is a native colloidal hydrated aluminium 
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silicate, insoluble and free from gritty particles 
2 5 gm of bentonite (B 1) II ) are added to ,500 ink of 
distilled water in a fiask and thoroughly' shaken to 
mix 25 ml of this nnxtuie is transferred to a unnersal 
container y\ Inch is then centrifuged at 3,000 rpm for 
10 min , the supernatant is discarded and replaced 
with 25 ml of distilled ywdor. the container shaken 
\igorouslv to mix and then reecntrifuged Tins 
process is repeated tw ice \t the end of the final wash 
the supernatant n romoyed and 2 ml of thyroid anti 
gen is addl'd and mixed After sfnnding for 1 hr at 
room temperature the sensitized bentonite pnrticlcs 
are yy ashed twice in physiological saline and finally 
resuspended in 2.5 ml of pin siologieal saline 

Serial dilutions of the sera to he tested are made, as 
di'scrihed by’ Roitt and Domaeh 1 , in TVrsjiex’ ngcluti- 
natioti trays The dilutions range from 1/5-1/2,500,000 
and arc made ycilli a single pipette using 0 25 ml 
yolumes and 2 pi r cent soium saline as n diluent An 
antigen inhibition eontiol is included 0 1 ml of 
sensitized bentonite is thin nilde I to each dilation 
and tho trnvs placed in the lofugerator at 4° C o\or 
night '1 lie pattern of the deposited bentonite particles 
is read maeroseopicnlly nod shoyes tho opposite )vittcni 
to that encountered with red cell neclutinnlion 
Positnc agglutination is shown by a small central 
round button ol agglutinated pat tides and nogotnes 
by a thin carpet ot bontonito o\ ei a wide nun of tho 
bottom oT the cup (Fig 1) Weak poMtiyes show a 
central button with a small carpeting around T*'0 
end-point is often slim p y\it li no /one of weak posit ives, 
and y\cnk positnes are only included m the litre if the 
centinl button is yu-II defined ycith little carpeting 

Care miiHt he taken not to jog or disturb the trays 
after their romoynl from the refrigerator ns this may 
result m false positnes oi alteration of title 

Sensitized bentonite suspensions were used m 
t it rating seta from n y m lety of eases of tin roid disease 
and from cases with no thyroid abnormality 
In known cases of Hashimoto’s disease, with positive 
precipitin tests, lilies up to 1 m 25,000,000 were 
obsory'od (cf Owen and Smart 3 ) Lower tit res of the 
order 1/5-1/250 were found in a number of other 
ty’pos of thyroid disease Occasional normal sera 
gayc weak positnes at a dilution 1/5 In comparing 
tit res and for controlling tho lest wo use a sfnncinrc 
knowm posit n'o semin and a normal seimn together 
with an nntigen inhibition control , 

These results suggest that bentonite sensitized wit * 

thyroid antigen mnv bo superior to tanned red cels 
for the detection of thy roid antibodies becauso of the 
enso oT prepnrat ion and the simplicity' of the technique 

J A M Aoi " 

M S R Hott 
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Relation of Invasive Capacity to Passage 
of Lymphocytic Cells through 
Cellulose Membrane Filters 


In a pr< v ions paper 1 it was reported that when three 
lymphocytic tumours each with a different capacity 
to invade host tissues, wero grown in Millipore Type 
A A filters (pore size 0 8 ± 0 06{i) (Millipore Filter 
Corporation Bedford, Mas3 ) in double diffusion 
chambers tiie cells of tho tumours wero unable to 
penetrate tho filter oftor growmg for 00 days in an 
isologous host More recent experiments with this 
filter ha\ e shown that whdo tho cells of these tumoure 
are able to pass through the AA fUtor there is never 
theloro a striking difference m the capacity of the cells 
of an m\ twivo and a non invaeiv e tumour to penetrate 
the pon-i of this membrane and establish a growing 
cell population on the other side 

The procedures for the construction of diffusion 
chambers and for introducing tho cells into the 
chambers have been described in dotail olsowboro 1 
The colls of the highly invasive lymphocytic leukaemia, 
£1210 and tho relatively non invasive lymphoma 
£1 viere grown ns ascites tumours in strain DJ3Af2 
and strain -4 mice, respectively Known numbers of 
tumour cells wore placed on one side ( tumour side’) 
of double diffusion chambers the chambers sealed and 
inserted bj laparotomj into mice of the host strain. 
Four seta of chambers were prepared ns shown in 
Table 1 

One half of each sot of chambers was removod from 
the animals after 30 days and the remainder after 120 
days Tho chambors w ero opened by cutting away the 
outer filters v\ith a sharp knife to evpoeo the AA filter 
in the centre and the contents of tho two sides of tho 
doublo ohamber The ‘tumour and ‘non tumour sides 
of tho chambers were examined and an estimate was 
mado of the amount of tumour tissuo on tlio ‘tumour 
side When no growth was visible on the non tumour 
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side’, the fluid was centnfugod and the sediment 
examined microscopically for the presence of colls 
The colls on the centre filters wero fixed in Orth’s 
fluid and stained with hscmatoxv I in 
Table 1 


T amour 

Set 

Chambers 

(So) 

T amour 
uw 
(D*y») 

Xaml*r of celU 
(mill lorn) 



Tumour 

Normal 

LI 

A 

20 

6 

ii 

0-0 

Generation 

35 

D 

20 

13 

13 

(H>3 

L12I0 

C 

20 

• 

1*4 

02 

Generation 

202 

D 

20 

& 

1 1 

0 05 


The initial nge of the tumour when placed m the 
chambors (Table 1) bad no detectable effect on their 
behaviour The colls of £1210 penot rated tho A 4 
filter during tho first 30 dnvs in tlio animal and 
established a visiblo amount of growth on tho non 
tumour side’ of the cluunbers By 120 days tho growth 
of tlio tumour, which nppearod as n moss of white 
past} material, was equal in amount on both sides of 
the chamber Examination of tlio non tumour Hide 
of the AA filter in stained whole mount preparations 
showed £1210 cells sprinkled among flattened 
macrophages on tho under surface of the filter (Fig 
1, top) 

Tlio behaviour of £1 differed marked!} from 
£1210 m that growth of tumour wns net or macro 
scopically visible on tbe non tumour side of tlio 
chambers It was known from previous experiments 
that the £1 tumour did not have the growth 


potential of £1210 and indeed at 30 dnvs £1 
had not grown to tho same mass as £1210 but by 
120 days tho v olumo of tho growing cell mass of each 
tumour was rougblv equal At this time tho ‘tumour 
side’ of tho chambers wero one half to completol} full 
of packed cells. Thus, the mass of tumour tuHiio did 
not appear to be related to thepenoimtion of tho filler 
b} the tumour colls 

When tlio sediment of tho centrifuged fluid of tlio 
non tumour sido of tho £1 chambers wns 
examined with the phaso microscope n few small 
Ivmphoc} to-llko cells with a thin rim of cytoplasm 
wero seen at 30 days but b} 120 da vs these freo 
floating cells wero no longer present Although 
growth appeared to bo healthy on tho ‘ tumour sido , 
(Fig 1, bottom) living tumour cells wero observed on 
tho *non tumour sido* of onl} one £1 chamber 
after 120 days in tlio animal With this exception, 
examination of stained filters failed to roveal viablo 
tumour cells on tho ‘non tumour sido’ of the chambers 
instead tho onl} living colls wero tho macrophages 
Hint spread over tho filter surface (Fig 1 middlo) In 
addition to tho macrophages thoro wero occasional 
clumps of rounded up cell ghosts with p}cnotic and 
fragmented remains of nuclei Thcso appeared to bo 
dead tumour colls nnd wore identified thus because 
those dead cell clumps do not occur in chambers 
where onl} normal peritoneal cells are grown 

Those results clearl} demonstrate that two tumour 
coll populations, given an equal chance mn\ or mnv 
not be nblo to pcnctmto nn artificial barrier nnd 
establish growth at n distant site It seems probable 
lliat some of the samo mechanisms which operate in 
tlio artificial system of tho diffusion chamber can 
also opemto in nro Ono of tlio factors ini oh ed ma> 
bo tho number of cells needed for tho establishment of 
a now focus of growth Tlio number of dead cells 
present on the non tumour side of the 7 1 cliam 
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suggests strongly that tho tumour colls \\ ero capable of 
penetrating the filter but m small numbers which 
wero with rare exception, insufficient to establish 
tumour growth Similar results wero obtained when 
small numbers of tumour cells were injected directlv 
mto mice Wo found that inoculution of several 
thousand LI cells was necessary for the cstab 
lishment of tho tumour in a now host, wlulo Law 2 
found that tho injection of only ton L1210 colls was 
sufficient for tiansplantation of that tumour This 
difference in tho capacity of cell populations to sur- 
vive may operate in aiding or hindering the establish- 
ment of new r sites of growth bj these tumours while 
they aro growing in the host 

Vnnation m the capacity of tumour cells to sur\ i\e 
lms been interpreted as supporting the stem-lino con- 
cept of tumour pojiulntions 3 If these results aro to bo 
interpreted in tho light of the stem-lino concept, it 
would be necessary to assume that the LI 210 tumour 
is mado up almost entirely of stem colls while the 
LI tumour population is remarkably devoid of 
stem cells 

Emma Surt-Tot, 
Mary E Rice 

National Cancer Institute, 

Bethesda 14, Maryland 
Juno 8 

i Shelton, T , nnd Rico, M L , J -Va( Cancer Inti , 21, 137 

* Law, T \\ (personal communication) 

* HnuscbLa, T , Trttn* \ J Acai , Vr IT 16,04(19^3) 

GENETICS 

Semi-Albino: a Third Sex-linked Allelomorph 
of Silver and Gold in the Fowl 

In 1955, among 7G,542 chicks hatched from tho 
cross, Brown Leghorn sire by Light Sussex dam, there 
appeared tw r o males which, instead of having tho 
expected white (silver) coloured down of tho Light 
Sussex, were brown Ono was sold before its gcnotic 
importance was realized Tho other cock when adult 
was light brown in colour, being of a similar hue to 
that of Brown Leghorn pullets, with a few black 
feathers on tho wings and a black tail Tho black 
and bright brown colours which are found on tho 
bodies of Brown Leghorn cocks wore absent Tho 
bird was strong and vigorous, and lived until killed 
m 1958 

The absonco of silvor suggested that this allelo- 
morph ( S ) had mutated oitlior to tho allelomorph 
for gold («) or to eomo third form The results of 
subsequent crosses confirmed that S was absent 
and that a new sex-linked mutant s° l rocessivo to s 
had appeared and that this allelomorph gives somi- 
albino in tho homizygous females and homozygous 
males (Table 1) Tho mutation must havo occurred 


in tho Light Sussox dam and not m her ancestors 
since silver was tho gene that had mutated and Bho 
herself was not semi albino -Moreover, since two mich 
cocks appeared m tbo same year but none was 
detected among a total of 803,334 chicks hatched 
between 1950 nnd 1958, it seems likely that a single 
mutant occurred during an onrlv stage of oogenous 
and thnt the resulting allolomorph was incorporated 
in at least two eggs The mutant can bo detected if it 
arises m the X-cliroinohome of a dam but onlj in 
linlf of those of a sire Consequently wo tan sav that 
tho mutant has been observed in 2 out of tho 379,870 
X-chromosoinos tested. 

Tho Boini-alhmo clucks (all descendants of tho 
soeond mutant cock) were generally small nt hatching, 
and did not grow as rapidly as the chicks of tho other 
breeds and crosses with which they wero reared Tho 
cock chicks wero slower m lint clung nnd less activo 
than tho pullets The first feathers were wluto in 
colour, but with increasing ago many birds developed 
a buff tingo on tho bodj feathers Tins was par 
ticulnrly noticeable m tho cocks In dim light tho 
semi-nlbino birds had considerable difficulty in peeing, 
and tended to collide with Btationery objects "When 
adult porno of theso birds became practicnllj blind duo 
to the development of opacities in tho evo lenses 
In some cases the wholo lens was opnque, while in 
others tho lesions appoared os small spots The 
incideneo of egg poritomtis in tho pullets nt between 
twelve nnd fourteen months of ago was high, nnd was 
tho most common cause of death 

A punilnr Bonn albino controlled by a sex -linked 
mutant ( al ) hns been reported from America by Butt 1 
This is almost certainly tho wimo ns ours, but since 
it occurred m Barred Rocks ond Wluto Leghorns nnd 
not in a Rtock segregating for silver nnd gold, its 
nllolomorpliifim with silver was not dotcctcd 

Wo wi«h to record tho help received from Miss 

D G Kulrl, who first ohserv ed tho unusunl nppenrnnco 

of tho originnl bird ond was responsible for rearing tho 
experimental chicks, and from Dr F T IV Jordan 
who earned out post-mortem examinations, nnd 
reported on tlin ojo abnormalities 

W F Wehret 
A J Cand\* 

Messrs J Bibliy and Sons, 

Hans llnll Farm, 

Willnston, Wirrnl 

J O. L Kmo 
P 51 SHErrARP 


Department of Zoology, 
University of Liv crpool 
April 17 


* Present address High Brow, Becehwood Avenue, Frornc, Somcr 

■Hutt.F B ."Qcnetlca of tho Fowl” OtcGraw-nM, New Fork, 


Tnblo 1 


Year 

— 

Sire 

Dam 

Sex 

Silver 

OtTsprlng gold 

Semi albino ^ 

| 1950 

1057 

1958 

1958 

1059 

1959 

Mutant («>!) pure Light Sussex (.V— ) 

Mutant (»iii) semi-albino (daughters) (jjI— ) 

Seml-alblno (*o,,i) soml-alblno (*>i — ) 

Semi-albino (r»i t^i) puro Rhode Island Red (i — ) 

Semi-albino (j>i»il) x Semi-albino (»u— ) 

Silver (Sj) x Semi albino (ru— ) 

9 

<J 

5 

unsoxed 

3 

nnsoxed 

3 

9 

unaexed 

3 

3 

3 

unsexed 

27 (St or Stn) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

n 

1 

0 

0 

12 («-) 

18 C>»»0 

13 (*-> 

& 

0 

0 

0 

18 (l*«0 

0 

0 

0 

0 

0 

1 

0 

8 

0 (ttlt'U 

12 (f'-l 

O 

4 

8 

n 

o , 

23 (»*'-> 

5 

0 

1 

0 

0 
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Intraspeclflc Polyploidy and Evolution of 
Diverse Morphological Forms in 
Convolvulus plurlcaulls Chois 

Com'oh ulus pluricaidts Chois is a prostrate, spread 
mg perennial wild herb cominonlj found on sandy or 
rocky ground under xerophytic conditions in northern 
India, The species is marked by great morphological 
variability especially in stzo of the flower Our 
oytological studios indicated tho ovist on co of intra 
specific polyploidy in tho species Tlio present 
investigation was, therefore undertaken to study the 
possible relationship botwoen cytological and morpho 
logical forms of the species 

The haploid chromosome number of O pluncauhs 
with small flowers was determined as nine Singh* 
reported n = 10 for tho some species Our obeer 
vations along with thoso of Singh* thus indicate tho 
presence of two cytological types in C piurtcaulis 
Moiotie studies m tho largo- flowered form rovealod 
it to bo a tetraploid with n 18 Tho presence of 
eighteen bivalents in 50 per cent of pollen mother cells 
suggests it to be an aUototrapZofd The fact that the 
remaining 60 per cent of colls showed multivalent 
associations indicates an autotetraploid or a segmental 
polyploid origin 

As truo allopolyploid forms usually do not 
show multivalent associations, tho tetraploid m O 
pluncauhs may bo considered ns on autopolyploid or a 
segmental polyploid The general morphological 
gigantism shown by the tetraploid is an additional 
support for it to be regarded as an auto — or a eeg 
mental polyploid 

The existence of a natural polyploid senes has not 
(jo far been recorded in any other species of 
Convolvttlus 

Dutluo 1 and Hooker 3 have described Convolvulus 
pluncaulrs vnr macro as a largo, densely hairy plant 
with largo flowors Tho morphological description of 
macro 1 * is identical with tho tetraploid studied in the 

C mt Investigation The foot that this vonety has 
seen to possess double tho oliromosomo number 
of the email flowered typo further supports the claim 
of tho largo flowered form to be given the rank 
of a variety Intrn specific polyploidy lias thus pla>od 
an important part in the evolution of diverse morpho- 
logical forms in C pluncauhs Tho variety macro is 
commonly found in Punjab and Delhi plains and up to 
nnaltitudoofS 000 ft in Kashmir The small flowered 
form which represents tho diploid condition is vory 
rare at high altitudes Tho distribution of tho largo 
floworod vanoty is quito in conformity with tho general 
concept that polyploids are found to bo more tolomnt 
to oxtromo ecological conditions thnn are their diploid 
re lathes 


S L Tandon 
C P Mlaltk* 


Department of Botanj , 

University of Delhi, 

Delhi 8 India 

Juno 10 

* I/^-turer to IWXmj D^hbinlha College, Delhi 10 

* Dnthle J F “Flora erf the Upper (laneeUe n*ta sod erf tho adjacent 

P hernia and Hub-rilnuUjxn Tract*" 6tinertotend?nt OoTernmeot 
rrtoUwh Calcutta, 10 U) 

1 Hooker J I) , -The Flora of Brtthh Indi»“ (L. Brere * Co. Ltd. 
K*nt, IAU) 

* Slngb 1U Ctrrt ifH, 20 103 <1051). 


SOCIAL SCIENCES 


Main Stages of Social Evolution in Man 

Prof Gradamf Clark lias given iontatho 
estimates of tho population of England and "W ales, 
or Britain, in oorl> times Tlioso figures together 
witli tho somowhat- Armor estimates for tho historical 
period 1 form tho bams oF Figs 1 and 3 L 8 Palmer 
gnes tontative estimates of the number of general 
lands of mat on ala used for making things* Tlioso 
form tho basis of Figs 2 and 4 

Tho difficulties of attempting to quantity states of 
cultural development are well known But of tho 
graphs below, wo may say in tho words of Stuart 
Pjggott in another oonnovion (ref 3 and personal 
communication, 1069), “Wlnlo obvious] j open to 
criticism in detail at almost every point, it is folt 
that tho broad pattern is sound and that eomo sort 
of graphic statement, however tentatho must bo 
attempted Whereas the slopes of thoso curves 

are liablo to revision in the light of future knowlodgo 
it is probable that tho mam 'ldnks are rool 
win cl i for tho present purpose is wliat matters It 
is hoped that a small group of spools lists mav soon 
give this topio tho attention which it soema to dosorvo 

Tho COO 000 or so years of tho onstoneo of tool 
making man aro occuplod, nt tho zoological lovol, by 
a number of different species But at tho sociological 
lovel there are, perhaps two or throe main stages of 
social evolution which maj bo generally recognized 

Figs 1 and 2 suggest a diwsion into a long and 
rolalivolj stntio stage followed b> a short stago of 
rapid change By rcplotting on a larger scale how 
over, tho beginning of tho recent upsurgo can lie 
traced back to tho introduction to Britain of ngri 



600 400 too 0 100 600 400 200 

B.C. AJ ). B.C 

Thotwandi of jf tr* 

FI* 1 FI* 2 


0 100 
* V 


FI* 1 riol ofjrfntutoUon of Euriftnd and Wetoi ac*lrut tlm< 
(*) after Curk(ttr 1) Onthl»«e*le the poputot ion daring 
(«) U iDdhtlumniabl# from the xero lerel 


Flfl I. Flot of ettlmoted number of jitter* 1 Mod* of material! 
tued for ms kins thine*. aenlnat time , after Palmer (ref t) 
During eartleat time* *>nd leu age* the lerel for populated area* 
replace* that for Britain 


culture and tho noohthlo way of life This probably 
occurred about 2,600 bo* Just before that, the 
total population of Groat Britain nuty hnvo boon of 
tho order of 4,600, with rathor more than 3,000 
poople in England and Wales 1 The ‘number of 
materials’, sensu Palmer, may hnvo boon about 11 
This primary division is in fact into (a) tlio food 
gathering stage and ( b ) the food producing 
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The best tripartite classification Rooms to bo 
obtained by splitting up stage (6), m •which such 
great cliango occurred, ratlior than In 
subdividing tho longci stage ( a ) 

At least ono further and distinct stop 
in social o\ olution has undoubtedly taken 
placo since 2.500 B c In recent y cars, 
many writers havo compared tho incopt ion 
of agriculture w ith tho events of the past 
few centuries , with tho ‘industrial io\o- 
lution’, or that plus tho scientific and tech- 
nological developments since Tlicso 
include G P Thomson and .T H Plumb', 
besides J Haxxkcs, C Haxxkcs and V G 
Cluldo Thoy rank the beginning of 
agriculture ns possibly o\ on ns important 
os our recent changes Figs 1 nnd 2 depict 
tho beginning of agriculture as tho moio 
important Thcro is at Iciest the clear 
implication that no such ltipid and funda- 
mental social chnngcs hu\o occurred in 
betw ccn 

Figs 3 and 4, m which the ordinotesara 
logarithmic 0 , are of interest in this connex- 
ion On tho riglit-lmnd side of each plot, 
a new stop is seen to arise, corresponding 
to tho changes of recent, centuries But 


in political stmclure, communication nnd education— 
among other aspects Recently, w o have moro power 


i 



n c w> 

Thousands of yuiM 

Flu 4 Logarithm of the estimated tmmlicr of materials, against lime 
(schematic) . adapted from palmer (ref 2) 


9 r- 



BC in 

Thousands of years 

Fig 3 Logarithm of the cstlmalcd population of Lngland and Wales, 
plotted against time (schematic) , earlier data adapted from Clark 
(ref 1) (With Iron tools, agriculture became possible oxer a much 
larger area) 


driven mndimery and modem science 
It is not ousv to pick the right axord to 
describe tho long-term social trims 
formation m tho midst of winch we arc 
at. present hung But perhaps wo may 
sn\ that wo tire now entering the ‘tcicn 
titic stage of human soaotx 

Thus, in conclusion, nnd aided b\ 
tentutno quant itatno data, it is pro 
posed to recognwo ns tho tlirco main 
stages, to date, of tho social ex olution of 
man (1) The foot! gathering stage, 
commencing moro thnn half a million 
y ears ago (2) The proto-agricultural stage, 
commencing locally , near tho junction o 
Asia and Africa, some ten thousan 
years ago, nnd reaching Britain nbou 
four and a half thousand years ago 
(3) The scientific stage, commencing in 
Britain nnd elsowhcro aliout ad 1 * 

but this third main stago is a stago 
social ox olution of xxhicii oxen tho mo 
ndx’anccd countries nro still only U P° 
tho threshold 


an important general mforonco of tlicso plots, and 
of collateral historical data, is that tho recent and 
rapid social changes — of which contemporaries them- 
selves havo boon conscious sineo tlio 1700’s 5 — must 
bo regarded as having commoncod at least by about 
ad 1500 

A further general mforonco is tlus that wo scorn 
to bo not yet past tho middle of a long sigmoid curvo 
of social evolution (In Britain tho population curvo 
is turning oxmr , but not yot tho curvo for scientific 
knowledge 7 ) Barring accidents, we may oxpocfc ns 
much further social development m tho next. 500 yrnars 
as m the past 500 After some such ponod, consolida- 
tion, rather than advanco, may again sot in 

Smco ad 1600, there have been conspicuous 
changes m trade, transport and finance , m industrial 
techniques, experimentation and scientific theory , 


M xx Pjjttfbsson 


Brand Collogo of Technology , 
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Juno 3 
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"Wlint ITappened In History” (Hormone 

‘ Flumb J H , "Ungland In tho Llchtocnth Century” 
worth, 1950) Thomson, G 1’, Tho foreseeable ruiuro 
bridge 1055) 

• Fcttersson J[ L It , "A Survey of Science” (London, 1053) 
1 Price, D J , DUeottrv, 17, 240 (1050) 
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MANAGEMENT PROBLEMS IN UNDER-DEVELOPED COUNTRIES 


I N a recent broadsheet which renewed tho prospects 
for nuclear power. Political and Economic Plan 
rung referred to tho potential mflrket in under 
‘ developed territories for a email reactor similar to 
that for modestl} powered gas turbine and diesel 
i driven generating sets Such a reactor, if cheap 
•with the advantages that it can be sited whore tho 
power is needed and its fuel requirements are small 
with tho consequent elimination of transmission lines 
\ and lugh fuel transport cost, could transform areas 
at present undeveloped or unexploited Whether 
- sitoh reactors will actually holp to raise tho standard 
of Jiving of millions of pooplo who are now forced to 
do with littlo or no power and to rel} on meffloient 
' fuel burning or human labour or on animals does 
not depend entirely, however, perhaps evon primarih , 
on the ability of the scientists and technologists of 
tho United States, Britain or tho USSR — the onlj 
threo countries at present able to provide nucloar 
reactors for export the knowledge of how to work 
i them and tho necessary instrumentation and sor 
vicing — to design and manufacture such a reactor at 
a low enough price It depends at least as much on 
tho provision of efficient management in tho countries 
i whore tho reactors are to bo used 

This aspect of technical assistance has not been 
entirely overlooked in earlier discussions of that 
brood problem, but Political and Economio Planning 
1 lias now examined its implications more fully in 
a further broadsheet, “Management and Under 
devolopod Territories” (No 434, Juno 1, I960)* 
The brondshoot is indeed primarily concerned with 
tho probloms which confront oxpatriato firms alroad} 
operating in such countries, one after another of 
•<vhioh are insisting tlmt such firms must bring local 
nationals into thoir managerial and technical stafT 
Tochmcall> qualified nationals howover, haw been 
>or y hard to find both for lack of local took meal 
education and for lack of tho basic education nccos 
sarj to acquire technical qualifications In pnnofplo 
management positions were open to onjono capable 
of filling thorn hut in practice Europe and North 
Amorica linvo been tho only sources of supply 
The brondshoot emphasizes tho close connexion 
between political and economic factors in tho under 
developed territories , but to tho scientist and toch 
nologiBt it is of spocinl interest for its analysis of tho 
way in which \\ oetom firms established m such 
countries liavo sought to moot this demand and of 
tho phases of thoir eonsequont staffing polio} Factors 
aro cmpliastzcd which should be noted b> those who 
proceed to such countries under schemes of toclimcnl 
aid no loss tluui b> thoso who enter tho service of 
oxpatriato firms Particularly is this truo of tho con 
eluding ace! ion of tho broadsheet, which discusses 

•riauntng Yol St. No 434 (1 June, 1030) Matucoment and 
t Terri torlr* Tp 113-150 (London Political Mid 

jyconomle I [\nnlnc 10 0) 2* Od. 


the influence of the political olunato in such countries 
and tho attitudo tliat is adopted towards Western 
institutions and ways of doing things Tho main 
assumption on which Wostera aid to the poorer 
countries has so far boon based— that if enough 
technical knowledge and capital aro injected into a 
country which is very dofloiont in both, it is on tho 
way to becoming rich and developed — is frank! \ 
challenged 

Tho shortage of educational and training facilities 
In under developed countries, especially in Africa 
has lod man} firms to act up thoir own but this 
has meant both finding joung mon capablo and 
willing to attend courses of lugher education, and 
persuading young men already receiving higher 
education in local or European universities that tho 
opportunities gontunely oxiat Competition for the 
talent available locally is koen and sometime*! tho 
supply of young mon of good calibro is H mi tod bv 
the practioe of requiring scholarship holdors to ontcr 
government sorvico for a period Moreover a man 
not full} trained to tho standards of n Western 
concern maj be by local standards fully oqiuppod 
for a senior post 

The broadsheet natural I> docs not ontcr into tho 
problems of promotion pobev which can oasilv arise 
but these jioeaibilitiefl of friction havo to bo con 
aidored in framing a staffing polio} and tliov aro not 
diminished where race and oIoss form tho basis of 
politics as the} do now to a largo extent in under 
developed countries Political pressure towards 
nationalization in tho senso of increasing tho pro 
portion of nationals omployod, ma) not allow tho 
timo required to dotonnmo a wise staffing poke} and 
to build up a tradition of fundamental valuos of 
honest}’- truthfulness and joyaltv whioh like tho 
readiness to ossumo responsibility ma} require to bo 
nurtured and strengtlienod m different countries in 
different wav’s Whtlo a nocossnry minimum of 
n endemic knowledge mnv bo demanded of scientific 
or technical staff it would lie wrong to expoefc tho 
samo response from tho graduates of such countries 
as from their European counterparts Some nllownnco 
must bo made for tho local environment 

Nor is it simply A innttor of adapting an organize 
tion to its environment Changes in management 
tochniquo may be required and care should be taken 
that oxpatriato staff who are solocting, training and 
working with ‘national colleagues dovolop thoir own 
powers of understanding at least to tho extont of 
bomg able to comprehend tho mental processes of such 
colleagues to assess justl} their cliaractor and nbfiit} 
and to assist thorn in thoir difficult iea of adjustment to 
thoir job and to thoir European colleagues Moreover 
ns Planning points out tho cmergeneo of common 
probloms of development and tho disparities In 
supplies of trained mon hot ween countries and the 
need for tho parent compam to keep in cki*o lotnh 
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with the probloms of local companios, oncourago tho 
dovolopmont of a raanagonal staff w ltlv w ido oxpon- 
enco outside tlietr own countries , and this widening 
of opportunities for men of all races to rcnoli positions 
of responsibility will probably place a practical limit 
upon tlio employment of nationals as such m un\ 
one local company 

Summarizing tho stages through which tho staffing 
policies of parent firms liavo passed, tho broadslioot 
notes that up to tho Socond World War, overseas 
firms wero staffed largoly bv expatriates, who 
generally made careers abroad ; and there was n 
gonoral projudico against business careers on tho 
part of Western-educated nationals, c\on if educa- 
tional facilities had boon adequato for them to enter 
tho executive ranks Tins was succeeded by a phase 
m which national talent was created where necessary ( 
oitlier by internal training or by tho formation or 
support of educational opportunities outside tho 
firm Now a thud pliaso is omorging Tho arm al of 
tho locally recruited oxocutno has coincided with — 
and is partly responsible for — tho rapid disappearance 
of tho oxpatriato career, as distinct from tho job, 
abroad Now, at least among tho international 
concerns, staffing policy is dovolopmg along tho lines 
of equipping managomont with international, rathor 
than national, experience 

Tho aim of this policy is to obtain a greater cross- 
fertilization of ideas through an oxtonsn o system of 
overseas postings during tho do\ olopmont of tho 
career of an oxocutivo Tho concept of an expatriate 
carcor is bomg eliminated by offering jobs abroad ns 
an integral part of management training and pro- 
motion This now typo of policy should not only 
xmprovo tho quality of managomont hut also con- 
tribute to greater adaptability It clearly lias 
implications in respect of education for managomont 
in Britain, and although it should onsiuo that on 
tho Western side the weakness of rigidity is avoided, 
it should also bo romombored that rigidity is oqually 
dangerous where nationalism is oncouragod 

It is hero that tho broadslioot, roforring to Turkov 
and Iraq as examples, cliallongos tho assumption 
that technical aid, appliod m Western manner 
through institutions of Woslom stylo, can alono 
provide all that is needed, and quotes m support 
Mr M Iomdes’s rocont address, “Toclmical Aid tho 
Rolo of tho West”, to tho Royal Institute of Inter- 
national Affairs Western institutions, Mr Iorudos 
argued, adapted to societies wlioro tho initiative 
cornea from below, cannot fully satisfy tho needs of 
a society where tho flow of initiative is from tho top 
downwards In particular. Western institutions uro 
not organized to tap tho unmonso capital rosourcos 
in such countrios already existing in tho form of 
unused man-power , thoy can only touch tho fruigos 
where a cash-economy exists 

More and more capital and technical assistance 
are being supplied to the centres of sophisticated 
Western style economy m tho under-developed 
countries, sharpening the contrast with the sur- 
rounding rural economy, and whetting appetites 
for higher standards of life Capital investment from 
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outside, from tho (op downwards, cannot fill tins 
gap and the balunco of influence of tho West lias bo 
far dnorted fho attention of theso countries from 
their nood to help to work out their own ways of 
filling this gap by mobilizing tho reserves of labour 
Wostom-inspired ideas of industrialization natumlh 
put tlio emphasis whore tho svfitom works best , this 
attracts enterprise mul initial no away from Uv 
mueb-noeded widespread small-scalo do\ olopmont 
Nor does t lie large scale project which tho West can 
proudo and which most governments m theso under 
developed territories roquest, becaiLso tlio\ wont to 
develop in tlio Western manner, teach the simpler 
methods and provido the training in them tliat ore 
needed or supply wlioro it is needed tho organizing 
ability ossontial for a start It does not c\on provide 
tlio experience or outlook required to initiate or 
oporato schemes which nro not primarily mmod of 
securing profile 

Tins is n formidable argument, and it emphasizes 
tho closo connexion botweon ooonomic and political 
factors m tho under-do\ olopod countries If it i? 
correct, tho assistance programmes sponsored by 
governments and international agencies may require 
oxtonsno modification Deficiencies there cannot be 
mado up by goodwill or flexibility on tho part of the 
branches of Western industry and comtnerco alroadv 
established in those countries Bo that ns it may, 
tlio prosjiocts for tho export of tlio smnll nuclear 
roactor should bo tho brighter in such a context , 
but tho opportunities for Britain liore and okawhoro 
will also dopond on tlio attention givon to framing 
for management, and tho quality and width of out- 
look and wnsdom of tho trninod man-power which 
sho is able to send overseas — as admin istratore 
technologists or scientists — and wliothor in govern 
mont or other public scrvico or m ordinary* industrial 
or cominorcinl life 


CLASSICS OF NUTRITION 

A History of Nutrition 

Tlio Soqucnco of Idoas m Nutrition Investigations 
By Prof Elmor Yornor McCollum Edited by 
H Bentley Glass Pp x+451 (Boston, Mass 
Houghton Mifflin Company*, 1957 ) G dollars 

The Englishman’s Food 

A History of Five Centuries of English Diot By tn< 
lato Prof Sir Jack Drummond and Anno Wilbrnbnm 
Rovisod, and with a now chaptor by Dorothy* Holhng» 
worth Pp 482 + 8 plntos (London Jonothai 
Capo, Ltd , 1958 ) 3Gs not 

H ERE aro two volumes of outstanding interest 
and importance It is not an oxnggoration u 
say that oach of thorn is indispensable to all scrioui 
research workors, and other students of nutnt ton 
E V McCollum, now professor emeritus of h* 0 
chemistry of tho Johns Hopkins University, m ' 
doyon of nutrition authorities, pro-ommont as 
pionoor investigator himself, and at tho same 
the leading historian m tills field Tho respect 
rogard in w*hich McCollum is hold throughout tn 
world are indicated by tbo foot that ho was among t 
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first to be accorded the honour of oleotion aa an 
honorary president of tho International Union of 
Nutritional Sciences, and that he is also to be tho 
honorary president of tho Fifth International Congress 
of Nutrition to bo held in Washington, DO in 1900 
In the judgment of the present writer, an oesontial 
part- of tho greatness of such men aa McCollum and 
Drummond is that they have the ability to regard 
aoionco aa a matter of historical development and 
growth, rather than os a mere catalogue of facta or a 
repository for items of knowledge It is a pity that 
this historical outlook is not more widoly encouraged 
to day in our colleges and universities All too 
oommon is the student superficially self satisfied, 
who supposes that whon the lecturer turns to discuss 
tho historical evolution of his science rather than to 
present him with ready mode summaries of current 
information then is the time when he can relax or 
quietly fall asleep Yot the fact is that no student 
can hope to acquire a proper understanding of the 
existing toaohing in his chosen sphere except by 
learning how the ourrent views have corao to be 
accepted and what is the actual foundation for them 
Indeed to tho young student aspiring to become a 
research worker ono might go further and say that 
unices he is genuinely interested in studying tho bases 
of knowledge — tlrnt is to say, following tho reasons 
why certain boliofa, theories or scientific explanations 
are hold, tho at ages through which accepted notions 
liave gradually travolled, m other words their his 
torical background — he is not likely to have tho 
mental approach that makes a successful investigator 
Wo may extond tho argument to tho toaoher himself 
Ho is a loss good teacher, and a loss effioicnt teaohor 
who is content to leavo his student with no more 
than tho statement that such -and such is now tho 
established view, and that is all there is to it He jb 
the better toochor, and tho more stimulating teacher, 
who gives his pupils on explanation of tho following 
kind formerly certain ideas were considered well 
founded j but la tor they had to bo modified m so mo 
respects becauso of nower knowledge and fuller 
understanding , and that is the reason why tho 
presently accepted belief Is so-and so but that 
nevertheless various rival opinions are often justified 
on anv topic , and that there are always bound to 
remain gaps in our knowlodgo and room for Author 
developments and the possibility of wider inter 
pretatiorw , , . , 

No doubt it is this montal approach winch has 
sorsed to mnko Prof McCollum not only a I cad or in 
nutritional thought but also a famous oxponmon 
talist, and tho instigator of so much fino work b> his 
‘school of colleagues and pupils Ono of his own 
most colobmtod contributions dates back to 1013-15 
when ho ga\ o tho first demonstration of tho probablo 
multiplicity of ' rat-growth factors” and bj tho 
designations * Fat-Soluble A ’ and “Water Soluble 
B set tho stage for tho system of classifying tho 
v itamins now familiar to all No loss influential in 
provoking thought and moulding opinion was his 
eclobrotod book “Tho Nower Knowlodgo of Nutri 
tion* , tho first odition of which appoared in 1018, 
and which ma\ bo regarded as tho oar best of tho 
modem treatises on nutrition In a sense, “A 
History of Nutrition” can bo considered as an up to 
date revision of Tho Nowor Knowlodgo of Nutrition’ 

In this now work, tho reader will find an imprcssivo 
mirvov of tho wliolo fiold and ono that is at tho snmo 
timo scholar!}, well balaneod illuminated bv a 
pound, critical judgment and n wiso discrimination 


The treatment is sufficiently comprehensive, m the 
course of its 450 pagoe, to cover tho ground odoquatch 
and without anywhere becoming laborious wearying 
or unwieldy Much of the text is tho result of careful 
and loving original bibliographical research by tho 
author himsolf It is certain that an} future writers 
on nutritional history will have to turn to McCollum's 
new book as their starting point 

As to the new edition of The Englishman s Food' 
one need say no more than that on its first publication 
in 1939 it mu nod lately becamo tho standard work on 
the dietar} conditions of, and the food habits of 
ourselves and of our ancestors during the past- five 
conturios Noth mg covering tho samo ground had 
been available previously, or has been published 
since , and this second edition was sadly overdue 
Miss Dorothy Hollingsworth has done her work 
conscientiously and well in revising tho book and 
bringing it up to date, and ban added a useful now 
chapter on Tho Application of the Nower Knowlodgo 
of Nutrition Unhappily becauso of the increasing 
costs of printing the publishers found it nocossary 
to reduco the overall size of tho book, with tho result 
that some of tho oarlfar chapters hav o had to bo 
shortened, chiefly by tho omission of quotations from 
historical texts Borne of thorn of fascinating interest 
Many of ns will regret this , hut such is tho sad lot 
of authors to dav Leslie J Hatuus 


FLOW OF COMPRESSIBLE FLUIDS 

Mathematical Theory of Compressible Fluid Flow 
B} Richard von Mi eos Complotod by Hilda Gofringor 
and G S 8 Ludford (Applied Mathematics and 
Mechanics a Scries of Monographs prepared under 
tho auspices of tho Applied Phvsics Laborotorv, 
Johns Hopkins University ) Pp xiii 4-514 (Now 
York Acadomio Press, Inc London Acadomio 
Books Ltd-, 1068 ) 16 dollars 

T HI8 book was Originally planned by von Mi. ho*, 
but owing to his unlimel} death ho was unnblo 
to complete lus task With tho aid of somo notes ho 
loft, Hilda GeiringOT (Mrs R von Mines) and OSS 
Ludford wore howovor able to eomploto tho work 
Tho first threo chapters wore written by von Mines 
himself and tho remaining two are duo to tho abov o 
named authors, to whom nvoryono should bo grateful 
for preserving so much of tho last important work 
of von Misoe 

Tho material contained in tho book is intondod for 
tho research workor and tho graduate student but 
it should bo of vnluo to onvono making a serious 
study of aerodynamics Tho basio theory £ developed 
in a clear and mmplo wny tlmt is easy to tmdoTstand 
Great pains are takon to explain fully fundamental 
concopts and tho significance of tho various assump 
turns made in tho dovolopment of tho mathematical 
methoils for tho solution of certain aerodynamic 
problems Tho concept of a specifying equation is 
introduced which, with tho usual four equations of 
Euler connecting tho velocit} components of tho 
flow, tho pressure p and tho donsity p, onahles tlic*o 
five unknowns to bo dotenninod Tho most common 
forms of the specifying equation are p — const for 
incompressible flow, and F(p p) n 0 for compress 
iblo flow, whore p and p are at nil tunes connected 
b} a ono to-o no relation 

In scopo tho book is eoniowliat limited Onl} onr 
and two-dimensional flows are full} »Up<ni<wd ami 
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in tlio mam onlv problems of mviscid flow for winch 
exact solutions ha\ o boon found aro consitlored No 
attempts aro made to assess tlio practical value of 
tlioso theoretical results by comparison with experi- 
ment 

Chapter 1 gives the basic equations for different 
types of flow imdor various conditions and Chapter 2 
is concornod with genoral theorems of uso in the 
studv of rotational flows, tlio liodogrnpli method and 
the theory of charactenstics Chapter 3 is dovoted 
to ono-dimcnsionnl flow and contains sections on the 
effects of viscosity, heat conduction, simple wave 
propagation, shock rofloxion and shock collision A 
thorough presentation of tlio hodograph motliod, with 
a full discussion of recent ad\nnccs in tlio theorv, is 
included m Chapters 4 and 5 Special attention is 
given to tlio treat mont of shock wav os and tlio book 
ends with an article on transonic flow Tlio mam 
toxt is followed bv an appendix of some forty pages 
of relovant and most interesting biographical and 
historical notes \V P .Toxt.s 


THE METALLURGY OF 
MAGNESIUM 

The Physical Metallurgy of Magnesium and Its Alloys 
By Prof G V Raynor (International Series of 
Monographs on Metal Physics and Physical Metal 
lurgy, Vol 5) Pp ix-ff>31 (London and New 
York Pergamon Press, 1959 ) 75s not 

P ROF G Y RAYNOR’S latest book pro\idcs 
the first predominantly theoretical survey of the 
subject of magnesium and its allots, and it will most 
certainly form a valuable companion \ olumo to those 
books published in recent years concerned mainly 
with the technological aspects of magnesium metal- 
lurgy Both students and those concomed with 
development m industry wall welcome this authori- 
tative work, which is presented so as to givo the 
theory first, followed by a rovicw with examples of 
the alloy systems formed by magnesium 

The first part of the book (Chapters 1-7) deals 
with the fundamental nature of magnesium, its 
electromc constitution, and the effects of alloying 
Tins section contains a mastorly ten page summnrv 
of the electron theory m general, before presenting 
a critical account of the qualitative and quantitativ o 
studies that have been made of tlio electronic consti- 
tution of magnesium Magnesium is in a most 
interesting electromc state, and tho author discusses, 
in a chapter on the lattice spacings of magnesium 
alloys, electronic interpretations of departures from 
Vegard’s law, and lattice spacing changes due to 
temperature changes and to the application of tensile 
stress 

After a description of tho general alloying bobavioui 
of magnesium, m terms of tho Humo-Rothory factors 
of atomic size, and relative- and electro -negativo 
valency effects, an extensive account is given of the 
occurrence of intermediate phases m magnesium 
alloys In particular, the structures of ‘normal 
valency’ compounds and Laves phases are considered 
in some detail, and the chapter is concluded by some 
pertinent observations as to why precipitation of 
these intermediate phases seldom leads to a high 
response to age-hardomng in magnesium alloys 
Tins section of the book is concluded by an account 
of the deformational characteristics of single crystals 
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nnd pol\ crjstallmo aggregates After a fairly elemen 
inrj description of edge nnd screw dislocations, tlio 
crvstallogrnphy of slip nnd twinning in magnesium 
at room and elc\ ated temperatures is outlined 
Rupture, nnd the development of preferred orionta 
t ions, aro also considircd, and an account of creep 
chnrnetoriRties concludes tho chapter 

Tho second part of tho book (Chapters &— 1 7} 
describes nnd discusses tho allots of magnesium, 
considering tho solute metals from the \nnous groups 
of tho Periodic Table m turn, stress being laid on 
those of pre-ent or potential importance A selected 
list of references is prov ided at the end of each chapter 
— tho ht oral are being reviewed up to nnd including 
1957 Rnpid reference to tins part of the hook would 
be tnndo easier by the more generous provmion of 
sub-headings, ns the alloys m each group are du> 
cussed 

A rev low of this natnro emphasizes our ignorance 
of tho fundamental mechanism of mam technological 
processes, and mnn\ fields for further research nrc 
indicated 'J he suggestion of “subinicroscopic pre 
cipitnl-cs” in, for example, the crocp-rcsistnnt mag 
nesuim-eenuui allojs will certainly wlict tlio 
appetite of electron microscopists There is, m fact, 
rn tlier a dearth of photonncrogmplis in the book 
(there being onlv two sets), doubtless duo to the high 
cost of their production Tlio vnluo of tho bccond set 
of micrographs is also reduced by the nb«onco of 
nnj Mipplementarj information — magnification pre 
pnrntion, etc 

An account of tho systems formed with gaseous 
elements or compounds concludes tho roview, an 
interesting discussion of the oxidation characteristics 
of tho motal being included hero Tho final chnptor 
summarizes the mfltienco of nllov mg on (ho mcclmm 
cal properties of mngncsium Tlio hook contains 
more than 200 diagrams — tho phase thngrnms being 
particularly well produced This robust, well hound 
volume will surelj grace the shelves of students and 
research workers alike for mam jears to come 

J W Martin 


BIOLOGICAL PROPERTIES OF 
PHENOLS OF PLANT ORIGIN 

The Pharmacology of Plant Phenollcs 
Proceedings of a Symposium hold at Oxford, April 
1958 Edited by J \Y Fairhtuni Pp ix. 4-161 
(Now York Acndomic Prosg, Inc , London 
Acadomic Books, Ltd , 1959 ) fi dollars , 30s 

I T is not often that an attempt is mndo to present 
within tho spaco of 150 pngos n roviow of tho 
biological proportios of such nwido varietv of chomicnl 
substances as tho plant phonohes It can mdcod ho 
argued that such a review can bo of lit Mo vnluo 
because tlio plant phonohes comprise a miscellaneous 
assortment of substances having nothing in common 
beyond tho presonco of tin aromatic hvdroxv 1 group, 
and somo may foci that tho choice of eubjoct-mntter 
has hoon mndo oven moro arbitrary bv tho inclusion 
of tho cliaptor on ndronahno, norndronnhno and 
5 hydioxytryptamino, sinco thoso substances nro not 
of plant origin and owo thoir characteristic pharma 
cological proportios In tlio presonco of an ammo group 
rather than to the presonco of a phonohe group 
Evon if tho fundamental pattern of this hook 
tho proceedings of a symposium bold in Oxford last 
year — is regarded ns slightly illogical, it ropresonts, 
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{ nev ortholees, an important contribution to tho field 
3 of structure-activity relationships 
) Tlio booh begins with a concise authoritative 
i chapter b\ J H Bum on adrenaline and other 
I nitrogen oontaming phenols mainly of animal origin, 
f and is followed by another chapter, by R T W llhams, 
summarizing what ib known concerning tho fate of 
phenolic compounds in tho body In tho third chapter 
i W B Whaliey diBcnsaoa tho toxicity of plant phenohes 
, as a group providing a usoful introduction to the 
, next five chapters which deacribo m more detail tlie 
I action of spocifio groups of compounds J W Fair 
Ixurn who is also the gonernl oditor, discusses the 
anthmquinoncs, and J I> Biggers gonoistein and 
related compounds which exhibit oestrogemo activity 
and in a soporato clmpter hvporicin and similar 
compoimds that cause photo sensitization Tliree 
chapters are dov oted to tho flavonoids and tlioir effeot 
on capillary blood flow In tho first M F Lockett 
oonsidcrs tho o\ ldonce In support of tho ilow that 
they act directly on capillnry permeability and lonsile 
strength while in tho other two F Deods and J 
Lavollny and J Neumann present tho case for indirect 
activity mediated through adrenaline and ascorbic 
acid Tho last two chapters of the book deal with 
plant phonolics in food and wine, J Masquolior direct 
ing attention to tlio high bactericidal activity of somo 
wines and C C Bate-Smrth concluding the book 
on tbo reassuring noto that most of tho phenolic 
constituents of foods are fortunotoly plinrmocologfo 
ally inert 

The book is well printed and free from errors Its 
\aIiio is greatly enhancod by tho list of roforencos 
given at tho end of each chapter and by summaries 
of the discussions that took place At tho symposium 
Most pharmacologists organic chomists, biochemists 
and pliarmaclsta will find much of interest and valuo 
in this volumo F A Robinson 


ORCHARD SCIENCE 

Tree Fruit Production 

By James S Shoomakor and Benjamin J E Teskov 
Pp vil+456 (New York John Wilov and Sons 
Ino London Olinpman nnd Hall Ltd 1950 ) 
605 not 

A DVANCES m plant physiology in plant breeding 
in plant protection nnd m the knowlodgo of plnnt 
toxicants, are to-day being pnrallolod by advances m 
crop husbandry and soil management nnd in tree 
shaping and growth control Tlio Impact of these 
advances on oommorcinl fruit growing Is being 
influenced by economic considerations Whdo the 
fncots are tho major concern of tlio appropriate 
specialist who may bo qulto ignorant of tlio over all 
subject of pomology , tho teacher of pomology as tho 
torm Is now generally understood must bo keenly 
aware of tlio progress boing made in all tho brandies 
of fimdmmntnl science tliat afTect hia subject and bo 
willing and able to incorporate tho now knowlodgo in 
turn into his teaching nnd demonstrations 
"W ith RjKHimlist fruit crop research stations in 
many parts of tho world now more or less well staffed 
nnd equipped, now knowledge supposedly’ now 
knowledge or old knowledge recapitulated ia being 
published so plentifully as to embarrass alike both 
teacher nnd taught From time to tuno experienced 
teachers givo us the benefit of their selection from 
among this wealth of material and if they are 


URE 

competent teachers and are critical m their selection, 
the result is a good book. 

Hr Shoemaker is such a teacher, nnd this book 
written m collaboration with Hr Tcskev bears 
evidence of a wido ranging bnt careful selection of 
subjects (there are more than 800 references, the 
majority of them within the past 20 y cars) and a com 
mcndable compression of tho essential material , an 
1 1 page doublo -columned index makes for oasy refer 
cnee Tovt books on husbandry are difficult to 
illustrate, and this ono is no oxooption , lino drawings 
nnd diagrams like those on grafting are clear nnd 
good photographs of plantations and many fiold 
operations, Uko picking and priming, do not reproduce 
well 

The authors have covered apples pears chemes 
and plums all of yvhich interest us in tho British 
Isles Peaches apricots, nectarines and quinces 
should mterost our Western and Southern European 
neighbours, nnd citrus fruits are also tho concern 
of tho countries bordering tho Mediterranean sea 
The authors were not catering for this wido publio 
but aimed at producing an up to dato guide to 
current orchard and fruit plantation pmctico for 
uko in Canada nnd America Nursery practice 
site selection and modification, planting con 
sidorotions and varieties for particular purposes 
are all discussod together with tree nutrition pest 
nnd disease control soil and plantation management 
and har\ eating as well as handling and Blomgp 
There is a special chapter on tho culttyation of dwarf 
apples and pears, oy idently in response to domand* 
from atudonts for information on this subject For a 
long timo European growers ha\o been particularly 
oxpert in controlling tree size nnd viold and American 
growers may face many difficulties in adapting 
European methods to their needs 

Though essentially wrltton for students this book 
contains much that will mtorcst fruit growers and 
their nd\ iBors in many parts of the world 

JI W Milts 


SCHIZOPHRENIA 

Schizophrenia Somatic Aspects 

Edited by Dcrok Richter Pp viii-f 181 (London 

and New York Fergnmon Press 1957 ) 40 a not 

Chronic Schizophrenia 

By Thomas Freeman, John L Cameron and Andrew 
McGhio Pp xl + 168 (London: Tny istock Publicn 
tions Ltd 1958 ) 21s not 

A New Approach to Schizophrenia 

Bv Julius 1 Steinfold Pp ICO (London: Hutchin 

son Modical Publications Ltd 1958 ) 21s not 

S CHIZOPHRENIA is a major cause of disabihtv 
m most parts of tlio world In countries for 
which statistics are ayailable it constitutes npproxi 
matoly half tho cliromo population ofmcntal hospitals 
Almost ono in oyory hundred persons is fnted to 
suffer from tho disease, and tho majority particularly 
tho men break down in the second and third decodes 
of life Tho was to go of human life nnd tho amount of 
suffering nnd social dislocation it causes are probably 
greater than that duo to any other singln disease The 
International Congress of Psychiatry held two years 
ago was dovoled wholly to this subject Its dtlibern 
tions Bcrved largolv to bring horn* failure to 
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achieve any substantial advance in knov 1* dge o) it* 
causation since the condition wits first d< mind liv 
Kracpelin and later further defined bv f 51* uU i 
Tlieso three books reflect three of tin 
types of theoretical approach ndop** d m tin \n t 
literature on the subject the oigaim* or tmimtio 
approach, tlio psvcho nnnhtio and the * « e< imm 
Tlio monograph edited in Dm I* Ri* liter ioniums 
a number of <_ssnv- dealing with tie pr* * ni Mate *d 
knowledge m relation to tin antbr«>jionn trn up. ts 
and the elect roc nceplmlogniphu m urop uholo *u tl 
and endocrinological ob-* rvation- 'I ie h a tud\ 
of motabohe change-, m nutrient m hi <*phr. mu om> 
on the effects of drug- intrudin' (1 into th • f>r*1u,d 

ventricles, a paper on the the mpi utn i fh * ta of di n » 
and on the symptoms induced b_v me udm** wbuh 
aro at times seurielv distiugui-hubl'* from tbo 
observed in scliizoplircttu - One paper aitimpt to 
reconcdo t ho observation* -uggi-ting that a mutant 
gone is tbo primal v caust. with iho-> that unplv ihui 
on\ ironmental causes are of sonn important/ Th*. 
picture of pre-ent know Inigo that cm* rg i t* < n r. < h 
encouraging f'clnzophreni* s difTer a- a group from 
normal controls m respect of bode lmdd atm m 
relation to a whole range of bioih< ini> til t* ms '1 |,„ n , 
is somo ovideme that lu-tologiealiv .b-monMr dde 
changes occur in somo parts of the b.um '1 he 
schizophrenic ul*o responds nbnonmdlv to a web- 
range of drugs But all the-e eh.mg, < an v ,t limit 

Srd’ll’ ^ thc <lfgnv of °'" r,n l l "»*>• normal 
control groups is so great for all nuomahes that tin v 

arc rendered tireless for purposes of diagnosis f„ 

mnni instances unecrtmntv remains us to whether 

Seels 0 /ll 1 r i<mif0t!tn<10nS ° f tM ™ 1 'Wth 

Sutmnnl 0 CW<, ° V *° T '' 3n]U <’ f long period « of 

nslitulional care Moreover, with the luvuihio 
ovccption of Crossing's celebrated work on disturb 
ances of nitrogen metabolism m the verv smalt group 

fo f imd eS l ° f P i Cn ° d,C cntatonin - I10I1 c of the did. rem, s 
found has been so far M.ecossfulh oxplom-d io 

vanco knowledge in relation to etiology pro-* 

sh,nos° r i S "'T tl0n lhc 0,10 fmt’ w hiei't 

hmes clear and constant through this nebulous 

betweon seventy and oicbtv i/n n n,nn0/VKO(lr l"»n 
its significance rotnmns^ y imes ius great Although 
^d£Sr i f ta,r ’ <ho rormtlv demon 
mental hosp.tal witl ^h 3° ndm.it ed to 

social dosses has boon alrendC "V 1 ”* 
of countries and promises trM on ^ rni( '^ m n number 
consistent observation J 1 ' "" eq,m,lv c,cw nnd 

lmes has^S^o M«SS ra °^ 0 P J|J r<,,M nio, ! g or K<mic 
and to devote thoir energies to tbo " P ’ 10 B T )on C° 
meanmgful associations m ttn 1 l| ncovormg of 
schizophrenic Tho ifioorot^ I" 10 " 101 1,fo of “«* 

kmd of endeavour ,s usuS n' T\ C V 0rk fo ' ih ” 

schools of psycho analyses * Th, * 0 ' hy ono of !! >o 
considered ossontml for Bciontifio ^ Ing0nt co,l trols 
that findings are not mtornreirU qu,ry 1,0 onsuro 
preconcoi, eel (hLryXXn 
cable or irrelevant ‘ Tho psv chonnalw d 08 , Inniq ’ h 
and treatment of schizophrenia has m JT P ? mi, ° n 
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unalvfto t. idling and carried out in tiro nrosi- 
chronie lelu/ophrettie patnmtt Tiny cor eg * , 
vu w cvjtr*' -*d l>\ lod'-m that the p^ntul pv* 
lo'aud dntuibanu prodtmd hv this <lt?oni *- g ; 
v mkeimig of Ilm fumtiont of tin* ego kair; i 
hnakdown *>f its boimdnru-a and failum todif - 
t late be* w is n a. If and non s. If or Mi.ircr Jhr c 
\»rmf»<m* m the form of the di «"*> are a'o'-v 
to th*’ d* i*r> » of ego ftim tmn The il, e’-’-r; 
iboicdi!, nfi**t ami volition ami th" didurW*"*' 
p r<*pftou < hnnief* n-tt* of tin' rrlnrephr’ nnsr" 
i on-id* r, d to -t- in trom th*’ rleuig" 111 111* fly nr 
otth**t l! Although the m r'-gardrl ib e--r_ 
5> \ i hofiigu a| di* turb.mi ■>, tin* prohlMn of "M? I ^ * 
l"ft ojH*n ’1 be th* rip* utu programim b'.WtnL' 
lunlttig o dir* < t*s| T*manls igohuil'liri:, t — 
m* lu*l* s foitering th***’r atul more *lunb rl*'* 
clnpi t>«i w f >*n {aitti'iits an*l nur ■*••*, i Tort* t>t- 
imuunU*' at tin |UU*'nt’*i o sti an baa lw*’, vii’ 
th* us-umpt mri that •*ti*uulation of tbe ly-nh a~“ 
a\ ar« n* i of t h< * . If, i ueh tbmgs ns rtrobinj.’ "“'I 1 
nnd mill mg a i > r* mmmd *<f b ith-tirm* The( r 
the ■< m>vt ma*! cm ward atmo'-jihen sail cn r- 
M‘lual jmtu nts ar*' said to hn\e h*vn gra'if-*^ 
no el ir minh of ili<» result!* m given 

1 Ajdoral but of the immi lifi of th" fdfuxopigMr 
*d Milii** a- it lorin «>f infjUin', and n poTr-suT! r' 
cm*' on ipmutitatn <* data m n fi"M wliWtk 6 
pio\e itultifvmf to new itleis hu'ra <V,l£ ' 
p*y climt rma who do not subscribe >° PT- 
atmhiic tcuihiiig lm\o tasfih'vl to tl*c wt e 
i fi* * t c\ort*-*l bv this kind of cnd*MW r c- 
imtmt**i in n tm ntal hospital where 
precbmnimnt mfhn nee wtls the c o call'd _ 
p \chmtry, the ndiu rents of winch flt ' 
Mitt nigh mated the patient nlmod 
Ison an inanimate object. 

However, the roicntdic its nt of tlicora^ 
d< cub'd In pragmatic eon-ub rations 'lit'-’ 
of * go boundimc- lure de-i rdved as tbcf ; <' ,irx 
ps}« liulogual disturbances m scbiropbn'n!’'^ " 
npjilu able a* a metaphorical description far ^ ^ 

disturbames in delirium, dementia, drcvJmV 
d< juT-unab/ation, which an* rjuite diffrnr* H 
nmna Moreover, a ven large munlwr oj " r 
t’\pbmt»t ions have now been jireposcd, a 
to Is* dlmmnatmg for the undor-tnndms 
caoous m the trintmcnt of scluzophrcnw •' t 
S«emfild‘s boo), statis that oral 
mfnncv is the root i auso Ksccssivc ‘ ,ul '£y f V ' 
lif*' overstrnum the vegetative incchaoi' ^ 
mav then remain in a state of high cat 
hfe He has more than a suspicion, * or . n jnf ,-V 
nmde explicit , that in <’arcmomntosl9Sl ,, ' l 1 
isms mav be at work 

As m other fields of scientific infii" r '> ” -gd* 4 
‘intuitive leaps’ in psychintrv have to up 
respect — tlio***' of others no less than ono 
•s precisely wliv none deserves scrioia 1 c fie" 
until its reh vanco nnd heuristic 
objoctivelv demonstrated so far of* 1 W ^!A,); 

Many observ'ntions cited m the fir* 1 * jn t p 
that tlio slow progress of scientific l,,( b p) |f 


field mav ho partly duo to the llC . t0 j 
sebi70pbrenin Recent genetic, clinical 
logical data show promise for discovery 
linos of division between the different ' or ogr^" 
svmdromo M’hon ibis lias been nehiovca. ^ ^ 


the definition of causal agents w bC | 
ac ( / 101 l )s > ehogomc or j)liv siogenic^i^^ pprfl 
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The World of Learning 1958-59 
Ninth edition Pp xnx + 1139 (London Europa 

Publications, Ltd , 1958 ) 130? net 

T HE ninth edition of the "World of Learning , 
wluch is now well established as a valuable guide 
to scientific, oultural and educational Institutions 
throughout the world follows the pattern of its 
predecessors, but is considerably enlarged duo to tho 
world wide expansion of scientific ana technological 
research, ami to tho recon t foundation of tnanv unfvor 
nit ids and technical colleges in the relatively undo 
velopod countries 

Tin first section devoted to Uneaco, describing 
itH mins programmes organisation and finance, is 
followed by a short account of the work and structure 
of the International Council of Scientific Unions and 
othi r international organizations, togethor with bnef 
statements of their objocte and the names of thoir 
principal officers 

Tho remainder of tho booh is divided elphnbotieafiy 
into th< v ftrious countries of tho world (by their names 
in English) The arrangement of entries for Great 
Bnt am —which occupy 86 pagos — affords an indica 
tian »f the scope of tho work learned sooieties 
arid professional associations research institutes 
libraries museums and art galleries universities 
and university colleges centres of adult ond technical 
education schools of art music and drnraatlo art , 
agricultural colleges , and education trusts In 
general tho entry for each institution mdudes its 
address tho names of its leading officials ami for 
each university a complete list of professors 19 given 
Whore applicable, the titles of any publications Issued 
b> tho body concomed are also listed The entry for 
the U S*8 R which occupies 38 pages, lists tho 
members of tbo Soviet Acadomy of Sciences and the 
heads of its various departments and research 
organizations Forty one Russian universities are 
listed with their fooultios, but tho names of their 
professorial staffs arc not givon a long list of tho 
u n numorous institutions of higher education and 
research of tho Soviot Union arc however, inoludod 
The largest single entry, comprising 190 pages, relates 
to the United States of America. 

There is an alphabotioal index of institutions, but 
uono of persons, mentioned iu tho book. 

Handbook of the Rubl of Great Britain and Ireland 
By the Iato \V C R Watson Pp xi-f274 (50 
figures) (Cambridge At tho Unnoraity Press 
1058 ) 03s not 

P ROFESSIONAL systematise tend to bo superior 
about brambles and bntologists, partly because 
ui Britain at least, batology lias boon primarily 
an amateur study, hut porluips more particularly 
bocmiao tho Raht refuse to comply with oHhodox 
ideas, and, like slum children m a respoctnblo noigh 
bourhood, are a perpetual affront to the dignity of 
those who valuo orderliness and correct behaviour 
It was pcrlinp3 vain to hopo that Mr Watson s long 
awaited monograph would finally sot the seal of 
roapectabihty upon this sprawling and troublesome 
proup, but tho opinions or one who studied tho 
brambles assiduously for more than forty years must 
bo given earoful consideration Evory hno of this 
ndnumbly produced monograph bespeaks Bonouaness 
of purpose integrity and industry, and tho wealth 
of Watson's knowledge is testified time and timo 
again throughout the book though perhaps most 
strikingly in tho introductory pages What & pity 
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the author did not live to publish a eopamte and more 
elaborate essay on brambles and bramble claamficn 
tion, for it must bo confessed that his generalizations 
and obiter dicta though perhaps controvert iblo are 
vastlv moro intriguing than his dotaijod and somewhat 
desiccating descriptions of tho three hundred and 
mnety-one species emd to occur in Britain Admit 
tedly every thing possible has boon done in hoys 
descriptions end illustrations, to convoy the author s 
mature conclusions to the reodcr but language and 
art have their limitations, and tho fond hopo that 
the book will furnish tho means of identifying ov ory 
native species mot with” /s per hap? a slrndo too 
optimistic The unenlightened seos only ono black 
berry the obsorvont possibly half a dozen but 
only tho specialist, with twenty or more yearn 
ox peri on 00 behind him, can hopo to recognize tho 
majority of tho spoolos included in this book and 
then — who knows — the specialist may wish to add a 
further hundred species of his own to the British 
list for one suspects that Jlubus species, like pamllol 
irnes, can bo extondod to infinity R D McIclv 

Annual Review of Entomology 
Vol 4 Edited by Edward A Stoinhaus in association 
with Ray F Smith Pp vM+407 (Palo Alto 
Calif Annual Reviews, Inc 1050 Published in 
co-oporation with the Entomological S ociotv of 
America ) 7 dollars 

A REVIEWER always likes to imngino oditors 
and authors feverishly scanning lua Olyonpinn 
Judgements and then departing <0 brood on tho error 
of their ways 'Whilo experience must inovitnbly 
doe troy this pleasant pioturo it is gratify ing to notico 
the present comcidonco Volume 4 of tho Annual 
Roview of Entomology fulfils almost cntireh tho 
critical roquiroimnts suggested in reviews of the 
previous volumes m those columns Tlius wc have a 
volume broadly' baaed not only in subject matter but 
also in tho geographical distribution of its contribu 
tors a review which includes several papers on 
subjects at tho growing points’ of entomology — insect 
physiology , ©oology and control — and finds space for 
one or two on tbo bordoriino of other sciences such 
as tbo role of insects as disease voctora In fact, it 
would be a dull entomologist indeed who could not 
find 8omo thing of interest or profit in tho present 
volume 

Tf tins standard is maintained then critical interest 
can bo transferred to a higher level although in 
tho present volume tho general ooneept Is good a 
few of tho individual treatments fall short of thin 
standard, and degencrato into the ‘card index* type 
of review Romow articles of tho highest quality 
must not only present a selection — for in these davs 
tluit is all it can be — of the literature but must also 
strive to produce somo stimulating and if possihlo 
onlightonmg synthosis from it 

In matters of detail tho present \olumo is as well 
produced as its predecessors oml at last each article 
has a bibliography in alphabetical ordor tho index 
it good although sot era! misprints and incorrect 
pago numbers appear hero 

But thofio are small matters compared with tho 
solid valuo and interest of this volume tho Entomo 
logical Society of America, which this year terminates 
its financial obllgationa to tho ‘‘Roviow must be 
congratulated on bringing into being a work which, 
on present standards will bo of great valuo £0 every 
entomologist F T 
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RADIOCARBON DATING OF PREHISTORIC WOODEN 

TRACKWAYS 


By Dr H GODWIN, FRS., and Dr. E H. WILL IS 

University Sub-department of Quaternary Research, Botany School, Cambridge 


T HE purpose of building corduroy tracks is to 
av oid dolours, and prehistoric examples of those 
■wooden structures ha\o boon preserved by con- 
tinuous water-logging It is not surprising, therefore, 
that increased wetness of climato should lia\ o caused 
many former routes to bo flooded, and liavo induced 
first tho construction and then the preservation of 
woodon trackways Tlius there is an expectation 
that, wore it possiblo to dotormino tho ago of a 
number of trackways, thoir ngos would bo grouped 
at distinct periods of climatic deterioration 

Corduroy tracks, however, have not been studied 
typologically , and apart from axe marks on tho 
timber and tho chance of associated archicological 
finds, thev havo beon eery difficult to date, until tho 
advent of pollen-analysis, and, more recontly, of 
radiocarbon dating 

Both techniques have been applied to tho problem 
of dating several of tho wooden trackways rovoalcd 
in recont years by peat-cutting m the derelict raised 
bogs of the Somorsot Levels Somo of tlicso havo 
boon described already 1 , and descriptions of othors 
are being prepared for publication (Phil Trans Pay 
Soc Edinburgh) Thov rim between tho Mondip and 
tho Polden Hills and the low islands that projoct 
through tho intervening flat lowlands of tho Glaston- 
bury Levels 

The six Somorsot trackways so far dated, and also 
cortain associated wooden platforms, all occur at a 
comparablo stratigraphic horizon m tlio bogs Tins 
is at the surface of a vory dark, highly humified 
Sphagnnm-Calluna-Enophorum peat, and its junc- 
tion with a Cladntm-Hypnum peat Tho lower peat 
is indicative of tho growth of heather-clad bogs 
receiving water only as ram or snow, in a condition 
of arrest or slow growth . tlioir gontlo convex surfaces 
could easily liavo beon traversed on foot and offered 
little obstaclo to passage across tlio lov ols Tho o\ er- 
lymg Oladium-Hypnum peat by'- contrast points 
unmistakably to flooding by r calcaroous water fiom 
the big catchmont area of tho Mondips and Polden 
Hills Such flooding imposed very circuitous routes 
between one hill ridge and another and the ovidonco 
suggests that the woodon trackways wore biult m 
consequence of tbo flooding and that tlioir preserva- 
tion was ensured by its continuance 

Several of tbo trackways wero also shown to bo 
close to the samo pollen-analytic zone-boundary, and 
upon this evidence it was suggested that tho tracks 
were probably built about the transition between the 
Bronze Age and tbo Iron Ago This supposition was 
strengthened by r tbo occasional discovery' upon tbo 
timber of the markmgs of tbo small thick axes of 
Late Bronze Age typo, and by tho recovery of two 
bronze spearheads at comparablo stratigraphic lovols, 
one of the Late Bronze Ago and tbo other of Iato 
Middle Bronze Age 

Radiocarbon dates have now been obtained for tho 
wood of the trackways and also of the peat in which 
they are embedded The assay's wore made with 


carbon dioxido at 2 at mosplioros pressure in n copper 
proportional counter of about 2-litres v*dumo 5 

TaWc 1 Dvmo or 11001 ) rron Trackwavr* 

\cara It p 

' 2 ,sio i no 

2PS0 4. no 
2470 4 no 

11*00 4. no 

21-00 4-110 
2620 4. no 

2030 ilio 
2595 i iso 
'2410 ± 100 
.2040 i. 110 

• I or fuller information on the provenance of the sample* we ref S 

It will bo seen that these all bo betw'eon 450 and 
000 u c , which is certainly Lato Bronzo Ago m this 
part of Britain Tho datings are supported by' those 
of tho associated peat 

Table 2 Dmvo or Prvr i«somn» turn TrACKvrAr; 

\onr« 1( 1’ 

Q63 vrearc Heath track — subjacent pent 3310 ± 110 
0 44 Sluipwli k Heath I rack — subjacent peat 3610 js 110 
0 300 Hlnkcwav 1 arm truck — enhjacent p-mt 2700 4-110 
V31« Mdons track — pi at at tract lev rj 2630 ± 120 

0 318 Aldoni- track — subjacent peat 2042 i 120 

0 310 X'Idons track — subjacent pent 248.1 i 120 

Q317 Mdons track — Rupcrjaccnt peat CG2S i 120 

Whereas tho results ftom Ntdons track suggest 
clo Q o contemporaneity between tlio track itself and 
adjacent peat, at tlio other sites tho greater ago of 
the underlying peat supports tbo Hold ovidonco that 
somo erosion or wnstago of tlio peat surfaco had 
occurred before tlio trackways wore constructed 

As long ago as 1900 a monoxylous boat had been 
recovered from tbo bog doposits near Shnpviek 
Station, but under conditions that did not allow any 
dnting or roforonco to a stratigraphic horizon It 
was apparent that, it could not have been embedded 
wlnlo tbo bog-, were covered by heather and cotton 
grass and it scorned likely that it related to a sub 
stanti at flooding ponod Tho curator of Taunton 
Castlo Museum, where tho boat is now preserved, 
kindly provided enough wood for tho following 
radiocarbon assnv 

0 357 Slinpwlct bmt 2305±120 yenra 15 P 

It will bo seen that this assay' plnccs the bon< 
within the Early' Iron Ago, so that it is younger than 
tbo woodon trackways and indeed corresponds in 
ago with tho Cladium-Hypmnn peat of tlio mfljoi 
flooding opisodo of this timo 

There is a good deal of ovidonco m various park 
of north-w ostem Etiropo that about 000 n c there 
vs as in progross a cliango of climato towards increased 
rainfall and lower tcmporaturcs It has boon made 
tlio boundary botweon tbo Sub-boreal and Sub- 
atlantic climntic periods , it is an important pollen 
zono boundary and is often marked by ‘recurrence 
surfaces’ in peat bogs In viow' of tbo likelihood that 
this climatic cliango was also widespread in Britain 
it is interesting to appond tlio radiocarbon dates 


Q 52 vf f arc Heath track (Itulleld’g) 

0 30 Sliapwlck Heath tract (Foster's) 
y 309 Wrst)ia> tract (SandfordV) 
q 300 Ulakcwaj 1 arm tract 
Q" \ ir-ers track (I)cuar « A) 
i) 312 Viper* track (Dewar * A) 

Q 313 Mdons track (Dewar b H) 

Q 311 VI pern platform 
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from throe further wooden trackways that we 
determined 

Table 3 Trackways outside Somerset 

Years B P 

310 Fordy — Little Thctford, Camt» 2500 ±110 

~ T Brim Lloa • 156* ± 120 

G3 Kate t Pad, Filling Xoncc. £"00 ± 120 

It was already known from associated prehistoric 
finds that tho Bngg trackwav cloarh belonged to the 
I Alto Bronze Age to Early Iron Age transition 
Pollen analytic evidence and a single sherd from 
the Ford} trackway had already suggested a similar 
oci for that structure It is now strikinglv evident 
that indeed all the trackways belong to the one 
art hceological period 


Of course prehistoric trackways wore built at 
other periods than this, and the Groningen laboratory 
has dated an Irish example as follows 

0R0 272 Corlona Co Leitrim 3395 ± 170 yewrj B.P 

None the less the consistency of tho English 
results is striking and strongly underlines the rm 
portance of care f idly recording and dating thoee 
unregarded prehistoric monuments 
1 CU^A*. »nd Godwin H PM0 Tnnu Roy Soc. B 233 

* G °^^ n „?r-^ rafkor D 4041 E IT Proc Roy Soc. B 147 

3t>£ (l'J5<) 

■Godjtn n ind'WWJi E.H Av*t J Sri. Itadlwflrtjon 8tpp 1 
C3 (1959) 

* intchell OF/ Roy So e. Antif Inland 88 40 (1053) 

* Smith A, 0 Proc. PrrMtS Soc, M 78 (1058) 


A NEW FOSSIL SKULL FROM OLDUVAI 

By Dr. L S B LEAKEY 
Coryndon Museum Nairobi 


0 \ July 17, at Olduvni Gorge m Tanganyika 
Territory, at Site FLK my wife found a fossil 
hominid skull, at a depth of approximately 22 ft 
below the upper limit of Bed I The skull was m the 
process of being eroded out on the slopes and it was 
only because this erosion had already exposod part 
of the specimen that the discovery was possible 
Excavations were begun on the site the following day 
and continued until August 0 As a result, an almost 
complete skull of a hominid was discovered This skull 
was found to be associated with a well defined living 
floor of the Oldowan proChelles Achoul culture 
Upon the living floor, m addition to Oldowan tools 
and waste flakes, there were the fossilized broken and 
splintered bones of the animals that formed part 
of tho diet of the makers of this most primitive 
stone age culture It has not yet been possible to 
study the fauna found on this living floor , but it 
can bo said that it includes buds, amphibians, reptiles 
such as snakes and lizards many rodents and also 
immature examples of two genera of extinct pigs, as 
wo U as antelope bones, jaws and teeth 

It is of special importance to note that whereas 
the bones of tho larger animals have all been broken 
and scattered, the hominid skull was foimd as a single 
unit within the space of approximate!} ono square foot 
b\ about six inches deep Even fragile bones liko the 
nasals ore preserved The expansion and contraction 
of the bentonitic clay, upon which the skull rested and 
in which it was partly embedded, bad resulted over 
the years, in its breaking up mto small fragments 
which have hod to bo pieced togother The bones, 
however, ore not m an} way warped or distorted 
A large numbor of fragments still remain to be 
pieced together 

^ This very great difference betwoen the condition of 
the hominid skull and that of the animal bones on 
tho snmo living floor (all of which had been deliberntolv 
broken up) seems to indicate clearl} that this skull 
represents one of the hormmds who occupied the 
living site , who made and used tho tools and who 
ato tho animals There is no reason whatever, in 
this case to behove that tho skull represents tho victim 
of a cannibalistic feast by some hypothetical more 
advanced typo of roan. Had wo found only fragments 
of skull or fragments of jaw, wo should not ha\e 
taken such a positive view of this 


It therefore seems that we have in this sk ull , an 
actual representative of the type of man’ who 
made the Oldowan pre Chelles Achoul culture 

This skull has a great many resemblances to tho 
known members of the sub family of Austral o 
pitheemae Some scientists recognize onl} one genus 
namely Australopithecus, and treat Brooms 
Paranthropus as a synonym , others consider that 
the demonstrable differences are of such a nature 
that both genera are valid Pereonall} , having 
recently re-examined all tho material of the two 
genera, m Johannesburg and Pretoria I accept both 
ns valid 

Tho Olduvai skull is patently a member of tho 
sub family Australopithecinae and in certain respects 
it recalls the genus Paranthropus In particular this 
is the case m respect of the presence of tho sagittal 
crest, tho groat reduction m the size of tho canines 
and tho incisors tho re lath cl} straight lino of theso 
teeth at tho front of tho polato tho position of tho 
nasal spines and tho flatness of tho forehead In 
certain other characters, tho new skull resembles 
more closely the genus Australopithecus for example 
m respect of the high cranial vault, tho deeper palate 
and tho reduction of the upper third molars to a sizo 
smaller than the second, all of which oro features to 
be foimd m Australopithecus but not m Paranthropus 

Tho very close examination and direct comparisons 
which I have pereonall} made m South Africa have 
convinced me that, on the basis of our present state 
of knowledge, the non skull from Olduvai, while 
clearly a member of tho Australopithocinao differs 
from both Australopithecus and Paranthropus much 
more than these two genera differ from each other 

I am not in favour of creating too many now 
generic names among tho Homimdno , but I believe 
that it is desirable to place the new find m a separate 
and distinct genus. I therefore propose to name tho 
new skull Zirjanthropus botset This generic namo 
derives from tho word *Zinj\ which is the ancient 
name for East Africa as a whole, while the specific 
name is m honour of Mr Charles Boise, whose con 
stant encouragement and financial holp over since 
1048 havo mado this and other important discoveries 
possible I would also liko to acknowledge tho 
generous help received from time to time from the 
Wennor Gron Foundation and tho Wiikio Tmxt 
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The folio-wing is the preliminary 
diagnosis of the new genus and the 
new species 

Zmjanthropus gen nov • 

Genotype a young male with 
third molars not yet in wear and 
sutures relatively opon, from FLK 
I, Olduvai 

A new genus of the Hommidae, 
sub-family Australopithecmao, 
which exhibits the following major 
differences ftomtho genera Australo- 
pithecus and Paranthropus 

(а) in males a nuchal crest is 
developed as a continuous ridge 
across the occipital bone , 

(б) the uuon, despite the great 
evidence of muscularity, is set low er 
(when the skull is in the Frankfurt 
plane) than in the other two genera , 

(c) tho posterior -wall of the 
occipital bone rises more steeply to 
form, with the pauetals, a very 
high- vaulted posterior region of the 
skull , 

(d) the foramon magnum is less 
elongate and has a more horizontal 
position than m Australopithecus (in 
the crushed skulls of Paranthropus 
it is not possible to bo quite sure of 
the plane of the foramen magnum) , 

(e) the presence of a vory massive 
horizontal ridge or torus above the 
mastoids This is much more 
marked than the normal typo of 
supra-mastoid crest , 

(/) the mastoids are more similar 
to those seen m present-day man, 
both in size and shape , 

(g) the presence of a strong v ido 
shelf above the external auditory 
meatus, posterior to the jugal 
element of the temporal bone , 

(h) tho shape and form of the 
tympanic plate, whether seen m 
norma lateralis or m norma basalis 
In this character tho new skull has 
similarities with the Far Eastern 
genus Pithecanthropus , 

(t) the very great pneumatosis of 
the whole of the mastoid region 
of the temporal bones, which even 
invades the squamosal elements , 

0) the massiveness of the jugal 
element of the temporal bone rela- 
tive to the total size of the temporal 
bone , 

(k) the way in winch the parietals 
rise almost veitically behind the 
squamous elements of the temporal 
before bending over to become a 
dome , 

( l ) the relative thinness of the 
parietals in comparison with the 
■occipitals and the temporals , 

(m) the very prominent and 
keeled anterior mar gin of the 
crests on the frontal bone for the 
anterior segment of tho temporal 
muscles in the region of the post- 
orbital constriction (even the most 
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Dei Bartlrll-Armand Demi Production 


Kin ft? romparod with the skull of an Australian aboriginal hole 

? ft*) 0 ,’ tho architecture of the malnr region , tho unusual nnsni bones, the tows 
tr thc 8 1( <al and nuchal crests Muhllr Tho non skull compared with 
a cast of the most complete adult of Auihralopilhecui Koto tho difference In the sire and 
shape oftho race, the shape or the tj-mpanlc plate, tlio low position of tho Inion, the bugc 
mastoid, ns 'veil as the dlirercnce In the Bhapc of the malar region and tho suprn-orbltal 
area Below The new skull seen next to that of a gorilla 
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diagnosis will need both enlarging 
and possibly modifying 

Tho whole question of generic 
value is one -which is relative. 
There are some who maintain that 
Australopithecus and Paranthropus 
are not gononcally distinct and who 
will wish to treat Ztnjanthropus as a 
third but loss specialized species 
of a single genus , but tho differ 
ences seem to be too great for this 
I must now turn to the absolute 
and relative geological age of tho 
now skull Ab stated earlier, 
Zu\janthropus comes from OJduvai 
Gorge, about 22 ft below the upper 
limit of Bed I It was found in 
association with tools of the Oldo 
wan culture on a living floor and 
with associated fauna 

In the past it has been customary 
to regard Olduvai Bed I ns a part of 
the Middle Pleistocene not diiTeren 
tiating it from Bed ET During the 
Inst few years howener detailed 
excavations at sites BK II SHK II 


Da IXntuu-Amni btnit PnluJi CM IIVK n h» .ve shown that (horo 

is a constant and well marked break 
Fic 2 . The palate of tbe new ikull compared with that of an Fail African native between the top of Bed I and 

the base of Bed IT It is mcidcn 


muscular male Paranthropus exlubits nothing 
comparablo) 

(n) tho vory unusual position of tho namon, which 
is on the most anterior part of the skull, instead of 
b** ing behind and belou the glabella region 

(p) tho vory great absolute and also relatno 
width of the mtor orbital area with which mav 
ho associated tho shape of the nasal bones which 
are much wider at the top tlian at their inferior 
margin 

( 9 ) tbe whole shape and position of the external 
orbital angle dements of the frontal bone 

(r) the '^ory deep palate which is e\on more 
markedly like that of Homo than in Australopithecus, 
and is quite unlike the form seen in Paranthropus, 
except in respect of tho more or less straight canino 
inciaor line which has alroadj been commented on, as 
a character recalling Paranthropus 

( 5 ) the conformation of the malor maxillaty area 
of tho chock In all known members of the genera 
Australopithecus and Paranthropus there is a buttress 
of bone which runs down from tho malar towards the 
alveolar margin of the maxilla in about tho region of 
tho fourth promolar m Zinjanthropus thin buttress 
is wholly absent and tho form of architecture of this 
region is that which w found m Homo 

(<) the very great area of musclo attachment on tho 
Snfonor margin of tho molars , 

(t<) tho rolatreoly greater reduction of tho canines 
in comparison with tho molar-pro molar series than is 
noon even m Paranthropus nhere it ie a marked 
character 

Ztnjanthropus botset sp jio\ 

A species of Ztnjanthropus in which the males arc 
far more massive than tho most ma*m\o male Par 
anthropus Tho faoo Is also excessive^ long Males 
lift vo a sagittal crest at least posteriorly Upper 
third molars smaller than tho second 
The n bo vo is only a prehminarv diagnosis of tho 
genus Ztnjanthropus species hotsoi It is recognized 
that, if and when furthor material is found the 


tally on this clearlj defined land surface that Cliellean 
St ago I living sites are found 

There has also been found a great deal of now 
faunal evidence and it is now clear that the fauna of 
Olduvai Bed I is the same as that of Omo, and that 
both are generally of the somo age as that of Tnungs 
In other words, it is now necessary to regard Oldm ai 
Bed I aa representing tho upper half of tho VUlafranch 
ian and not the lower part of tho Middlo Pleistocene 
So for aa relative dating is concerned it now Feerns 
clear that m the Far East tho Djetis beds belong to 
tho Middlo rather than to tho Lower, Pleistocene, so 
that the now Olduvai skull -would bo older than tho 
oldest Pithecanthropus 

In South Africa tho deposits at Taungs and 
Sterkfontoin are now regarded os belonging to tho 
upper port of tho Lower Ploistooeno tho> mast 
therefore bo regarded as generally contemporary with 
Olduvai Bod I Tho Makapon beds aro a little 
joungor, in all probability, while Swartkrans is of 
Middle Pleistocene age as are the upper beds at 
Sterkfontoin which oro now yielding stono tools 

With tho Tnungs child, therefore and the Australo 
pithecus fossils from tho lower beds at Sterkfontoin, 
tho now find represents one of tho oarlieet Homimdao 
with tho Olduvai skull as tho oldest yet discolored 
maker of stone tools 

The folloxln* approximate meaaoremenU will Indicate the fixe of 
tho iktt apedmen 


Length from 1 nlon to plabelU. about 174 mtn 

Greatett breadth at ropra madold torn* 13* mm, 

Orcatnt breadth or brain case on njuaiu oaal clement 
of the temporal bone* 118 mm 

IlelRht (In Frankfort plane) from baalon to a point 
TertlaUJralKivrlt fn the Mortal pUne PSm® 

External orbital anjtfe width 1*2 mra 

Int«r-orbH»l width 32 3 mm 

Poat orldtal width OS mm 

Palatn-lenixth from front cflnd*or« to * Une Joining 

back of third molar* Si mm 

Palate width at aocond molars 82 mm 

Palate width at third pmnoUr* CLrom 

Lenffthofmolar-pitrraolarierlra 72 mm. 

Teeth meavnreraent* 

\f3 21x18 mm jr* 21 \ 17 mm Ml l»x nm 

Pit* 18x12 ram . rifS I VII S mm. £ mlT1 V mnU 

02 7x7 mm. Cl (both damatrd bat *!«*•» 10 x 6 mm.) 
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ASPIRIN AND ALGESIMETRY 

By Dr C V WINDER 
Parke, Davis and Co , Detroit 32, Michigan 


A SPIRIN relieves mild natural pain of various 
causes and locations It is reasonable to expect, 
therefore, that it should raise tho minimal noxious 
stimulus required for an experimental nociceptive 
response m animals or for experimental pam per- 
ception m man This has been realized in several 
laboratories with satisfactory validity , but experi- 
ments have failed Success and failure by rospectivo 
procedures exist sido-by-sido in tho samo laboratory 
without explanation We, like otliors, hav e repeatedly 
failed to demonstrate an offset of mtraporitoneally 
administered aspirin on tho threshold amount of 
mechanical pressure on a rat’s tail roquired to mdueo 
squeaking 1 We have succeeded, on tho othor hand, 
in showing an effect by tho same route on the threshold 
intensity of radiant heat, applied to the back of 
guinea pigs, that is roquired to olicit a twitch of tho 
skin muscles 1 Tho succoss is often repeated’ , and 
the dose of aspirin roquired is m appropriate relation- 
ship to doses of morplnno or moporidino required in 
the same procedure — all high, relative to human doses 

Magnitude of Experimental Anti-nociceptive Effect 

The greatest rise m nociceptivo threshold caused 
by increasing mtrapentoneal doses of aspirin m the 
guinea pigs is about 30 per cent 1 3 Similarity of this 
magnitude to that originally reported by Wolff ct al 1 
for the rise in radiant thermal threshold for pam 
perception m man is only coincidental When tho 
guinea pigs were given aspirm by stomach tubo 
I instead of intrapentoneally, even large, toxic doses 
caused no more than 10-15 per cent rise m threshold 5 
When Wolff’s group adopted a less biasing experi- 
mental design with placebo control, a chango bearing 
no relationship to the chango m route of administra- 
tion m guinea pigs, the ceiling of effect m man also 
became 10-15 per cent* The factors responsible for 
the larger mtrapentoneal effect in guinea pigs roraam 
unknown 

A similar small effect of aspirin was observed m 
dogs by Andrews and Workman 7 , using tho same 
stimulus-response system afterwards usod m the 
guinea pigs, and later by Richards 8 Eagle and 
Carlson" tabulated a very small effect of aspirm on 
the rat’s threshold to mechanical stimulation of the 
tail Hart 10 and Bonnycastle et al 11 obtained dofinite 
effects in rats with respective modifications of the 
D ’Amour-S truth 1 7 procedure (tad flick m response to 
radiant heat) Gibson el al 13 reported significant 
effects of the sodium salt of a spurn ou the threshold 
strength of electrical stimulation of tho rat’s rectal 
mucosa required to mduce squeaking Deneau et al 14 , 
working with experimental deep pam of calf muscles 
in man, exhibited a clear-cut 10-15 per cent rise m 
the threshold stimulus associated with aspirin 
administration Benjamin 15 showed that aspuin 
significantly delays the time when pam terminates 
work being done by the human forearm deprived of 
circulation, and presented results suggesting that 
more m tensive work with less precise procedures 
would also show aspirm effects of statistical sig- 
nificance 


Thus, it seems inescapable that a small and subtle 
anti-nocicoptivo offoct of aspirm can bo demonstrated 
m tlio laboratory' with bnof noxious stimulation not 
obviously associated with inflammation, though tho 
conditions required aro poorly understood 

Site of Experimental Antinociceptive Effect 

Cook and Bonnycastle 1 * could find no offoct of 
aspuin on spinal reflexes They 11 found that relatively 
largo amounts were required in tho cluoruc spinal 
rat, as contrasted with tho intact rat, to influence 
the tail-flick response to radiant thermal stimulation 
It is mforred that at least a portion of the ncuto 
experimental nnti-noeiccptivo action of aspirin, 
perhaps voryung among successful experiments, 
occurs at neural mechanisms above tho spinal level 

In this connexion, it is classical knowledge that 
noeiceptno responses aro potentially complolo at tho 
spinal love], especially' in lower specios, but that m 
tho mtact animal they aro under constant control of 
a halanco of aefivo inhibitory and excitatory' influ- 
ences from high levels (for oxumplc, ref 17) Unfor- 
tunately, sinco Irwin cl al 18 pointed out that tho fail 
flick and tho skin twitch nro like other nociceptivo 
responses in this respect, many writers have spoken 
of these two responses ns “moroly spinal refloxes” 18 
even m tho intact animal Wintor and Flatakor 18 
and Bonnycastlo and Cook' 1 - 15 have commented on 
this error 

Possible Role of Neurological Summation 

During oarly work on twitch m tho skm of tho 
guinea pig, wo found 3 that sonsitivffy of tho threshold 
stimulus intensity to morplnno varied significantly' 
with tho area and duration of tho radiant heat 
stimulus Wo selected as noar optimal a largo area 
(730 mm 3 ) and an intermediate duration (4 see ), 
determining threshold intensity as tho dependent 
parameter With this m mind, I suggested six y'oars 
ago 30 that use of a pattern of stimulus characteristics 
emphasizing spatial or temporal nourological sum- 
mation might m some way' bo a factor of success 
in demonstration of an anti -nociceptivo effect by' 
aspirm The area of stimulation omployod by Wolff’s 
group* ordinarily was about 80-310 mm 3 , and pre- 
sumably that of Andrews and Workman 7 was similar 
Hart 10 prowarmed tho rat’s tail subhminally, thus 
providing a likolihood of temporal summation 
Bonnycastlo 11 pointed out tho probablo importance 
of his less intense and more prolonged stimulus 
Deneau ’s 11 pressure cuff affected a largo musclo mass 
Gibson’s 13 rectal oloctrodo was rolativoly largo 
Benjamin’s 15 uncirculated forearm was a consider- 
able mass of tissue 

This will recall tho well-known opmion of Wolff’s 
group", based on work with limmal ‘pricking pain , 
that pam sonsation is nourologically unique in 
lacking the property of spatial summation Rather, 
those workers’ results would seom to indicate a vory 
pronounced contral occlusion of a smallor hminal 
field by a larger one 1 , reflecting at once tho poor 
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local sign of pain and a very efficient control con 
\orgonce of excitation Even bo, spatial facilitation 
manifests itself near tlio Iimen oither for the sub 
joctivo sensation 11 or for the nociceptive response* 

Insufficiency of Central Anti-nociceptive Action 
Alone 

However real a control neural action so small and 
subtle a 8 that of aspirin seems inadequate by itself 
to account for tho efficiency with which tho drug 
roho\ os natural pain Goetzl* 1 came to this con 
< 1 union on viewing his own negative experimental 
results with aspirin together with older work Now 
there arc more posit! vo kinds of evidence 

During the post two decades many compounds of 
miscellaneous structure ha\ e been reported in the 
pli irmocological literature to possess experimental 
mt i nociceptive potencies in animals more or less 
u pen or to that of aspirin but inferior to that of 
« <h!» mo Many of these lia\e been tested clinically 
but none has boon generally accepted Two such 
compounds with which we have worked were 
m<nt powerful anti nocicoptn es in guinea pigs than 
aspirin and, by contrast with aspirin were aig 
mfuantly though not strongly anti nociceptive in rat 
(mi pinching experiments (<x pipendyl 3,4-dichloro 
phem iacetic acid, monohydrochloride and 1 (1 
pipendyl) 1-cyclohoxanocarboxnmide, monohydro 
chloride synthesize*! by E M Jones and P J 
Fhrlich (1950-51) , ovaluntod for anti nociceptive 
action by J Wax, J Lyon, S Kapnelian, V Burr, 
M Been and 0 V Winder (1950-64) ) Yet, in 
natural human pom, both were significantly (P — 

0 05) inferior to aspirin if, indeed effective at all** 

Tho history of sahoylanude is instructive The 
anti nooiooptivo action of this old compound is 
tcufflciontly greater than that of aspirin to bo demon 
stroblo in many laboratories Yet Hie drug s analgetic 
efficacy, long in doubt before tho recent attention it 
has enjoyed, is now again in serious doubt 14 Do 
rivativee of salicy lamido even moro potent as anti 
noeicoptivee m animals also have foiled aa yet of 
cluneal acceptance, at least one being significant! v“ 
and another fairly probably 1 * less effective than 
aspirin m natural pam. 

It is therefore now reasonably dear that a degree 
of experimental central anti nociceptive action some- 
what greater than that of aspirin Is not, by itsolf, 
prodiotivo of clinical analgesia It is conceivable 
though unsupported that tho quality of control 
action by aspirin differs from that of many other kinds 
of agents m such manner that, even though small it 
could account for relief of natural pain. 

On© consequence of this working attitude is that 
many of us need no longer bo so concerned with 
boxfuls of experimental compounds ho\ big no moro 
anti nooicvpUvo notion than say, snlioylamido 
excepting thoso for which ovulonco can bo found of 
some odjunotivo action that could potontwto o small 
anti nocicoptho offoct in tho relief of pam 

Adjunctive Anti preinflammatory Action 

Returning to aspirin in search of some odjunotivo 
property, ono boos most prominently tho drug s well 
established anti rhotunatic o fleet, a fmrh specific 
anti inflammatory action in the acuto pliases of 
rheumatic diseases It could bo a suppression of 
some rather oarly process — a pro inflammatory pro 
cess — in tho course of reaction by tissue to injury 
The same procoss could load both to stimulation of 


pam endings and, eventually to frank inflammation 
It could bo a process more or loss common to early 
tissue injury associated with various kinds of natural 
pam It would probably take longer to dovolop than 
the duration of most experimental noxious stimuli 
The hypothesis that a peripheral anti premflam 
matoiy property is essential m the relief of natural 
pam by aspirin gams stature on again considering 
sohoylamido Doubt concerning the onalgetio efficacy 
of this agent, m spite of supra-aspirm anti nocicoptn o 
potency, parallels doubt concerning its anti rheumatic 
efficacy 1 44 A complementary tost of the hypothesis 
is provided by aminopynne With a similar order of 
anti nooiooptivo potency the unquestioned analgetic 
efficacy of tins drug parallels its unquestioned 
anti rheumatic efficacy' 

Harris proposed several years ago ,T that the pam 
reboving effect of aspirin oould bo explained entirely 
m terms of a peripheral anti inflammatory action 
Tho present hypothesis differs in considering rather, 
an anti preinflammatory action as an adjunct which 
as may becomo apparent later on, is probably not 
entirely sufficient by itself 

Adjunctive Actions of Other Kinds 

It is hkoly that other poperties of nspirtn some 
timoe contribute to its ability to rehovo mild pam 
In pro- equilibrium phases of cert am fobrilo states 
the antipyretio offoct may roliovo muscle soreness ui 
part via reduction of muscle tonus 

Tho hypothetical nocesmty of an anti proinflnm 
matory action in aspirin or ammopyrrno for significant 
relief of natural pom would correlatively require 
that another kmd(e) of odjunotivo action bo identified 
m tho acotamlid group Neither ocotonibd nor 
ocetophenotfdin is oloarly antrrheumatic in ordinary 
clinical doses* 1 nor is N oootyl p-ammopbonol known 
to bo, yet all ore considered able t-o rehovo mild 
pain* 1 * 11 Howovor, all have the under] y r mg anti 
nociceptive action. Acotamlid and acotophonotidm 
arc perhaps, moro potent than aspirin in this respect 11 
N -acetyl -p-ammophenol tho mam metal »olto inter 
medlars, of both** and porliaps substantially rospons 
lble for tlioir anti nociceptive action 1 *, is ebont equally 
potent 11 Moroovor, all oro antipyretic 11 11 and, in 
addition, seem to possess a pattern of sodativo and 
relaxing properties 4 ** that could bo importantly 
adjunctivo to tho anti nocicoptu o action 1 

Insufficiency of Adjunctive Properties Alone 
Analgotio officaoy in the ncotnrulid group thus 
suggests an undorlyung importance in a mild analgetic 
agent of anti nocicoptn o action, small and subtle 
though it may be Mere absonce of pvroxlc malaise 
and musclo tension, or of anxiety, or presence of 
mild sodation, is not per sc generally analgetic. 

Tho caso of phem lbutozone indicates that anti 
rhoumatia potoncy alono ia insufficient for prediction 
of general analgetic efficacy This drug is now well 
known to bo tho most potent anti rheumatic agent 
outeido the cortisono group, jot there scorns to be no 
firm evidence for utility in relieving pain except m 
grosslv inflammatory diseases Correspondingly 
though largo intravenous doses wore anti nociccp 
tivo 1 *, wo lia\e been unablo to detect such action at 
sublothnl mtrnporitoneal doses in guinea pigs or at 
a fourth tho LD %% of tho drug intrnpontonoalJj m 
rats 11 Fewer rheumatologists are now referring to 
phenylbutazones ‘analgetic notion and more to i* 
anti inflammatory notion 
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Lack of known usefulness of cortisone hko agents 
as general-purpose analgotics may not bo portmont 
These glucocorticoids possess a different kmd of 
peripheral anti-mflammatory action’*, perhaps not 
impmguig so specifically on particularly early 
reactions to tissue injury that load directly to stim- 
ulation of pam receptors 

Tlius, it has boon our w orkmg hypothosis for tho 
past few years that the small, central, anti-nocicoptivo 
action of aspirin or aminopyrmo, though nocossnry, 
is not sufficient by itself for mild analgosia , but is 
effectively potentiated (?) by a peripheral anti- 
preinflammatory action rolatcd to non-storoidal 
anti-rhoumatic action which, how over, is also in- 
sufficient alono 

One interesting implication is an explanation of 
the old and growing clinical popularity of mixtures 
of codeme with aspirin, or of aspirin and acoto- 
phenotidin The anti-nocicoptivo offocts of tho tv. o 
or three agents would bo additivo Tho moro gonoral 
sedative effects of codemo and acetophonotidm 
would, perhaps, add Tho combmod anti-nocicoptivo 
effect would amplify tho poriplioral anti-promilam- 
matory effect of tho aspirin and tho sedativo effect 
of the codome and acetophenotidm Tho end clinical 
action of the combination of drugs might bo some- 
where between addition and multiplication of tho 
individual drug offects 

A Laboratory Model of Pre-inflammation 

For soveral years w r o hnvo boon studying tho 
influence of drugs and chemicals on development of 
erythema on albmo guinea pigs following oxposuro 
to ultra-violet enoigy'* , a procodure first omployod 
by Wilholmi 35 36 Tins experience has strongly 
influenced development of the forogomg hypothosis 
In a standardized proceduro wherom tho orythoma 
is developed 2 hi after oxposure, dmded-doso pro- 
treatment with a typical non-steioidal anti-rhoumutic 
agent delays tho appearance of the orythoma m a 
proportion of animals dopendmg on dosage Sig- 
nificantly effective divided doses of various agents m 
the experiment closely approach daily anti -rheumatic 
doses m the clinic, on a body-weight basis 

Aspirin and ammopyrine are effective in this test , 
they are anti-rheumatic, anti-nocicoptivo and anal- 
getic Salicylamide is not effective , it is doubtful as 
an anti-rheumatic, and, in spite of easily shown anti- 
nociceptive action, is doubtful as an analgetic Tho 
two supra-aspirm experimental anti-nociceptives 
mentioned earlier tliat were found ineffective as 
clinical analgetics 33 were not effective m this tost 38 
Phenylbutazone is most potently effective , it is most 
potently anti-rheumatic, yet not clearly antinoci- 
ceptive and not, apparently, generally analgetic Tho 
acetamhd group presente tho samo problem discussed 
earlier These agents are not effective m the ultra- 
violet erythema test at dose-levels that would he 
tolerated , they are not usefully anti-rheumatic , 
but, nevertheless, their anti-nociceptive action appar- 
ently provides an underlying basis for mild analgesia, 
perhaps essentially aided by a more general action on 
the central nervous system 

The ultra-violet tissue injury sets off a pro-inflam- 
matory phenomenon amenable to mfluonce by 
non-steroidal anti-rheumatic agents Presumably it 
is related to a pre-mflammatory phenomenon in 
various painful tissue states which these same agents 
uifluenco when, provided they also have some central 
anti-nociceptive effect, they relieve pam 


Cortisono-hko agonts do not influence the orj 
thema 348 , havo difforont kmdB of offocts on mfiam 
matory processes, and aro noithor anti-noeiceptivo’* 
nor known to bo goncrally useful as analgotics Tho 
moro potont analgetic agents from todoino upward 
do not dolay the erythema and havo no specific 
ant i -rheumatic effect Thou pam-rohovmg notions 
aro contrnl and are associated with sufficiently robust 
experimental anti-nocicoptivo offocts so that thoro is 
no groat difficulty in compnrmg thorn in tho labor 
atory m tormB of acute, non-mflnmmatorv pam 
One can only speculate on tho naturo of pre 
inflammatory processes inducod by noxious tissue 
states, loading to stimulation of pam endings and 
eventually to frank inflammation, and susceptible to 
agonts liko aspirin It is com on able tliat some 
clarification might cmno from work how bomg done 
in sox oral laboratories on activation of proteases 
and/or globulins, formation of kimns, release of 
potassium, otc 37 

More Complete Laboratory Models of Natural Pain 

If tho ordinary experimental noxious stimulus is, 
perhaps, too brief to allow dovolopmont of tho pre 
inflammatory state upon winch aspirin scorns to have 
an ossontial component of its action, then it is natural 
to considor having this state pro established ns a 
part of tho ovontunl total stimulus Wo wero thore 
Coro gratified to note a description by Randall and 
Sohtto 38 of a laboratory model of inflammatory 
pam — measured pressure applied to tho inflamed and 
cedomatous foot of tho rat One is reminded of 
Schtimachor’s 38 earlier work on tho effect of nspirmon 
oxponmontal pam thresholds of inflamed human shin 
Using tho inflamed foot, Randall and Sohtto found 
sodium salicylate, ncctophonctidm, N-n cetyl p-anuno 
phenol, and phonvlbutn/ono offoctivo m raising tho 
threshold pressure required for a nocicoptivo response 
It is bomowdiat discouraging that ummopyiino was 
not significantly moro offoctivo than sodium salicylate 
— a deviation from clinical oxporionco It is inter- 
esting and moro understandable Hint acotopbonotidm 
and N-ncotyl-p-ammopbonol woro only a half to a 
quarter as potont as sodium salicylate, oven though 
they woro moro potont contral nnti-nocicoptivos a-** 
measurod with tho normal, umnflamod foot Tins 
agrees with tho absence either of anti -rheumatic and 
nnti-orythomic (ultra-violot) offocts of thoso two 
agonts at tolerated dosngo, or of any obvious moans 
for rofloxion of thoir adjunctivo sedativo propoities 
in tho rosults Also, it is gratifying that phenyl 
butazono was only slightly more potont than sodnun 
salicylate, and would thus bo predicted to liaio 
gonoral analgotic utility, if any, only at dosos much 
largor than can safoly *bo omployod clinically for the 
anti-rhoumatic offoct Tins agreos with tho piosent | 
lack of clinical evidence of general utility as nn 
analgotic, and with absence of oloar anti-nocicoptn 0 
action at subtoxic doses (supra) 

Randall and Sohtto 38 suggest a liability m thoir 
model that we beliovo may bo inherent m any mvoh • 
mg oedema 343 — a liability to indirect offocts from 
vascular disturbances caused by the agont on test R 
will be interesting to study tho properties of a model 
m guinea pigs combining tho rolativelv non-oedema 
tons 3 *' ultra-violet inflammation and tho acute, 
wide-area radiant heat stimulus* 3 

Recently, mico injected mtraporitonoally with 
appropriate amounts of phony! qurnone 40 or acetic 
acid 41 havo been observed to Svritho’ 40 or ‘stretch’ 41 
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ropoatodiy and for long ponodg. The phenomenon is 
suppressed by suitable dosos of aspirin or amino 
pyrme, as troll ns by tho more potent central anal 
got ics The stimulus, presumably noxious, differs in 
two important respects from those considered hereto 
First, it is appbod to a larger tissue surface, poten 
tially bringing into play a much broader pattern of 
neurological convergence Secondly, it is present for 
a longer timo at once prom ding possibilities of tern 
poral neurological summation and of maturation of 
prelnflammatory processes In terms of tho present 
thesis, any or all of these factors would improve 
sensitivity to agents like aspirin or ammopvrine 
High doses of acetophenetldm required to suppress 
wri tiling m one laboratory* 0 , and of salloylamide m 
another 41 , rocall ogam the poor activity of thoso 
agents as anti rhoumatics or anti-erythomios (ultra 
\ lolot) and suggest that tho writhing stimulus loans 
to some extent on a pro- inflammatory componont 
Difti repanoy botwoon. the two laboratories m ofToctiv e 
iu«w of sodium salicylate is puzzling Suppression of 
the writhing by a variety of ohorrucnls and drugs 41 4 * 
rrnders tlio phenomenon ratbor omgmatio at present 
It may bo that, with mcreasmg attention to matters 
hko extensity, duration and quality of stimulus as 
well as to higher lev ol nourological conditioning 4 * 
r weorch workers will gradually resolve the differences 
between experimental and natural pain so long and 
vigorously emphasized by Beecher 44 
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CHANCE AND PROBABILITY 

F * tho fundamental oonoopts of mathematical portani opfiortunttics for rosoardi into luthorto 
probability and their rolo in atatiaticnl tlioory aro unexplored realms of irund and bohav lour Tiio three 
still wibjoct to slmrp controvorsj after three con papers presented wore “Wiflliful Seeing in a Gflmb 
t tines of discussion bv tho acutcst mmds w*o can ling Situation” jorntlj by Dr John Boloff and Jfr 
scareolj oxpeot that tho concepts of psvThological Kenneth 'Unrwick (Queon*s TJniversitj of Belfnst) 
probabihtj , bom within tho post docadc, Bhould and read bv tho formor * Clinneo and XJiicertamtj * 
niroadv Iiavo found general occeptanco It is not by Dr W Mays (Univorsitj of JUanolirster) read m 
in flood clear to over} ono whom mathematical prob his abscnco bv Dr D McMalion and * Tho Psj cho 
ability ends and whoro psychological probnbilitv log> of Luck”, bj Prof Tohn Cohen (Dmvorsitj of 
begins if it is justifinblo to sepornto thorn at all Manchester) 

Tho pajxirs present od at n session of Section J Tho paper bv Dr Boloff and Mr AAnnnck was 
{Psychology ) during the \ork mooting of tho British devoted to an experimental studv of porceptual 
zVssooiation at Ioast shared tho v low tliat tho study of autism , an expression coined bv Brof ® 
psy chologicfil probabihtv im questionably offers im Murpliv m 1047torofortothososnbjcot vt* v< 
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changes m perception which have the effect of gratify- 
ing the observer’s neods — m other words, wishful 
seeing The context of the experiments was a type 
of gambling situation As a point of doparturo they 
took various investigations by Murphy and his 
colleagues designed to establish the autistic pheno- 
menon and they discussed the criticism that tho 
observations could be explained in torms of tho 
familiar notions of ‘expectancy’ or, alternatively, in 
terms of ‘response availability’ without postulating a 
special autistic mechanism Thus if a hungry man, 
on bemg shown an inedible object, says that it is 
something edible, it does not follow that ho says so 
because he sees it as such but merely because ho 
would naturally bo thinking of tlungs to eat Dr 
Beloff’s experiments were designed to rule out theso 
alternative explanations 

Three distinct oxperunonts were conducted In 
the first the subject had to guess which of four possible 
visual stimuli would appear m a brief tachistoscopic 
exposure Before each oxposure the subject was told 
that a square (with a cross inside) would bo shown 
with one of the sides missmg, and ho had to guess 
which one it would bo Ho was given money with 
which to het on his guess On the autistic hypothesis 
the guesses should tally with tho bets on a statistically 
significant number of occasions 

In this first experiment there wero two senes of 
presentations, one random and one biased In the 
random senes, the subject presumably had no 
‘reason’ to believe that a particular card was more 
likely to appear at a given trial, whereas m tho 
biased series it was experimentally possible to 
distinguish between what the subject ‘expected’ and 
what he ‘wanted’ to appear. There was a significant 
autistic effect, in spite of marked individual dif- 
ferences in patterns of response This led Dr Boloff 
to suggest that autism is a feature of personality 
and, in this sense, akin to optimism 

In order to meet the possible objection that this 
outcome was due to ‘response availability’, tho 
second experiment mtroduced a now series which 
required the subject to bet on tho card winch ho 
expected not to appear, and to forfeit his bet if it 
did Tho reward senes agam revealed an autistic 
effect but not the penalty senes, tho bet-guess 
correspondence bemg at chance-level 

In the third experiment a further attempt was 
made to ensure that tho hypothesis of ‘expectancy’ 
could be eliminated by depnving the subject of the 
power of deciding which of the four cards was to bo 
rewarded Tho subject now won his bet if tho stimulus 
corresponded to a particular counter drawn at random 
in advance of the exposure This experiment seemed 
to show clearly that “once desire is divorced from 
expectancy by introducing an arbitrary system of 
rewards and penalties, the autistic effect no longer 
operates” Without denying that emotions may 
influence perception autistically. Dr Boloff con- 
cluded that there is no neod to assume a special 
central determinant, as proposed by Prof Murphy 
Dr Mays’s paper discussed certain logical and 
psychological issues arising in the study of probabi- 
lity m general He began by referring to Venn’s 
views expressed m lus “Logic of Chance” (1870) and 
passed on to a more detailed criticism of Prof S E 
Toulmm’s contribution to an Aristotelian Society 
symposium on probability m 1950 As to Prof 
Toulmm’s question of the meaning of ‘probability’. 
Dr Mays stated “the answer is probably very httle, 
since it refers to a generalized situation, not always 
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specifiablo by concroto operations” In his view 
Prof Toulmin under-estimated tho oxtont to whicl 
adult thinking is permeated by technical idea; 
deriving from gamos of chance 

Dr Mays stated that psychologists had studied 
tho pragmatic understanding of probability from tw< 
points of view • that of methodology and that ol 
concept formation He thought that tho initm 
impulso to study subjective probability had comi 
from experiments on extra-sensory perception, one 
suggested that descriptions of tho way pooplo behave 
m experimental probability situations ought not tc 
bo taken as a guido to rational boliaviour, that 13, a; 
otlncal norms, which subjective probability, in the 
senso used by Ramsoy and Sai ago, is evidently meanl 
to be 

Much of Dr Mays’s paper took tho form of a critica' 
rdsumd of tho views of certain psychologists, notabh 
Goodfellow and Piaget Tho main fcaturo of Piagct’f 
work, ho declared, is to take "tho abstract calculai 
of probabilities as an objective standard of mntim 
behaviour, and deviations from it (tho ro collet 
illusions) ns a mark of immaturity” Tho concept ol 
‘chance’, according to Pmgot, is not nn intolicctiia 
intuition, but has to bo learnt , since tho clnld 
endeavours to find a causal factor m everything hi 
observes, ho cannot apply tho notion of oqui possi 
bility of probability situations Tho child’s notion o: 
probability, m Pingot’s \ iow, only appears when hi 
has built up a system of logical operotious enabling 
him to contemplate possibilities (in terms of com 
binations and permutations) beyond what nctunlh 
happens 

Dr Mays believes that thero is littlo to bo said u 
favour of tho bohof m a special typo of subjects ( 
probability postulated to cover what ho desonbec 
as "really an amalgam of emotional attitudes, intel 
Icctual systems, etc ”, nn approach which reminder 
lnm “of tho instinct psychologists and tho Aristotelian! 
who postulated n now r typo of instinct for every forrr 
of behaviour” 

Prof Colion placed tho study of luck m tho contexl 
of psychological probability Tho bohof m luck, h< 
suggested, originated m tho attempt to master life f 
uncertainties As sociotics becomo moro civilize* 
their uncertainties do not dimmish Honco tho idea o 
luck survives with full vitality Tho examination o 
luck formed part of a systematic sones of studies 
initiated at Manchester m 1952, into those fowl 
of thought and behaviour which characterize state; 
of uncertainty choice, estimation, prediction 
inference, risk-taking, and decision-making gonernllv 
and tho method of investigation was at onco oxperi 
mental and developmental Ho ventured to ninM 
two inferences from his earlier inquiries which hac 
a bearing on tho presont one First, the idea o 
‘randomness’ is alien to tho human mind, which i ! 
essentially pattern -seeking or, in moro general terms 
engaged in an implicit or explicit search for meaning 
Secondly, there is evidence that our minds net a 
unwitting ‘computers’ and, under certain conditions 
an analogy can be drawn between quasi-additiv< 
and quasi-multiplicative operations m psjchologica 
probability and tho fundamental properties of matno 
matical probability 

Prof Cohen then considered tho meaning of ‘luck 
in terms of observed usage, principally m tho twofoK 
senso of ‘unearned advantage’ and ‘fortuitous inter 
vention’ He illustrated tho survival of beliefs n 
luck by reference to the fact (os he had found) tho 
young and old aliko still have their lucky colours 
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days and numbers Moreover, people are believed to 
have stores of luck -which can be depleted and re- 
plenished, and there is evidence that women felt 
them selves to bo luckier than men 

Prof Cohen was mamly concerned to describe 
experimental demonstrations of the effect of a belief 
in luck on expected performance and achievement 
Thus, a subject could estimate realistically Ins likely 
performance at any given task This estimate could 
then be compared with other estimates of his likelj 
performance if he thought he would bo (a) lucky, 
(6) very lucky, (o) unlucky, (d) very unlucky From 
a variety of experiments of this land it seemed that, 
within a given range of tasks, to be lucky signified 
an expected improvement m performance of some 
10 per cent and to bo very lucky, of 20 per cent 
Unluok meant an expected deterioration of 30 per 
cent and v ery bad luck anything up to 80 per cent 
An allied effect of the belief m luck could be 
measured in terms of the proportion of attempts m 
which the subject expected to succeed at particular 
tusks varying in, level of difficulty Hero too, the 
pattern of roalistio estimates could be compared with 
the pattern of estimates of bucooss with varying 
degrees of expected luck and unluck Psychological 
probabilities derived in this fashion revealed that 
when tasks are of comparable subjective difficulty 
the patterns of estimates of oxpoctod performance 
bear a striking mutual resemblance Furthermore, 
a pessimistic under-eetimation of one s capacity 
appeared when the task Boomed subjectively easy and 
an optimistic over-estimation when it seemed hard. 
A generalization of particular interest could be 
embodied m the formula 

+ 4 T '- 1 

where 4 ' represents the psychological probability, 
p the a pnorx probability of success and l (and I) 
the degroo of luck (or unluok) to which the original 
estimate relates What is conveyed by this formula 


is the empirical observation, based on many experi 
ments, of the quam -additive character of psycho 
logical probabilities Suppose for example, that 
the a prwn probability of a subject b success at a 
taek la 0 1, and that his corresponding psychological 
probability if lie thinks ho will be very ‘lucky’ 
is 0 0 then when the a pnon value of bucccss at a 
similar task is 0 9, his psychological probability of 
success if ho thinks ho will be very ‘unlucky’ turns out 
to be approximately 0 4 The additive property 
appears when the values of are derived from esti 
mates made after as well as in advance of performance 

A different, analysis was employed by Prof Cohen 
to measure the frequency with which we think good 
or ill fortune will befall us In his experiments, the 
estimate of performance which is regarded aa most 
realistic is expected by tho subject to occur on some 
52 per cent of the occasions, the lucky (or unluoky) 
outcome on some 17 per cent and tho vory luck} 
(or v cry unlucky) outcome on some 7 per cent 
Theee experiments Prof Cohen believes shod light 
on the basis of our aspirations For in ev ery day life 
we are often governed by unrealistic considerations, 
and what we are in fact prepared to undertake may 
depend basically on what we imagine we should 
acluevo if we were lucky or unlucky The range and 
pattern of psychological probabilities might juatify 
tho assumption of a sort of inner standard deviation*’ 
of judgment 

Prof Cohen also spoke at some length of social 
repercussions of a belief in luck, particularly os a 
stab Hirer m allaying socio-economia envy, and in 
discouraging initiative , and he referred to the 
‘magical significance of the practice of disparagement, 
both of self and of others In conclusion ho drew a 
parallel between individual and cultural psychological 
probability in that the phenomenon of pseudo 
subjective dependence (or tho Monte Carlo fallacy) 
has its analogue in tho cyclic, os contrasted with the 
linear, conception of time and history which ohnrac 
tonzee traditional and archaic cultures 


COAST EROSION AND ACCRETION 


I T is almost truo to say that , despite tho full and 
interesting reports of the Royal Commission on 
Coast. Erosion (1907-11) littlo effective action on tho 
coasts of Britain was taken until tho sovero flooding of 
1 053 occurred A Departmental Commlttoe was then 
apjKnntod under tho chamnanship of tho late Lord 
■\\avorley, and in 1064 rruulo two relatively short 
reports containing a number of recommendations 
Three of thorn are particularly relov ant to this article 
No 10 roads ‘that steps should bo taken to 
ensure proper co-ordination of roeoarchos Rocourso 
might woll bo had for this purposo to tho constitution 
of two consultative and advisory standing committees 
There should bo close co-opo ration on research matters 
between British and Dutch scientists, engineers and 
Governments” Recommendations 2 and 3 ompha 
sired tho necessity of research into “the behaviour 
and suitability of vegetation for use on sand, shinglo 
and other material adjacent to tho sea”, and “tho 
urgoncy of research into tho movements of beach 
material off-shoro hanks and related coastal prob 
Icrms” Thus tho discussion organized by Sections E 
(Geography) and K (Botany) at tho recent British 


Association meeting at York was particularly 
relevant 

Tho two standing committooe referred to have been 
formed, and the ono devoted to soa do fences is that 
most concerned with this article Tho other is prim 
urily concerned with tidal and oceanographical 
matters The sea dofenco committee undor the 
chairmanship of Mr E A G Johnson, of the Ministry 
of Agriculture, Fisheries and Food, lias already-' made 
throe reports to tho Ministers concerned (Agriculture 
Fisheries and Food, Housing and Bocal Government, 
and tho Secretary of State for Scotland) Tho com 
mitteo is very alivo to tho physical and ecological 
problems affecting our coast, and Mr G Colo who acts 
as secretary, was one of tho speakers at York It is the 
first time in Britain that such comploto co ordination 
on coastal problems has boon attninod Mainly through 
the personnel of tho committee vory close contact is 
maintained with tho Hydraulics Research Board, tho 
Nature Conservancy tho Building Rose arch Station 
(in connexion with sea wall and soa-bank construe 
tion), and tho universities Since too radioactive and 
other tracers nro becoming more and more significant 
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m coastal work, there is also a close link with 
Harwell 

In practice the erection of sea dofoncos of ono kind 
or another is tho work of engineers, oithor consultants 
or those connected with river boards, or local or 
national authorities But all who are interested in tho 
coast are concerned among other matters with tho 
source, supply and maintenance of beach material, 
and with the holding of dunes and tho formation of 
marsh Experience has shown all too often that 
indiscriminate building of groynes and walls may have 
very serious effects in other places Sinco the natural 
protection of much of our coast is a good beach, it is 
all important to study how it is to bo maintained 
Careful survoys made by members of tho Department 
of Geography at Nottingham showed that it took 5 
or 6 years beforo tho Lineolnsluro beaches wore 
restored fully to the level they reached beforo tho 1953 
flood scoured them almost completely In many cases 
it is possible to assume with a fair dogreo of certainty 
that a beach is fed by lateral transport. If this is 
interfered with at some locality, sites to looward are 
bound to suffer But there are places, for example 
Scolt Head Island, whoro it is not unreasonable to 
assume tliat now material comes more from offshore 
than alongshore This matter of offshore supply is 
one that is frequently debated, and ono that perhaps 
can be finally settled only by tracor or aqualung 
methods Already some useful results based on 
observations by divors linvo boon obtamod at Seripps 
Institute of Oceanography and a beginning has been 
made m Britain by the physiographic unit of the 
Nature Conservancy Careful observations by trained 
men m water down to a depth of perhaps 100 foot may 
help very greatly in many shore problems Those 
more recent methods of approaclnng tho question of 
supphes of beach matorial do not in any way mean 
that the typo of studies already in uso should bo 
discontinued Far from it , they should be pursued 
vigorously, and to ‘know’ a beach implies a long 
study It may sometimes bo necessary in building 
defences to act hurriedly, and it may happen that the 
result is successful In genoral, how over, the study of a 
beach over a poriod including all typos of weal her 
likely to act upon it is desirablo Moreover, it is also 
valuable to be able to make comparative studies 
Conditions are never exactly tho same m any 
two places, but a groat doal can bo learned by 
studying comparable localities on different parts of 
the coast 

The four papers that followod tho introductory 
remarks dealt mainly with specific problems and 
places Dr M C Pearson, of tho Umvorsity of 
Nottingham, disoussed the biology of tho sea buck- 
thorn {Hippophae rhamnotdee) This shrub enters the 
succession of sand-bmding plants after the marram 
grass stage It is found m Britain only on coastal sand 
dunes, and is common on certain parts of the oast 
coast Dr Pearson’s studies have been made at 
Gibraltar Point, a nature reserve at tho north-eastern 
comer of the Wash It has been found that most of tho 
plants originate from underground stems and but 
very few from seed This is partly oxplamed as a result 
of the predation of seeds by birds and small mammals 
The shrub carries big spines, and so may form a 
deterrent to grazing animals and even to picnickers 
Tn that sense it may have value m koepmg certain 
parts of the dunes free from orosion caused by tramp- 
ling In any evont it is of value m fixing the dunes, and 
it is used partly in that "way in Holland Further 
research work on this interesting species is planned 
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Mr Colo’s paper was concerned with tho gathering 
and stabilizmg of sands, silts and clays by vegetation 
Ho pointed out that only along a relatively short 
distanco (G0-70 miles) of tho total longtli of tho const 
of England and Wales do dunes form tho solo or 
partial defence, and salt marshes cover oven less 
distance Ho discussed sovoral interesting examples 
of the artificial accumulation of sand dimes around 
brushwood or other typo of fencing or obstaclo, and 
also the effect of \ orious grnssos in their relation to 
dune and marsh growth Tho remarkable growing 
power of marram was pointed out, but bo stressed 
tho view tliat its ramifymg and long roots may luuo 
hltlo offect in binding tho sand The budding of a 
now duno br British Raihvajs at DawliBh Warren, 
and tho planting on it of treo lupm {Lupinm arborem) 
following tho marram, was taken as a good oxnmple 
of tho artificial production and maintenance of sand 
dimes 

In tho doielopmont of marshes tho planting of 
Sparima w as mentioned This grass has spread rapidh 
on tho south const and is now mending, sometimes nil 
too successfully, tho east const Dr D Rnnwoll, of 
tho Nature Consonnncy, lins recontly been engaged 
upon methods for its eradication It w ill bo noted that 
Sparima in this paragraph is not followod In am 
specific name Dr C E Hubbard, of Kcsw, has shown 
that tho grass wluch hns grown so oxtonsivolj in 
Southampton Wator and is rognlnrly used for planting 
and reclamation olsewhcro js not S ioitnscndn hut 
ratlior a chance offspring of Hint plant, and Hint so 
far it hns not been gi\ on a specific name 

Mr Colo xory rightly made tho point tliat it is 
wrong to rely too much on ono or two species If for 
some reason disenso do\ eloped m marram or Sparima 
gra\o difficulties might nnso There should bo 
experimentation with vegotntion and, m certain 
carefully controlled circumstances, wo should intro 
duce foreign species Tho idea of a ‘coastal garden’ m 
which such experiments could bo mado has already 
boon adumbratod 

Mr C Kidson was also concerned with tins same 
point Ho has studied certain parts of tho coast in 
great dotail, and ns phj siographor of tho Nature Con 
servancy ho hns boon able to mako comparisons with 
many other parts His studies on the Somorsot coast 
have shown tho vnluo of Sparima m accumulating 
sand and silt, and it is estimated that m part of Bridg- 
water Bay the lovol of tho foreshore lias beon raised 
5-7 feet sinco 192S But hero again nil is not as it 
should bo Sparima may act locally almost liko n 
grojno, and it is able to hold up the longshore trnns 
port of shingle In ono place 00 foot of spartinotum 
was overridden by shinglo in ono jenr Tho slunglo 
beach behind, cut off from its Bupply, was combod 
down m big storms and bccamo lowor and so less of a 
protection to the land bohind Mr Kidson also direct 
od attention to tho interesting w'ork that is now r being 
carried out along tho west const of Donmnik There 
the foreshore has beon built up by Sahcarma spp and 
PnccmcUta niamtima Thoir spread has been much 
aided by the building of low brushwood dams and 
shallow dramago channels Ho also directed attention 
to the possibility of Svacda fn/chcosa holding mobdo 
shinglo It is a habit of this shrub to grow at the bond 
of marshes and at the foot of slunglo rjdgos Prof 
Oliver, in bis studies of Blakonoy Point, directed 
attention to it many years ago It is doubtful if the 
plant can ho a real deterrent to slimgle movement 

Tho remaining papor, although given earhoi m tho 
sequence, dealt w ith tho coast of part of lancashiro 
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Mr Gresswell, of the University of Liverpool, has 
in ado Bovoral ex tonsil o studies of this It is put lost, 
hero bocauso it -was rather less concerned -with 
vegetation than -wore the others Nevertheless South 
Lancashire is faced with a dune coast., and one mode 
uso of perhaps more than any other dune area in these 
islands The speakor discussed the erosion at Formby 
and the accretion at Southport Tins coast illustrates 
oxtromely well how difficult it is to cstimato what will 
happen in tho future Formby and district have been 
suffering loss for somo 60 years , before then tho same 
area wna gaining at about the rate it is now losing 
Inland of Southport and Formby is a bolt of rich 
agricultural land below tho lovol of high tides and 
only protected by the duno belt Tho dunes hnvo long 
been controlled, and oxtensivo pino forests cover part 
of thorn But those will not stop erosion Extonsivo 
non walla may do so and in a limited way so also maj 
bulk accumulation — tho artificial gathormg of sand 
bv brushwood groynes and careful plant mg This will 
increase the amount to bo eroded by tho wavos it 
inunot stop tho erosion It may also be possiblo to 
rnifC tho height of tho beach by building groynes and 
flopping tho sand which moves both to north and to 
houtli away from Formby But then how will this 


affect Southport T The lesson has boen learnt a little 
farther north : the protection of Blackpool has starved 
the beaches at Fleetwood and caused severe damage 
there 

Change is constant along tho coast , it is most 
noticeable m those parts faced by soft cliffs or by low 
lying ground fringed by dimes and mamhos It is 
muoh slower, and perhaps not measurable in a life 
time, on a coast faced by cliffs of resistant rock 
Coastal studies aro not only of significance to all 
dwellers along the sea and owners of land adjacent to 
it, but they aro also of particular interest to workers 
in. many branches of science, archeology and history 
Coastal defence, in the long run, must benefit by tho 
more leisurely rate at which cortain experimental 
work has to be undertaken Botanists, physio 
graph ers and others of several of our universities 
are now much concemod with coastal research and 
thoir findings are appearing with somo regularity 
Tho more we know of any particular stretch, tho more 
certain will be the effect of any futuro defonco work 
that may bo necessary Tho four papers presented at 
the meeting of the British Association at York ma\ 
be regarded as samples of the interest which coastal 
research is now provoking J A Steers 


OBSERVATIONS OF THE RUSSIAN MOON ROCKET 
LUNIK II 


T HE 260 ft radio telescope at Jodrell Bank was 
used to receive tho transmissions from tho sooond 
Moon rocket launohod bv the U 8 S.R Obsarva tions 
wero made on tho ovenuigs of 1969 September 12 and 
n on frequencies of approximately 183 0 Me /s and 
19 992 Me /s Tho only other part of tho radio spec 
t nun searched was in tho rogion 19 99-20 01 Mo /s 
hut no signals from the probe were found 



Fig 1 Tho variation of recol'ed frequency In rjrle* per *eeond 
deviation from 10-005 JTc./t plotted for the lut hoar of the fllclit 
of .Uni* II 


Tho primarv feeds consisted of a folded wiro dtpolo 
without reflector far tho 20 Me /s hand and a foldod 
dipolo with reflector for 183 OMo /b Tho 183 OMc Jb 
signal was rocenod on a communication receiver 
with a hand width of 0 ko /s , and the 19 092 Me /s 
on a TOcoivor with variable bandwidth 760 c /s 
being employed for most of tho time Both frequencies 


carried the familiar bleep bleep modulation pattern 
and although clearly audible the signals were not 
strong enough to permit reltablo estimates of signal 
strength The signals on both frequencies ondod 
abruptly and simultnnoouslv at 21h 02m 23s ut 
on September 13 

Within tho limits of tho 2° beam of the radio 
telescope at 183 Me fa , and tho rnthor heavy fading 
of tho weak signals, there was no significant dov mtlon 
of tho position of tho rocket from tho predictions 
received from Moscow 

The prooiso froqnencj of the 19 992 Mo Jb signal 
was measured by comparison with a frequency etnn 
dard to an accuracy of ±i c/8 On tho ovcnlng of 
September 12 tho measured frequency varied uni 
formly at 4 c /s per hour betwoon 20h 30m and 
22h 30m v t Tho rate exported from tho effect of 
the Earth’s rotation alone is about 0 c/b per hour 
thus the rocket was at that time being slightly re 
tardod by tho Earth's gravitational attraction- Tho 
variation in froquoncy over tho final hour of tho 
rocket's journey on September 13 is plotted In Fig 1 
The smooth nature of tills curve indicates tliat no 
guiding rockets wore used during this period The 
slopo of this curve is a direct measure of tho line of 
sight acceleration and hence using the Moon, s mass 
gives a maximum distance from tho Moon for each 
point on tho curve The acceleration at tho end of 
tho curvo is tliat oxpectod for an object moving 
directly towards tho centre of tho Moon at a height 
of 70 km ±150 km from tho Moon’s surface and 
can therefore bo taken os positive confirmation that 
the rocket did indeed hit tho Moon somowhoro within 
7 minutes of arc from tho centre of the lunar disk 
Tho velocity of impact derived from thoeo data in 
approximately 3 km /sec ±0 5 km /see 
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We axe indebted to our Russian colloagues for com- 
puting the tracking data for the radio telescope 

J G Davies 
A C B Lovell 

J odrell Bank Experimental Station, 

University of Manchester 

On September 13, attempts v ore made to obsorvo 
the impact of the Russian vehicle upon the Moon 
The telescope used was the 12 5-in reflector with 
which extensive lunar observation has boon carried 
out since 1949 

The impact area had been indicated as that of 
the Maria Seremtatis, Tranquilhtatis and Vaporum 
Such an area would be impossible to covor adequately 
Sinco it seemed reasonable to assumo that the 
Russians intended to land the vehiclo as closo as 
possible to the apparent centre of the lunar disk, it 
was considered best to use a reasonably high pow or 
( x 300 to 400) and concentrate solely upon the Maro 
Vaporum region 

Predicted impact timo was 2 111 01m ut Nothing 
was recorded at this time, but at 211i 02m 23s u t 
(±2 sec ) a minute pinpoint of light was rocordod , 
it appeared suddenly, and faded out within half a 
second The lunar co-ordinates are estimated as 
+086 +196 This places the position as in tho 
Hyginus area, closo to Schneckenberg 

Though seeing conditions wore good, tho phenom- 
enon was so uncertain and so closo to tho limit of 
visibility that it seemed unwiso to trust it A roport 
was at once sent to the Director of the Limar Section 
of the British Astionomicnl Association, at Man- 


NEWS an 

Engineering in the University of Birmingham 

Prof G F. Mucklow 
Pbof G F Mucklow rotired this summor from 
the Chance chair of mechanical engineering, Univer- 
sity of Birmingham He is succeeded by Dr S A 
Tobias, assistant director of rosearch m the Depart- 
ment of Engineering, University of Cambridge Prof 
Mueldow has held the chair since 1940 Ho was educa- 
ted at Rugby, McGill University and tho University of 
Manchester He was for a short time a research 
associate of British Motor and Allied Manufacturers 
before taking up the post m 1923 as lecturer in 
engineering at the University of Manchester Ho is 
well known for his work on compression-ignition 
engines super-charging, exhaust pipe effects, 
wave-action in gases and related topics During his 
tenure of the Chance chair, the Department of 
Mechanical Engineering has been greatly expanded 
Prof Mucklow has played a prominent part m the 
development of postgraduate courses of instruction 
for men returning from industry The first course to 
be established was that in production engineering, 
and this was followed m 1960 by a most successful 
course in thermodynamics He lias seen the Depart- 
ment rehoused m excellent buildings which were 
officially opened m 1954 

Prof S A Tobias 
Dr S A Tobias, who succeeds Prof Mucklow, 
was bom m Vienna m 1930 He received his educa- 
tion at the University for Technological and Economic 
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Chester, to an ait confirmation Since it now seems 
that both time and position aro m good agreomont 
with othor observations, there is a possibility that tho 
phenomenon did m fact ropresont tho unpact 

Patrick Moore 

Gloncathara, Worsted Lane, 

East Grmstoad, Sussox 

On September 13, observations vora made with the 
hopo of obsorving tho landing of tho Russian Lund 
on the Moon, using a reflecting toloscopo of )5+in 
aperture with a pov or of 300 Tho sky was von 
clear and surfaco details on tho Moon clearly defined 
Tho Russians had said it was aimed at tho Marc 
Tranqudhtatis, Soromtatis and Vaporum, that is, tho 
rogion to tho north-west of tho geometrical centre 
Last Sunday tho Moon hod sufficient hbration to 
bring this rogion nenror to tho contro as scon from 
tho Earth than usual 

This aroo of hundreds of squaro miles was ‘swept’ 
regularly Tho stated timo for impact arrived and 
nothing was scon I decided to continue for a short 
while and P min after tho stated timo, nt 211i 02m. 
23s ft, I was looking at tho Metro Vaporum, tho 
nearest part to tho contro At this point, north of 
tho Hyginus Cleft and closo to Sclineckenberg, 1 
obsorved a pinpoint of light and a kind of dark ring 
just as though dust had boon disturbed and heated 
This lasted a few seconds 

I understand that this obsor\ ation is in accordance 
with the work or othor obsorvors 

H Percv Wilkins 

35 Fairlawm Avonno, 

Boxloyhoath, Kent 


d VIEWS 

Scioncos, Budapest, Hungniy, and graduated in 
1943 For four years after that lio w orked in industrj 
as a design engmoor of machine tools Tobins came 
to Britain m 1947 as a British Council Scholar, 
becoming a research Btudent m tho Department of 
Engineering, University of Edinburgh, w'lioro ho 
rocoived his PhD in 1950 During 1951-64 ho was 
an Imperial Chemical Industries research follow at 
Edinburgh, working on problems of linear and non- 
linear vibrations, and recoivcd his D Sc Edinburgh 
in 1956 In that voar ho was appointed assistant 
director of research in the Department of Engineering, 
University of Cambndgo, where he has built up a 
flourishing research school m the field of non-linear 
vibrations and in problems arising m motal-cutting 
processes 

Agricultural Botany at Bangor 

Prof Alun Roberts 

Prof R Altjn Roberts is retiring from tho chair 
of agricultural botany at tho University Collogo of 
North Wales, Bangor At Bangor tho Departments of 
Agriculture, Agricultural Botany and Agricultural 
Chemistry are separate and independent, and, 
unlike most of tho other universities whore agri- 
culture is taught, there aro no subordinate professor- 
ships in those subjects Prof Alun Roberts was 
appointed professor at Bangor in 1945, whore lie had 
been independent lecturer m agricultural botany 
during 1921—40, when he was seconded os exocutivo 
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officer to the CnemarvonAhire War Agricultural 
Executive Committee His oocondmcnt was later 
transferred to the Welsh Department of tho Ministry 
of Education, in ordor to study its problems in rural 
Wales riant ecology, especially of tlio grasslands of 
Snowdonia, has been the favourite subject of research 
of Prof Alim Roberta and his colleagues Em know- 
ledge of early settlements and of Welsh history, 
enriched by long and closo study of old estate rnanu 
scripts, enabled him to link up ecological changes 
with past land use Particulars of early settlements 
and later stocking of lowland and upland with 
summer migration of tho inhabitants from Hendre 
to Hafod, have added interest to his ecological studies 
In addition to his scion tide, historical and literary 
activities, he has found the time to servo on such 
bodies as the Royal Commission on Common Lands 
the Welsh Land Sub Commission and Nature Con 
sorvHjicy His knowledge of land uso past and 
present, makes him a specially valuable member 

Prof J L Harper 

Dr J L Harper has been appointed to succeed 
Prof Alun Roberts He gained honours in the final 
honours school of botany in 1046 at Magdalen 
College Oxford, and was awarded the senior Maakin 
non scholarship and a Department of Scientific and 
Industrial Research postgraduate scholarship In 
1940 ho earned out research at tho Imperial College 
of Tropical Agriculture and Colonial Microbiological 
Research Institute Trinidad. He gained liis D Phil 
in 1950 for his work in the interactions of soil 
micro organisms Dr Harper is a lecturer m agri 
culture at University College Oxford, and has been 
a member of tho Board of the Faculty of Agriculture 
and Forestry since 1067 While ho has published 
much m tho reolms of plant pathology and of genetics 
ho is perhaps' best known for his researches m expen 
mental ecology By inclination and practice he is an 
ecologist in the widest sense, and from an agricultural 
point of view, m matters of woods prefers to 
atari with the biology of control rather than with 
chomical applications Dr Harpor, who gainod a 
Rockefeller Foundation award, is at present working 
in tho Department of Dr G Ledyard Stebbins, Davis 
University, California he will not take up his 
appointment at Bangor until next year 

Ministry of Agriculture, Fisheries and Food 

Dr H R Barnell 

The Ministry of Agriculture, Fisheries and Food 
has announcod the appointment of Dr H. R Barnell 
os chiof scientific advisor (food) in succession to Dr 
N C Wnght (see Nature , 182 031 , 1058), who has 
boon appointed to tho office of deputy director general 
of tho Food and Agriculture Organization of tho 
United Nations 

Dr Barnell was educated at Luton Grammar 
School and at Downing Collego, Cambridge In 1020 
he obtmnod first-class honours in tho Natural 
Sciences Tripos Pt II (Botany) and was awarded 
tho Frank Smart Pnxo Ho was afterwords Frank 
Smart Student in botany Ho won a research student 
m tho Cambridge Department of Botany from 1920 
to 1032 After a ponod as research assistant and 
lecturer in llie Cambridge School of Agriculture ho 
wns appointed to tho staff of tlio Low Tomporaturo 
Research Station of tho Imperial College of Tropical 
Agriculture, Trim dad His work in Cambridge was 
on tho biochemistry of ocroals, and in Trinidad 
primarily on the biochemistry of tho banana in 


relation to tho refrigerated and gas storago of tropical 
fruits In 1943 lie returned to the Umtod Kingdom 
as a member of the Dohydration Division of tho 
Ministry of Food and was eventually transferred 
t-o tho Scientific Advisor’s Division where ho was 
primarily concerned with developments within fields 
of food scionce and technology In this connexion he 
not only played a major port in developing the food 
ospocta of Commonwealth defence science but also 
was largely responsible for initiating and planning the 
programme of work of the Ministry s Experimental 
Factory and Research Establishment at Aberdeen. 
In 1050 he was appointed deputy chief scientific 
adviser 

In tho course of his official work Dr Barnell has 
made wide and warm personal contacts through crat the 
food industry not only in Britain but also overseas, 
where he has travelled extensively in North America 
Central and South Africa Australia and India Ho 
has served on the governing bodice of a number of 
food industry s research associations and was one of 
the Ministry’s assessors on tho Food Investigation 
Board of the Department of Sciontlfio and Industrial 
Research He is a member of council of tho Institute 
of Biology Dr Burnell's outstanding contributions 
in the building up of the Scientific Advisor b Dn ision 
mako his choioe as chief scientific advisor a par 
ticularly appropriate ono 

Difficulties In the Present Systems ofSuperannuatlon 

A question was raised in tho House of Commons 
on July 2 regarding difficulties in tho oxchange of 
teachers between universities and colleges of tech 
nology arising out of their differing echomos of 
superannuation In reply Sir Edward Boyle Parlin 
montary Secretary to the Ministry of Education, said 
that the possibility of transfer between tho two 
superannuation systems had boon cxhaustivelv con 
sidered and found to bo impracticable There wore 
however, arrangements for integrating service under 
the two Bchemofl and ho boliovod these wore not ns 
widely understood as they might bo Sir Edward 
Boylo said he was investigating tho matter Transfer 
had proved impracticable because tho pensions 
undor the university sohemo wore based on an 
insurance policy and differed in content and kind 
from thoso undor publio service superannuation 
sohomes Mr Allen pointod out that to fill vacancies 
in tho colleges of advanced technology and tho 
regional technical colleges it will bo necessary to go 
to tho universities for Bio senior posts Howovor, at 
present tho difference between tho two schomee was 
causing many suitable university candidates to 
decline posts as principals and hoods of departments 
in colleges of technology 

The Zero Gradient Synchrotron 

In a press report dated June 27 1950 tho U 6 
Atomio Energy Commission gives dotails of a large 
orbital accelerator for protons, to bo constructed at 
tho Argon no National Laboratory Lomont Illinois 
Economic factors always entail a compromise 
between high onorgy and high intensity in proton 
synchrotrons but improvement s in design mav 
materially onhanco tho output obtainable at a givon 
cost Tlio technical advance known ns alternating 
gradient focusing led to tho design of tho 26 GoV 
proton accelerators at Corn Genova, and at Brook 
haven but tlmso machines may provo to bo limited 
in beam intensity to about 10” particles per aceolom 
tion pulso In tlio Argoimo Laboratory machine 
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gradient foeusing is not used and the uniform guiding 
magnetic field is forced beyond the saturation value 
over a vacuum system of relatively largo aperture 
Beam stability is obtained by wedge-focusing effects 
at the boundaries of the sectors into which the 
200-ft diameter magnet ring is divided As a result 
of the fairly largo aperture and lugh injection energy 
(50 MoV ), pulses of about 10 15 protons of an cnorgy 
of 12 5 GeV are expected Much of this beam should 
be available outsido the machine 

The Argonno Zero Gradient Synchrotron and its 
associated equipment wall cost 29 million dollars It 
will provido a strong sourco of all known pnrticlos 
and anti-particles and, since it will bo especially 
suited to the study of raro events, it may lead to the 
discovery of now phenomena The cost of such 
research now far exceeds the resources of individual 
institutions, and the development of great national 
or international laboratories, in which many univer- 
sity teams conduct research w ith one accelerator, is 
a natural eonsequenco Tho new undertakmg at 
Argonne, which it is hoped to comploto during 
1902-03, has many similarities to that at Harwell, 
where a 7 GeV proton synchrotron is under con- 
struction for tho National Institute for Research in 
Nuclear Science 

Higher Education in the USSR 
A bibliographicae survey of technical and \ oca- 
tional education m the USSR bj M I Mo\ Sovit, 
issued as No 30 of educational studies and documents 
by tho United Nations Educational (Scientific and 
Cultural Organization (Technical and Vocational 
Education m the USSR a Bibliographical Survey 
By M I MovSoviS Pp 53 Pans Uncsco , London 
HM Stationery Offico, 1959 5s not), covers \ocn- 
tional education at tho elementary, secondary and 
higher levels Besides books and articles, biblio- 
graphies and periodicals are dealt wuth in a separate 
section Generally, publications aro presented 
chronologically within each section and the articles 
are fairly fully annotated or summarized 

Planning in Pakistan 

A broadsheet, “Planning in Pakistan” (Planning, 
(Vol 25, No 433, April 20, 1959 Pp 85-112 Lon- 
don Political and Economic Planning, 1959 

2s 6cl ), which emphasizes tho stimulus to central 
economic plannmg derived in the new countries of 
Asia from independence and the prospect of foreign 
aid, gives a clear but concise account of tho progress 
of planning in Pakistan After reviewing the effects 
of partition and plannmg m the early years, tho 
broadsheet outlines the Fivo Year Plan, published 
m May 1950 by tho Pakistan Plannmg Board estab- 
lished m July 1953, and then describes the perform- 
ance and prospects of the plan Political and 
Economic Planning concludes that although Pakistan 
is passing through a difficult phase m its economic, 
as in its political, development, it is tacklmg its 
difficulties with vigour Performance, howover, m 
some spheres remarkably good, has been uneven, 
and, regarded as a whole, inadequate Big mistakes 
have been made, particularly because of over-ambi- 
tious schemes, and too optimistic assumptions about 
foreign exchange and sterling earnings, and import 
savings Brilliant results m industrial development 
do not balance the failure to develop agriculture 
Nevertheless, Pakistan’s economy is basically sound 
It is learning from past errors and preserving its 
zeal to plan and work for prosperity 


International Council of Museums 

Tire fifth Gonornl Conference of tho International 
Council of Musoums was hold in Stockholm during 
July 1-8 under tho presidency of Dr Georges Salles 
(Franco) Tho Conforonco was preceded by meeting-, 
of certain comnuttcos and commissions hold at Oslo 
and Copenhagen Dr Torsten Allhin was clinirman 
of tho Swedish National Commit too which earned 
out all tho complicated organization for tho meeting 
About 350 delegates attended Tho thomo of the 
Conference and tho lectures was “Museums ns Mirror-? 
— their Potentialities and Limitations” An important 
session dealt with tho inauguration of tho Inter 
national Centro foi tlio study of tho preservation and 
restoration of cultural property Tins Centre, cstnb 
hshed m Romo by the Goneial Conference of Uncsco, 
is designed to strengthen relations between all who 
aro interested in tho pieserrution of thoir cultural 
traditions Dr H J Plcnderlcitli, recently of the 
Bnt isb Museum, lias been appointed tho first director, 
and at Stockholm ho outlined tho policy of this now 
Centre It nuns to collect documentation on tho 
efforts already mndo m this fiold, co ordinate research 
in order to a\oid overlapping, and gao adeico to 
all those rerjuesting it Tho Centre will also assist 
and fncihtnto tho limning of oxperts and is destined 
to become tho institution best informed about the 
results already aclnovod and tho research in pro 
gre«s Tho foremost requirement at present is thnt 
the great, countries should support this \entmo and 
onsuro its exist enco after tho period guaranteed by 
Unesco It was ngreeel that the next triennial con- 
foronco should take place m Holland in 1902 under 
tho presidency of Sn Philip Honrl\ (National Gallon, 
London) 

Geophysical Journal 

The appearance of tho first number of tho second 
volumo of tho Geophysical Journal, published bj tho 
Rocnl Astionomicnl Society, is a suitable opporlumti 
to stress the contribution which this journal is making 
to the grow th of pure geophysical research, especially 
in Great Britain Tho fundamental importance of 
the papers, the careful refereeing and tho speedv 
publication are henrtoning Half this particular 
numbci contains ongmnl mntennl Tlio other half 
consists mainly of a review of palreomagnotism and 
two shorter reports, one on a geophysical meeting 
and ono on current geophysical research in Canada 

The Australian Journal of Statistics 

The Statistical Society of Now South Wales is 
publishing a now journal, namely, The Australian 
Journal of Statistics It is to be issued three times 
a year, and will contain material relating to statistical 
theory and methods and tlioir application to all 
branches of learning The J oumal w ill give Australian 
statisticians an opportunity to present tlioir work 
to the public wuthout undue delay Tlio editor 
is H O Lancaster Tho first numbor runs to thirty 
four pagos, and besides introductory material and 
a “News and Notes” page, contains three papers 
The price of this numbor is 10s , which is perhaps 
a little high for such a slim volumo, but even so 
the Society has had to havo outsido financial sup 
port from some dozen organizations Tlio Journal 
wall no doubt satisfy a need among Austrahan statis- 
ticians, who ore making valuable contributions to the 
development of statistics, and every success is to bo 
wished to the Society m its now venture 
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Soviet Rubber Technology 

Tiff, appearance of a regular translation of the 
rnonthlj Soviet journal KauchuK i Rczina under the 
title Soviet Rubber Technology (No 1, June 1050 
English translation of KauchuL \ Reztna, Vol 18, 
Jonuarj 1069 Pp 04 Annual subscription 
rates Ordinary, U K £10 10s Abroad 50 US 
dollars or equivalent RA.B.R.M Members and 
U K. non profit-making institutions £5 5s Obtain 
able from Mnclaron and Sons Ltd , 131 Great Suffolk 
Street, London, SJ5 1) is a wolcomo addition to tlie 
scientific literature of the UJ3J3 R available m tho 
English langungo Tho translation, whioh is being 
oarrlod out by the Research Association of British 
Rubber Manufacturers under tho auspices of tho 
Department of Scientific and Industrial Research 
Translations Unit, combines technical compotonce 
and accuracy with a pleasant and readable style 
It is stated that tho journal * deals with the officiant 
use of raw mntonal, tho automation of manufacturing 
processes in tho rubber industry and improvements to 
the design of tyros and industrial rubber goods 
Articles describing tho moat important ohemical 
research of interest to the rubber industry are also 
included Tho first issue includes, in addition to 
original research contributions, more general articles 
reviewing industrial organization m tho U.S S R 
and nows itoms The scientific papers are about 
oquoliy divided between chemistry (polymerization 
processes, c m pounding vulcanization etc ) and 
physics (properties of rubber compounds fatigue 
and adhesion of tyre cord, etc ) The journal gives a 
good general insight into tho technical and industrial 
problems of tho Soviet rubber industry 

The Wellcome Trust 

The socond report of tho Welloome Trust covers 
tho period September 1, 1950-August 31 1958 

(Pp 72 + 3 plates London The Wellcome Trust 
I960), m which £1,059,910 was allocated by the 
Trustees, compared -with £1 170,104 m tho twenty 
years 1937-50 covered by the first report. Tho 
fourth and final report on the findings of tho Well 
come Mars ton Archaeological Research Expedition 
to the Near East, published in Juno 1958 doals 
furthor with excavations undertaken by tho late 
Mr J L Starkey and others at n mound known ns 
Toll ol Duwior about half way botween Jerusalem 
and Gaza Total expenditure by tho Trustees on 
the Loehish expedition including costs of publication, 
lias amounted to £36,490 During the period 1050-68 
grants made in aid of research in human and animal 
modicmo and the contributory sciences have totalled 
£926 357 In making theso grants tho Trustees linve 
followed thoir previous policy of supporting enter 
prises tho merits of whioh wore endorsed by tho best 
avnilable scientific opinion but which ha 1 not hitherto 
received tho help thoy needed Prion tv was given to 
tropical medicine pharmacology, pharmaoj, thora 
peutics, veterinary metboino and the history of 
medioino Tho report contains a full list of research 
grants and of travel grants during tho period Travol 
grants wore mode to 107 research workers, oxpendt 
ture increasing from £11 410 m 1055—60 to £20 022 
in 1 957-58 and in ndditfon flv o block grants wore made 
to tho organizing committees of international con 
presses or of smaller specialist symposia abroad, 
bnngmg tho total expenditure to £42 176 on 257 
persons In the period Tho Trustees have also mati 
tuted a system with tho Corlsherg Foundation of 


Carlsborg Wolloomo Travelling Research Fellow 
ships’ to encourage friendly co-operation on an 
oxchango basis between Danish and British research 
workers in sciences bearing on human and animal 
medioino and two fellowships were awarded in each of 
tho academic vears 1967-68 and 1958-60 Capital 
grants for buildingprojects during the period amounted 
to £643,500, with a furthor £115,160 to assist medical 
roseoroh libraries and museums whioh included 
some buildmg projocts, and a further £171,005 
allocated for expenditure on major items of research 
equipment In support or endowment of senior re 
search posts the Trustees allocated £72 983, and to 
wards various grants for research expenses and ass is 
tan co, £26 107 Now grants totalling £3 932 were 
mado for work in the lustory of medicine and £967 
to assist other scientific publications A grant 
was made to the Royal College of Physicians to 
cover the expected cost of producing a new edition 
of the 1923 Harvey film, by the use of colour photo 
graphy, synchronized sound track, animated din 
grams and other appropriate improvement* of 
cinematographic technique 

English Rural Life 

The Report of tho Museum of FngHsh Rural Life 
for 1968 (University of Reading Museum of English 
Rural Lifo — Report 1958 Pp 24 Reading Tho 
University, 1960 Is ) is far from formal for it 
includes in fact is mainly devoted to a summary of 
the principles of display in a museum This part ia 
contributed by Miss Margaret Fuller and Mr 0 A. 
Jewel] and is of interest and value to all museum 
curators especially those who doal with tho difficult- 
problem of exhibiting folk life material In this 
report the policy of tho Museum in relation to other 
regional museums is more cloorly defined than it has 
been m tho post and it is noted that it statoe its 
major task to bo the formation of a national archive 
of information on all aspects of country lifo It is 
hoped that in tho future a considerable) proportion of 
the objects in the Museum will be available to 
supplement other collections or to form tho nuolous 
of now folk Boctions 

Genetlcaf Effects of Population Subdivision 

PAP Moran has advanced a theory relating 
to sorao gone ti cal effects of population subdivision 
( Auetraltan J Biol Sen , 12, 2, 100 (I960)) The 
gcnotical effects of tho subdivision of a population 
into partially isolated subgroups are considered in 
two particular cases In the first a probability model 
is studied in which tho eubpopulations are of finite 
size with migration between thorn. In tho nbsonoo of 
selection tho asymptotic rate of progress to homo 
zygosity is shown to bo vorv little affected by the 
subdivision In the second caso a dotermmistio modol 
is studied m whioh thoro are two subpopulations in 
whioh selective forces ore equal and opposite A 
stable dimorphism is then shown to oxiat if there is 
any small amount of informigratlon 

Fine Structure In Cells 

G Settcrflold, TL Stern and F B Johnston have 
gi\ on on account of tho fine structure m colls of pen 
and wheat embryos, based on observations using 
phase contrast and oloctron microscopes (Canadian 
Journal of Botany 37 06 (I960)) Tho aim was to 
provide a basis for relating biochemical data on 
isolated coll fractions with tho oyt ©logical structure 
in situ Portlnont observations Include tho following! 
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The nuclei of all cells wero similar, showing nuclear 
membranes, chromosomes, and prominent nucleoli 
The cytoplasm contained highly dovoloped structure 
which presumably reflected the incipient growth 
condition of the cells Several cytoplasmic components 
were common to both embryos small donso granulos, 
ondoplasmic roticulum, mitochondria, proplastids, 
amyloplasts, irregular bodies, plasma mombranos, 
and plasmodosmata Tbo small donso granulos, pre- 
sumably ribonuclcopiotom particles, occurred pro- 
fusely, both free and in association with extensively 
developed endoplasmic roticulum Tlieso particles 
are probably responsible foi the microsomal fractions 
obtainable from emfrrs os and seedlings The mito- 
chondria were usually rolatii oly small (0 25-0 5g 
diametei) although groups of very long (5g) ones 
were occasionally found Bodies resembling mito- 
chondria m sizo and sliapo, but lacking cristao, wero 
present and represont oithor immatuio mitochondi la 
or proplastids Rosen o matenal occuned as starch 
m stiucturallj r complox amyloplasts and possibh as 
protem m tho irrogular bodies In addition to tlieso 
structures colls of tho wheat embrjos romoto fiom 
the monstems contamed piominont cytoplasmic 
bodies classified as ‘donso’ and ‘thick-w'allod 1 Tho 
donso bodies probably represont stored lipids while 
tho significance of tlio thick -wallod bodios, which 
show ed a variety of forms, is unknown 

Rafflesia In Sumatra 

Aaioxg the genera of plants which might well bo 
described as wonderful, if not odd, Rafflosia must 
surely be accorded a leading place Somo thirteen 
species were recorded by Koorders m 1918 for tho 
whole of tho Malaysian region , but it now appears 
that some of this mvestigator’s viows may require 
revision W Moijer ( Ann Bogoricnscs, 3, 1, 33 
(1958)) has now added further information on Rafflosia 
amoldi as observed by himself and colleagues m 
West Sumatra From an examination of tho literaturo 
and the material preserved in tho Herbarium Bogor- 
lense, as well as from Ins own observations, he has 
concluded that the Rafflosia species m question is 
identical with the original i? amoldi of Robert 
Brown (1822) and that it occurs m both Central and 
South Sumatra Its taxonomic position is discussed, 
and the author points out that R tuan-mvdao Bocc 
from Borneo is very closely related to, and may oven 
bo conspecific with, R amoldi R Br , and that tho 
key given m Koorders’s monograph is incorrect as to 
the distinction between these two plants Some 
information concerning other Rafflesia species occur- 
ring on Sumatra is also given Observations on the 
growth-rate, mortality of the buds, and tho possiblo 
mode of distribution of the seeds are recorded It 
is now estimated that the entire cyclo from seed to 
seed takes approximately 4|— 5 yr 

Soil Basidiomycetes 

J H Waucup has contributed the results of an 
ini estigation on the isolation of basidiomycetes from 
the soil ( Trans Bnt Myc Soc , 42, 1, 45 (1959)) 
Whereas extensive series of dilution and soil plates 
from wheat-field and pasture soils failed to roveal 
these fungi, they were isolated from roots, and from 
hyphae, rhizomorphs, and solerotia picked out from 
soil Over a three-year period, no basidiomycete 
fructifications were found m the wheat-field although 
isolations from soil and roots showed that the field 
had an abundant and varied population of basidio- 
mycetes While fructifications were obtained from 
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the pasture, tho species thus seen fiuiting uoro dif 
forent from those isolated from soil and roots, indicat- 
ing that the population was more xaned than the 
fructifications alone would suggest Somo of tho 
basidiomycotes wero induced to form fructifications 
m culturo 

Histological Localization of Peroxidase 

D S Vax Fleet (Canadian J Bol , 37, 3, 449 
(1959)) has observed that peroxidase is detectable m 
all tissues but is most react ivo in tho basophilic colls 
of tho lnstogons Oxidation of applied phenols and 
ammophonols by peroxidaso produces quinonos and 
qumonodnmmes that aro ndsorbod by nucloic acids 
and other basoplulic substances in tho formntno 
contTos of pnmordia Localized icactions for poroxi 
daso occur in tlio axils of leaf pnmordia prior to bud 
formation and on tho surface of apical monstems in ft 
spiral pattorn marking tho points for tho future 
do\olopment of leaf prnnordin Poroxidaso is 
dctectnblo m nd\ anco of or ai company mg coll division 
and declines aftoi the dnision phase, doclino of 
poroxidaso at tho ond oT tho dn rnion plinso is related 
to tlio increase of phenols, naphthols nnd phonolases 
Peroxidase declines in all tissues with tlio exception 
of tho phloem , a continuous poroxidnso s\stom in 
tho pliloom connects pnmordia with adult tissue 
Tlio hypothesis is offered that tho collular units of 
tho phloom poroxidaso constitute a continuous 
system between pnmordia and adult tissuo nnd aro 
functional in cataljsing tho reduction of la drogon 
accoptors essontial to coll dicision and tho initiation 
of primoidia 

Oxidation of Krebs Cycle Acids by Apple Tissue 

M D Hatch, J A Pearson, A Millord and R X 
Robertson, m a study of the oxidation of Krebs 
cyclo acids by tissue slicos nnd cytoplasmic particles 
from apple fruit (Australian J Biol Set , 12, 2, 
107 (1959)), point out tlint it 1ms hitherto been 
difficult to demonstrate the Krebs ejelo m either 
cytoplasmic particles or tissue slices obtained from 
apple fruit In tho present investigation, ewdenco 
was obtained for tho operation of the classical Krebs 
oycle-cytochromo oxidnso rcspiratoiy svstem in cut 
tissue and mitochondria from Granny Smith apples 
Tlio respiration of cut tissuo increased wdicn either 
citrate, a-kotoglutnrato, succmnto, mnlate, fumaratc. 
or pyruvate wero added Both the endogenous and 
acid stimulated respiration wero inhibited by malon- 
ate, cyanide, and azide The rapid oxidation of Krobs 
cycle acids by cytoplasmic particles from apple flesh 
was also demonstrated Tlieso particles showed cyto 
chromo oxidnso activity ond contained a succinoxidnso 
system dependent on cytochromo c 

Radiation in Industry 

Autttuu. ID Little, Ino , undertook during 1958 a 
study of tho anticipated noed for higli-lo\ ol radiation 
sources and their potential uses in industry, on behalf 
of the OEM group of companies (Emerson Radio 
and Phonographic Corporation, General Airlino nnd 
Film Corporation, and Revero Copper and Brass, 
Inc ) and tho General Electric Company’s Hanford 
Atomic Products Operation A summarized vorsion 
of the firm’s roport was given by S E Eaton and 
M Miehaelis at tho seventh annual conference of 
Atomic Energy m Industry (Radiation a Tool foi 
Industry Ppi + 28 Cambridge, Mass Arthur H 
Little, Inc , 1959), held by tho National Industrial 
Conference Board, Inc , at Cleveland, Ohio, during 
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April 8—10, 1959 The study was restricted to a 
survey and analysis of tlio available technological 
data and consisted of an examination of somo 2 500 
articles published during the past ton years and a 
senes of some 330 interviews with loading workers in 
tho field Tho pattern of current industrial activity 
m the applications of penotrating high intensity 
ionizing radiations , preeent -day radiation costs , and 
radiation applications to chomicals and petroleum 
to polymers, to pharmaceutical products, medical 
supplies and food, to powor souroos, and to miscel 
lanoous substances such ns semiconductors aro 
separately discussed Much basic work haB been done 
on relatively aimplo gyatoms, but more research on 
basic reaction mechanisms and more and bettor 
research equipment mo required There is a oon 
sidorablo look of knowledge both among industrial 
scientists and by tho general pubho on tho subjoct of 
radiation, its benefits, and tho safeguards against its 
possible hazards Future long torm research on the 
effect of radiation on systems hold at very low tem 
pemtures and very high pressures , tho development 
of new toclmiques in solid catalyst activation , and 
tho study of tho usefulness of low -energy radiation 
in the 1-1,000 oV rango, aro somo of tho recom 
mondations in tho roport It is emphasized that 
work up to dato has boon largely empirical, that 
possible umquo fcaturoe of radiation applications 
}ia\o not yet boon fully explored and that oven nub a 
tion onginoermg is rolativoly undeveloped and 
radiation economics uncertain 

Nobellum Research 

In 1957 P R Fields and others reported the 
production at Stockholm of an isotope of clement 
102 in experiments in which our mm targets were 
bombarded with cyclotron nooolorated l *0 i+ ions 
(Nature 180, 1010 and 1012 1967) Two other groups 
have since reported experiments on tho production 
of element 102 At Berkoloy A. Ghioreo et al 
bombard od curium with carbon 12 and carbon 13 
ions accelerated in Etlao, but did not obeervo the 102 
isotopo reported by Fields et al They doteotod and 
idontifiod tho presence of tho isotopo ,,4 I02 which 
lias a half lifo of throo seconds In Moscow, G N 
Flerov and co workers, by bombarding plutonium 241 
with l *0*+ ions, obeervod a short lived product 
omitting long range alpha particles with an energy' 
of 8 8 ±06 MeV which thoy ascribe to an isotopo 
of elomont 102 Bocauso of tho negative results at 
Berkoloy Fiolds and his co workers havo recently’ 
made a thorough re -examination of tlveh* experimental 
data and their commonta and discussion on the 
Berkoloy and Stockholm exponmonta aro giv on in a 
paper in tho Arkxv /Sr Fynl, 16, 226 (1969) They 
conoludo Hint though their earlier mass assignment 
mado in 1957 seems now less certain, nevertheless 
their re -examination lias not led to any r new con 
elusions regarding the mtcrprotation of their results 
It is folt that judgment on tho discovery of tho 
olomont 102 should he reserved until additional 
experimental studios, including tho properties of 
neighbouring nuclidos, havo been oamod out 

Borden Award of the Nutrition Society of Canada 

Tub Nutrition Socioty of Canada has announced 
that tho Borden award of the Nutrition Soeioty of 
Canada will bo given annually in recognition of out- 
standing research work dono by ono of its raombora 
Tho first award will bo mado in Juno 1960 Tho 


recipient of this award whioh has been presented by 
the Borden Company Foundation, Ino , must bo 
undor tho age of forty years and must lrnvo published 
the meritorious work within the preceding throe 
years It is hoped that this award will further 
encourage research aotivitiee by y oungor members of 
the Society 

Lady Tata Memorial Trust 

The Trustees of the Ladv Tata Memorial Trust on 
the recommendation of the (European) Sciontiflo 
Advisory Committee have made tho following 
awards for research on ieukremia and allied diseases 
m the academic voar beginning October 1 1059 

Grants for Research Expenses Dr M Bessis (France) 
Centro National do Transfusion Sanguine, Pans , 
Dr B M Braganca (India), Indian Cancer Re 
seoroh Centre, Bombay; Prof G Klein (Sweden), 
Knrohnskn Institute Stockholm , Dr J Pont6n 
(Sweden), Pathology Institute, Uppsala , Dr M 
Simonson (Denmark), Institute of Pathological 
Anatomy, Copenhagen , Dr A E Stuart (Scotland), 
Department of Pathology, University of Edinburgh 
Scholarships Dr J Hastrup (Denmark), Institute 
of General Pathology, Aarhus , Dr E Iv el omen 
(Hungary), Postgraduate School of Medicine, Buda 
pest Dr P A- PUlai (India) Centre do Microscopic 
Eloctronlque Lausanne, Switzerland. 

Paul Instrument Fund Awards 

Awards by the Paul Instrument Fund Com 
mittee of the Royal Socioty bavo been made as 
follows : £1,000 to Dr H B Barlow assistant 

director of research Department of Physiology, 
and Mr P E K Donaldson technical officer, 
Physiological Laboratory , Cambndgo, for the develop 
ment (a) of a dovfoo for automatically' unpro\ mg 
coding of messages and (6) of a diffused storngo 
sequence ongmo, tho object boing to advanco know 
ledge of the operation of comparatively simple 
assemblies of nerve cells by making instruments 
which perform tlio same task as such assemblies 
£000, m supplement of a previous grant, to Dr E T 
Hall, sonior research officer at tho Research Laliora 
tory' for Archaeology and tlio Hlstorv of Art Oxford, 
for improvements to on apparatus with whioh 
magnet io measurements may bo mado with the v iow 
of dating archrcological material £2 000 to Dr H 
Motz, roador m engineering science University of 
Oxford (in association with Prof G B Walker 
professor of electrical engineering Essex College, 
Assumption University, Windsor, Ontario) for tho 
construction of a linear accelerator working at 
1 0 cm (J band) £6 600 to Prof R O Rodman, 
professor of astrophysics in the University of Cam 
bridge, for the construction and testing of a thin 
astronomical mirror of plate glass and of a now type 
of support svstom £6 900 to Dr P M B Walker, 
Royal Socioty Research Fellow, Department of 
Zoology, Ashworth Laboratory , University of Edm 
burgh, for tho construction of a now microspoctro- 
pliotomotcr that will integrate over a dofinod but 
irregular area which can be altered quickly and 
cosily 

Grant for the Massachusetts Institute of Tech- 
nology 

Dr Justus A Stratton president of the 
Massachusetts Institnto of Tochnologv announced 
recently that tho Institute had received n piCt or 
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2,527,500 dollars (about £900,000) from Mi and Mrs 
C H Green of Dallas, Texas This represents tho 
March 31 market value of 30,000 sharos of stock of 
Texas Instruments Inc , in which form the gift w as 
made Tho money will be used to construct n 
multi -story building on tho Institute site, and will bo 
a centre for the study of Earth scionces Laboratories 
for research work m geophysics, meteorology, oceano 
graphy and related fields will form an important part 
of the now building 

University News: London 

Da P Grootenhuis, locturor at tho Imponal 
College of Scionco and Technology, has boon appointed 
to the University readership in mochamcal engineering 
tenable at that College Tho titlo of readoi in 
sociology in tho University of London has been 
conferred on Mr T B Bottomoro, m rospoct of 
liis post at tho London School of Economics and 
Political Scienco Tho titlo of profossor emeritus 
in the University has boon conferred on Prof 
R J S McDowall on his retirement from tho Halli- 
burton chair of physiology at King’s Collogo , Prof 
Margaret M A Murray on hor rotiromont from tho 
chair of physiology at Bedford Collogo , Prof J H 
Woodger on his retirement from tho professorship of 
biology at tho Middlosox Hospital Medical School , 
and Prof H J Collins, on his rotiromont from tho 
Chadwick chair of civil ongineormg at Univorsity 
College 

University College of Rhodesia and Nyasa'and 

Mr W Lloyd Jenkins has boon appointed lecturer 
m tho Department of Chemistry with responsibility 
for teaching agricultural chemistry Previously ho 
was a lecturer in agricultural chemistry in tho 
University College of Wales, Aberystwyth 

The Night Sky in October 

New moon occurs on Oct 2d 121i 31m ut , full 
moon on Oct lGd 15h 68m , and now moon on 
Oct 31d 22h 41m Tho following conjunctions with 
the Moon take place Oct Od OOh , Jupiter 4° S ; 
Oct 8d 05h , Saturn 5° S , Oct 28d 14h , Venus 
0 9° N In addition to those conjunctions with tho 
Moon, Venus is in conjunction with Rogulus on Oct 
Id 08h , Venus boing 6 7° S , and Mercury with 
Spica on Oct 4d OOh , Mercury boing 2 1° N There 
will he a total eclipse of tho Sun on October 2, 
visible as a partial eclipso at Greenwich The path 
of totality begins at sunrise on the eastern seaboard 
of the United States, crosses tho North Atlantic, 
Canary Islands and North Africa, ending m tho 
western Indian Ocean at sunset The partial eclipse 
which will be seen at Greenwich begins at llh 01m , 
reaches its greatest magmtudo of 0 33 at llh 58m 
and onds at 12h 66m. The eclipse belongs to a 
series which began in 1599 Mercury ib too closo to 
the Sun for observation Venus is a morning star, 
rising at 2h 56m , 2h 30m and 2h 35m on October 
1, 15 and 31, respectively Its stellar magnitude ib 
approximately —43, greatest brilliancy is reached 
on October 8 Its distance increases during tho 
month from 36 to 55 million miles and the visible 
portion of tho apparent disk increases from 0 211 to 
0 443 Mars is too close to the Sun for observation, 
conjunction being on October 29 Jupiter is also too 
closo to tho Sun for observation Saturn sets at 21h 
20m , 20h 26m and 19h 30m on October 1, 15 and 
31, respectively Its stellar magnitude is +0 8, it 


remains m Sagittarius Occultations of stars brighter 
tlmn magnitude 6 ore ns follows, observations being 
mndo at Groonwich Oct lOd 20h 13 4m,vCapjn 
(D) , Oct 17d 2 Oh 04 4m , 5 Ari (7?) , Oct. 20d 
23h 35 lm ,31813 Tau (/?) , Oct 21d 23h 38 0m, 
230 Tau (7?) , Oct 28d 41i 22 0m , 58 Loo (7?) 1) 
and 11 refer to disappearance and reappearance, 
l cspoctivoly Tho Gincobmids are nctivo on October 0 
and tho Ononids during tho third w ook of tho month , 
conditions for both are unfavourable 

Announcements 

Lord Nimn.RTirom*E, president of tho National 
Farmers’ Union, and Prof I*' W Rogors Brmnbcll, 
professor of zoology in tho Unn orsitv Collogo of North 
Wales, Bangor, hnvo boon appointed to fill vacancies 
in tho membership of tho Agricultural Research 
Council caused by tho retirement of Sir Solly Zurker 
man nnd Mr Frank Rnyns 

Dr A G Ooston has resigned from tho chairman 
ship of tho Editorial Board of tho Biochemical Journal 
and tho Committee of tho Biochemical Sociotv 1ms 
appointed Di W V Thorpo ns his successor 
Correspondence) and communications should still bo 
sent to tho Secretary to tho Editorial Board, Lister 
Institulo of Provcntn o Medtcmo, Cholsea Bridge 
Road, London, S V 1 

Tiie following officers of tho Association of Con 
suiting Scientists lia\o boon elected Chairman, 
Dr J G Davis , Hon Treasurer, Dr G W Fer- 
guson , Hon Secretary, Mr W II Stoi ons, 16 
Hawthorno Rond, Bromley, Kent. 

A meeting will bo liold on Octobor 31 at tho 
University of Nottingham with tho objoct of forming 
a Society for Forensic Scionco Further information 
can bo obtained from Mr S S Kind, 18 Hall Lane, 
Harrogate, Yorkshire 

The oighth Gorman Plastics Convention will take 
tho form of an International Symposium on the 
Agoing of Plastics , it will bo hold during Octobor 10- 
21 at Du8soldorf, Germany Further information 
can bo obtamod from tho Arboitsgomoinschaft 
Doutscbo Kunststoff-Indusfcrio, Frankfurt (Mam)! 
Karlstr 21 

The German Socioty for Eloctronmicroscopy is 
holding a conforonco on various aspects of electron- 
microscopy at tho Departments of Pathology and 
Anatomy, Albort-Ludwngs-Umvorsity, Freiberg no 
Broisgau, Germany, during Octobor 18-21 Furfh er 
information can bo obtamod from Tagung dor 
Doutsehon Gosollschaft fur Eloktrononmtkroshopio 
o V Pathologischcs Institut dor Umvorsitut, Freiburg, 
Albortstr 1 9 

The City of London Collogo, m collaboration with 
tho Plastics Institute), lias arrangod a series of eight 
lectures on plastics wlueh will bo givon on succcssno 
Mondays at tho Collogo, commencing on Octobor 6 
Furthor information can bo obtamod from Mr A 
Fawthrop, head of the Department of Shipping and 
Commercial Products, City of London Collogo, 
London, E C 2 

ti Erratum The author of tho communication 

Appearanco of Granules in tho Cytoplasm of Tumour- 
coil Cultures m Contact with Lysozyme” in Nature of 
July 18, p 202, is Mrs Dirco Babudiori Callorio, 
and not Prof Carlo Callorio as printed 
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FLUCTUATION PHENOMENA AND STOCHASTIC PROCESSES 


T HE theory of probability developed na a branch 
of puro mathematics Its applications to physics 
hnvo now bocomo so widespread that tlioro is scarce]} 
a branch to which it does not contribute significantly 
During the nineteenth century the establishment of 
the statistical naturo of tlio second law of thermo 
dynamics, the resolution of tho irreversibility paradox, 
and the development of tho powerful technique of 
statistical mechanics wore all tho result of applying 
statistical methods to an atomio population In tho 
twentieth century the wave part icIo paradox was 
solved by rooting atomio physics in the thoory of 
probability At a less fundamental level. Brownian 
movement, diffusion and radio noiso are physical 
pbenomona the diameter of which is essentially 
stochastio , and radio wa\e propagation, sea waves, 
nuclear reactors and polymer physics are examples 
of fields m which stochastic probloms have recently 
attracted considerable attention 

Tho apparatus of tho mathematician lias boon 
accoptod with gratitude by tho physicist generating 
functions and character 1st io functions for marupu 
Iatirtg probability distributions , generalized Fourier 
analysis introducing autocorrelation functions, and 
lending to the W lonor-Khmtcliino thoorom for 
fluctuation phenomena stationary in time In return 
tlie physidat bos oontmually thrown up a variety of 
novel problems to chollongo tho ingenuity of tho 
mathematician and maintain his interest 

The two day conference of tho Physical Society on 
Fluctuation Phenomena and Stochastic Processes”, 
held at Bankbook College on March 19 and 20, 
attracted research workers in many different fields 
Altogether, twenty nine papers woro presented 
most of tho participants were British, although con 
tributiona also camo from tho United 8tntee, Canada 
and Norway 

In his opening remarks of welcome, Prof J D 
Bernal (Birkbook Collogo London) pointod out that 
physics had learnt to deal adequately with the com 
plotoly regular, and tho oompletoly random , it was 
tho partially regular which still await od troatmont 
The nature of the liquid state, and biophysical 
problems oonnocted with tho structure of large 
molooules, wore important examples of this 

In tho opening paper Prof M 8 Bartlett (Univer 
sity of Manchester) reviewed tho various types of 
statistical fluctuations which occurred in physics, 
and attempted to classify them in order of relative 
size In spite of tho oxistence of occasional abnormal 
fluctuations, macroscopio averages in classical statist- 
ical mechanics had a ‘stability' resulting from the 
large number of component systems involved. The 
measurement of timo and space averages for phen 
omona such as turbulonco and random surface waves, 
on tho other hand, mado use of the orgodio properties 
of Bomo stationary processes A fairly general 
'weighted sum’ type of process occurring in noiso and 
Brownian motion thoorv was defined, together with 
tho conditions for statistical ‘stability’ Final!} 
tlioro was tho class of possibly oxponontially in 
creasing and unstnblo multiplicative (branching) 
processes such ns nuclear cascades 

Dr R Furth (Btrkbeck College) gave a compre- 
hensive paper entitlod "Fluctuations of Macroscopio 


Parameters” Macroscopio parameters were 
operational]} defined in firuto regions As, of space 
and finite intervals At, of tune of such magmtudo 
that irregular fluctuations could bo observed super 
imposed over the regular quasi continuous functions 
Ki(r^) Tho theory of theso fluctuations was mainly 
concerned with the determination of the second 
roomants of the temporal fluctuations of the para 
met ere U m a fixed As, and of the spatial fluctuations 
m one and the some At It was a characteristic 
feature of tho thoory that theso momonts could be 
expressed m terms of tho macroscopic functions 
and that only some very general statistical 
properties of the random molecular processes respons 
lble for tho fluctuations noedod to bo known 

In tho tomponvl pr oblem the cor relation functions 
of the typo c,(t) * [5f (r)5j(< + t )]t/(4iZj)i could be 
calculated by making use of a gen oral i rod 'Longo\ m 
oquntion* , in tho limiting case of x 0 the second 
momonts (£<Sy)» might bo obtained under conditions 
of statistical stotionarity from statistical mechanics 
This latter procedure could be applied to tho problem 
of fluctuations of strain and stress in crystal I mo 
solids 

In the problem of spatial fluctuations the same 
method of statistical moohnmes could bo used 
f or ovaluatm g the spatial correlation produots 
of two parameters m two regions 
(As) t and (As), in a homogeneous m odium separated 
by a distance £ under conditions of ‘quasi-station 
anty\ that is, when m spite of tho finite speed 
of propagation of tho Interaction processes tho 
values £(») and + 0 could bo assumed to bo 
simultaneous to a sufficient degreo of approximation 
This method could be used to obtain form aim for tho 
fluctuations of olootric chargo and potential in a 
discontinuous system of conductors and hod boon 
applied by E Morris to the problem of fluctuations 
of surface chargo donsity on the surfaco of a single 
continuous conductor and tho fluctuations of 
potentinl on and outaido its surface 

Finally, the general problem of spatial fluctuations 
could bo reduced to that of temporal fluctuations in 
such cnsce whore tho relevant Langevin oquntion had 
tho character of a wave oquatiom This method was 
used by M N Moore for tho solution of tho problem 
of spatial fluctuations of strain and stress in ory stall me 
solids 

Several papers dealt with tho mathematical prop 
ortiee of stochastic functions and with therr applica 
t ion to tho analysis of experimental data ftlr D G 
Brennan (Massachusetts Institute of Tcclmology, 
Lincoln Laboratory) m a paper ontltled “A Now 
Approach to Cortain Types of Random Functions ’ 
developed ab tmtio n thoory of a class of stochastio 
processes which ho hoped would have application to 
certain types of physical problem Mr M B Pricstlov 
(University of Manchester) considered tho problem 
of detecting a signal containing several harmonic 
components in tho presence of background noise 
Vilion tho noise had a uniform spectrum tho appro 
pnate quantity for picking out tho hnrmoruo forms 
was tlio ponodogrum But when tho spectrum of tho 
noiso was non uniform this could no longer bo used 
and ho proposod a method of analysis based on tho 
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tail of the auto-correlation function , ho also showed 
how a significance test could be constructed 

Mr B Landmark (Norwegian Defence Research 
Establishment) dealt with the prov ision of a stnngont 
test for the Gaussian diameter of a gn on noise signal 
An amplitude test was usually insufficient, and lie 
suggested using the simultaneous v ariations in 
amplitude and phase This had been applied experi- 
mentally to the scattering from ionospheric clouds 1 , 
and the results were in good agreement with those 
to be expected for Gaussian noise 

Dr. L Mandel (Imperial College of Science and 
Technology, London) gave an interesting oxamplo of 
a problem in which the approach of tho quantum 
theory produced a substantial simplification Tho 
distribution of the integral, Et, over a time interval 
T of the square of random noise was quite coni 
plicated, and some of its properties had been deduced 
by Rice* If we interpreted tho noise ns arising from 
an electromagnetic wave, Et was proportional to the 
energy contained m a length cT of the wnvo tram 
Bose-Einstein statistics could be applied to the 
photons m tins region, and tho resulting probability 
distribution could be determined more read 1 1}' 

The statistics of radioactivo decay was tho subject 
of a communication by Sir A C Hughes Ho was 
concerned with testing fluctuation theory for short- 
lived substances, that is, those with half-lives short 
compared with tho time of observation Experiment s 
had been performed with an isotope of rhodium 
(half-life 44 sec ), and two isotopes of silver (half 
lives 24 sec and 2 3 mm ) , tho agreement noth 
theory was good 

Dr M N Moore (Birkbeck Collego) spoke on tho 
“Stochastic Kinetics of Nuclear Reactors” It could 
bo shown that the square of tho modulus of tho 
reactor transfer function was proportional to tho 
Fourier transform of tho auto-correlation function 
for power noise in the reactor Smco tho power 
noise represented the responso to tho minimum pow or 
mput signal, measurements of transfer functions 
based upon reactor noise wero of all possiblo measure- 
ments least subject to non-linear distortion By 
performing the experiment at various power -levels 
and temperatures, it was possible to measure both 
power and temperature coefficients 3 

Some examples were given of new' problems in 
probability which had been suggested by physical 
phenomena Prof C Domb (Bung’s College, London) 
said that if one wished to understand what was 
happening in a regular solution, one must study its 
fluctuation properties, or tho distribution of clusters 
of different sizes and shapes as a function of tem- 
perature Even for a purely random mixture this 
was very difficult, although one could readily estab- 
lish a difference m behaviour in one, two or throe 
dimensions Thus for a 50 60 mixture if one con- 
sidered clusters of up to 5 atoms, 88 per cent of tho 
total number were accounted for in one dimension, 
17 per cent in two dimensions and only 2 per cent m 
throe dimensions A critical probability entered m 
these problems m the same manner as those studied 
by Hammersley* 

DrME Fisher (King’s College, London) discussed 
the shapes and sizes of polymer and polyelectrolyto 
molecules which seriously affected properties like 
viscosity We should be greatly assisted m this field 
by a knowledge of the properties of non-intorscctmg 
random walks on lattices These walks were non- 
Markovian and then behaviour probably differed 
essentially from Markovian walks The only property 
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which had been rigorously established* was that C«, 
tho total numbor of walks of n stops, was nsymp 
totically of order p n Somo conjectures on tho value 
of p for a quadratic lattice had boon rigorous]} dis 
prov od* The subjoct suffered seriouslj ft om a lack 
of theorems of tho ‘eontral limit’ kind Dr 31 F 
Svkes (King's Collego, London) dealt with method? 
for tho practical determination of parameters m 
self-avoiding walks Monte-Carlo methods had boon 
used ovtensnelj by Wall and Ins collaborators 7 , but 
Sykes and his colleague,-, had proforred to dotormmo 
the propert if s exact 1} for finite \ nines of a, rather than 
to attempt asymptotic extrapolation Whon n was 
larger than about 10, irregular variations wero smnD, 
and ono could put forward tho results with eon 
fklencc Ho estimated that for a quadratic lattice 
c„ ~ m 1 ' 3 p n , wlicro g ~ 2 040 (with a probablo error 
<i per cont) Also there was strong evidcneo that 
if p n is tho number of simplo closed polv gon walks of 
n stops, then p n 1,n — >- p 

Mr J M Hammersley (Atomic Energy Research 
Establishment, Harwell) spoke on “Percolation 
Processes”* These differed from diffusion processes 
m that tho random mechanism was m tho medium 
instead of tho fluid Practical examples of per 
eolation processes vvoro molecules penetrating a 
porous solid, or disease mfeotmg a community Tie 
processes could bo studiod in crvstals or mazes, and 
tho mathematics was moro difficult than that of 
diffusion processes It was possible to show rigorous!} 
tliat critical probabilities oxisted for crjstals below 
winch, for example, a fluid starting m ono part of 
tho medium would not spread to mfinitj Upper and 
lower limits had boon established theoretically k> r 
these probabilities, and Monto Carlo methods had 
boon successfully used to csltmnto them 

It was not surprising to find sovcrnl papers dov oted 
to tho random walk problem and Brovvmnn move- 
ment Dr P H Roberts (King's Collogo, Newcastle) 
spoko on tho “Random Walk on a Sphere” Ho was 
concerned with tho geological problem of tho path of 
tho Polo os indicated by rocks Otlior work in this 
field had nssumod a lattice modol, and a planar 
distribution’ 0 With tho mathematical help of H D 
Ursell, he lind used tho correct distribution for a 
sphero, which, incidentally, differed appreciably from 
the distribution given by R A Fislior’t 

Tho effoct of persist onco on a random walk was 
discussed by Mr A J Allnut In problems such as 
multiple scattering m foils tho assumption tliat all 
directions of scatter vvoro equally probablo aftor 
collision was invalid , it was necossaiy to taho into 
account persistence m tho initial direction, and 
formulae for the moan and moan squaro doviatton 
could readily bo derived Mr J C Barton (Northern 
Polytechnic, London) described an experimental 
method of simulating a ono dimonsionol random 
walk This w as a problem m which an analoguo com 
puter could be of valuo and could provide information 
on first passage times for a random walk with P 01 "' 
sistenco* (In tho discussion Prof Bartlett pointed 
out that theoretical formulte for first passago times 
wore available for all Markoff processes ) 

Dr A R Stokes (King’s Colloge, London) m Ins 
paper on “Light Scattering by Semi stiff Clmm 
Molecules” referred to a different apphcation of on 
analogous problem Tho distribution of the ond-to 
end distance of a flexible chain was Gaussian , stiff 
ness in the chain restricted the freedom of the angle 
between successive links, and modified tins die 
tnbution, thus influencing tho light-scattering 
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properties The modified distribution bud boon 
calculated by Doniols 1 *, but ho had found a simpler 
approach b} using tho Fourier transform of tho 
end to ond distanco The results could bo expressed 
in a form suitnblo for practical calculation 

Tho Brownian mov oment of non linear systems 
v,aa discussed by Dr D K C MacDonald (National 
Research Counoil, Ottawa) Mnny probloms In this 
fiold still awaitod solution Somo results of lus own 
approach 11 had been substantiated bj R O Davies 1 *, 
although there was some disagreement with van 
harapon 11 , who maintained that tho distribution of 
fluctuations was Gaussian o\on for non linear ays 
toms Dr MacDonald mentioned that ho had 
corresponded with Einstein, who agreed tliat the 
statement in his early work on the Gaussian nature 
of tho distribution needed reconsideration 

Dr A Suddabj (Sir John Cass College, London) 
discussed tho relation between tho microscopic 
theories of transport processes developed by Kirk 
wood, and tho macroscopic theory of Brownian 
mot omont In tho courso of Ids dov olopmont, Kirk 
wood introduced a friction constant 0 which was an 
intogral up to tuno t of tho correlation of tho total 
force on tho partialo at different times Tho analogous 
constant in Brownian movement theory was do term 
mod by tho correlation of tho fluctuating foroo in tho 
I-angevin equation These two values could bo 
shown to agroo provided 1 

Dr E R Wooding (University of Sheffield) pre- 
sented a paper on “Recombination in a Plasma as a 
Stochastic Process” Tho rate at which ions of 
opposito cliargo diffused together was obtained by 
applying Kramer's method to solve 8moluchowski’s 
equation for diffusion in a fiold of force Charge 
transfer was assumed to occur after tho ions 
approached to within a distance whore they could 
enter a bounded orbit An ion or atom in the vicinity 
of an orbit influoncod the recombination coefficient 
Tho resulting function was dependent on tho degree 
of ionization, but was similar to that obtained b> 
Thomson 1 * at low pressures, and changed to JoiTo’s 
relationship 11 at high pressures if tho ionization was 
low 

Dr G Wyllie (Umvorsity of Glasgow) discussed 
the Brownian motion of spin sj atoms There were 
two sources of interest m this problem, its neatness 
as a model for irreversible processes in quantum 
moclumics, and tho experimental interest m nuclear 
magnetic resonance experiments If ono focused on 
individual spins, relaxation times were of the order 
of milliseconds, whoroas for tlio whole spin system 
tlioj ranged up to hours By manipulating electro- 
magnetic holds the spin system could bo thrown into 
conditions for from the Boltzmann distribution Tho 
fluctuating interaction botweon spins rovoalod itsolf 
in. tho shapo of tho magnetic resonance absorption 
lino 

A group of papers was concerned with stochostio 
problems arising in radio physics Mr J A Hat- 
ch /To (University' of Cambridge) gave an introductory 
talk and discussed some problems associated with 
tho Irosnol diffraction patterns formed by an 
ossomblj of random irregular diffracting screens 
It was wall known that, if tho correlation function 
p/(£) of tho complox amplitude J(x) over a ono 
dimensional diffracting soreon wns doflncd as 
</(*)/*(* + 5) >w«n and if p(r) was tho com 
plox amplitude m tho diffraction pattern over any 
piano parallel to tho screen, then with certain 
reservations p/(5) was equal to p p (^) If tho screen 


was statistically stationary over x and if tho 
correlation function r/(5) was defined as r/(£) =» 
<f(*i )/*(*i + Z) > ovuluatod at two fixed points 
Xi and (x, + 5), then it wns also truo that r p (^) *■ 
r/(5) — p/(0 If, however, tho screen was not 
statistically stationary tho lost relation wag not 
necessarily true 

Mr Ratcliff© considered particularly tho non 
stationary case whon tho screen J(x) could be de- 
scribed as an assembly of infinitely long random 
screens placed, in succession m front of on aperture 
of finite width. He suggested that this sunplo 
oxample represented approximately tho problems of 
tho diffraction of (a) radio waves radiated from a 
radio star with a sharp boundary, ( b ) light waves 
radiated from a source of light placed bolimd a slit 
or (c) radio waves refloctod from an irregular motoor 
trail of limitod length He stated that, if the limiting 
aperture subtended Jess than tho first Fresnel zone 
at tho observing plane then r tf (5) was dotormmod 
not by the flno structure in tho screen but by tho 
aperture bounding it If however, tho aperture 
subtended a largo number of Fresnel zones then 
r f(5) “* r/(!;) and was determined hy the fine structure 
in the screen 

Mr 8 A. Bowl nil (Pennsylvania State University) 
discussed the scattering of electromagnetic waves 
from a continuous modium containing threo-dimon 
sional random mhomogonoitics of refractive indox 
He had dorrvod the form of the oraorgmg angular 
power spectrum whon tho scales of tho inhomo 
gonorties wore different in tho throo spaco directions 
Contrary to pronoun results 1 *, ho had found tliat the 
medium could not be analysed os a series of super 
pored thin phase screens, spaced in tho propagation 
direction, and with indopendont phase profiles 

Mr M L V Fittoway (Umvorsity of Cambridge} 
was concerned with refioxion from an irregular 
medium. Before proceeding to a tiiroe-dimonsfonal 
solution for irregularities ho thought ono should 
obtain a solution for a horizontally stratified lono 
sphere 1T and treat tho irregularities as a small 
perturbation. The power spoctrum of tho scattered 
wave could then be expressed os on integral in terms 
of the stmtiflod solution Dr B II. Briggs (Univcr 
sity of Cambridge) dealt with tho experimental 
problem of specifying tho pattern on tho ground 
(including time olionges and mov omenta) formod by 
reflexion from or transmission tlvrough. an irregular 
ionosphere Ho defined parameters which could )hj 
uflod to specif} this pattern, and which could bo 
deduced from observations at a few points on tho 
ground 1 * As an example, ho considered tho applies 
tion to radio star scintillations, Mr R P Morcior 
(Umvorsity of Cambridge) discussed theoretical 
aspects of radio wnvo fading A scalar wave with 
random variations of amplitude and phase across tho 
wave front was taken as a slmplo modol It wns 
assumed that the in pbaso and quadrature com 
pononts of tho fluctuating part of the fiold were 
normally distributed, and a parameter was intro 
du cod to spocifv tho intrinsic correlation of tho 
fading Various properties of this parameter could 
bo derived, and used to interpret fading from tho 
ionosphere 

“Cohorencc Properties of Partiulli Polarized Light ’ 
was tho subject of the paper by Dr E "Wolf (Uruvtir 
Bit} of Manchester) Observing that tho usual 
definition of Stokos parameters of a quasi mono 
chromatic piano cloctno wav o was not uni quo nn 
otponmont wns nnnlysml which lod to » unlquo 
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coherency matrix and to a uruquo sot of Stokes 
parameters The dogreo of polarization of such a 
-wave was also equal to tho maximum value of the 
degree of coherence which existed between tho 
components of electric vibrations m orthogonal 
directions m the wavo front This suggostcd a now 
method of measurement of tho dogreo of polarization, 
based on mterfoience experiments 

Prof E G Richardson (King’s College, Nowcastlo) 
referred to experiments on tho propagation of sound 
waves in a fluid havmg random variations in oithor 
density or momentum, whereby tho amplitude and 
relative phase of tho signal picked up after trans- 
mission through the modium fluctuated in timo Tho 
former typo occurred near tho critical point of a fluid 
or of a mixture of liquids, tho latter in tho atmosphoro 
or in the wake of an obstacle or, again, m a boundary 
layer Analyses of such measurements woro presented 
In the case of tho liquid mixture a correlation nos 
sought beta eon the pattorn of tho scattered radiation 
and the mean size of tho clustors which formod at 
the critical pomt As an example of the Bocond typo, 
frequency spectra of tho modulations of the sound 
signal transmitted athwart tho wake of a cylinder 
involved the discerning of poaks m tho spoetrum 
against the background of fluctuation ‘noise’ m tho 
general flow 

Dr M S Longuot, -Higgins (National Institute of 
Oceanography') discussed “Sea-Waves as a Stochastic 
Process” He showed a typical rocord of pressure 
at a fixed pomt on tho sea bed which agreed closely 
with a Gaussian distribution Non-Gaussian features 
usually appeared when tho waves woio stoop and 
near the pomt of breaking, or m shallow water To 
describe tho sea surface a random process two 
spatial dimensions and one of time woro needed, 
the practical problom for wave forecasting was 
to relate this to winds and other relevant factors 
Dr Longuot-Higgms also listed a number of 
properties of a Gaussian surface which might 
be of use in determining tho spectrum , those 
included wave slopes 1 ’, ‘spocular points’ and 
‘twinkles’* 0 

The final paper was given by Prof E W Montroll 
(University of Maryland) on a stochastic treatment 
of traffic flow Experimental data indicated that tho 
acceleration of a car m a line of traffic at tune t was 
proportional to tho velocity difference between itsolf 
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and its neighbour at tnno ( l — A), wlioro A ~ 1 5 sec 
and tho proportionality constant 11 was 0 37 sec 
Theoretical investigation showed that tho motion 
bocamo unstablo when tho product of lag timo and 
proportionality constant oxcoodod 1/2 Thus the 
experimental data showed that dm mg was usually 
on tho verge of instability' ‘Aeeoloration noiso’ was 
put forward os a parameter which would characterize 
tho driver - ear - road complex under various con 
ditions 1 * Reasonable agreement was obtained with 
traffic flow' measurements” 

Tho conference was organized at tho suggo3tion of 
Dr Furth, who is to bo highly commondod on his 
initiative Tho one hundred participants would 
undoubtedly' wish to express thoir tlinnks to him, to 
Birkbock Cotlogo, und to tho Physical Sociotv for tho 
excellent anangomonts C Domb 
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BIOMECHANICS 


O N April 17 the Institution of Mechanical 
Engineers held a symposium on “Biomechanics” 
with the purpose of bringing medical men and 
engineers into closer contact 

Biomechanics, m its broadest sense, may bo 
defined as the branch of science which applies tho 
principles of mechanics and the techniques of engineer- 
ing to the human body m the process of its repair, 
and m the field of man — machine relationship, 
where man is the essential link in operating these 
machines 

The symposium was opened by the President of 
the Institution and the papers and discussion were 
presented under the chairmanship of Prof S J 
Davies In the opening paper on the importance of 
biomechanics as a service to man, illustrated by' a 


discussion of problems m metallic ostoosymthosis, 
J M Zarok, from King’s Collogo, London, gave a 
brief account of tho nature of biomechanics as a now 
field of endeavour m which some of tlio ongineoring 
loiowledgo may bo of diroct uso to tho modical man 
The man — machine relationship w r as only montionod, 
as this aspect of biomocliamcs appears to bo alroady 
well appreciated by the ongmoors and W'os not dealt 
■with at the symposium m detail After discussing 
tho scope of biomochamcs, tho gonoral history and 
current British activities in this fiold wore roviowcd 
Problems of bono repair were considered at longth 
and the, w r ork m tho Civil Engineering Department 
at King s College, London, on the stress/bono forma 
tion relationship and tho behaviour of metals m tho 
human body wore discussed 
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In tho second papor, R I Tanner, from the Univer 
8ity of Manchester, presented a paper on bo mo teets 
on ‘Flu on’ as o material for artificial animal joints 
m which roeults of artificial hip joint friction and 
wear are given. They are based on tho roeults ob 
tainod by means of simple pendulum apparatus 
which providoe a reasonable approximation to the 
walking motion of a normal person. 

A critical review of published work on the naturo 
of lubrication m animal joints was given by John 
Chamley from tlio Department of Orthopaedics at 
Manchester Further, somo of tlio oxpomnents winch 
liavo been accept e<l m support of tho theory of hydro 
dynnmio lubrication havo boon ropeatod by him to 
allow that the lubrication of animal joints is almost 
certainly a- boundary phenomenon Chamloj 
emphasized that tho coefficient of friction of animal 
joints reaches a very low figure and surpasses in 
slipponnoss any combination of sliding surfaces 
known to engineering 

A. papor on tho provision of workable substitute® 
for missing or defective limbs was presented by D S 
McKenzie and Brig NAM Swettonliam, from tho 
Limb Fitting Centro Ministry of Health, Roo- 
hampton 

Limb fitting has boon ossontlallv a craft until 
quito rocentlj , and man} ideas current m tho last 
century exist matoriallj unchanged to-day This 
situation is now changing as a groat deal of research 
work on artificial limbs with omphosiB on funda 
montal studies is in progress. Some of the problems 
here oro \ ory complex Tho prosthesis has to replace 
a human component but it does not nocoesardv follow 
tliat its raoohorucal design should cop} tliat of the 
part it replaces Amputation often changes the 
pattern of muscular control and weight hearing The 
paper also doscribod some of the features governing 
tho construction of artificial limbs Each case has 
to be treated individually and ad hoc modifications 
liavo to bo made to suit mdlv idual needs In a 
research flold of this naturo it is difficult to prove 
that a proposed chango lias merit, and evaluation 
techniques still roquiro much development Somo 
do vices ovoko general acceptance but more often 
individual responses vary and tho tvpo of caso for 
which tho now ldoa is best suited must bo discovered 
Onl} users can supply the final answer but tho} 
cannot give up unlimited time to experimentation. 
Objective t os ting is therefore necessary to eliminate 
obvious Haws and shorton user trials 


Following the presentation of the papers a film 
entitled "Late Results of Four Massive Internal 
Prosthoeis was shown by A C Bmgold and \V G 
France Here tho authors gave an excellent picture 
of how, through the co -operation of surgeons with 
engineers, instead of amputation, limbs con be savod 
and restored to their normal use 

The success of tho symposium, I think was ro 
fleeted in tho vorv interesting discussion which fol 
lowed and well oxcoodod the timo limit allocated for 
this purpose 

Tho Institution was lionourod by the presence of 
Sir Harr} Platt, of tho Royal College of Surgeons 
who, in opening tho discussion, stroased tho import 
on co of interdisciplinary work between the medical 
men and engineers Ho said tliat the symposium 
had cl earl} demonstrated that some of tho surgical 
techniques now in uso are so complex that it is 
impossible for ono profession only to solvo tho prob 
Jems involved 

Dr F C Harper of tho Building Roscnrch Station 
showed a film and somo roeults obtained in tlio course 
of studying tho forcoe exerted by tho human foot in 
walking tho ompliasis there being on tho wear resist 
anco of floor surfacing materials 

Dr J D Moreland and Mr S J Thurlow , of tlio 
Road Research La bom tor} , discussed thoir mvestign 
tions into the problems connected with road crash 
injuries 

Mr E H J Smvth an orthopaedic surgeon from 
the Southampton and Islo of Wight Hospital Grou/w 
presented m a \ erv interesting manner his wows 
on the functional significance of tho formation of 
tmbooulxo in tho nock of tho femur 

Finally because of shortage of time, after a 
number of speakers discussed a variet} of sub 
jects of their own interest, tho out hors of tlio papers 
arurworod various points raised in tho discussion verv 
briefly 

In conclusion the largo attendance and tho 
discussion woro an indication tliat tho Institution 
of Mechanical Engineers hod organized a successful 
symposium whioh from tho 'mixed' oudienco in 
dicatod the growing affinity between engineering 
and medicmo m tho process of alleviating human 
Buffering 

Tho Institution of Mecliomcal Engineers will 
shortly publish tho proceedings of tho symposium 
which will rnolude tho discussion and communion 
tions J M Zaittk 


INTERNATIONAL STARCH CONVENTION, 1959 


T HE ninth annual Starch Convention, wliieh 
took plaoo at tlio Cereal Research Station 
Dotmold, Gorman} , during April 21-23 was attended 
by 300 chemists from sov enteen nations Tlio papers 
which woro road to tho mooting woro divided into 
four scesiona, on research and analysis, starch manu 
focturo, starch fractions and derivatives and on 
mdustnal applications 

Tho opening address was delivered by T J Schoch 
(Argo, Illinois), whoso thomo was tho application of 
modem mot hods of Btnrch chomistry to characterizing 
its useful properties Wax} sorghum starch, which is 
comprised wholl} of ana Iopectin, can bo givon some 
of tho characteristic proportion of corn starch b} 


cross linking tlio polysacoharido o ha ins with jihos 
phate opichlorhydrin or fatt> acid groups Tlio 
amount of cross linking agent required to achiovo 
this result is only 1 part per 1,000 parts of starch 
Thus waxy starches, whioh normal 1} giv o rise to fluid 
paste* aro deprived of this property and become 
short’ Simultaneous!} thoir resistance to shear 
mcroftsoe greatly Another result is that such stnrches 
Jo so the property of gelatinizing in water at a precise 
temporoturo and instead show a gradual increase in 
solubility with rising temperature Cross Unking also 
results in a marked improvement of romstaneo to 
freeze thaw cycles whioh has Important implications 
for tho food industry 
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Improved froozo-thavv chai acteristics show as a 
lower rate of sedimontation aflor freezing, and hotter 
gloss and transparency of tho paste 

The new properties of amylopoctin obtamed by 
cross -linkmg can bo explained by a gioatly roduced 
rate of rotrogradation and greator internal rigidity 
of tho starch molecule Tho tcchmquo of cross-hnlcmg 
can bo oxtendod to dextrmes, winch aro used ns ro- 
moistemng gums on onvelopo flaps and labols Tho 
deterioration of such gums on ngoing lins boon shown 
to be duo to lotrogradntion of tho doxtrmo m tho 
presence of small amounts of wator By using tho 
hydroxvotliyl derivative of doxtrmes for gumming pur- 
poses, the agomg characteristics of flap gums can bo 
largely avoided Finally, Dr Sclioch explained hoy, 
starch films, which havo boon laid down by slow 
evaporation of wator, liar o a greatly increased 
resistance to water whon compared to quickly dried 
films Tins again can bo shown to bo duo to retTO- 
gradation takmg place during tho slow drying of films 

Prof M Samoc (Ljubljana, Yugoslavia) described 
how the bursting and tear strength of paper can bo 
markedly improved by using a starch sizo which 
has been previously irradiated w lt-li cobalt-GO Tins 
process might become of great importance if tho cost 
of the radioactive matorial would bo reduced in tho 
future 

The use of starch as sizing agent in tho papor 
industry was described by J Seaman (Slough, Buclcs) 
A beater size should preferably bo a potato starch 
soluble m cold water, of which 5 per cent w/w is 
addod to the papor pulp Such starchos aro manu- 
factured by passing a slurry containing starch and 
borax over steam-heated drying rolls Tho product 
when re-dissolvod has pH 8 5 at 6 per cent con- 
centration For surface sizing it is advantageous to 
use an oxidized starch, which is manufactured by 
treating potato starch with sodium hypoclilorito Tho 
material has to bo cooked with water boforo uso to 
give a size having pH 7 5 at 15 per cont solid-content 
For paper coatmg, white potato doxtrmo (1 part) 
is added to china clay (5-G parts) and tho mixture 
made up with water to a slurry having a solid content 
of 60 per cent 

When selecting dextrmes for coatmg purposes, it 
is essential to chooso one with a maximum rate of 
set back to enable tho coating to set on tho surface 
of the paper as rapidly as possible 

Prof M Mautner (Zagrob, Yugoslavia) described 
a new method for the continuous production of 
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glucose by tlio acid hydrolysis of starch Tho starch 
slurry is first trcntod with hydrochloric acid and is 
then passed into a conical chambor, which rotates 
very quickly about its long axis Tho chambor is 
hoatod oxtomally by steam and is provided with an 
mlct at tho wide end and an outlot at its apex 
Ungolatini7od starch pnrticlos aio forced by contn 
fugal force to tho walls of tho chamber, wlioro thev 
golatmizo instantly In so doing their specific graviU 
is reduced and tlioy aro roplacod by further vmgolatm 
i/od granules Tho chambor lias a peripheral speed 
of 30 m /soc and it can deal with 21 tons of raw 
starch per hr Aflor leaving the chambor tho 
starch pasto is fed into a eones of flat, box like 
boat oxcliangors, whore tho final conversion of 
starch to glucoso takes placo It is estimated 
that tho total timo required for conversion 13 onh 
18 min 

At the Convention n total of twenty -two papors 
was rend and they will bo reprinted in full in tho 
journal Die Stdrlc 

Tho nctunl Convention was followed during April 
24-25 by tho first mooting of tho International 
Standards Organization Technical Comiruttoo No 
93, which has boon sot up to establish international 
rocommondntions for analysis of starch, including its 
dorivativ es and by -products Thoro w oro G6 dolegates 
prosont from Czechoslovakia, Denmark, Eiro, Finland, 
Franco, Germany, Hungary, Hal}*, India, Tho Kotlior 
lands, Norway, Switzerland and tho United King 
dom Tho chair was takon by Prof. K Iloyns (Ham- 
burg), tho secretariat boing hold by tho Gorman 
Standards Association Tho British side of tho work 
is in tho hands of tho British Standards Instituto 
Committeo on Analysis and Testing of Starch Pro 
ducts , ten members of tins comrmttoo — representing 
manufacturers and usors of starch nnd associated 
products, research interests and Government, depart- 
ments — woro present Tho work already done bv 
tho British Standards Institute Committoo enabled 
tho British delegation to givo a stiong load at these 
inaugural discussions of tho Internat ional Standards 
Organization and many of tho United Kingdom 
proposals woro adopted 

It was agrcod that tho scopo of tho now' IntOT- 
national Standards Organization committee should 
cover . terminology, methods of sampling, methods 
of analysis and examination of starch, its donvativos 
(including hydrolysis products and doxtrmos) and its 
by-products E D^x 


THE EDUCATION OF TECHNOLOGISTS 


T HE presidential address to the Institution of 
Metallurgists, delivered by Prof A J Murphy 
on May 12, covered a field involving not only the 
metallurgist but also tho technologist in goneral, and 
in no small measure the pure scientist as well 

After dealing with matters of a more or less 
domestic nature, Prof Murphy turned his attention 
to the general background desirable m tho training 
of the technologist From this the following has 
been extracted 

Sooner or later in any discussion on the education 
of scientists and technologists the remark will be 
made What a pity it is that you cannot give youi 
bright young technical men some sense of cultural 


valuos” Ofton this can ho recogmzod os the dofonsivo 
manoeuvre of a dyed-m-tho-w ool classicist, who, m 
an ago of automation, atomic onorgy and satellites- 
sighs for tho day whon ho could mill impunity, and 
publicly, dismiss science os something tlioy used to 
call “stinlts” at school 

But thoro is moro in it than that It must bo 
admitted that far too many toclmieally competent 
men are distressingly inopt in communication by 
speech and wrriting Tins is very rogrottablo The 
blame rests primarily on tlio schools — of that I do 
not havo the slightest doubt I do not boliovo that 
any reasonably intelligent boy who liad boon proporlv 
taught the elements of English grammar and syntax 
could perpetrate the manglod compositions which 
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on o encounters nliko in PhJ> theses and the scripts 
of tocluucal representative* As for bo mo of tho efforts 
at reported speech which ono receives from secretanos 
of technical committees ono can only regret that the 
writers Iwve not boon able to experience the m 
tojfoctunl satisfaction to bo gnlnoa from a proper 
appreciation of the sequence of tonsoe Tho Institu 
tion of Metallurgists is trying to do something toward 
remedying this state of affairs by requiring the 
demonstration of at least a modest compotonoo in 
tho iibo of tlie English language as part of tho quah 
flcotaon of a metallurgist Wo must hope that by 
gradual seepage down tho lino this measure will 
encourage the schools to increase then* efforts in 
teaching English for uso 

Wo are all fully persuaded that premature and 
immoderate specialization can produce monsters 
Once such damage has boon done tho re is nob much 
hope for rescue operations conducted in university 
faculties of scienco and engineering or in technical 
colleges Again I think wo must look to the schools 
for salvation. An awareness of what goes on outside 
Ins special izotion ought to hn\ o been gained in the 
technologist’s school days Special looturoe of one 
hour a week in tho liberal arts, isolated from the 
technological course mnko no oppreoiable impression 
on deficiencies in tills respect which the student lias 
brought with lum to the um\ ersity or technical 
colloge 

Somobow time must, bo found, or regained, in tho 
schools for those opportunities to taste tho many 
savours which go to make a full hfo The late Prof 
Samuel Alexander said that liberality was the 
spirit of pursuit, not ft choice of subject” fin- Enc 
Ashby in a son cm of stimulating papers and lately 
in Ills book ' Technology and the Acad arnica” has 
denied that technology and culture are antitheses 
and has urged that technology properly taught can 
provide a path to culture through a man a spocializa 
tion and nob by by passing it In this reepect tech 
nolog} has the advantage over pure soionce m its 
opportunities* for developing cultural appreciation, 
efnoo applied science necessitates contact with one b 
fellow men outsido one’s specialization If tho tech 
nologist is to aclucn, e the successful application of Ins 


science he must study his fellow man in order 
to understand lus desires, his fears and hie 
needs 

To the man whoso training lias boon along the 
route of an apprenticeship and a Higher National 
Certificate qualification corporate membership of a 
professional institution opens a door to promotion 
to positions of major responsibility which otherwise 
would remain closed Much could bo written about 
our neglect during tho thirty years or so before and 
after the boginning of tho century, to approemto the 
immensely valuable national asset winch wo possessed 
m this type of man and we may yot have cause to 
regret, our invprovidonco Apprenticeship in the 
engineering ana metallurgical industries foil into sad 
disroputo in those days Lees and lees did it servo 
ofl a springboard for advancement to executive 
appointments save for men of oxcoptional abditn 
whom no system however bad could have held 
bock more and more it became merely a procedure 
for instilling mto tho youngster tho minimum 
technical knowledge whioh operative employment 
required In our time wo soo a ncn\ approach 
Positive action ifl taken to encourage and help tho 
young man m industry to broaden hie oducational 
homon and to aim at tho most ambitious target 
which his intolloctual ability brings within his scope 
It is a good thing from time to time to oount one a 
blessings It adds zest to tho enjoyment of good times 
and it helps to keep ono s sons© of proportion when 
things are not going so well Somctimcfl a ploco of 
good fortune t» too obvious to bo overlooked There 
are also those bleesmgs which become evident onh 
after a little reflexion In this category comes 
tho pmuiogo which we enjoy in a calling in tho 
absorbing world of science and technology It 
is indeed a happv circumstance for us that wo 
make our livings by engaging in an occupation 
whioh commands our great interest, oven apart from 
the tangible rewards whioh economic nocossity com 
pels us to exact. When we contemplato tho lot of 
many of cnu* Follow oilizons who must cam their 
daily bread by the performance or meffnbh dull 
chores, thon surely we cannot deny tho boon with 
whtoli by contrast wo are favoured 


VISUAL ILLUSTRATION OF UNIVERSITY LECTURES 


A T the qnnnul gonornl mooting of the British 
Unn era it 1 os Film Council hold at University 
Collogo Cardiff, on May 8 and 0, ono session was 
devoted to a discussion under tho chairmanship of 
Prof G E H Foxon, on tho problems of illustrating 
um\ orsity lectures by film and related techniques. 
It was attended by several guests as well as tho 
representatives of tho universities on tho Council 
Opening tho discussion, tho guest lecturer Mr 
C E Engei of tho Deportment of Medical lfius 
t ration Guv’s Hospital Medical School and oditor 
of Medico? and Biofofitcal IUtMraliOn took as his 
subject 4 Tho Locturo Theatre of tho Future” Ho 
pointed out that considerable information was now 
available on wnorol matt ora influencing design of 
lecture theatres, including tho visfbiUtv of black 
boards and of projection scree us of different materials 
Tho valiio of tho ‘recessed’ typo of screen was par 
ticularly stressed os it allows of sufficient illumination 


in tho theatre for noto taking without impairing tlio 
quality of tlio projoctod imago Methods mvmving 
complicated arrangements of projection are usually 
considered unsuitable for university use because the\ 
upset tho speed of tho lecture and com© between the 
locturcr ami lus audience by interposing another 
person os projootionist Several donees to o\ orcorac 
this troublo wore demonstrated, including first a 
projector for 2 in x 2 m. slides with automatic ©lido 
change and chango of focus ; and eocondh tho 
prototype of a magoztno loading projootor for loop 
films The dotods of operation of tins loop projootor 
were demonstrated m close up by closed -circuit 
television (with apparatus kindly lent bv the Marconi 
Wireless and Telegraph Company) thereby showing 
another mothod of lecture Illustration Mr Engel 
concluded by pointing out the need for a mngnxino 
loading oine projector operated by tho locturcr by 
remoto control so that tho film aoquenoo could bo 
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introduced precisely when, required and, if necessary, 
repoatod 

Mr C J Duncan (University’ of Duiliam, King’s 
College, Newcastle upon Tyne) said that tlio normal 
‘instructional film’ with its elaborate production, 
titling and sound commentary was quite unsuitod to 
the university’ lecture , what is roqutred is a short 
piece of film which illustrates only the essential ovont 
m which the movement being dealt w ith occurs As 
an example, Mr Duncan demonstrated how, in 
describing a piece of apparatus, its components could 
all be shown by slides, thus enabling tho spood of 
explanation to be varied on different occasions and 
the moving sequence showing the apparatus m uso 
could be projected at tho appropriate moment This 
method is of valuo in that it avoids tho necessity of 
producing a complete film with all the necessary 
editing and titling, and so is much less expensive 
than an instructional film , also it is much moro 
flexible and any subsequent modification of tho 
apparatus or technique bomg demonstrated merely' 
necessitates tho substitution of a small pioco of film 
and not tho production of a completely' now full- 
length film Theso short films lasting some 15-20 see 
can be called ‘moving diapositivos’, and if several 
are joined togethor by r short longths of blank film, 
during which the projector is stopped, several such 
short sequences can bo shown m one lecturo w ithout 
re-threading tho projector and thus disturbing tho 
lecture 

Prof H I Stoneliill (Royal Military Collogo of 
Science, Shrivcnlinm) reviewed tho uso of television 
as a medium of instruction at college- and university- 
level in the United States, emphasizing how much 
this method was being employed thcro for instruction 
at all levels In discussing in rooro detail its uso m 
universities an account of some assessments of its 
value was given , apparently', residts so far mdicato 
that students ‘attending’ lectures by television do as 
veil m tests as those actually present in tho lecturo 
room Some students were roportod to prefer tele- 
vision lectures because, when concentrating on tho 
screon, they had less difficulty' in preventing thou 
attention from wandering than wlion in a largo 
audience 

]\Ir A. M P Brookes (Cambridge) described 
experiments now going on in tho Engineering Labor- 
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atones at Cambridge where, on account of largo 
numbers, 6omo students woro ‘attending’ tho lectures 
m an adjacent room to which tho lecture was televised 
Tho lectures involved w oro those given by Mr Brookes 
himsolf, and ho told of tho first- attempt nnd tho 
modifications in tcchniquo that had boon mndo in 
succeeding lectures Small tolovision cameras can bo 
sot up m tho lecturo room without waste of space, 
so sited that they covor tho movoments of tho 
lecturer and show tho blackboards tloarlv. It is 
important that tho lecturer should appear in tho 
pieturo in reasonable proportion wlion scon against 
tho blackboard , close-ups which tond to turn tho 
lecturer into a ‘television personality'’ are to bo 
avoided Tho necessity for kcoping m x low of the 
tolovision comorns doos tend somowliat to limit tho 
movement of tho locturor on his rostrum It is of 
great importance that tho camera covering any one 
blackboard remaias in uso long enough for students 
to copy any' diagram or nolo which it is expected 
they shall copy' At present, Mr Brookes nnd lus 
colleagues are looming by trial nnd error, but inspec 
tion of students’ note boolcs indicates that those 
rocoiving tho lecturo by' tolovision make as full notes 
ns those m (lie lecturo room 

During a general discussion which followed, Mr 
Brookes, with tho aid of tho equipment prosont, gare 
a demonstration of ‘blackboard work’ by television 
Tins session covered a wido field, and while little 
summary is possible, attention may bo directed to 
tho point mndo by sovoial speakers that films and 
1olo\ lsion nro so well adapted to mass instruction 
that thoir possible uses at uru\ orsttv-lov ol tend to ho 
overlooked Tins is particularly so with films, for 
although instructional films havo been available for 
many- xoais, suitable film illustration for a university 
leeturo is hard to conic hv This, ns has already been 
suggested, is bocauso instructional films arc produced 
as complete cntitios Tlioro is a need for tho provision 
of short longfliR of film illustrating tlioso particular 
points, which aro foimd m sovornl sciences, when 
movement play's such an essontinl part that it cannot 
bo illustrated by' other moans Whether this can bo 
dono on a commercial basis or vhethor such sequences, 
porhajis producod m tho course of research, can ho 
exchanged botwoon university' departments remains 
to bo scon G E H Foxox 


THE HALDEN (NORWAY) REACTOR 


T HE boiling heavy'- water reactor of tho Nor- 
wegian Institutt for Atomenergi at Haldon, 
which is to bo used for a joint programme of research 
and experiment organized by tho Organization for 
European Economic Co-operation, European Nuclear 
Energy' Agency, was successfully oporated for tho 
first time on June 29, 1969 The reactor, moderated 
and cooled with heavy water and fuelled with natural 
uranium, is located m an excavation m a rock near 
the paper and pulp factory' Saugbrugsforenmgen m 
Halden, 120 km south of Oslo It is tho first boiling 
heavy'- water reactor m the world, and tho first 
boiling-water reactor m Europe Besides its main 
function, as a power demonstration reactor for 
studying problems associated with boding heavy- 
water reactor systems, the installation wall also 
produce some 15 tons per hour of process steam m 
the secondary light-water circuit Eventually this 


steam will bo used in tho paper factory' and it is 
bohevod that tins will bo tho first nuclear process 
steam installation 

Tho reactor was dosigned at tho Nelhorlands- 
Norwegian Jomt Establishment for Nuclear Energy' 
Research, Kjollor, and was built by' tho Norwegian 
Institutt for Atomonorgi Tho mam sub-contractors 
wore tho Kvaorner-Mydiron, -Thuno Combino (mech- 
anical installations), tho Chr Micliolsons Institutt 
(control and instrumentation), Hoyor Ellofscn (civil 
engineering work), tho U K Atomic Energy' Auth- 
ority (fuel), and the U S Atomic Enorgy Commission 
(heavy water) The total cost of the plant, including 
heavy water and tho first uranium fuol load, was 
3 5 million dollars 

The Organization for European Economic Co- 
operation Agreement concerning the reactor was 
signed m Time 1958 by Austria, Denmark, Euratom 
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(representing Belgium, Franco, Gorman} , Italy, 
Luxembourg and tho Netherlands) Norway, Swodon, 
Switzerland and tho United Kingdom* it provides 
for a joint programme, budgot and staff for research 
and development work with tho reactor for a period 
of three y oars T1 trough agreements with the Institutt 
for Atomenorgi, tho Uni tod States and Finland are 
also associated with the reactor project At present, 
a professional staff of tlurty recruited from the 
participating countries, is attached to the project 
Ehtrmg the noxt six months tho reactor will bo 
operated at low power lovols to onable fundamental 
reactor physics experiments to be performed After 


this period tho power le\ el will be increased gradual I) 
up to the design power of 10 MW thermal energy 
Tho roaotor plant will be officially opened by 
H.M King 01a\ on October 10 
Tho Hnldon Reactor project is ono of several joint 
imdertakings sponsored by tho European Nuclear 
Energy Agency of tho Organization for European 
Economic Co-operation , others are tho ‘Eurochomio 
company for tho chemical processing of irradiated 
fuels (established by on international con\entlon 
signed in December 1957) and the Dragon lugh 
temperature gas-cooled reactor project, work on 
which began last Apnl 


THE DANISH ATOMIC ENERGY COMMISSION 


T HE report on the activities of tho Danish 
Atomic Energy Commission* for tho period 
April 1, 1957, to March 31, 1958, deals mainly with 
the erection of the Riso Research Establishment and 
tho throe react ora DRl, DR 2 and DR3 and the work 
of tho six departments of the Establishment Tho 
membership of tho Commission remained unchanged 
during tho period under review and Prof Niels 
Bohr continued to act as oharrman Tho total oost 
of the Establishment was originally estimated at 
about 100 million kronor The expenditure bo far, 
inclu ding that estimated for 1058-50, is about 00 
million kronor, of which about CO million kroner is 
for expenditure on buildings and tho remainder for 
tho throe reactors and tho requisite technical and 
scientific oquipment On March 20 1058, tho 

Finance Committoe authorized an additional oxpon 
dlture of up to 2 6 million kronor on a linear accolera 
tor to bo used for experiments on the preservation of 
food and for other irradiation experiments 

On August 15, 1957 th© first of tho tliroe reactors 
began to operate and by September tho chemical, 
reactor engineering, olectronica and physics Inborn 
tones together with tho administration building wore 
completed and in use Then followed the health 
physios department, the library and tho canteen 
and early in 1958 tho agricultural department, tho 
locture hall and tho buildings to house tho DR2 


• Rfporton tho AetMtiw orthf Diol«h Atomic Enemy Oornmiwlon 
for the Period from 1 April 1957 to 81 March 1958 Pj> « (Copen 
liajjen Danl»h Atomic Enemy CommlMlon 1058 ) 


re out or group wore completed, leaving onh the 
buildings for tho DR 3 reactor to be erected A 
detailed map attached to the report shows the com 
pleto layout of tho Establislimont 

In tho physics department one group has been 
working on the construction of a laboratory for 
investigations of beta and gamma ray activities 
another group with neutron spectroscopv and a 
third group with solid state physics, particularly the 
study of the offocts of radiation damago to metals 
and grophito A study ha* also been mado of th© 
literature on doutonum fusion and of tho theoretical 
aspects of tho utilization of tho onorgy from douterium 
fusion. Tho electronics department has undertaken 
active research on scintillation counters and on the 
development of a reactor simulator Two fttud\ 
groups were formod in tbo roaotor ongmoermg 
department The first was engaged m drafting a 
projoct for a heavy water moderated power reactor 
with an organio cooling medium and the second 
for a high temperature gas coolod reactor 
A soction of the roport is dovoted to tho Inter 
national Atomic Energy Agency , and to regional 
co operation in Europo, including the Organization 
for European Economic Co-oporotion and Furatom 
Tho report also gi\es details of geological surveys 
in Greenland relations between tho Commission 
and commorco and industrv oducatlonal activities 
which included experimental reactor courses with 
DR l and leoturo courses at tho Technical Uni vomit \ 
of Denmark and genera! Information serv ices 


ATOMIC POWER CONSTRUCTIONS, LTD 


A tomic power constructions, ltd , 28 

Theobalds Rood London, WC 1, which was 
formed in December 1050, is carrying out extensive 
research and development in connexion with tho 
national nuclear power effort Tho research pro 
gramme is concentrated at tho company ’a laboratories 
at Heston, Middlesex, and a booklot* rocontly pro 
pared gives a survo\ of tho problems lx>ing tackled 
In tho Caldor Hall typo of reactor tho uranium is 
arranged in a pat tom of vertical rods embedded in 
a largo cylindrical 'core 1 of grapluto The heat 
goneratod in tho rods is camod away by blowing 
carbon dioxide gas past them and in order to econom 
ire in pumping power the reactor designer puts the 

* RciM-arch and I> relop meet at the llerton Laboratories of l to rale 
l*o wrr CoJUtrncttom, Limited I*p 10 (London Atomic Powxr 
Corutructloru I td 1059 ) 


■uholo of the carbon dioxido gas oircmt under a 
pressure of somo 20 atmospheres Consequently tlie 
core and uranium must bo enclosed in a pressure 
vos*cl 

Most stringent procautions must bo taken against 
failure of tho pressure circuit in which tho carbon 
dioxido circulates, and a major pari of the work 
undertaken by Atomic Tower Constructions, Ltd is 
concerned with proving the materials and fabrication 
techniques vthicli arc used in the construction of the 
pressure vessel An Important problem is creep of 
tho steol to bo u*cd for tbo pressure vessel and for 
the heat exchangers and in ordor to acquire tho 
necessary information sufficiently quickly on air 
conditioned creep laboratory containing n battery of 
seventv creep raaclunes has been set up The strain 
agoing of steels at elevated temperatures weld 
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ability and welding techniques for use with selected 
steels , and the chemical compatibility of the various 
materials used m the reactor with the carbon diovido 
coolant gas, are somo of the other problems being 
investigated by the Metallurgical Division A con- 
siderable expansion m facilities is plannod during 
1959, and additional long-term researches rolatmg to 
ur ani um, magnesium and the weldability of steel 
will be started The design of tho best heat transfor 
surface for the fuel elomonts is at presont largely 
empirical and at the Heston Resoarcli Laboratories 
two experimental rigs are provided for experimental 
tests In both, tho fuel element can is placod in a 


COFFEE RESEARCH IN 

T WO investigations of a fundamental charactoi 
on the gonus Goffca have recently boon published 
by the Inst.itut National pour l’Htude Agronomiquo 
du Congo Beige, (i) Rocliorchos sur l’Autostei ilit<$ 
du Cafdier Robusta ( Goffca cancphora Pierre) bj 
M Devreux, G Vallaoys, P Pocliot and A Gillos (No 
78 1959 Pp 44+8 plates 40 francs), (n) Rocherchos 
sur les Affimtds Chromosomiques dans lo Gonrc 
Ooffea by J Bouharmont (No 77 Pp 94 + 2 plates 
70 francs) The solf-storility of Robusta coffoo lias 
been known m a somewhat confusod way for many 
years, but no convincing demonstration of tlus 
phenomenon has previously boon prosontod. Tins 
information is important m preparing a rational 
programme of selection The investigators of tho 
work indicated above have now shown, under 
strictly experimental conditions, that this varioiy 
is quite self-sterile As a result of many controlled 
self-pollination experiments, using 19 clones and 
based on a very largo number of flowers, for example, 
more than 15,000 m one instance, an extremely 
small number of fruits has been obtained, tho highest 
percentage not exceeding 0 24 By contrast, wlion 
the flowers of the same clones woro subjected to 
cross-pollination, a number of ripe fruits, 30—40 poi 
cent, was obtained The solf-storility is not attributed 


BOTANY IN 

A N agreeable and very well-deserved tribute has 
been paid to Prof J R Matthews, rogius profossor 
of botany m the University of Aberdeen, by his 
friends, past and present colleagues and formor 
students, on the occasion of his seventieth birthday. 
During his twenty -five years as regius professor ho 
has greatly increased the stature of lus Dopartmont, 
has helped the cause of botanical science by his w ork 
on the councils of various societies and has made 
many valuable contributions to botany, ospocially in 
the field of research relatmg to the origin and dis- 
tribution of the British flora Tho presentation 
volume under consideration has boon printed for the 
Botanical Society of Edinburgh and appears as a 
special number of the Transactions (38 , March 1959 
15s ) There is a foreword by H R Fletcher, and, as 
might perhaps be expected, a number of the articles 
relate to the ecology of Scottish plants But there 
are also some contributions dealing with other aspects 
of botanical science, for example, “Some Fundamental 
Considerations on the New Morphology”, byH J Lam, 
“Peristome Teeth and Spore Discharge m Mosses”, by 
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working section and tho boat dovoloped m tho uran 
mm simulated by an eloctnc heator Facilities 
for basic studies in heat transfer and m otlior design 
problems have also been sot up, and theso facilities 
comprise a flow visualization rig and associated 
oquipmont m winch water replaces tho pressurized 
carbon dioxido as tho working fluid 

Crompton Parkinson, Ltd , tho Fniroy Aviation Co , 
Ltd , International Combustion (Holdings), Ltd , 
Richardsons Westgarth and Co , Ltd , and Nuclear 
Civil Constiuctors (Trollope and Colls, Holland and 
Hannen, and Cubitts) form flio fivo member com 
panics of Atomic Power Constructions, Ltd 


THE BELGIAN CONGO 

to dofoets m floral stmeturo or m micro- or macro 
sporogoncsis but to anomalies m tho formation and 
giovth of tho pollon-tubos In no enso woro these 
nblo to traverso tho stylo Whilo a gonotical explana 
tion in terms of incompatibility may bo advanced, 
validation has still to bo oblamod 

Observations on tho chromosomo numbors of thir 
toon spocios of Goffca, including all tho w oil-known 
spocios such as G arabica, C libcnca, G stcnophylla, 
etc , Iiavo shown that nil thoso oxammod nro diploid 
with 22 chromosomes, oxcopt G arabica which has 
44 Cortain hybrids nro diploid and otliors totrn 
ploid Tho nuclear behaviour at mitosis is apparently 
identical m all tho spocios Measurements of cliromo 
somo lengths show that thoso aro all much ahko 
It is considered that thoso comparisons by measure- 
ment confirm tho closo systematic relation of certain 
specios, but it does not onablo a gonoral classification 
of tho gonus to bo ostnbhshod An nvornge ldio- 
grammo of tho African Goffca lias boon prepared 
Tho author concludes that tho gonus is a very 
homogeneous one, and that tho spocios investigated 
aro closely related from tho oytological point 
of viow Lastly, this investigation lias yielded no 
evidence of difficulties m obtaining interspecific 
hybrids 


SCOTLAND 

C T, Ingold , a biographical essay on “Tho Rev John 
Walker (1731-1804) — a Notablo Scottish Naturalist’’, 
by G Taylor, of tho Royal Botanic Gardons, Kow , and 
J Grant Roger has contributed a usoful article on tho 
“Conservation of tho Scottish Flora” 

Further ovidonco of tho work of this distinguished 
and active botanical socioty has also boon published 
( Trans , 37, Part 4 , 1959) Tins is dovotod entirely 
to various aspects of Scottish botany Thus there are 
floristic studies of a numbor of difforont regions, 
sometimes combined with goological observations 
D Ratchffo has contributed an articlo on tlio 
“Habitat of Koentgia islandica ” , and D G Dowmo 
on “ Rhizocloma solam ond Orchid Seed” Tboro is a 
special cryptogamic section by D M Henderson 
and an alpine section by D Grant Rogor There is 
also a useful general article dealmg with botanical 
research in Scotland This givos a briof account of 
tho activities of tho mam research institutes, including 
those devoted to marine biology and nature con- 
sorvancy, but it is not concerned with university 
departments of botany 
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HABIT OF ICE CRYSTALS GROWN IN HYDROGEN, CARBON 
DIOXIDE AND AIR AT REDUCED PRESSURE 

By A P van den HEUVEL and Dr, B J MASON 

Imperial College of Science and Technology London 


I CE crystals grown from the vapour in air at normal 
atmospheric pressure show a remarkable variation 
of crystal habit with temperature This has been 
closely investigated by HaUott and Mason 1 by grow 
ing crystals on a thin fibre running vertically through 
tho centre of a diffusion cloud chamber in which tho 
vertical gradients of temperature and supersaturation 
v ore accurately controlled and measured The results 
of many experiments covering a temperature rango of 
0° to — 60°C) and supersatu rations varying from a few 
per cent to about 300 per cent (in very clean, droplet 
free air) consistently showed the crystal habit to 
vary along the length of tho fibre in tho following 
manner : 0° to —3° C , thin hexagonal plates , 
—3* to —6® C, noodles —6° to —8* C hollow 
prisms —8* to —12* C hexagonal plates , —12° 
to —10° C, dondritio stellar crystals —16° to 
—25*0 , hexagonal plates , —25° to —CO* C , hollow 
prisms Thoso changes of habit wore controlled 
almost entirely by tho temperature, the super 
saturation influencing only such secondary features 
oh the growth rate and tho onset of dendritic and 
noodle growth Similar conclusions have been 
reached by Kobayoshi 1 

In attempting to account for theee changes of 
habit, considerable interest is attached to recont 
reports by Isono tt al * 4 that they are further 
modified if the crystals ore grown in an atmosphere 
of hydrogen mstoad of air, but 
that Httle change is effected by 
replacing air with carbon dioxide 
In particular, Isono found that 
crystals grown in a water saturated 
air at —7° C developed profor 
entiolly along the c axis to form 
hexagonal prismatic columns but, 
in hydrogen, the growth rates in 
tho a and c directions wore 
approximately equal Furthor 
more, needle like crystals grown 
in air thickened, nnd skeletal 
growth was suppressed when tho 
air was replaced by hydrogen 
Crystals grown at —10* C in air 
took tho form of thin horagonal 
platce, hut those grown in othor 
wise similar conditions in hydrogen 
developed os thick plates and 
short horagonal columns 

In general the effect of hydro 
gon wns to produco more noarly 
isotropic growth and isometric 
crystals changes which were attri 
butod to tho high diffusion cooffl 
ciont of water vapour in hydrogen, 
it being 3 4 t lines that m air Tho 
faofc that crystals grown in carbon 
dioxide wore \ery similar to thoso 
grown in air at tho samo pressure 
wns taken to bo consistent with tho 
diffusivity being only 0 7 times 
that in air 


If tho rate of diffusion of water vapour were an 
important factor m controlling crystal habit, -very 
similar results to those obtained in hydrogen should 
be obtained in air at reduced pressure sfneo tho 
diffusivity is inversely proportional to the air proa 
sure Indeed, Kobayashi’ and Isono 4 report that 
reduction of tho air pressure does influence the shapes 
of crystals grown in both diffusion and mixing 
cloud chambers 

Isono found that bis results obtained at —7° and 
— 16° C in hydrogen uere reproduced in air at 
pressures of 80-30 mm, mercury Kobayoshi reports 
that the hexagonal plates and dendritio crystals found 
at temperatures between —10° C and —20° 0 in 
air at normal atmoaphono pressure persist if the 
pressure exceeds 300 mm , but at less than 100 mm 
pressure, they ore entirely replnoed by hexagonal 
columns, often with hollow cavities and, at less than 
70 mm pressure, by short solid columns which now 
occur at all temperatures between 0* C and —30* C 
Unfortunately, under the conditions of tho experi 
meat, the total pressure oould not be lowered without 
also lowering tho super-saturation of tho vapour, and 
Kobayashi attributes the formation of solid pnsmatio 
columns at low air pressures to the slow growth 
conditioned by the low supersaturation Ho supports 
this view by recording that in air at normal atmo 
spheric pressure only solid columns are obtained in 

(«) 



(<•> 

Fig- 1 Ice eryit*]* growing In an atmounbere of hydrogen on a fibre impended In » 
dtfftnlon efond chamber 

a Needle* and hollow prl«n* In th* tempera tore ranjro — 6 Jo —7 6 <7,, * ******* 
between -0 and —If C e d*r»dx1 tea bet wren -12 »nd - i«~ u 


520 


NATURE 


VOL 184 



Fie 2 Crystals crown in air at 80 mm. nicrcitrj pressure The 
sequence is plates — needles — hollow prisms — plates — den 
drltes— plates as the tompcmturc wrlcsfrom 0“ to —20’ C 

the temperature range 0° to —30° C providing tho 
supersaturation does not exceed 7 per cent with 
respect to ice 

Because the results of these Tapaneso experiments 
m hydrogen and in air at low pressure, if confirmed, 
might throw new light on tho mechanism responsible 
for the remarkable habit changes in ice, similar 
investigations havo been made by us 

The crystals were grown, m acrosol-frce an, in tho 
diffusion cloud chamber described by Hallott and 
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Mason 1 They were support ed on n fine fibre along 
winch tho temperature varied from 0° to —CO" C. 
and tho suporsnturation could bo varied and measured 
over a wide rango In a chamber filled with hydrogen 
at ntmosplieric pressure, the crystals exhibited the 
same variation with temperature ns listed abovo for 
crystals grown in mi (Fig 1) No differences were 
obsened except that the crystals grow' much faster 
in hydrogen, m conformity with tho diffusion co 
efficient of water vapour being 3 4 times that m mr, 
and tho thermal conductivity', winch controls the 
rate of dissipation of tho latent heal of cry stolluntion, 
being about seven times greater 

Crystals were also grown iindoi reduced air pres 
sures of 300, 150, 80, 40 and 20 mm mercury, the 
pressure nov er v ary ing bv more than 1—2 mm during 
tho course of any ono experiment Again, as shown 
in Fig 2, tho habit varied with temperature in a 
manner identical to that observed at normal nimo 
spheric pressure and dendritic founs could always be 
produced between 0° C and — 3°C , and also between 
— 12° and —10° C , at high superset urat ions 
Crystals were grown under low supersnturntions at 
atmospheric pressure between two parallel sheets of 
ico maintained nt slightly different temperature® 
This arrangement allowed tho temperature nnd 
supersaturation to be accurately determined Under 
supersnturntions not exceeding 5 per cent with 
respect to ico, plnte nnd sector-plate crystals appeared 
in tho temperature rango —10° to —15° C and 
therefore tho experiments provided no support for 
Kobnyosln’s claim that only solid prismatic columns 
occur nt all temperatures between 0° C nnd — 30° C’ 
at such low suporsuturations 

Summarizing, wc have been unable to confirm that 
tho habit of ico crystals grown from tho vapour is 
essentially modified by glowing them in either 
hydrogen or m air nt reduced pressure, although 
their growth-rates are affected m tho sonso ono would 
expect from tho manner m which tho diffusmty nnd 
thermal conductivity of the environment would 
influence the fluxes of water vapour nnd heat 

Wo are unnhlo to offer an explanation of the results 
obtained by the Japanese workers except to suggest 
that, perhaps, their apparatus may linvo been con- 
taminated with small traces of foreign vapours such 
as are known' to affect markedly the ico crystal 
habit oven though present m only' very small 
quantities 

1 Jlnllctt, J , ami Vinson, It J , Proe Hoy Soc , A, 217, 110 (1053) 

■ KobaynslU , T , J Met S oc Jajmn, 30, 103 (10 r >S) 

* Isono, K , Komabaynslil W nml Ono, A , Met Papers Otophyt 
Inst Tol-yo Vmv 8, J27 (105S) 

4 Isono, K , Nature, 182, 1221 (105S) 

‘ Halictt, J , nnd Mason, B ,T nature, 181, 107 (105S) 


CELL-WALL MUCOPEPTIDES OF STAPHYLOCOCCUS AUREUS AND 

MICROCOCCUS LYSODEIKTICUS 


By H J ROGERS and H R PERKINS 

National Institute for Medical Research, Mill Hill, London, NW7 


A CONSIDERABLE number of recent studies 
have been concerned with the superficial layers 
of micro-organisms In particular, insoluble material 
which is resistant to the action of several proteolytic 
enzymes and nucleases has been isolated Tlio 
morphology' of this material is such that it may bo 
regarded as consisting of the cell w'alls Lvsozyme- 


sensitivo micro-organisms yiold walls winch aro 
dissolved by lysozymo In Gram-posit ive spocios tho 
material has a relatively' simplo overall chemical 
composition compared with that of tho cytoplasmic 
proteins, and its biosynthesis is mhibitod by anti 
biotics such as penicillin and bacitracin Elucidation 
of the more detailed chemistry of the structure and 
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biosynthesis of tho coll •wall holds, therefore, tlio hope 
of a further understanding of tho mode of action of 
antibiotics Tho purpose of tho present artiolo is to 
discuss some recent observations made in these 
laboratories and elsewhere m relation to concepts 
about tho structure and biosynthesis of the coll Avails 
of in particular, staphylococci and micrococci 

Tho Avork of Salton* and Cummins and Hams* 
firmly established tlmt a largo proportion of the 
substance of coll Avails of representative strains of 
several species of Gram positivo cocci, other than 
some streptococci consists of a limited number of 
ammo acids, Iavo amino sugars and sometimes ono or 
two lioxoeos , thoso component substances wore 
detected on pnpor chromatograms of acid hydro 
lysates of tho Avail structures Tho name muco 
!>eptido* lias more recently boon proposed to doscribo 
tho group of polymeric substances containing theso 
compounds Tho earlier work avos not designed to 
gi\o an oxact indication of tho quantitative inter 
relationship between tho components or to express 
an) attitudo towards tho number of polymers com 
binod to give tho final insoluble* wall structure 
Suggestions of possible heterogeneity at tho polymer 
!e\ ol wore however, contained in the earlier work of 
Mitchell and Moyle*, who hod isolated from a coll 
fraction they called “cell envelopes" polj ol phosphate 
compounds* Coll Avails prepared by the Salton and 
Homo* method wero known to contain small amounts 
of phosphorus, and later Bnddilej 1 and his colleagues 
fin?t obtained substances which they called toiohoic 
at ids from Lactobacillus ambinosus Ono component 
of teichoio acid associated with tho wall structure was 
polynbitol phosphate carrying m covalent linkage 
either glucoeo or N acotylglucosammo to wlfioli, in 
turn, alanino was bound in eater linkage This typo 
of subetanco avor shown to be proeont in cocci' Its 
amount varied from nogligiblo quantities in walls 
from Micrococcus lytodeiUtcus to about 30 per cent 
in the strain of staphylococous wall examined these 
quantities woro deduced from tho phosphorus con 
tents of the Avails — only a small proportion of the 
calculated material Is recorded as having been 
isolated Mitchell and Moylo 1 havo rocontly shown 
that their pol>ol phosphate also contains rihitol 
phosphate The presence of substances of this type 
which can he extracted In cold tnohloroocotio acid 
may oxplain tho report' of the presence or com 
pononts solublo in trichloroncetic acid and in water 
in. frozen dfiod Avail preparations 

Tlio homogenolty or heterogeneity of tho structure 
remaining (that is, the muco peptides) after the 
removal of toichoio acid is still unjudgod Exnimna 
tion of tho concentration of ammo-acids in the 
muoopoptides from various strains of staphylococci 
and micrococci shows that considerable difference* in 
tho molccAilar proportions occur Moreover , tlio 

ratios for most of tho strains do not fit any simple 
pattern Evon if tho small amounts of alanmo present 
m tho toichoio acid in Avails from some strains causo 
come distortion of the values for tho concentration or 
tins ammo-acid m tho muoopoptido, such considora 
lions do not appl) to tho other ammo-acids Park and 
btromlngcr* ha\o suggested Hint a uridino-murnrruc 
acid popiido origmall) isolated by Park 1 * from pom 
odlin treated stapIiA Iococci mm bo a biosynthetic 
precursor of raucopoptido This poptido had its 
amino-acids (olonme glutamate and lymno) m simple 
molecular proportion and resembled in tins respect 
tho nail mucopeptido If thiB compound should 
eventually pro\ o to be a precursor Hion presumably 


Table i Aicnro-i.cn> oojfreamox or Cnx WiiU l anx s su D xs 
JfOLAX fiinoa (GLUTiXlT* tXSXS AS 1 -0) IH limit STEitStl or 
BTAPHTLOOOOd iKD JIlOTOCOCCI 


8fr*In 

Glutamate 

Alanine 

Glycine 

Lyilne 

n«r 

624/5C 

1-0 

1-8 

3-2 

0-0 

3 1 

H 

1*0 

5-2-3 r 

— • 

0-0-1 -2 

0 i 

Duncan 

1*0 

2 8 

0 3 

1-0 

M 1 

11 

1*0 

1-4 

005 

0 6 

rrc*ent 
work f 

Oxford 

1*0 

1*0 

4-0 

1-0 

Frc«*nt J 
Arork , 

if lytodtUlicvi 

1-0 

1-0-2 5 

1-2-1 0 

»■* 

13 j 


Cell walla prepared hr tbe Cummin* *od Harrl* method, hydro 
Iy*ed Tor 4 hr with 4 V hydrochloric acid and th* content* of amioo- 
aclda determined (ref 18) 


other procursor compounds corresponding to tlio 
gljoine and glucosarruno preeont in Hio wall must 
bo found The mol ocular ratios for tho ammo 
acids ml other strains of staphylococci or micro 
cocci such as II, 624 or lysodciktious are not simple 
and tho condensation of a single small poptido 
could not account for thorn If, however, there Js 
more than one mucopeptido m the Avail and posaiblv 
a multiplioit) of uridine peptide precursors, as has 
been suggested by Ito, Ishunoto and Saito 11 then 
this situation is more easily explained 

The aotfon of lysozymo on a 'stapbv Iocoocub’ strain 
11 has provided some facts which also point towards 
poeaiblo hoterogcnoit) of Hio Avail mucopopUde* 
Tins organism has a wall which is qualitative!) 
similar to staphylococci, as can bo scon from 
Table 1 although it is distinguished b> a very Jou 
glycine content No gluooso could bo detected Its 
cytochromo composition Iiowover is different from 
other staphylococci and nearer that of Micrococcus 
ll/sod eikhcus (Jackson, private communication) 

Fig X showB tho lyms of whole organisms of this 
strain by lysozyme \Vhon tho onzymo is allowed to 
hydro I y so Avail preparations, tho optical densitv of 
the suspension faUs to about 26 por cent of the 



Fi* l Ly-Uof .Uphriora^V* strain 

pemlon of ortronlim* pro’ro In broth for *o hr *t » »}|{J 
■ Citation wx* prepared hr ccntrifttglmr vxthlna twfw wlj»* 
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Incubation with labelled glycine (ref 22) washed and prepared as 
a thick suspension which was then added to the diluted crush 
The crush was prepared from Staphylococcus aureus strain E24 bj 
passing a thick suspension of cells In 31 sucrose through the 
Hughes press working at —30° The crush was then diluted with 
oltlier 0 1 M sodium-potassium phospluite buffer, pH 7 0 x , 
or with further 31 sucroso (A ) At the times Indicated the 
centrifuge was stopped, and samples taken from the supernatant 
In order to obtain as representative samples ns possible without 
disturbing the sediment, the pipette was moved slowly down the 
tube while the sample was drawn Into It Tho samples were 
mixed with trichloracetic acid to give a final concentration of 
5 per cent (w/v) and the precipitate washed once with 6 per cent 
trichloroacetic acid and dried bv washing with acetone and ether 
The dried precipitates wero weighed and assayed for rndloactHIty 
at infinite thickness Total radioactive counts (that Is, weight x 
specific activity) are recorded O shows the abllitj of samples 
of the supernatants to Incorporate radioactive gljclnc Into cell 
wall material when tested under tho conditions given In tho 
legend to Table 3 

and incorporating activity of tho coll avail and residual 

radioactivity due to wholo colls remaining in tho 


supernatant after centrifugation at 0-4° compared 
Two observations from Fig 2 can bo made (1) that 
contnfugation at l,000g m tho presence of sucroso 
can bo a very inefficient "way of removing whole 
colls ; (2) a difference botween tho ralo of deposition 
of w'liolo colls and tho incorporating activity of the 
preparations is apparent, thus suggesting that ineor 
poration might ho taking placo into some particle 
loss donse than tho whole coll This difference, 
howovor, can ho largoly accounted for by tho m 
creasing officioncy of tho decreasing number ofwholo 
cells 
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RELATIONSHIP BETWEEN PHOTOPHOSPHORYLATION AND THE 

HILL REACTION 


By Dr H E DAVENPORT 

Agricultural Research Council Unit of Plant Nutrition (Micro-nutrients), 
Research Station, Long Ashton, Bristol 


A RISING from the work of Hill 1 , it is now well 
known that isolated chloroplasts illuminated m 
the presence of a suitable hydrogen acceptor w ill evolve 
oxygen 

light 

2 A + 2H,0 — >- 2AHs -f- O s 

chloroplasts 

Little doubt now remains that photolysis of water m 
the Hill reaction with production of reducing power 
and oxygen represents a partial model of photo- 
synthesis m a cell-free system 


Recently, Amon, Whatley and Allen 1 have made 
the important observation that when a pliosphato 
acceptor system (adenosine diphosphate, i\Ig 5+ and 
PCV-) is included m the Hill reaction system with 
coenzyme H or forricyamdo as hydrogen accepter, 
oxygen evolution is sloicliiometrically related to 
phosphate esterefied into adonosmo triphosphato 
Moreover, m tho ferncyamde reaction tho rate of 
production of oxygen is stimulated two-fold by 
addition of tho phosphate acceptor 

In the present work a similar stimulation of the 
Hill reaction rate by phosphate acceptors has been 
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observod with coenzyme XI as hydrogen acceptor 
The red action of substrate amounts of pyridine 
nucleotides by cntalytio amounts of chlorophyll has 
been shown to require o protom factor readily extract 
able from cliloroplnsts* 4 A preparation of this factor 
was obtainod from spinach loaves by the method of 
Ban Pietro and Lang 4 Chloroplosta were obtained 
by grinding spmnch loaves m 0 4 M sucrose containing 
0 05 M ins buffer pH 7 8 and 0 01 M sodium chloride 
The fraction sedimenting between 000 mid 1,5 OOg was 
resuspended m the same medium Reduction of 
added pyridine nuclootfdo was followed bj observing 
the increase in optical density at 340 mp nffcer a period 
of illumination Tho blank cell contained all tho 
reagent* oxoept pyridine nucleotide Pig 1 shows that 
the reduction of coonzymo II is HtimuJated 2 0 fold 
bj the presence of tho-phosphato nocoptor system 
and that all tho components of this system are neces 
sar\ for appreciable stimulation In these expon 
ments, contrary to tho findings of San Pietro and 
Lang 4 , coonzymo I was not reduced oither in presence 
or absence of tho phosphate ncooptor 



JEI* 1 Effbct of phoaphato acceptor lyatem on the r»te of 
redaction of coeiupne II hr laolatfd chrortipJasffl Hie reaction 
lulxtaro contained In * final toIucw of 5-6 ml leaf protein 
0-20 mgm chloropluU oonulnlua 23 «rm cWoropbyU awl 
fercept irbere oftonriae Jndlcnleti) the folJowinff Id mlcromolea 
Irit bufTfcr pH "-4 80 ooeniyme II 0-6. ad (rood no dlpboa 
phate, f meffneeltrm chloride 10 pho*p)i*to buffer jm 7 4 
60 Illtrml ration by WKMvatt projector lamp at 1 ft, temp 16* 

□ comotet* ayalem O maicnealura omitted -K adenosine 
dlrhoipliate and nUtftK-Unra omitted A adenoaloe dlplioaphate 
mamealuro and ph capitate omitted 

Amon tt al • in thetr observations on phosphor} 1 
ation accompanying coonzymo II roduotion b> 
illuminated otdoroplostfi hav e shown that nddition of 
catalytic amounts of flavin mononuoleotido or 
monadiono abolish both oxygon ovolution and tho 
nccnmalation of reduced ooenzymo H and atimulnto 
phosphorylation A probable mochamsm for this 
effect suggested itsolf in tho course of tho present 
work All tho leaf and cliloroplast protom fractions 
notivo in mediating coonzymo H roduotion woro 


flffht off re*fl*nt added 



-IOuiId Hme (i«.) 

Uttht 

Ffe 2. KeoitdaUon of photoebetnlmfly redoeed coenzyme II by 
»ome catalyst* of photophoaphoiylation Reaction mixture a* 
Fig I < complete intern) At the lime I Dd I fated 0-0S/tmoIo of 
the foUosInji added A flavin mononnrleotlde Q pyocyaolne 
O menadione 

found also to possess a very notivo coonzymo II 
diaphorase activity similar to tlrnt reported by 
Avron and Jagondorf* JDiaphoraso in the presence 
of a rapidly ontoxidizable hydrogen acceptor should 
function as a rod u cod pyrultno nuolootldo oxidase 
Mcnndiono and flavm mononuolootide arc listed by 
Avron and Jagendorf as hydrogen acceptors for thoir 
coenzyme II diaphoroso from cldoroplasts Thoir 
effect m rooxidizing reduced coonzymo II produced 
photochomicall} by a chioroplast system containing 
San Piotro and Lang loaf extract is shown m Fig 2 
Hero also pjo cyanine is shown to havo a similar 



Tima (arc.) 

Fir 3 Catalytic effect of pyotyanlnt In promoting redaction or 
uwtlwemofitobln by lllumlrutfd chtoronhuU- Itcoctlon mlitutv 
contained tfhJorophuta erpjJralfBt to 35 rhlornpbyl) 
mnacle melhatfnoslobln 0 3t> nmole phoaphate Inintr rU * 4 
and water to S ml 

it time Indicated by arrow tUamlrotlt* 600--*ratl pwiKcto* 
lamp at 1 H irmp nr 
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lority of the hoterozygote or ‘over-dominance’ 3 have 
not proved entirely acceptable becauso whenovor 
over-dominance has been mvestigated using genetic 
markers, it has not been found generally to occur 3 . 
In the absence of a clear-cut unifying hypothesis, 
present-day concepts of heterosis liavo become 
surrounded by highly sophisticated escape clauses 
involving all the known intricacies of geno action 
Heterosis and its allied expressions are properties 
of quantitative characters, particularly of such 
characters as yield, stature, viability and reproductive 
efficiency That all expressions of this kind are 
complex interactions between simplor growth pro- 
cesses is immediately obvious, and this common 
denommator of quantitative characters is frequently 
referred to m discussions on heterosis Nevertheless, 
the implications inherent m the absence of a direct 
relationship between geno and complox phenotypic 
expressions are seldom recognized m interpreta- 
tion 

In one of the first attempts at explaining hybrid 
vigour, Keeble and Pellew 1 suggested that the 
inheritance of height in peas could bo explained on 
the basis of two complementary loci each possessing 
one dominant and one recessive allele Excess height 
m the hybrid resulted from the complomentaritj 
of dominant alleles from opposite parents , one 
conditioning length of mtomode and tlio other thick- 
ness of stem (Although in certain circumstances 
thickness of stem may contribute to stature in 
plants, it should be noted that tlio components 
mostly directly concerned with height are mtemodo 
length and mtornodo number This, however, docs 
not affect the principles revealed by tho work ) 
The genetic interpretation advanced by Keoblo and 
Pellew achieved meaning and simplicity only becauso 
of the recognition that stature as a measurable charac- 
ter was not a primary expression of gene function, but 
resulted from multiplicative interaction on tho 
phenotypic level between components which segre- 
gated m a manner suggestmg direct genic control 
The components of height m this material were not 
heterotic, and nothmg more complicated than 
dominance was necessary to provide an adequate 
genetic explanation of tho results Tins early model 
of the behaviour of heterotic characters, although 
widely quoted as a special case, has not been fully 
explored and understood m later work Hagberg 1 \ 
although locogmztng a similar system in data on 
Qalcopsis under the term ‘combination heterosis’, 
considered it could be different from ‘transgressive 
heterosis’ in which the hybrid is superior in one or 
more of the components of growth In this connexion 
he neglected the most important aspect imderlymg 
Keeble and Pellew’s interpretation, namely, that 
height in the pea remained genetically transgress ive 
only so long as the components of hoight remained 
unidentified The complexity of quantitative charac 
ters generally is such that the resolution of ultimate 
cell processes is a matter of utmost difficulty In 
these circumstances, therefore, it is more rational 
to suspect the unitary nature of tho component 
characters than to attribute hypothetical properties 
to the genetic system when departures from a 
complementary model are encountered 

Recent evidence from a study of inheritance of 
yield in the tomato has indicated that systems basic- 
ally similar to the model governing height in the pea 
may be of common occurrence It seemed, therefore, 
desirable to inquire how far the largo body of experi- 
mental fact available concerning heterosis and allied 
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phenomena fits m with a simplo gonotio system when 
duo weight is given to interactions on tho phenotypio 
level between tho components of complex oxpres 
sions 


Heterosis for Yield in the Tomato 

The five characters — number of flowers, dntc of 
first flower, average weight of fruit, number of fruit 
and yield of fruit — were studied in flireo F y hybrids 
Tho parents and tlioir F , hvbrids wero compared 
nRing means of thirty replicates sot out m randomized 
blocks 

None of tho hybrids exceeded the hotter parent in 
any of tho characters with tho exception of yield per 
plant Yield in all three hybrids oxccoded tho highest 
y leldmg parent Yiold when measurod as weight is a 
product of numboi and weight of fruit, and in two 
of tho hybrids number of fruit equalled tho ‘mid 
parent’ whilo tho avorugo weight of fruit was elightlv 
m excess of this value Tho third l^brid inherited 
phenotypic dominance for a high number of fruit 
from ono of its parents but m weight of fruit it was 
only slightly in excess of tho low or parent. Hctcro9is 
in tho compound character was a product of various 
lovels of expression of tho components m tho F„ 
ranging from dominance of tho bettor parent to a 
slight excess over tho poorer parent Heterosis, 
therefore, is clearly* a property of tho phonotypo, and 
is conditioned by the nature of the association between 
tho unit characters m tho parents When two parents 
differ reciprocally for two interacting components, 
and if tho I^-Iov els compensate ono another m such 
a way that their product is greater than in tho parent, 
heterosis is inevitable Tablo 1 gives a simplo oxamplc 
showing tho consoquonco of mating reciprocally 
different parents 


Tablo l 



Component 

A 

Irult number 

Component 

JJ 

fruit welubt 

yield 

Parent \ 

3 

1 

3 

F, (betcroUs for \ leld) 

o 

2 

4 

Parent 3 

i 

3 

3 


Tlio genetic syslom in tho nbovo modol is ono of 
blendmg mlioritanco, and it is difficult and unneces- 
sary to envisage tho operation of tho romotost form of 
interaction on tho genotic lovol Tho genes or gone 
products controlling average weight and number of 
fruit need not and probably' do not mtoract m tho 
sense that an onzymo and a precursor might interact 
m a synthesis Complox characters such as yield 
can be basod on units of tho genotic system which 
act completely indopondontly of ono another Inter- 
action occurs on a higher level of organization, 
among tho components of the phonotypo Thus to 
interpret hybrid vigour m terms only of geno inter 
action is a basic misconception which has contri- 
buted greatly to tho presont confused stale of tlio 
subject 

The system described m the tomato has wador 
application as can bo seen from investigations on the 
inheritance of yield m wheat 7 Yield of grain and 
the component characters weight por gram, gram per 
spikelet, spikolets por ear, ears por plant, wore studied 
m all possible crosses between four varieties None of 
the components showed heterosis, and their levels in 
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.F 1 ! hybrids were on averago slightly in excess of the 
‘mid parent’ Owing to the small number of oompan 
eons possible in a 4 x 4 diallel cross, one cannot 
determine with any degree of certainty whether the 
excess was real Grain yield in all crosses was 
liotorotio , the averago yiold of the parents and 
families was 31 9 ± 0 7° and 37 7 ± 1 02 reepeo 
tively Tho authors interpreted this behaviour as 
being tho result of multiplicative as distinct from 
additive gene action, and concluded “it can be said 
with confidence that gene interaction playB a part- m 
determining the control of this character” It now 
seems doubtful whether an interpretation based 
exclusively on genetio considerations was entirely 
justified 

Detailed examination of the individual wheat 
crosses shows that all six parental combinations 
possessed varying patterns of inequality such as was 
described for the tomato hybrids Four of tho six 
were reciprocally different for all four components 
Sm co the component levols in the hybrids were oloee 
to or slightly in excess of, tho ‘mid parent’, heterosis 
for grain yield was inevitable In wheat, as in the 
tomato, an essentially additive gonotio system condi 
tions a multiplicative somatio basis to yield which, 
when analysed as a simple character loads erroneously 
to o non additive genetio interpretation 

In a further study on hoterosis among 153 hybrids 
in a diallel cross of 18 inbred linos of tho tomato*, 
further aspects of hoterosis have been revealed which 
are relevant to this discussion First, in certain 
crosses heterosis lias boon found for yield components 
such as number of fruit, and this 1 b interpreted ob 
ovidonco that tho component itself may be a produst 
of sub units Second!} , heterosis for both yield and 
its oomponenta was expressed only in hybrids between 
the poorer parents Hybrids involving the beet 
parents were inferior to the high parent m the crosses 
The beet varieties possess optimal levels m the yield 
components whereby maximal yields are achieved 
The highest lovels of yield in the tomato can be 
expressed m homozygotos There is therefore no 
advantage for on mbreoding speoioe such as tho 
tomato in heterozygosity per se Thirdly, the com 
ponents, number and weight of fruit, are negatively 
correlated r — — 0 08 (n 18) and — 0 70 (n — 
153) in the parents and hybrids respectively This 
implies that in the course of the production of a 
certain finite weight of fruit, a variety producing 
large numbers will have small fruit and vico versa 
The maximal level at which each single component can 
function separately is far m excess of what can be 
achieved by their product Tho phenotype cannot 
sustain the production capacity that potentially 
resides in tho multiplicative relationships between 
maxima at each of the unitary divisions of a complex 
expression When the limits for the respeotivo funo 
tions are pushed too far by selection, or by inbreed 
ing in outbreedera, a physiological breakdown 
occurs Tilts frequent!} expresses itself ns sterility, 
roduoed viability or susceptibility to disease* -11 , 
and may bo the basis of conoopts of physiological 
limits 1 * 

Heterosis and Inbreeding Depression 

Inbreeding is invariably associated with loss of 
vigour in cross fertilizing speoioe Tho common! v 
a coop tod explanation for this behaviour is based on 
the dominance hypothesis and on the segregation of 
homozygous gonotypoe The extent of the average 


depression in a randomly breeding population where 
there is no selection depends only on the relative 
difference in expression between the segregating 
dominant and recessive alleles A genetio system 
which is strictly additive m expression cannot account 
for average inbreeding depression because, in tho 
absence of selection, gene frequencies remain un 
ohanged and tho moan of the inbred population is 
therefore unaltered This appears at first sight to 
exolude the possibility of commonly occurring systems 
such as were described for tomato and wheat being 
concerned in inbreeding depression 

The dominance hypothesis despite the fit to average 
values of inbreeding, presents to my mind one 
unattractive feature Correspondence between ox peri 
mental ovidence and tho dominance hypothesis centres 
around progeny averages and the drop in v igour is 
related to the frequency of the homozygous recessive 
which after about five generations of selling will be 
approaching the limit of $ at each locus The 
homozygous dominant will also have tho same 
frequency and for n loci the frequency will be (|) n 
The failure in practice to isolate vigorous homozygous 
dominants has on the dominance hypothesis, been 
attributed to the size of n and to linkage A purely 
mechanistic explanation of this kind is not entirely 
acceptable for the interpretation of a v ital process. 
Furthermore, in view of the thousands of inbred linos 
that have by now been studied m maize, it is mcon 
oervable that chance recombinants of near maximal 
expression would not have appeared if the cause was 
one merely of permutation It must also bo noted in 
this connexion that the chance of isolating recom 
binonta will depend not on the potential n, but on that 
portion which is heterozygous In crop plants such 
as maize in which some form of selection for vigour 
has been practised for conturies, the number of 
unfixed loci may bo fewer than is generally assumed 
m attempts to make the dominance hypothesis 
aooeptablo It may be prudent thoroforo, to explore 
other possfblo factors of causality 

The negative correlation between the components 
of complex expressions and tho concept of physiologi 
cal limit may provide the missing factor nocessar} to 
explain inbreeding depression in terms of additivo 
genetic factors Selection experiments already 
mentioned clearly indicate the undesirable oonse 
quences of extremes of solection and of genetio 
fixation above the optimal level for fitness In terms 
of tho components of fitness, physiological breakdown 
means that tho toleranco-lovol of tho product of 
component interaction has been exceeded Too 
many components ore simultaneously at too high a 
level A proportion of the genotypes following 
inbreeding of hetorozygotes should also show loss of 
fitness similar to that resulting from intense selection 
Multiple homozygotes for hvpormorphio nllolos 
segregating after mbreoding represent gonotypoa 
where all tho components are simultaneously at a 
high Ievol, and might bo expected to belong to a class 
where fitness is severely reduced The} ore the 
equivalent of a highly selected, olosed population 
whore Bteriht} , suscoptibilit} to disease or other 
forms of debilitation are reducing fitness 

Tho elimination of dominants has been demon 
strated by Fisher 1 * m populations of Parateltix texanus 
in which it was estimated that double dominants 
wore eliminated to the extent of not loss than 40 per 
cent in each generation The mechanism underlying 
this selective elimination of genotypes is almost 
certainly physiological and corresponds vory closel} 
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to the system postulated here to account for inbreeding 
depression 

If, as seems likely from the above considerations, 
‘compounds’ of dominants or of liypermorphic alleles 
are to a greater or lesser degree self-eliminating in 
outbreeders, the dominance hypothesis is not the 
only explanation for inbreeding depression Tho 
pattern fits additive gene action equally veil 

A distinction, therefore, has to be made between 
gene interaction and the interrelations of the com- 
ponent parts of the phenotype Phenotypic charac- 
ters may be multiplicative and may consequently 
show a mutually dependent relationship while the gene 
system is strictly additive and its units are strictly 
independent in function Heterosis in complex 
characters has been shown here to occur m hybrids 
simply as a result of a reciprocal inequality of inde- 
pendent gene action m the parents Givon reciprocal 
inequality m the levels of component characters 
in the parents, intermediate lo\els in hybrids 
inevitably lead to heterosis m the complex character 
It appears, therefore, that many of the difficulties 
that are encountered m the interpretation of heterosis 
arise out of the failure to recognize the component 
parts of complex expressions 
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Multiplicative interaction between adjusted lovels 
of component characters may govern tho control of 
the physiological limit, as is indicated by negativo 
correlations between components of yield in tho 
tomato It is suggested that mal-adjustcd, maximal 
lovels of expression in sub characters may bo respons 
iblo for inbreeding depression m outbreoding species 
leading to the self-elimination of genotypes homo 
zygous for several dominant or liypennorphic alleles 
Inbreeding depression, hko heteroHis, may thoroforo 
bo explained simply on tho basis of interactions on 
tho somatic level which nro controlled by a complc 
mentnry, essentially ndditivo genotic system 
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TURNIP YELLOW MOSAIC VIRUS NUCLEOPROTEIN PARTICLES 
WITH DIFFERING BIOLOGICAL AND PHYSICAL PROPERTIES 

By R E F MATTHEWS 

Plant Diseases Division, Department of Scientific and Industrial Research, Auckland, New Zealand 


P REVIOUS work 1 has shown that purified prepara- 
tions of turnip yellow mosaic \ irus contain two 
types of particle One is a nuclcoprotein containing 
37 per cent of ribonucleic acid withm a roughly 
spherical shell of protem The other is an apparently 
identical protem containing no ribonucleic acid The 
nucleoprotem is infectious while tho protem is not 
The ratio of nucleoprotem to protem particles m tho 
preparations is close to 2 1 M The sedimentation 
patterns obtained m the ultracentrifuge with both 
these components give no indication of mhomo- 
geneity 1 s 

The value of density gradient centrifugation under 
equilibrium conditions m strong caesium chloride 
solutions for the fractionation of macromolecules has 
recently been demonstrated* 6 

We have now found, usmg sedimontation into denso 
caesium chloride solutions under non-equilibrium 
conditions, that the nucleoprotem particles of turnip 
yellow mosaic virus fall into at least tw o classes with 
respect to density and mfectivity 

Turnip yellow mosaic virus was isolated from 
infected Chinese cabbage plants by the ammonium 
sulphate procedure 1 or by differential centrifugation 
Preliminary tests with whole virus preparations 
showed that mcubation w ith strong crosium chloride 
solutions for 2 hr at room temperature, followed by 
14 hr at 4°, had no detectable effect on the mfectivity 
of the virus To avoid anomalous effects due to 
crystallization or precipitation of the virus at room 
temperature in the strong salt solutions employed 
during sedimentation, all manipulations were carried 
out at temperatures between 4° and 10° C 

In the sedimentation experiments 1—10 mgm of a 
virus preparation m solution m 0 1-0 6 ml water 


was layered over 3 5 ml of ciesium chloride solution 
(density = 1 39-1 43) in a ‘Lustcroid’ tube Hie 
samples were then centrifuged for 200-240 min at 
32,000 r p m m tlio Spinco model L proparativo 
ultraccntnfugo using tho Ho 39<S rotor Under theso 
conditions tho \ irus protem component stays in tlie 
boundary between tho water layer nnd tho caesium 
chloride solution Tho nucleoprotem sediments 
through tho salt solution nnd resolves into bands 
which can be located visually bv scattered light 

(Fig , 

Tho various components wore withdrawn by pierc 
mg tho wall of tho tubo with the necdlo of n hyp 0 
dermic syringo, nnd dialysed to remove salt y 10 
bands cannot be removed quantitatively by this 
procedure, but other molhods we have tested lead to 
substantial mixing of closely spneed bands Estim 
ates of rolativo amounts of material m various bands 
were based on tho ultra-violet absorption curves of the 
extracted samplos Such estimates on duplicate 
pairs of bnnds varied by as much ns 25 per cent 
In preparations of virus mado by the ammonium 
sulphate procedure, two sedimenting bands appear 
Tho faster-sedimentmg band (B ,) usually contains 
1/5-1/20 as much material as the slower band (Bi) 
If these two bands are removed nnd tho material 
from several tubes combined and run again, each 
band shows a slight contamination with tho other on 
tho second run A third sedimentation usually gives 
material with no observable contamination This 
result suggests that the bands are not produced by 
the action of caesium chloride on a uniform population 
of particles Both bands give typical virus nucloo 
protem spectra, and the nitrogen /phosphorus ratios 
suggest that both types of particle have tho same 
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Fig 1 Fractionation of turnip yellow moaalc Tim* nodeoprote n 
In a denae tsrilura chloride aohitlon Of tbe two trod eo protein 
band* appearing In the photograph tlio upper CDj) l> lweetlow 
while the lower (B,) U non-lnfectlota 4 mgm. of a Yiru» pro- 
per* t Inn In 0 15 ml of water wai layered over 3 6 ml of a ccalom 
chloride aolutlon (denritr - 1 41) T1 k» tube waa photographed 
after 220 min. eantrinigatlon at 32.000 r p m In the Splnco 
No 30S rotor 

content of ribonucleic aoid Solutions of the B x and 
B t components equalized "with respect to optical 
donsity at 2fW) rag were tested for mfeotivity by 
inooulation to half leaves of chmesc cabbage Tho 
inlectivity of the B % component compared with B x 
from onco-eedimented bands ranged in different 
experiments from 25 to 0 per cent 

On three times sedimented bands the B t material 
had only 3 per cent the infectivity of B x Thus the 
B t band is very probably completely non infectious 
However, to teet the possibility that Bt and B t were 
two different strains of tho a inis of differing infectivity 
multiplying together in the plant, four single lesion 
isolates were made from plants infected with virus 
from each band The isolates were multiplied m 
Chinese cabbage No symptom differences were 
observed Virus isolated by an initial high speed 
centrifugation followed by one ammonium sulphoto 
precipitation from oach isolate gave a similar band 
pattern in all cases The 2?, band was present in 
about 1/20 the amount of the 2?, band That virus 
strains were not involved was confirmed by tho pro 
duction of tho 2?! and B t bands from a ‘necrotio 


strain of the virus which is biologically distinct from 
the type strain 

The B x and B t bftnda appear in similar proportions 
m virus prepared from tho same plant material, 
eithor by the alcohol-ammonium sulphate procedure, 
or by differential centrifugation alone It therefore 
seems unlikely that eithor of these bands is an artefact 
of the procedure usod to isolate the virus 

Hovvover, m virus material isolatod by centrifuge 
tion only, a third more slowly moving band ( B 0 ) 
appears following sodimentstion in cwesuim chloride 
This band is not visiblo in most ammonium, sulphate 
preparations, and can be largely removed from virus 
prepared by centrifugation by ono ammonium 
sulphato precipitation The fact that bond B , 
sedimonts into a caesium ohloride solution of 2? -» 1 40 
suggests that it must contain some ribonucleic acid 
The ultra violet absorption spectrum and the 
mtrogen/phoaphorus ratio show that the material m 
tho B t band contains a lower proportion of ribonuoleio 
acid than tho B v component and ita infectivity is 
substantially less However, the B t material has not 
yet been obtained sufficiently free from contamination 
with B x for definitive chemical analysis or mfeotivity 
teets 

A detaUod study of the serological behaviour of these 
nucleoprotein components has not yet been mode 
However, all three give similar virus precipitation 
end points (based on the optical density of the 
solution at 200 m g) when tested with on antiserum 
prepared against unfractionated turnip yellow mosaic 
virus 

The experiments described above suggest that these 
nucleoprotein components are not artefacts of the 
purification or isolation procedures, although it may 
be very difficult to prove beyond doubt that they 
exist as such in the plant The ability to fractionate 
a virus nucleoprotein preparation into infectious and 
non infectious classes of particle should be useful for 
more dotadod studies on the inaotivation of the virus 
by various agents The fact that turnip yellow mosaic 
virus nuoleoprotein os usually prepared is not homo 
geneous may be particularly relevant for structural 
studies on the virus, for example, for end group assays 
on the ribonucleic acid, where homogeneity of the 
starting material is an essential prerequisite 

This work was supported m port by a grant from 
the Rookofeller Foundation 
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NITRATE REDUCTION BY AQUEOUS EXTRACTS OF EXCISED 
TOMATO ROOTS 

By C S VAIDYANATHAN and Prof H E STREET 
Department of Botany University College of Swansea 

E XCISED tomato roots are normally supplied the pH rango 4 0-7 2 and in ammonium (4 5 mgm 
thoir nitrogen as nitrate (45 mgm N/l ) in a N/l ) at pH 0 8 or above* Nitnto (7 0 mgm N/l ) at 
medium of pH 4 5-4 8 1 By substituting ferric pH 0 0-8 8 and glutamine (4 8 mgm N/l ) at pH 
ethylcnodiamino totrancotato for the forrio sulpliato of 0 8 can also funotion as nitrogon sources for root 
Wluto s medium, active growth in nitrate occurs over growth A preliminary stud} hnn now n 
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No such dating tests on tlio scrolls themselves have 
hitherto been made Linen from Cave 1 and palm 
wood from the settlement rums have been dated by 
the radioactive carbon teclmiquo and gave median 
dates of AD 33, w ith a standard deviation of 200 
years for the linen" and of 7 n c and A t> 18, each 
with a standard deviation of 80 years, for the palm 
wood samples 10 However, the exactness of this 
dating technique for archeological purposes is 
limited and the method can give at best only general 
confirmation of dates established by other means 11 

The fact that many of the scrolls are mado from 
animal skins, the major fibrous component of winch 
is collagen, affords the possibility of an independent 
method of dating by measuring tho shrinkage tem- 
perature of the fragments Unpublished work from 
this laboratory has shown that tho scrolls are parch- 
ments, made mainly fiom tho skins of sheep and of 
goats Parchment is made from animal skins which 
have been unliaired and thon allowed to dry under 
tension, usually by stretching on a wooden frame 
The resulting material is durable and needs no furthoi 
chemical treatment, though often, for writing pur- 
poses, the surface is made smooth by mechanical 
means Thus tho making of parchment is quito 
distinct from that of leather, where tho unhaired skin 
(pelt) is stabilized by treating it chemically with a 
tanning agent Skins processed as parchment may 
last for very long periods provided they are kept dry 
Indeed, this is the reason why tho Dead Sea scrolls 
are still m existence Any degenerative changes 
occurring m the collagen fibres prosent in dry parch- 
ments are thus likely to bo due mainly to the passage 
of time Moreover, these changes should be reflected 
in a lowering of tho shrinkage temperature of tho 
collagen fibres Accordingly, tho shrinkage tempera- 
tures of a number of scroll fragments were compared 
with those of other parchmont-like materials of known 
age, in an attempt to establish a correlation between 
age and shrinkage temperature The materials 
studied were 

Group A English parchments covering tho 
period 1193-1955 ad Supplied by the Public 
Records Office, the Chapter Library of Canterbury 
Cathedral, Dr M L Ryder, Wool Industries Research 
Association, Leeds, 0, and Mr T H Gardner, of 
Ampthill, Beds 

Group B Parchments from the Wady Murabba'at 
caves, dating from the second J ow ish revolt, A D 
132-135 

Group 0 Scroll fragments from Cave 4, Qumran 
These and tho Murabba’at fragments w r oro supplied 
by the Department of Antiquities, Hashemite King- 
dom of Jordan, and by Mr .T M Allegro, Univorsity 
of Manchester 

Group D Egyptian Aramaic letter fragments of 
the fifth century b o , supplied by the Bodleian 
Library, Oxford 

Group E Egyptian raw hide axo-haftmg, c 
1300 b o , supplied by the Department of Egyptian 
Antiquities, British Museum 

The shrinkage temperatures were determined by 
the method of Borasky and Nutting 1 * as slightly 
modified by Gill 13 Small samples of tho materials 
were rehydrated for 1 hr in distilled water and small 
fibres teased from them, before mounting (botw'een 
circular cover slips) on the heatmg stage of the 
microscope Heat was apphed at a constant rate 
(2 deg C /mm ) and, so far as possible, fibres of similar 
size were used The shrinkage temperature was taken 
as being that at which the fibre first began to shrink 



Usually tho mean of threo dotorminalions was taken 
foi each material, and tho results arc shown in 
Fig 1 

As regards their shnnkago temperatures, tho scroll 
fragments ho closer to tho oldor samples m groups 
B, D and E than to tho relatively modem parchments 
(group A ), which all show higher values, Henco it is 
likely that tho scroll fragments are indeed old and 
that thoy arc slightly oldor tlmn tho Murabba’at 
samples, tho ago of which is well authenticated 
Moreovor, it is unlikely that tho scroll material dates 
from medioval times, as Zoithn" has suggested Tlio 
present findings on the date of tho scrolls nro thus in 
general ngreomont with tho assessments based on 
orchmological, pal eographic and radioactive carbon 
Btudies One could he more certain of the usefulness 
of shnnkago temporatiirc as a guido to ago if more 
parchments oldor thon A d 1200 were nvailnblo for 
study, but such samjfies are v cry difficult to obtain 
It should bo omplmsized that tins method of dating 
necessarily only gives a general guido to tho dato 
at which tho scroll materials thomsohes were pro 
cessed from animal skins It throws no direct light 
on tho dates at which the scrolls were copied and 
deposited m tho caves 

We w r ish to thank tho Department of Scientific 
and Industrial Resonrch for providing a special grant 
for this work , also those pooplo who have Kindly 
supplied us with tho various samples 
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FORTHCOMING EVENTS 

(iftrtint marlfd vitJk an atttrUl * it opt* to tte public) 

Monday* October 12 

DtsTmmos of Electrical Enocteiw (at S* T ??J' Uc ^. T ,^°° < L on t 
WO!) at 6 SO jmtu— D iscussion on "I« the Present Face of Electrical 
Pi-ogre** Good for the Oommunlty r* 

Boccett of OrmtcAL Ihdwtnt sgxfacn Activity Gao cr {at 
1* Belprave Hntutro London SB 1) at 5 SO pm. — Dr Chat. M, Blair 
The Roeolutlon or Petrol crura EmuUlon 
Drivers try of LoffDOff (In the Anatomy Lecture Theatre Unlver 
■Ity College, Gower Street, London W C lj.at 6 SO p.m — ITof C D 
O'Malley (university or California Medical School) First or three 
lecture* on "Andrea* Vesalltu — The Development of a ScIentUt 
(Further lecture* an October 14 and IS )• 

El* EcsBABcn Amocutiqk (In the Meeting Boom or the Zoological 
Society of London, Regent ■ park, London It \\ 1) at 6 SO p in, — 
Dr F O Smith Bee* and Beokeeplng In the Tropic* Illustrated by 
a colour film Tanganyika Beeswax" Sum — Prof 0 F Townsend 
The ActlTity of Royal Jelly Against Leukaemia and Asd tic Tumour*’* 
Rotal DfBTtrtrnt or Cmncisrar London Section (joint meeting 
with the Ewell Oonnty Technical College Faraday Society at the 
Ewell County Technical College ,ReI gate Hoad Ewell, Burrer) at 
7pm — Dr A. T Jarae* Qm Phase Chromatography' 

Tuesday, October 13 

PnTMCiX Boctitt Low TaxMaujinus Grout (at the Royal Tnatl 
tutlon Albemarle Street London W.l) at 4 p-in — Dr II London 
"Suporfluld Helium" (Flnt Simon Memorial Lecture) 

Ijfsnrunow or Elrctrjcal Enoikhms, MaiircxiNEcr and 
Ooutbol Section (at Ha tot place London, W OJ!) at 5. SO p m. — 
Prof A. Tuatln "The Relationship of Physical Mechanism* to 
Psychological Proce»e*" (Chairman a Address) 

soctmtt of Chemical iADrrrar Food Ozour (Joint maetlng with 
the Chemical Engineering Group, at 14 Bebrravs Square London 
8 tV 1) at 6.15 pro — Hr O 0 Eddie and Mr 8. Forbes rearton 
En^Dmering Aspects of Recent Re»*arch Project* In the Preservation 

Barns it Association for tub ADTAWaniarr or Boiawo* nr 
association with Granada TV Nntwork (at the Guildhall London 
B-C.2) at 8.30 pm --Sir Edward AppUton F.ILS Vint of the 
Inaugural Series or The Granada Lecture* on the theme of 'Com 
muni cation In the Modern World” 

Wtrdntaday October \ 4 

. B * r 7 8 J? 1 UmaunoB Rebranch Association (at the Xzatltu 
Uon of Ctrl Brndojcr* Great Ototjre Street London 8W1) at 
F - R - 8 Coal— a Colloid and a Chemical” 

(Eighth Coal Science Lecture) 

IirrnrcTicrn or EucraiciL Kaoraitas bpcoation Discussion 
( ft SaTor Place London W 02) at 6 pjn.— Discussion on 
Graduate Training in lnduitry" opened by Mr W II. Taylor 
UrsTTTOnoB °F Mechanical Enoihxxm (at 1 Birdcage Walk 
WeatratnMer London B W 1) at 6 p.m.— Mr H Deimond Carter 
"The Engineer Life and Dle*el Engine*" (Presidential Address) 
Socrwrr j ^uInduwtnt Cozxosiox Gaocrr (at 14 Ttelgravo 
cSwlon? } at 6 p m —Mr K. D R. Wright "Fretting 

Thursday Octobnr )5 

oal Ihduttnt coBEOSiosr Gnoup (joint meeting 
Steel Institute, at 14 Bejgravs Square, London 
-Dtscnwlon of the Oth Report of the BXSJLA 
tee 

Munwo and MwrALLunor (at the Geological 
Burlington Home Pioeadlfly London W 1) at 
- Paper*. 

XMTT or London (at Burlington Hcraae PJeeadlRy 
6 C;™-— 1 * O.R. Metcalfe A Botanical Visit to 
e*" Dr Norman K. B, Robson Iter Eambealaeum 

jk or ELKTttiaAx Era ia Hits Unuunoi Beonoir (at 
a 2). *t6^0 p.tm— Mr T K. Dough ton 
Engineer and tha Daary Chemical Industry'* (Chair 

gap* t* 1 u«,bot»i xamotioc 
lit 1°7 o 1 * t ’ CT T* r J Eam IT D BTOBOTQ jutuuis 

Mtlgatlon oftne Setting of Road Tar In Bnrfaee DrcsMng” 

<ilm 1 20 B pSSJf tSS'? 41, U* 0 '™™ l»D ntomj (,» sarjtm 

Umim w 1). »t 7J0 p m. — air WlW»m 


APPOINTMENTS VACANT 

Affuoatiokb are Invited fbr the foUowIng appointment* on or 
before the date* mentioned 

Scmmno Assotajct (with a biological degree the ability to write 
correct English and prefcrahly lornokn owl edge of foreign Ungnage*) 
Tor work which Include* the abstracting and reviewing of biologic* l 
literature— Tho Director Commonwealth Bureau of Plant Breeding 
and Genetic* School of Agriculture Cambridge (October 16) 
Scmcrmo Oftickh (male with a flnt- or *&oond*clas* nonoar* 
degree In phyilr* or chemistry and proffer* blr acme experience of 
polymer* or biological tyitem*. or Ionizing radiation) at the Royal 
JOUtary College of Science SlirlTenham Wiltshire for a two or three 
yean programme of fundamental research (of an academia character 
and Intonaed for publication) on efffcct* of high energy radiation on 
polymer* In *olntion* and an Awiataitt Expxedcentai. Omcm or 
Assistant (Scientific) (with a qualification In physic* or chemUtry at 
G C.R. "A IotcI or alternatively some laboratory experience) for 
work on the lame programme — Technical and Scientific RegUter (K) 
MlnUtry of Labour and National Service 26 King Street London 
B1V1 quoting A-410/0A (October 1W) 

Gordon Okaio Fmxow (graduate In medicine) in Uroloot nr wa 
DrPABTKXKT of SuBOHxr at the University of Sydney and In Tin 
DEFANTNH5T of Uroloot at the Royal Prince Allred ll capital — The 
Profmor of Surgery The University Sydney. Atutralla (October 28) 
LXCT0RMR or ASSISTANT LrcnrUOl IN Tn* DEPAmtEVr or Edtjca 
non — The Registrar The University, Leeds 2 (October 24) 

UNivKRsrrr Totob or Assistant leottjmb nr Micaoniowkjt— 
The Secretary The Queen * University Belfast (October SO) 

LXCTUMR or ASSISTANT LlCTITNEJl jjr pgRg ifATHIMATlCS— Th 0 
licet* trar Tho Unlvwilty Leed* l (October SI) 

LBcrcTtNN (with an honour* degree of a British trnlvenity aod 
appropriate teaching experience) in PiulosofuT at the Unlveralty of 
Hong Kong — The Secretary Association of Universities of the British 
Commonwealth SO Gordon Square London W 0 1 (Hong Kon* 
November 0) , 

LiCTtnuR (preferably with qualification* In *tr*tlgr*ph!cal and 
itruclural geology) IN GEOLOflT at the Unlvenlty of Sydney A tut rail a 
— The Secretary Association of Universities or the Brltlih Common 
wealth 80 Ooraon Square London W 0.1 (Australia November 7) 
ScrxNTino Offices (with a good honour* degree and preferably 
with postgraduate experience and an Interest in toll zoology) IN tbs 
Httokoloot DarARnoDtr — -The Secretary, Rothamsted Experimen 



_ era u u j, xwj 

tal Station, Darpenden Herts (November 14) 

8NNI0B DHMONBrnuTOit (with experience In physical chemistry) 
and a LaPOratont Tnohhigun (with experience In phyilcal chemittrf) 
IN TEN Dkfaxtknnt OF OHrNiSTRT University or Queensland 
Australia— The Secretary Association or Universities of the British 
Commonwealth 36 Gordon Square London W 0 1 (November 14) 
LzcrTuXiR IN Patholoot— T he Secretary The University Edln 
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ogy) in ten DNPiBTMgffT of Aqfioultur* NytuflUnd to control 
cro^> j>e*t*-^The ^Dejwjm^t^of Recruitment Colonial Office London 
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Great Britain and Ireland 

rv.*™ ^•Gtate. Sixth Report of the Corrosion Committee 
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Engineers, 1959 ) 177 
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LETTERS TO THE EDITORS 


COSMOLOGY 


The Steady-State Universe and the 
Deduction of Continual Creation of Matter 


DuniifG his recent visit to Australia, Prof H Bondi 
lias re affirmed the notion of continuous creation which 
he and T Gold apparently deduced in 1048 1 from their 
perfect cosmological principle This notion is also 
presented explicitly os a doduction in his book on 
C osmology 1 as is evident from the following quota 
tion from 6ection 12 3 {p 143) 

The next deduction to be made from the perfect 
cosmological principle has formed the most contro 
versial point of the theory The expansion of the 
unn eree which can be inferred either from thermo 
dynamics or from astronomical observations, would 
seem to lead to a thinning out of material By the 
perfect cosmological prmoiple the average density of 
matter must not undergo a secular change There is 
only one way m -which a constant density can bo com 
patible with amotion of expansion and that is bv the 
continual creation oj matter 

On p 144 he explains that ‘the creation here dis 
cussed is the formation of matter not out of radiation 
but out of nothing * 

In the present communication it is desired to point 
out that the notion of continual creation from nothing 
is not a true deduction from the perfect cosmological 
principle, and that a scientific hypotheets can be 
advanced which explains the known facts within the 
frame of this principle 

First it should be noticed that Bondi and Gold 
implicitly assume that their steady-state uni verso 
must be descnbablo m a four dimensional space time 
frame On such an assumption the notion of creation* 
seems to follow logically if it is also assumed that the 
energy density m space of all infra red radiation may 
bo neglected (This last assumption does not appear to 
have been adequately discussed and may well be 
wrong if we include the enorgy residing in cosmio low 
frequency electro magnetic waves ) But if we exclude 
this assumption the following argument leads to 
another hypothesis 

Since the apparent continual escape of matter from 
tho visible universe requires a continual supply of 
matter from somewhere it is nc urol to suppose that 
this ‘some v. hero’ exists outside our foor-dlmensional 
space time This hypothesis is equivalent to the 
hypothesis that tho space tune universe XJ\ is really a 
hyper surface in n flvo-dimonmonal universe U* In 
thus postulating the existence of a fifth dimension to 
overcome a difficulty in tho current framework of 
cosmology, we ore merely following tho well established 
practice of postulating new entities (such as atoms 
electrons the quantum of aotion eto ) to oxplain 
othor phenomena which are not explicable in the 
current framework of science 

Tho notion of a universe b* is however by no 
means new, whether considered as a physical universe 


or as a conv eruent mathematical fiction For example, 
it has been used by Kalnza 3 Klein* do Broglie 9 
Einstein 9 nnd others' 1 for the purpose of umfynng the 
gravitational and electro magnotio fields and the w ave 
equation of quantum theory It is also mathematically 
convenient for expressing de Sitter s metric 

Thus we see that the perfect cosmological prmoiple 
suggests a (7s universe Moreovor the hypothesis of a 
fifth dimension (so obtained) is fruitful since it serves 
not only to account for the steady state universe of 
Bondi and Gold but also to unify throe other great 
branohes of physics On the other hand the notion of 
continual creation of matter does not appear to have 
led to nnv verifiable consequences of comparable 
importance 

There w one assertion about our C-a whioh can bo 
made immediately nameh the laws of conservation 
of momentum and energy must apply in Ui rather 
than ui U a In addition there may be a law of eon 
servation of electric charge in I/j 

The problem of formulating a metric for Ut w Inch is 
consistent with the perfect cosmological principle is 
under consideration But m corny] li J o it seems desir 
able to direct attention without delay to the fact that a 
steady state universe is possible without the ‘ forma 
tion of matter out of nothing 

Tho knowledge of this fact will undoubtedly cause 
relief in tho minds of many persons who would other 
wise bo unable to accept the steady state theory For 
the old dictum ex mhdo nihil JU seems to bo ono of the 
few things about which philosophers, scientists and 
the common man agree The contrary notion appears 
mainly in works which wo label as fairy tales or 
“phantasies or m conjuring for entertainment 

There are many weighty reasons whv a steady state 
theory of the visible universe is more acceptable than 
its present rivals so it w fortunate that it no longer 
need be associated with the primitive belief in 
creation It may how ov or be pointed out that even for 
an evolving (non stationary) visible universe our Ut 
can help to prevent the heat-doath which current 
thermodynamics appears to suggest by supplying an 
outside’ source of order 

In conclusion, I should like to acknowledge with 
thanks the benefits received from private discoussions 
on theeo matters which I have had with Prof H 
Bondi Dr J Moval and Mr D Mustard 

Y A Bailey 

University of Sydney 


It is not easy to see at first sight how Prof Bailey s 
suggestion assists tho reconciliation of the notion of 
continual creation and of ordinary ideas of conservn 
tion ns these are concerned with empirical ev rdoneo of 
conservation in four dimensions nnd not in five 
However the value of his idea becomes clearer owing 
to his reference to the cloctromngnotic significance of 
five-dmnensionnl systems If may therefore bo appro 
pnato to mention hero tlint Dr R A Ly ttleton and I 
in a fort h coming pap^r m Proceedings of the Jioi/al 
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Socxely, have investigated the connexion between a 
possible electric phenomenon and continual creation 

H Bondi 

King’s College, London 

' Bondi, H , and O old, T , Mon Not Roy Aftro 9oe , 108, 252 (1046) 

* Bondi, H , Cosmology (Cambridge University I’iws, 1952) 

» Kalina T,Sit Pmtss Alvd , 000 (1021) 

* Kloin, 0 , Z Phyt , 37, 80j (1020) 

* De Broglie, J df Phyt ft if Radium, 8, 05 (1927) 

* Einstein, A SiU Prfms Alrul , 23 nnd 20 (1027) 

» See tho footnotes 2 and 3 to pane 101 in Whittakers History of the 
Theories of Aether and Eleetriclts , 1000-1920 (T Nelson and Sons, 
Ltd , 1053), nnd Bcrpmnnn g Introduction to the Theory of Belatl 
\Ity , Part 3 (Prentice Hall, Inc , 1040) 

RADIOPHYSICS AND GEOPHYSICS 

Effect of Atomic Tests on Radio Noise 

Two higli-altitudo atomic explosions which wore 
set off over Jolinston Island m tho Pacific m August 
1958 appear to have had a rather pronounced effect 
on tho radio noieo ns recorded at Keknha, Hawaii 
Tins recordmg station, located on tho south-west 
coast of tho Island of Kauai, is about 700 miles 
north-west of Johnston Island, and is a part of a 
world-wide chain of noiso-recording stations supor- 
visod by tho U S National Bureau of Standards 


powor recoivod for a period boforo and aft or tho first 
oxplosion Tho usual diurnal pattorn is ovidont 
during tho throe days prior to tho blast, with tho 
highest noiso-lovels recorded at night and a rapid 
decrease m lovol botwoon 0400 and 0800 local time 
In tho hour following tho blast, howovor, tho noiso 
decreased by as much as 32 db (at somo froquoncios) 
at a timo of day when it would normally bo rising 
or holding steady Recovery apparently occurrod 
in a matter of hours at 13 kc /s and 5 Me /s , hut 
from 51 kc /s to 2 5 Me /s a changed pattorn was 
evident for sovoral dtv \ k with lovols at night much 
below normal A sudden drop in tho recoivod noiBO- 
lovel was also noted following tho second oxplosion on 
August 12 , again tho noiso-lovels at night in tho 
frequency rnngo of 51 kc/s-2 5 Me /s continued 
bolow normal for sov oral days, nnd tho visual pattorn 
of noiso was considoiablv disturbed until about 
Soptomber 1 

Becauso of tho v orv low mcidonco of thunderstorms 
in Hawaii, most of fho radio noiso reeoned is behoved 
to bo propagated from storms at a considorablo 
distance Changes m propagation conditions are 
reflected moro clearly on tho Ivokaha noiso records 
than at stations situated on largo land masses, wlioro 



Tho two bomb bursts occurrod shortly after 
midnight on August 1 and August 12 at elevations 
variously reported by tho Press as from 25 to 100 
miles Fig 1 shows the atmospheric radio-noise 


local and short-distance storm effects tend to mask 
changes in propagation 

Since an omnidirectional antenna is used at tho 
Kekaha recordmg Btation, it would seem that tho 
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influence of the explosions may liavo been rather 
widespread, as has been suggested previously 1 The 
longth of tamo over which thoro was an apparent 
moroaae m the night-time absorption of noise Bug 
goats tho possibility that high altitude nucloar ex 
plosions may havo a rather persistent effect on radio 
communications at certain frequencies 

A more complete account of this noiso anomaly is 
being prepared and will be published in tho near 
future in tho Journal of Research of tho National 
Bureau of Standards , Section D 

C A. Samson 

National Bureau of Standards, 

Boulder, Colorado 

1 Ob^rmhl T CoronJtJ 8 0. a&d Pierce E T balxrc I S3 1470 
(1050) 

The Aurora, the Radiation Belt and the 
Solar Wind A Unifying Hypothesis 

Rbcent high time resolution spectroscopio studies 
of the aurora 1 at College Alaska, have revealed a 
rather consistent pattern in tho spatial distribution of 
the hydrogen omission lines It was observed that 
during the first phase of a typical polar auroral dia 
play tho intensity peak of the hydrogon emission 
would shift m a continuous fashion from tlie northern 
horizon to tho southern horizon in 1 3 hr During 
nights of moderate auroral activity tho intensity 
peak would romam near tho southern horizon and 
thon recede back to tho north at tho conclusion of 
the display, some time after midnight Nights of 
strong auroral activity were charactonzod by the 
hydrogen omission features either disappearing below 
the local southern horizon or boing present in tho 
entire portion of tho magnetic meridian monitored 
by tho spectrograph Tho si lift in zenith distance is 
mtorprotod ns reflecting a change in tho goo magnetic 
co latitude of tho incoming protons as described 
below Tho solid lino m Fig 1 represents iy'p/cal 
data obtained in a six-day period 

In the samo study it was established that certain 
auroral spectra can bo charactonzod entirely by 
proton excitation whilo others are best oxplainod by 
oloctron oxoitation, tho lattor accounting for tho 
greater part of tho auroral luminosity Tlio proton 
ossoomted epoctra wore obsoixod during tho first 
phase of on aurora sometimes this occurred wlion 
tho aurora was still too faint to bo easily visiblo with 
tho naked eyo Tho oloctron inducod aurora is 
associated with tho break up and post break up phaso 
of a typical display Details of tho investigation ore 
present od in another publication 1 

Tho latitudo drift of tho hydrogon omission can 
bo oxplainod in a somi qunntitatno way by oxamtn 
mg tho effect of incoming solar particlo streams (the 



‘solar wind* of Biermann* and Parker 3 ) on tho trapped 
Yon Allen radiation 4 Tho work of Chapman and 
Ferraro* showod that tho magnetic effects of a 
particle stream could bo represented to a first 
approximation by that of on imago dipolo situatod 
os far behind tho face of tho stream front os tho 
Earth -di polo a in front, and that tho resultant con 
figuration of tho Earth s magnetic field would be as 
shown in Fig 2 The field is seen to be compressed 
on tho dav aide of the Earth, but remains almost 
unaffected on the night sido 

If wo accept this picture It sooms reasonable to 
assume that the Van Alien radiation bolt on tho 
day side of tho Earth must bo tormmAtod close to 
tho stream front and wo shall assumo firrthor flint 
tills termination is represented approximately by tlio 
field lino which meets tho stream front orthogonally 
(at A and A') and meets tho Earth at goomngno tic 
co latitudo p„ Field linos winch moot tho Earth to 
tlio south of this point are compressed dipolo lmos 
whilo those to the north are violently disturbed by' 
tho particle stream 

The trapped pArticlcs lia\o a slow longitudinal 
drift motion m the direction ± (fi x Vi 11) duo to 
Hie mliomogoneity of tho magnetic field and since 
then* motion is govomod by tho constancy of thoir 
magnotio moment thoy tend to remain in a region of 
constant fiold strength as thoy drift around tho 
Earth Inspect ion of Fig 2 shows that on tho com 
parativoly undtsturbod rught-sido of tlio Earth the 
trapped parti olos will bo under the mfluonro of fiold 
lines which intersect tins Ilirtli tn a more southerly 
region of geomognotic co latitudo p Tines as tho 
Earth rotates under this pattom which is ftxod with 
respect to the Son, tho region which is connected 
raagnotically to tho outer part of tlio Van Allen bolt 
will mo\ o south during tho 
m oning and north again 
during tho morning 

Tlio oxtont of this latitudo drift 
is shown in Fig 3, wluch has boon 
constructed on tlio assumptions 
that tlio solar particlo stream 
consists of protons trn\ oiling 
towards tho Earth at 1,000 
km /sec , and that tho stream 
front is brought to rest at tho 
point whore tlio kinotio energy 
donsity of tho stream is equal to 


«Y 
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Tig 3 Geomagnetic co latitude of points on the Earth s surface 
connected magnotlcfllly to the outer edge of the 'San Allen holt 
on thoslde torvardB the solar wind (/!o) nndnwni from thosolar " Ind 
(fl) The right-hand scale shows the stationary position of tin 
stream front and the left-hand scale glees the corresponding solar 
-nlnd dcnsltv, assuming the particles to bo protons tra\ citing with 
a ictocltj of 1,000 km /see 

the mcieased magnetic energy densitv of the field 
The extent of the drift can bo seen to correspond 
roughly to the ohserv ed latitude drift of tho hydrogen 
emission shown in Fig 1 if moderate paiticlo stream 
densities are assumed 

This correspondence loads us to suggest that the 
Van Allen belt contains protons which are romoved 
by some process not yet fully understood, and which 
then penetrate the atmosphere and give riso to viaiblo 
emissions On tins view the particles responsible for 
the initial stages of the aurora are not directly of 
solar origin, though thev may he remnants of previous 
particle streams which have become trapped m the 
geomagnetic field Tho Van Allon bolt merely acts 
as a reservoir which is induced to spill ovor by the 
increase of the solai wind ‘strength' on the sunward 
side of the Earth 

These ideas will be discussed more fully m a future 
publication 0 where more detadod consideration will 
be made of the underlying assumptions and of tho 
processes which are operative 

M H Rees 
G C Reid 


Geophysical Institute, 
University of Alaska, 
College, Alaska 
June 16 
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Colour Photography of the Aurora 

Stormeri refoia to the difficulty of photographing 
tho aurora in colour, and states that satisfactory 
results have not boon obtained cxcopt for arcs and 
more quiot forms However, with a colour film now 
available commercially, it. has been found that tlio 
auroia australis can be photographed with exposure 
times comparable to those used in monothromo 
photography 

A test series of colour photographs has bcon takon 
at Scott Base, in Antarctica, during May and Juno of 
this \eni Super Anscoehroine daylight film (speed 
rating 100 ASA) has boon used in an all-sky 
camera 2 with an f/1 4 lens, and exposure times of up 
to 2 mm Using a standard Super Anscochromo 
developing kit, the speed of the film 1ms been m 
creased to approximately' 200 .V S A by increasing tho 
time of the first development 76 per cent over tho 
recommended tune This 1ms led to little noticcablo 
change in the colour balance of the film 

With exposure times of 1 mm , stars of the second 
magnitude are plainly visible on the film A 2-rnm 
exposure enables the Milkv Way to bo seen on the film 
This corresponds to tho v isutd limit of auroral observa- 
tion ntid is confirmed by r comparisons with visual 
observations An aurora just detected by n visual 
observer is recoided on the colour film with a 2-nun 
exposure Auroi a of this intensity arc below tho 
human colour v ision threshold, and thus appear 
colourless (Observers frequent I\ record these auror.r 
as famtlv greenish -w Into’) Beeauso of tho integral 
mg properties of tho colom film the colour latent’ 
in these colourless displnvs is recorded on tho film 
'Dnis auror.c observed rccenth at Scott Base have 
frequently appeared white by' direct observation, and 
rod, purple, blue and white on the colour film 
Spectrograms takon at the same time have shown 
relative spectral intensities which, it is estimated, 
would correspond to the colours observed with tho 
colour film 

Thcso observations are part of the research pro- 
gramme at Scott Boso and are being made m con- 
junction with the observational programme of tho 
Dominion Physical Laboratory Auroral Station, 
Invercargill, How Zealand 

Tho loan of tho all-sky camera from tho Air Force 
Cambndgo Research Center, Bedford, Massachusetts, 
is gratefully acknowledged 

B P Sandford 
P Heiser 

Scott Base, 

Antarctica 
Aug 10 

1 Stormcr C, The Polar Aurora 111 (Oxford 19'i31 
* Elvcj C T , and Stoflrogen W IG\ Instruction Vlannal l’art - 133 
(Condon 1957) 


Possible Reversals of the Earth's Magnetic 
Field in the Jurassic Period 

In a rocont study of tho natural remanent magneti- 
zation of tho Upper Lias Sands of tho West of England, 
seventeen samples collected from two sitos vvoro 
found to have reverse directions of magnetization 
Samples a little higher and low'er m the succession 
were found to be normally magnetized Numerical 
details of the results and reasons for considering tho 
rocks m question to possess a stable magnetization 
will be given separately 
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Tho results are especially interesting ns the sands 
which arc exposod in \arious localities extending from 
tho Dorset coast to tho Cotew old Hills arc nil litho 
logically similar, and Boswell directed attention to the 
remarkable constancy of their mineral content and 
fine grade In \iew of this and tho fact that the sands 
were sampled at fourteen sites if would be surprising 
if a physical or chemical mechanism were responsible 
for the reversed direction of natural remanent mag 
netization at just two sites, and it is suggested that 
there may hay o been a re\ ersol of the Earth s magnetic 
field during the time the sands were being deposited 
By a careful study of ammomte species Buctanan 5 - 3 
showed that the bands get progressively younger 
towards the south although they are iit liologicaiiv 
himilar Tho Upper Lias has consequently been 
divided into 13 sub zones which ore given by Arkell 4 
Using this sub zonation scheme and tho recent 
geological time scale of Mavne etal *, it is posable to 
obtain an upper limit for the duration of the period of 
rcvirsal The reversely magnetized Cotswold Sands 
werr collected from sub zones 4 0 and/or 7 and rocks 
immediately bolow (sub zonos 4-5) wore found to be 
normally magnotized and tbe Midford bands (sub 
zones 8-0) yvhicli are exposed about thirty miles to the 
south are also normally magnotized If wo assume a 
linear division of the time scale, we find that the 
Upper Lias was deposited in less than 4 X 10® years 
and therefore each sub zone corresponds to approxi 
matety 3 X 10 5 years A rough estimate for the 
ponod of rev orsnl is therefore 0x10* years This is c 
maximum estimate as tho sampling was restricted to 
two sites and these may not, of course have extended 
over two sub zones or even one sub zone 

It is concluded that there may have been a reversal 
of the Earths magnetic field m the Lower Jurassic 
ponod winch lasted for a period of less than 0 v 10* 
years It is possible from Nairn s results* that 
there was another rov ersal a few million years later 
Evidence of reversals in the Jurassic period has also 
been obtained from igneous rocks and baked sediments 
in South Africa by Graham and Halos" and from 
v olcanic rooks of South America by Greer* 

It happens that the estimate for tho time of reversal 
compares favourably with Hosper s estimates for tho 
reversals m tho Tertiary penod In an extensive study 
of tho Tertiarv Icelandic lava flow's Hospcre* carao to 
tho conclusion that the average length of time over 
which tho forth s mngnotic polarity remains un 
changed is 2 5-5 x 10® years The agreement may or 
may not be significant 

Tho results are of value in considering theories of 
tho detailed origin of tho Earths luagnetic field 
Recently, both Rihitakc 10 and Allen 11 hovo demon 


strated that reversals oro thcoreti call v possible for two 
coupled disk dynamos and Alien has shown that 
oscillations of the main field w ith rev emnls at intervals 
of hundreds of thousands of years would be quite 
eonceiv able 

I wish to thank the Royal Dutcli Shell Oil Company 
for a Studentship supporting the reward i which was 
earned out at the Department of Geodesy and Geo 
phvsics, University of Cambridge 

R W Girdler 

Lamont Geological Observatory, 

Columbia University 
Torrov Cliff Palisades, 

New York 3 lay 15 
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Radiation Balance at Scott Base 

Since March 1 1957 a net exchange mdiomctor of 
the Gier and Dnnklo type manufactured by Beckman 
and Whitley has been in continuous operation at Scott 
Base (77°61'S, 160° 48 E.) on Ross Island Tho 
radiometer measures tho difference between tho total 
incoming and outgoing long and short wave radiation 
tlirougli a horizontal surface 0 ft nbo\ e tho ground 
Tho site of the radiometer is such that tho surface 
beneath the instrument is not snow at all times 
because bare rock is exposod m the 8ummcr However 
tho radiation properties of the surface as a whole are 
probablv typical of many areas m McMurdo Sound 
and other partially snow free areas of tho Antarctic 
and the results aro of particular interest for this 
reason 

Table 1 summarizes tho first two years measure 
ments 

For tho year March I, 1957-February 28 1058 the 
net radiation gain was 17,000 cal /cm During the 
following year the gam was 18,800 cal /cm -* Thm is 
considerably different from substantial net \ early 
losses recorded oy er a pormanent snow cov or In tho 
Antnretio 1 *•* Most of the positive balance at Scott 
Base is duo to very high absorption bv tho rock 
surface in December and January w hen the enow cov er 
was partially or wholly absent 
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During the winter montlis, March-Octobor inclusive, 
less than l per cent of the area within a radius of 
20 ft of the radiometer was snow free Towards the 
end of November further isolated rocks began to 
appear tlirough the surface of tho snow , by tho end of 
December, 1957, 95 per cent of tho ground w ns clear of 
snow, and by tho end of December 1958, 40 per cent 
of the ground was clear By mid-January m both 1958 
and 1969 all snow had vanished, and tho surface 
remained clear except for sorao very short periods 
following light precipitation In February heavier 
snowfalls in tho first wcok in 1958 and somewhat later 
m 1959 caused a return to tho -winter condition 

The rock is sconaeeous basaltic debris, black in 
colour and consisting of pieces 18-m m diameter down 
to very small particles Tho snow was not always 
perfectly clean, being at times discoloured by small 
particles of dust blowm from the surroundings 

In November, December and January 1959 an 
Eppley pyranometer was mounted m an inverted 
position at the radiometer site, to measure tho reflected 
short-w r ave radiation Together with measurements of 
the hemispheric short-w ave radiation, this enabled tho 
albedo of tho surface to bo calculated The mean 
albedos were November 71 per cent, December 07 per 
cent, 1-15 January 32 per cent, 1G-31 January 14 
per cent No figures are yet available for February, 
but it is readily seen that tho differences bctwcon tho 
observed albedos and a figuro of 80-85 per cent 
appropriate to a clean snow' surface, taken in conjunc- 
tion with the hemispheric short-wave radiation, are of 
the right order to account for tho positive balance 

D C Thompson 

New Zealand Meteorological Service 

W J P Macdonald 
Geophysics Division, 

Department of Scientific and Industrial Research, 
Wellington, Now Zealand 
Aug 11 

1 Ruffin X P .Information Pull .Soviet AntnrctlcLxj>e(lltlon,2 25(1958) 

1 Llljcqulst, G II , Xorwcplnn British Swedish Antarctic I xpodltlon 
1049-52 Scientific Results, 2, pt 1, Xorsk I’olnrinslltutt, Oalo (IOjO) 

* Loewe, F , J Glanol . 2, 057 (1050) 

PHYSICS 

Titanium as a Gettering Material 

During recont development work, it was found 
to bo necessary to oporato a cathode ray tubo 
at a pressure materially lower than 10-° mm mercury 
For this purpose, conventional barium gotters wero 
found to be madequato, and an investigation of other 
materials was carried out 

The use of an ion pump was first investigated 
This typo of pump consists essentially of an oloctron- 
ermtting tungsten source, an accelerating grid, and 
a negatively charged coating of titanium which could 
trap and absorb positively charged particlos Tho 
titanium was evaporated from an oloctrically heated 
heavy tunsgton filament The gauge used to measure 
the pressure was of the cold cathode, Ponnmg type 
When a sealed-off ion pump was attached to an 
ion gauge, the successful operation of the ion pump 
was confirmed However, it was soon found that a 
comparable pumping action could be achieved merely 
by the use of a wall coating of titanium with no 
ion-forming complications 

The superior gettering power was readily demon- 
strated by constructing tubes with the appropriate 
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goiter material flashed on tho wall, and connected 
to an ion gaugo, tho wholo conshuclcd in Tvrox’ 
Tins systom was out gassed at 350° C for 1 hr 
and scaled off at a pressui o of 5 ' 10" 1 mm mercury 
Whon tho tubo containing a barium gotlor was fired, 
tho pressuro fell to 0 X lO -7 mm , while tho tubo 
containing titanium recorded a pressuro of 2 X 10 -B 
nun , probably limited by tho rango of tlio gaugo 
Similar sy.stoms wero then constructed in ‘Pvrcx’ 
which contamod in addition to tho goiter a con- 
ventional cathode ray tubo oloction gun Hus gun 
was activated on tho pump before sealing off "Whon 
it was scalod off and opoiatcd at a normal tompora- 
turo, a tubo with tho barium got tor gn\ o an ultunato 
pressuro of 1 ' 10'° nun mercury whilo a tubo 
employing tho titanium goiter still registered 
2 x 10- 8 mm , as measured by a cold catliodo gauge 
Wlulo tho results of these simplo oxpornnonts 
mako it abundantly cloar that tho ultimate pressuro 
obtainable with titanium is at lonst forty timos lower 
than that obtained with barium, it is important to 
note that tho gaugo was m continuous operation 
during theso moasuremonts 

It has boon well demonstrated by Alport 1 and 
Bloomor and Haino 3 that tho conventional hot 
filamont ion gaugo exhibits romarkablo pumping 
properties , moreover, wo havo found that tho cold 
cathodo typo of gaugo exhibits a comparablo pumping 
action 

Thus tho use of a com ontional ion gaugo for tho 
measurement of pressure is an ombarrassing feature 
m tho attempt to moasuro tho absoluto efficiency 
of getter materials, though thoro is no reason to doubt 
tho moasuremonts of relative efficiency which havo 
boon quotod 

For tho purposos of comparison, similar experi- 
ments wore porformod using tho hot-filament ioniza- 
tion gauge of tho Alport design, typo TFD59G0, manu- 
factured by Wostmghouso Eloctric Corporation 
Two 7052 gloss envelopes wore fabricated, wlucli 
enclosed an electron gun, a phosphor and an ion 
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gaugo The barium gofctor used was of the type 
Kamot’ 01018 Tlio titanium getter consisted of a 
loop of tantalum 0 030 in diametor around -which 
was -wound a fino titanium ribbon 0 002 m X 0 020 m 

The two tubes woro given identical treatment, 
being scaled on the snmo pump systom This system 
employed an oil diffusion pump conventional baffling, 
but no coolant 

The tubes were heated briofly to 325° C and allowod 
to cool The filaments of the gauge woro out gassed, 
but the filaments of tlio oxido cathodes woro heated 
only enough to dmo off moisture but insufficiently 
to reduce the cathode coating Finally, tlio goiters 
wore out gassed Tho tubes woro then sealed off at 
a pressuro of 3 X 10 1 mm mercury and allowod to 
stand for 30 days, at which time measurements wore 
begun 

Tlio pressures were recorded and tho getters fired 
tho ion gauges being operated continuously {Fig 1) 
Again, it is soon that tho final pressure is an order 
lover in tho case of tho titanium gotterod tube 

Tho filaments of the electron gun wore next heated 
Marked superiority of the titanium Bliowod oxeopt 
wbon a very largo amount of gas was liboratod by 
strongly ov arnimung tho enthodo filament In this 
caso, tho pressuroe obtained woro similar On dis 
connecting the filament supply, a much lower 
pressure was again record od in the caso of the titanium 
getter 

Two points concerning the uso of titanium hare 
como to light during tlus work. To a greater axtont 
than in the caso of barium oil vapour is apparently 
anathema to tho absorbing powers of titanium, and 
oil should therefore bo trap pod well away from tho 
getter 

As with other gottors, it is dcslrablo to fire tho 
titanium as quickly as possible m order to obtain 
a porous layer 

It is concladod that tho use of titanium ns a flash 
getter offers tlio possibility of significantly lowor 
residual pressuroe In moat sealed -off vacuum de\ ices 

Acknowledgment is duo to the facilities and help 
offered by J H Owen Harries (in tho oarly port of 
this work), and by Westingbouso El oc trio Corpora 
fcion whore tho getters lmvo lxxm designed for pro 
duction tubes and operational results obtainod 

R L Stow* 

Wostmghouso Electric Corporation, 

Electronic Tube Division, 

Elmira, NY 


* Formerly with / n Owen Harriet 
BrrmmU. 

• Alport D J irr Phv* 24 880 (1053) 
■ Woomer and HUM \ aettnm'* 3 No S 


ContalUrm Engineer* 
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METALLURGY 

Crack Behaviour at a Weld Structure 
Discontinuity 

It is of both theoretical and practical interest to 
consider how a growing emok will behave at tho 
structural discontinuity presented by a weld pass 
interface Recently wo were conocraed with how a 
crater crack m a 5350 aluminium alloy (6 per cent 
magnesium typo) would behave when moohanically 
forcod to grow to the weld pass interface m a multipass 
weld We hare found, basically, that cracks in a multi 
pass wold have certain significant properties which 
pertain to the performance and especially tho structure 
of the wold raetob 
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In an Oxweld 67 filler metal of a weld, one made by 
the Linde sigma are process m I m thick aluminium 
alloy 5356, we noted metallographically that a major 
crack propagating m one w eld pass stopped com- 
pletely at the junction -with another -weld pass the 
metal of which had a finer dendritic array Those 
effects are shown in Figs 1,2 and 3 

Essentially, this means that the growing crack is 
reluctant to jump across the array of gram boundaries 
produced bj the weld interface discontinuity While 
this point nas theoretically implied at the April 12-14 
National Academy of Science — National Science 
Foundation Conference on “Fracture” m Snampscott, 
Massachusetts, this experimental finding is presented 
not only because it demonstrates so clearly the 
subject crack behaviour but also because it is a new 
finding of major moment to the Molding designs of 
many engineering structures 1 It Mould appear that 
a multipass Meld m this 5356 allo\ lias other things 
being equal— a greater crack resistance reserve m 
comparison u’lth that of a single-pass Meld in the same 
alloy We also have since this finding, confirmed a 
similar behaviour in copper embrittled 5356 multipass 
Melds — the cracks stop at the u’eld structure disconti- 
nuity M'hen one pass of a two-pass butt weld is deliber- 
ately contaminated uitli coppor to induce cracking 


therein 


F J Radd 
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July 9 
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CRYSTALLOGRAPHY 

Effects of Heating on X-Ray 
Diffraction by Carbons 

A number of X-ray studies have been carried out on 
the diffuse bands of the diffraction patterns of 
carbons The major objectn es n r ere the determination 
of the crystal size, the expansion of later spaemgs 
and the atomic distribution functions of carbons of 
different origins and carbons subjected to heat or 
chemical treatment Measurements of the thermal 
expansion coefficient of graphite Mere made by 
Nelson and Riley 1 and others, and more recently of 
graphitized carbons by Walker 2 Hom ever, it appears 
that systematic studies on the effects of thermal 
expansion upon the more diffuse bands of amorphous 
carbons have not yet been made I report here some 
results obtained along such lines 

A 9-cm Debye Scherrer camera of the type for 
multiple exposure film, fitted with a furnace 
for heat, mg the specimen, was used The mono- 
chromatization M T as achieved nith Ross filters of iron 
and manganese Mhich isolate the cobalt K a line The 
diffraction patterns of carbons at 18° C and at 800° C 
through iron and manganese filters Mere recorded 
together on the same film The patterns of the 
high -temperature specimens were photographed first, 
The resulting intensity distribution curves of the (002) 
band were selected and arranged m the order of the 
breadth and the shift of the peaks and are shown m 
Fig 1, where the curves have been reduced to true 
intensities, corrected for polarization All the peaks 
for 18° C (full lmes) and 800° C (broken lines) are 
drawn at different levels As can be seen from 
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Fig 1, in each case a nearly equal shift (o the low 
angle side occurred at 800° C Each pair of curves 
crosses at about 2sm0 f> = 30 and also at the noxt (100) 
maximum to the right, Mhoro the relative intensities 
Merc the same and no peak shifts mcto observed ns 
Mould be expected from the tutbosf ratio stiucture of 
carbons 

Tho eleven samples of the curves A to K Mere os 
follow s (A ) non caking, low -rank Ube coal enrbonued 
m vacuo at 900° C , (B) low ash filter-paper cnrbomzed 
as above, ( C ) cane sugar carbonized ns above, (I») 
carbon-black from potrolcum, (E) sample (B) heated 
at 1,800° C foi 30 mm (F) poh vinyl clilorido car- 
bonized m uiuto at 900° 0 , (G) caking bituminous 
Mnke coal carbonized ns above, (77) sarnplo (A) 
heated at 1,800° C for 30 mm , (7) sample (C) heated 
as above, (7) Omine anthracite, (7v) sample (F) heated 
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at 1 ,800° C for 30 mm , similar cm ves of other samples 
having rather sharp maxima have been omitted 
Tho specimen rods were coated with small amounts 
of powdered Ceylon giaplnto so that tho sharp (00-) 
lino of tho graphite was superimposed on tho diffuse 
band, although in Fig 1 it has been eliminated Tlio 
comparison hnes helped to determine tho position ot 
tho peaks and tho true temporaturo of tho specimen, 
since accurate thermal expansion coefficients for tho 
graphite are known Undor close examination a 
possible slight decrease of tho thermal peak shift with 
increase of tho band-width breadth was observed , but 
the rather intense background made this uncertain 
Franklin 3 supposed that tlio polyvmyhdeno chloride 
char prepared at 1,000° C consisted of paired layers of 
graphite and unorganized carbon, and slie obtained 
by calculation an intensity distribution curve close to 
the observed (002) band Assuming the pairs of lavers 
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have the same thermal expansion ooefficiont as the 
bulk graphite, by using hor formula a shift of the band 
as large as the graphite was calculated The shift 
could bo found on the right-hand slope of the cun. es 
in Fig 1, however m the present results the shifts 
were smaller by about 20 per cent than thoeo of the 
graphite Another result of heating appearing in 
Fig 1 is the enhancement of the roentgen amorphous 
scattering on the low angle side, which was largest with 
the polyvinyl chloride char and least with the cane 
pugar char This was confirmed by three senes of 
experiments 

Eitaro Matuyama 

h acuity of Engineering, 

Yamaguchi University, 

Ube, Ja pan- 
July 18 

fn*Son.J B u*l 1 tiler D P Proc. Ik* Soc . A B7 477(1943) 

NV alker P lu Jun. JlcKlcrtry 1L A and Wright, a 0. 1*4 Eng 
Ckrw* 45 1711 (19W) 
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CHEMISTRY 

A Sensitive Chemical Dosimeter 
for Ionizing Radiation 

A NUMBER of chemical systems have been employed 
for the measurement of the quantity of ionizing 
radiation Among the most sensitive dosimeters are 
thoeo employing dyes' One system utilizes the 
destruction of a dye*^* and another the production of a 
coloured dye by transformation of the leuco form' 1 
Theso systems are not particularly sensitive and, for a 
1 mm. thick sample would require the order of 
10 3 -10 4 roentgens to give a percoptiblo effect During 
iho course of our studies on the photochemistry of 
thiaxine dyes in rigid media 8 wo noticed that leuco 
forms of these dyes produced photochemicatly give a 
red Bpecies with ultra violet light irradiation and a 
blue colour (normal form of the dye) with ionizing 
radiation This latter effect is extremely sensitive 
and we have pursued the matter farther with the now 
of developing a sensitive dosimeter for ionizing 
radiation. 

One 8 vs tom whioh is sensitive to as little as 05 r 
of X rays from a molybdenum target is mado as 
follows an aqueous solution containing 3 2 per cent 
polyvinyl aloohol, 0*04 per cent methylene bluo, 7 0 
per cent load nltrato, 17 per cent ethylene diamine 
totrancotio acid and 8 G per cent glycerol was dried 
on a glass slide to give oloar bluo films Tho film is 
protected from tho atmosphere by covering with a 
transparent pressure-sensitive tapo The film is 
illuminated with light from a 600 watt tungsten lamp 
until deoolourixod and allowed to stand In ordor to 
removo trace amounts of oxygen, any restored colour 
is further eliminated with repented illuminations. Tho 
film 1 mm thick shows a bluo image of tho X ray 
beam at dosages m tho ono roentgen range, tho 
optical density of which is proportional to the dosage 

At room temperature the irradiated film oxhibits a 
oolouration which reaches full intensity about 6-10 
min after irradiation On the other hand, on irxadi 
a tod film whioh is stored at — 10® 0 will not show any 
colouration but will do so when warmed to room 
temperature Theso results indicate that the oxidizing 
radicals formed in tho plant io matrix slowly diffuse to 
the leuco dye molecules The observed sensitivity is 


equivalent to a O valuo (molecules converted per 
100 eV absorbed) of the order of IO 4 in contrast to a O 
valae of about unity for other dye systems It is 
apparent that the medium is participating in some 
chain process 

Despite tho high sensitivitj of our system it still is 
only one hundredth that of an X ray film ( for example, 
Ilford, red seal, safety base) Ne\ erthelesa our 
system is well adapted to measure dosages by a einglo 
observation of colour, especially those in tho region of 
greatest personal danger Our system is obviously 
more convenient than liquid dosimeters and is for 
more sensitive 

This work was supported by the U .S Atomic Energy 
Commission, Contraot Number AT (30 1) 2200 

Gerald Oster 
Barret Broyde 

Polytechnic Institute of Brooklyn, 

Brooklyn 1, New York. 

July 0 
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Some Stoicheiometric Gas Hydrates 

Two communications recently appeared on the 
problem of the non-etoicheiometno gas hvdratca and 
tho validity of the heat content changes derived from 
P T saturation curves* 

There is no question of the validity of tho use of the 
Clapeyron equation 

AH-(dP/dT)rAF 

m tho determination of A H at points along tho gas 
hydrate throe phase equilibrium linos provided that 
it is recognized that theso saturation AH values must 
be suitably corrected* bofore they nro used for deter 
ruination of hjdrato etoiohoiomotn Furthermore 
this equation dofinos A H at a fixed point, say at 
fixed temperature T, for which tho three phase 
hydrato system is then invariant and for which tho 
hydrate M n HtO, whether stoichoiomotno or non 
stoicheiometno, will have a fixod composition Tho 
AH thus derived for molar transfer of hydrate- 
former will involvo n moles of water characteristic 
of temperature T Tho effect of any dn/dT should 
appear In higher derivatives of AH with T 
In this connoxion experimental work at present in 
progress (to bo published) on two halogonatod 
methanes has definitely shown that (1) Tho chemical 
stoichciometry derived by thermodynamic methods is 
equal to tho ideal crystallographic valuo for these 
M 17HiO hydrates (2) The hydrato heat capacity 
changes are those for dn/dT 0 

Similarly when a complete thermodynamic treat- 
ment, allowing for phaso volume changes, gns irapor 
fectionfl, gas eolubflitj and water saturation, is applied 
to data for mothano hydrate* a formula CH4 6 81H*0 
is found at 0° C , whereas when only tho gas com pros 
eibilit} correction was made tho formula CH4 7 I8H1O 
was obtained* The importance of making all corroc 
tions to the Clapeyron AH cannot bo overs tressod 
particular!} when hydrate saturation pressures greeter 
than ono atmoephoro ore involved, for oxnmplo, for 
argon and methane hydrates 
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It appears therefore that some doubt still ovists ns 
to whether tlio simple gas hydrates, formed m t no- 
component systems, do m fact present largo deviations 
from the ideal stoicheiometry or exhibit significant 
changes of n along the saturation lines, evcopt perhaps 
m the special case when the hydrate-former volnmo 
is near the upper limiting sizo for its lattice cavities, os 
for example ethane, methyl bromide and bromine in 
lattice structure I 

D N Geevv 

Contribution No 21, 

Exploratory Research Laboratory, 

Dow Chemical of Canada, Ltd , 

Samia, Ontario 
May 4 

1 van dcr Wonts, J II , and Plattcouw, J 0 , Mature, 163, 403 (1030) 
Bnrrer, R M thid , 183 403 (1030) 

» v Stnckelberg, 31 , Kaliiricitt , 36, 350 (1019) SchofTer F E C , and 
Moyer, G, rertla g Mad tedtmehap , Amrtmlam, 27, 1101, 1303 
(1010) , 

1 Deaton, \Y 1L, and Frost, E M , Jnn , ‘ Gas Hydrate? and Their 

Relation to tho Operation of Natural Gas Flpo Line?", U S liurenn of 
Mines Monograph, 8, 27 (1040) 

Supercooling of Water Droplets 

As part of a research programme designed to study 
the kinetics of nucleation m solutions of olectrolytes, I 
have made some observations on tho supercooling of 
water droplets m the form of water m oil emulsions 
stabilized by a number of lf/0 emulsifying agents 
The procedure adopted was to disperse the water 
in ‘Nujol’ oil containing about 5 per cent of tlio 
emulsifying agent In this way particles which cata- 
lyse the nucleation of tho water can ho isolated m 
individual droplets, thus reducing their effect to 
negligible proportions Tins method has been 
previously used in the study of the solidification of 
molten metals 1 The emulsions which resulted con- 
tamed a distribution of particle sizes with a sharp 
maximum m the region 2-4 \t Tho solidification of 
tho water w as followed dilatomelrically and indicated 
by a rapid increase m the volume of tho emulsion at 
some well-defined temperature Tho rate of cooling 
in the experiments was ~ 0 15 deg /min 


Table 1 

Nucleation 


Emulsifier 

temperature 
(deg K ) 

Supercooling 
(deg C ) 

0 hnmo 
(ergs cm -*) 

0 

K, 

Lanolfn 

2o7 5 

15 a 

10 5 


4 SO 

Sorblt&n 

mouoleato 

Sorbftan 

201 0 

12 0 

140 

OS 

035 

trioleate 

Sorbitan 

259 5 

13 5 

15 1 

74 

GOO 

ecsquollcatc 

200 0 

13 0 

14 7 

72 

583 

Soyniul A B 

250 5 

13 3 

15 1 

74 

500 


In these experiments much smaller degrees of super- 
cooling were observed than previously reported by 
other workers 2 This I attribute to the formation of 
ice crystals on tho inside surface of tho droplets and 
catalysed by this surface Since it is reasonable to 
suppose that molecules of emulsifying agent adsorbed 
on the droplet surface should not show' any long-range 
order or ‘crystallinity’, this catalytic effect cannot bo 
attributed to epitaxial growth on tho droplet surface 
as is the case with tho seeding of ice crystals by silver 
iodide There is not sufficient evidence to say why 
the ice forms at the surface (heterogeneous nucleation) 
instead of m the bulk of the droplet (homogeneous 
nucleation), but the electrical charges which reside at 
the surface of the droplet and are presumably respon- 
sible to some extent for the stability of the emulsion, 
may also play some part m the catalytic activity of 
the surface 


From tho nucleation theories of Volmer and by 
assuming that the nucleus forms ns a spherical cap on 
the msido of the droplet, I have estimated values for 
tho angle of contoci 0, between tho critical ice nucleus 
and tho surface of tho droplet and also the number of 
molecules K„ m tins critical nucleus (Table 1) 
Values for the mtorfaual onorgics n homo , nro inter- 
polated from tlio results of Jacobi 3 

My thanks aro duo to Ur P Sherman of tho 
Gestelner Co , London, for information concerning tho 
emulsifying agents 

P G Fox 

Department of Chemistry, 

Tlio Uim ersity, 

Bristol 8 
May 16 
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BIOCHEMISTRY 

Extraction of the Total Protein from 
Wheaten Flour in the Form of Soluble 
Derivatives 

Swam 1 has recently developed a method for 
solubilizing keratins which depends on (ho fission of 
cystino disulphide bonds by reaction with cupric and 
sulphito ions, with tlio formation of S-sulpho cysteine 
residues Tho protom when modified in this way 
becomes water-soluble, with ammo-acid residues other 
than cj steme and cystine unchanged Swan’s method 
has been applied bj Pechcro, Dixon, Mnyburv and 
Non mtli 2 to trypsinogen and chvmotrypsmogen, and 
m these cases also the resulting S-sulplio demntives 
were water-soluble 

Wo have found that when Swan’s method is appliod 
to white flour (approximately 70 per cent extraction) 
tho protein is rendih dissohed Most of the starch 
remains ns an insoluble residue w Inch ninv bo separated 
by centrifugation from tho clear solution containing 
the protein derivatives, less than 3 per cent of tlio 
carbohydrate is solubilized with the protein, and this 
includes pentosan materia! Table 1 giving the nitro- 

Tablo 1 

Wheat Manitoba Svenno B^rsce ltvbrU4S 

XItrt>Ri.n In Hour (per 

cent) 2 31 2 47 2 11 1 03 

Nitrogi n In residue 

(percent) 0 03 0 03 0 00 04) t 


10 cm. dclnltcd Hour extracted nt. room temperature lor 1-2 hr ™ 
123 ml ol reagent essentially similar lo that ilestrl!>cd b> brnit 
mixture centrifuged and (bo Insoluble residue washed and cintrmU!®" 
succcsslsclv with o 1 3t nmmonln, water, 1 per cent nettle nrlil, "Otcr 

gen content of the insoluble residue, shows, f° r 
flours derived from different wheats, that tho ext me 
tion of protein is virtually complete 

The solution containing tho protein mnv be freed 
from copper after romoval of excess reagents by 
dialysis against 0 1 M ammonia by dialysis against, 
othjdenedmmmototrancotato m 0 1 M ammonia or 
against 0 1 Ilf hydrochloric acid Tho solubility of tho 
protein derivatives is extromely sensitive to pH Tho 
solutions aro clear at pH 7 5— S 0 but, m tho presonco of 
McHwame’s buffer, precipitation ocours at pH 7 0 
and increases to a maximum at about pH 4 0 
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The proteins m gluten, fresh!} washed out from 
flour, are also solubilized by the Swan process— when 
the material is left m contact with tho reagent over 
night at room temperature Somo of the carbohydrate 
contained in the gluten complex is also dissolved 
Work is proceeding on the separation of the solublo 
carbohydrate from tho soluble protoin derivatives and 
on a comparison of these derivatives from wheats of 
different tvpes 

E E McDermott 
J Pace 

Research Association of British Flour Millers 
Coreale Research Station, St Albans 
July 7 

Sw»n J 1L, \ature 160 04* (IM7) 

* Fertitrr J P Dixon G JL, JUrbcrj- R H h and Vearath, II J 
hiti U3 UW (ltU) 


Interaction of Anti-Staling Agents 
with Starch 

Following an observation that suoroee stearate, 
a compound olaimed to have anti staling activity, pro- 
cipitnted starcli from solution (to bo pubhslied), tho 
study was extended to othor substances known to have 
anti staling properties 

As most known anti -staling agents liavo surface 
activo properties two surfactants were includod in the 
programme — a eulphonatod hydrocarbon ( aaiomo ) and 
cetyl tnmethyl ammonium iodide (cationio) For pur 
|x«sca of comparison, » butanol and thymol (amyloso 
prooipitanta) wore also included 

Tlio following compounds claimed to have anti 
staling activity, were tested sucrose monos tearntc, 
sucrose distearate polyoxyethylone monostoarate 
glyceryl monoetenrate (commorical), glycery 1 mono 
stearate (pure, Myvorol 18 00) and stearoyl tartrate 

Solutions of tho test agents were added to solutions 
of wheat starch to give final concentrations starch 
0 6 per cant, sodium chlondo 0 05 por cent, test agent 
0 005-0 075 per cent (oxcept in tlio case of stearoyl 
tartrato whero tho maximum concentration was 0 03 
per oont due to itB low solubility) Tlio amount of 
precipitate was do term mod turbindimotricnlly 

Butanol thymol and tho two iomo surfactants had 
virtually no precipitating effect m this concentration 
range Among tho anti-stalmg agents only stearoyl 
tartrato showed little precipitating power Tlio most 
effect ho precipitants were sucroso raonostearate 
gly-ccryl monostearato (pure) and pohoxy ethylene 
monostcamto Glyceryl monos teum to (commercial) 
was slightly less effect i\ o and sucrose distcorato much 
less cffoctlvo 

Thcso results show that fivo out of six substances 
with onti staling activity pivo a precipitate with 
starch Wholhor or not tins reaction is n pre requisite 
for all ontt-«taling agents Is not certain, but m any 
event this reaction must change tho characteristics of 
flour products 

Ofelt ti af 1 reported tliat glycerj 1 monos team to 
decreased tho crumb firmness of bread (an anti-fltalmg 
choractenstia) and that glyooryl clmtenrate had no 
euch effoot, nor did It act synergist ically with the 
monostoarate Our results show that glyceryl mono 
stearate (pure) is a more offective prooipitnnt for 
starch than tiro commorcinl material, but only slightly 
so However tho commercial glyceryl jnonoatcamto 
employ od contained about 33 per cent monos teem to 
with tho remainder largely distcorato If there were a 


strict parallel between tho baking and precipitation 
tests, It would bo expected that there would bo a 
greater difference between the two samples of glyceryl 
monostoarate in tho precipitation tests Ofelt ei al* 
also found that tho crumb softening effect decreased 
in the order polyoxyethylene monostearato, glyceryl 
monostoarate, sucrose monostearate hut tho pro 
oipitation tests showed httlo difference between the 
three compounds In addition, Axford and his col 
leagues* have foimd no direct correlation between tho 
amount of precipitate which we have observed with 
starch and tho effectiveness of an anti staling agent m 
bread Thus ono is led to the conclusion that complex 
formation botween known anti staling agents and 
starch must occur m flour products and that it may' 
well explain tho aotion of these agents as bread 
improvers, if this is so, then the effectiveness of such 
an agent m bread must be determined not only by the 
amount of complex formed but also by tho properties 
of that complex, suoh os its permeability to moisture 

Wo are grateful to the Sugar Research Foundation 
for flnanoing this investigation and to Dr D W E 
Axford, of the British Baking Industries Research 
Association for helpful discussion 

E J Bourne 
A I Tiffin 
H WEIGEL 

Royal Holloway College, 

University of London, 

Englefield Green, 

Surrey 
Juno II 

» OMt, O W JJAcAUCrr*, H. il. Lanro Iff E B mJ ftnll F 12 
CVrfWCAnw 35 137 (\M%) 

» Ofelt, C W„ ilchlti»tw V u. JlaelLiitcn 31 M Otoi F IT- and 
S^nUF R GrrnlCMm 35 143 (1033) 

* Axfonl, D w L. (private romnuuikflUoo) 

A New Inhibitor of Serotonin Metabolism 

It has boon postulated tliat a change in ammo 
concentrations m tho brain is causally rolatod to tho 
activity of a drug in tho contra! nervous system. 
In 1040, Mann and Quastol 1 suggested tliat tlio 
central stimulant activity of *Bonzedrmo was rclotod 
to its ability to inhibit tho oxidation of iyTnmino 
by ammo oxidaso Follows and Bornholm 1 observod 
an oxoollont corrolotion betweon the increased motor 
activity in tlio rat and tho inhibition of annno oxidnso 
by a series of aryl 2 amlnopropano derivatives 
Rocontly , Tedoschi tioJ • observed that Sh.F No 385 
2 phony Icyciopropylammo in tho rabbit, domon 
stratod an activity suggestive of taro monoamino 
oxidase inhibition Since this compound was not a 
liydrazme it was docidcd to study its effect on ammo 
oxidase activity 

In vitro ammo oxidnso activity was dotormmod^ * 
by measuring tho rato of disappoaranco of serotonin 
moubatod with rat brain homogenates Adult main 
rats wore killed by oxsanguinntion, tho brums wero 
rapidly romovod, voighod and homogenized m 
2 vohunos of distilled water 1 mi of brain homo 
gonato was added to 300 pgm of serotonin in pho« 
phato buffor and tho mixture incubated for 00 min 
at 37° C Optimal substruto concentration was 
dotormmed to bo 300 pgm., and serotonin d i Nippon r 
on co was found to bo linear botween 15 and 00 mm 
A 15 mm proineubaiion of tho drug with tho rat 
brain homogonato, prior to tho addition of substrate 
was utilizod to obtain maximal inhibition Serotonin 
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Fig 1 Llnowcavcr-Burk (ref 7) plot of tho cfTcct of SKF -No 
386 and 'Iproniazid' on tho rate of disappearance ofeerotonln 
Incubated with rat brain homogenate 

was'isolatod and determined colomnotrically by tbo 
method of Udonfriond cl al 0 

The offoetivonoss of SKF No 385, 2-phonylcycZo- 
propylammo, ‘Doxedrino’, 2-phonyl tsopropylammo, 
and ‘Iproniazid’, l-isomcotmyl-2-isopropjdhydrazino, 
on the disappearance of sorotonin was dotemunod 
over a wide rango of drug concentration 

A sigmoid-shaped cur\ T e was obtainod by plottmg 
per cent inhibition against drug concentration, sero- 
tonin disappearance being inhibited 50 por cent by 
SKF No 385 at 2 8 y 10 -0 Af, by ‘Doxedrino’ at 
7 x lO -1 M and by ‘Iproniazid’ at 7 x 10'* M 
Substrate concentration was then variod and a 
Lmewcaver and Burk 7 plot of tho results suggested 
that SKF No 385 was a non-compotitivo inhibitor 
(Fig 1) 

To determine thoir in vivo inhibitory activity 
these compounds were admimstorod to tho rat and 
the serotonin content of whole brain was doterminod 
spectrofluorometrically by tho mothod of Bogdanski 
el al* 

‘Iproniazid’, administered intraporitonoally at doses 
of 25-100 mgm /kgm , mcroasod tho rat brain sero- 
tonin content 30 and GO por cent, respectively, above 
control animals Howovor, admimstorod orally for 
comparison with SKF No 386-A, ‘Ipromazid’ was 
found to have little effect on brain serotonin content 
(Table 1) SKF No 385-A was activo orally at 
doses of 2 6 mgm /kgm , G5 per cent increaso, but 
tho maximal response obtainod at 10 mgm /kgm 
(Table 1) was unchanged at doses up to GO mgm / 
kgm ‘Dexedrine’, m vivo, had no effect on tho levol 
of serotonin in whole brain. Therefore, it would 


Table 1 Effect of Bat Brain Serotonin of 'Iproniazid' and 
SKF No 866 -j4, administered Orally 


Serotonin, /igm./gm of brain 

Time 

(min.) ‘Iproniazid’ SKF No 385-A 

400 mgm /kgm 10 rogm./kgta 


0 

0 53 (6)» 

so 

0 51 (2) 

00 

. 

120 

0 60 (2) 

180 

0 06 (0) 

240 

0 80 (2) 

300 

0 05 (2) 


0 48 (10) 
0 70 (4) 
0 74 (3) 

0 80 (4) 

1 08 (10) 
0 85 (4) 


* The figures In brackets are the number of anlmalB killed to obtain 
the average serotonin content recorded 


appear that, in agreement with Vogt 0 , tho oxcitatory 
reactions following tho administration of ‘Doxedrino’ 
are not duo to an accumulation of serotonin in tho 
bra m 

Tho results obtainod with ‘Ipi omazid’ aro in ngroo 
mont with Zollor and Barsky 10 , Seliayor 11 and 
Sjoordsma cl al *, wlio have roporlod on tbo in vitro 
and tn vivo inhibition of monoamino oxndaso by 
‘Ipromazid’ Howovor, tlio far greater inhibitory act- 
ivity of SKF No 385, a non -hydrazine compound, 
both in i tiro and in vivo, opons a wholo now area of 
search for pharmacologically activo stimulant drugs 

Alfred R Maass 
Mary Jane Nisuio 
Rosoarcli and Dovolopmont Division, 

Smith Klmo and French Laboratories, 

Philadelphia I 
May 5 
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Infra-Red Spectra of Carbohydrate Sulphate 
Esters 

In recent years considerable interest lias been 
expressed in tho uso of infra-red spectroscopy m 
studies on tbo location of tbo ester sulphato group m 
tbo isomeric cliondroilin sulphuric acids, A , B and 0 
Although Orr’s 1 original assignment of bonds in 
tho 700-1,000 cm -1 region of spectra of sulpliated 
mucopolysaccharides lias been criticized 2 , his views 
have recently recoived furtlior support from the work 
of Mathew s 3 , nnd Moyer and co authors' 1 

Accumulated ovidcnco from studies of tlio infra red 
spectra of cliondroilin sulplmto isomors indicates that 
apart from a band of strong intensity at 1,240 cm' 1 
which is associated with tho S-0 stretching vibration, 
displacement of bands in tbo 800-850 cm -1 region, 
attributed to vibrational modes involving strotching 
in tbo C-O-S system can bo associated with tho 
spatial distribution of sulphate groups on tbo hoxo 
samino moioties Observations 1-4 of tho presence of 
tho characteristic band at 820 cm _1 m chondroitw 
sulphate G, nnd at 850 cm -1 in cliondroitin sulphates 
A and B, and tho disappearance of theso bands 
following chomical dcsulphalion 5 , liavo been repeated 
m tho Cardiff laboratories Moroovor, porsistenco of 
tho 850 cm -1 band m tho spectrum of N-ncotylchon- 
drosm sulphate isolated from cbondroitin sulphate A 
after enzymic hydrolysis 0 has also boon notod 

The development of methods for tho definitive 
synthesis of hoxoso and hoxosammo monosulphato 
esters 7 has now provided another approach to this 
problem Sulpbation of glucose, galactose, and 
N-acetylglucosamino to yield the corresponding 
monosaccharide- G-0 -sulphate esters is accompanied 
by tbo appearance in tho infra-red of now bands at 
1,240 cm -1 and 820 cm -1 Preparations of N-ocotyl- 
galaotosamine monosulphate 7 , tbo structure of winch 
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has still not been established with certainty, also 
exhibit these characteristic absorption frequencies 
On the basis of these observations the association 
of the 820 cm - 1 band with the 0 O sulphate position 
in the monoeulphate estert of glucose galactose and 
N acetylglucosamme may be postulated- By analogy, 
the location of the sulphate group on position 0 of 
N acetylgalactosamine monosulphate for which some 
prel im inary evidence has already been obtained 7 , may 
also be proposed Evidence supporting these views 
may be derived from the fact that cerebrpn sulphate 
in which the sulphate group has been assigned to 
position 0 of the galactose moiety 8 , also exhibits the 
820 cm - 1 band Consequently, the proposed correla- 
tion between tho 820 cm ~ l band of ohondroitm sul 
phate O, and substitution of the 6 (equatorial) position 
of golactoaaraine residues in this polymer is well 
supported 

The establishment of the sulphate group on the 
4 (axial) position of galaotoeammo m ohondroitm 
sulphate S by methylation studies*, supports the 
assignment of the 850 cm." 1 band to sulphation of 
position 4 of the hoxosamino moiety of this compound, 
and by analogy, of ohondroitm sulphate A Additional 
evidence m favour of tlieso postulates is obtained from 
the appearance of the 850 cm -1 band in spectra of 
Clumdrus ocdlatus mucilage polysaccharide (gift from 
Prof T Mon), and carragoenm (gift from Dr F A 
Rose), in which the sulphate group has been estob 
lished as being on position 4 of galactose by methyla 
tion studies 10 

Tins work has been supported m part by a grant and 
Fellowship to A G Lloyd from the Empire Rheum a 
tism Council and in part., by a grant (A 1082) to 
K 8 Dodgson from the Arthritis and Metabolic 
Diseases Division of the V 8 Public Health Service 
A more complete account of theeo and other obsorva 
tions is in the course of preparation 

A G Lloyd 
K S Dodoson 

Department of Biochemistry, 

University College, 

Newport Road, 

Cardiff 
June 29 
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Interference by Azide with Diazotization 
Procedures used In Biological Assay Systems 

When sodium undo (5 X Kb* M) was added as an 
inhibitor of mtro roductaeo activity of a Nocardxa sp 
using p-dlnitrobonxono os substrato wo wore unablo to 
dotect the formation of p nitroomline by moons of a 
diazotization assay 1 although tlio appeoranco of a 
yellow colour indicated its formation However, 
after extracting tho reaction mixture with ether it 
was possiblo to show oloctrophoroticnlly tho presence 
of p in troani lino m tho ether extract and that sodrum 
ozido at tho above concentration has no inhibitory 
effect on tbo nitro reductase system 


We later studied the effect of sodium azide on the 
p nrtroanihne assay system using known concen 
trations of orylamme compounds To a sones of 
15 ml centrifuge tubes containing 10 pgm. of either 
p ominobenxoio acid or p nitroamline, plus various 
concentrations of sodium azide m a total volume of 
2 ml of distilled wot or were added at room tom 
perature 0 6 ml N hydrochloric acid and 0 25 ml 
aqueous sodium nitrite (0 1 per cent w/v) After 
6 mm 0 25 ml ammonium auJphamate (0 5 per cent 
w/v ) was added and thoroughly mix od Three 

minutes later 0 25 ml of N (1 naphthyl )-othylonedi 
amine hydrochloride (0 1 per cent w/v ) was added 
After 30 min. at room temperature the optical density 
of the solution was estimated at 540 mji using th6 
Beckman model DU spectrophotometer The results 
(Tablo 1) demonstrate a markod inhibitory effect 
of sodium axido on tho diazotization reaction 


Tablo l Ettect or bodiux Adds ox Duionunoir Paicno^j 


Concentration 
of aodlum 
szldo added 
(AT) 

Colour form 
p Amlnobeniolc add 

atlon with 

p-Mtroanlllno 

Optical 
density 
at 640 ny< 

Inhibition 

(percent) 

Optical 
denally 
at 640 mp 

Inhibition 
(per cent) 

None 

1-030 


1-200 


l x icr‘ 

1-030 


1 176 

2 

fixir* 

0-824 

20 

0 804 

33 

1 x 10*» 

0 402 

Cl 

0 372 

(59 

6 x ltr* 

0-082 

02 

0 010 

IDO 

l x io-* 

0-010 

100 

0-010 

100 


Sodium oxide has boon reported by many workers t6 
inhibit the activities of several enxymo systems (mtrato 
and nitnte reductases mtroothano oxidase, orgaiuo 
nitrate reductase and mtroaryl reductnsos, among 
others) in which tho diazotization reaction was usoa 
to determine tho extent of tho reaction In tho light 
of the findings reported hero it might bo of interest 
to roinveetigate tho offect of sodium oxide on those 
enxymo systems 

J R Va-LANUHVA 

M.R 0 Unit for Chemical Microbiology, 

Department of Biochemistry 
University of Cambridge 

1 Olazco, A J Woir L. 1L and Dill W A ArrA Bwelem 23 411 
( 1010 ) 


Immunochemical Studies of Polypeptidyl 
Proteins and Synthetic Polypeptides 

The polymerization of N-carboxyninino acid onhy 
dndcs* has made available synthotic polypeptides of 
high molecular weights which consist of o single 
polypeptide chain containing ono typo of ammo acid 
residue copolymers of two or more different ammo 
acids or multichain polypeptides Tho molecular 
weights and some chemical and physical properties are 
similar to those of proteins 

It is also possiblo to link chemically synthetic 
polypeptides to protein molecules by initiating 
polymerization of N carboxyamuio-acid anhydrides 
with proteins 5 yioldmg modified or polypeptidyl 
proteins which arc chemically very similar to tho native 
protein Because tho antigenic character of protoms 
may be associated with their polypeptide structure 
wo have studied tho immunological properties of 
polypeptidyl proteins and synthetic polypeptide* 3 4 
Preparations of bovino serum albumin modified by 
the addition of peptides of glutamic acid lysino 
leucine, or pheny lnlanino 5 were strong! v antigenic In 
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rabbits Precipitin reactions were obtained between 
antisera to each polypeptidyl bovine albumin and a 
similarly modified rabbit scrum albumin or unmodi- 
fied bovine albumin, indicating the presence of anti- 
bodies specific for each of the added peptides and for 
the carrier protein The antisera to the polyleucvl and 
polyplienylalanyl bovine albumins were able to pre 
cipitate the homologous antigen after absorption with 
a similarly ntodifiod rabbit serum albumin and the un- 
modified bovine serum albumin, suggesting that a third 
type of antibody had been formed which required the 
added peptide and a part of the carrier protein 

Similarly modified rabbit albumins- were also 
antigenic in rabbits Their antisera gave precipitin 
reactions with the correspondingly modified bovine 
albumins Absorption experiments show cd somo anti- 
bodies were formed to the polyleucy'l and polyphonyl- 
alanyl rabbit albumins which wore specific for the 
modification and others which required the added 
polypeptide and a part of the carrier protein 

Antisera to the polypoptidvl proteins cross reacted 
with several purified protem preparations with which 
antiserum to the unmodified bovine albumin did not 
The modification of the bov me albumin w ith the 
various polypeptides reducod tlio amount of antibody 
precipitated by the polypeptidyl albumin from an 
antiserum against unmodified albumin 

Twenty-five different synthetic polypoptide prepar- 
ations, not linked to a carrier protein, were tested for 
antigenicity in rabbits Linear polypeptides studied 
were a series of acidic polyglutamic acids of mo- 
lecular weights of about 1,200-80,000, two basic 
polylysine preparations, polyleucine and polyphcnyl- 
alanme — neutral polypeptides insoluble in water, 
polyproline — neutral and water-soluble, and several 
copolypoptides of two different amino acids A 
complex multichain polypeptide of glutamyl, leucyl, 
glycyl, and lysyl residues w as also studied 

Only one of the polyglutamic acids and the multi- 
chain polypeptide were sufficiently antigenic to causo 
the formation of antibody' litres high enough to give 
definite zones of precipitation in agar diffusion tests 
and to measure by quantiativo procipitin methods 
The antibodies formed did not precipitate with the 
homologous synthetic polypeptido, but cross-reacted 
with related polypeptidyl albumins and certain 
purified protein preparations Antisera against a few 
other synthetic polypeptides gave w eak, questionable 
precipitin tests The antisera to tho polyglutamic 
acid and multi-chain polypeptide produced weak 
anaphydactic reactions in guinea pigs challenged with 
the homologous or a simlar synthetic polypeptide and 
moderate to fatal anaphylactic shock in guinea pigs 
challenged with polyglutamyl bovine albumin or 
unmodified bovine albumin 

Tlie synthetic polypeptides did not inhibit precipitin 
or anaphydactic reactions between their antisera and 
cros8-reactmg proteins or between antisera to simi- 
larly modified proteins and their homologous antigens 
The reaction between modified rabbit proteins and 
antibodies to modified proteins were more easily 
inhibited by high salt concentrations than precipitins 
of unmodified proteins A few polyglutamic acid 
preparations, which gave no precipitate with their 
antisera m physiological saline, gave specific precipi- 
tates when the ionic strength was lowered to 0 05, 
suggesting that ions react with the highly polar 
polypeptide to prevent precipitin formation The 
"high charge of the soluble synthetic polypeptides may 
hinder the formation of a stable combination betw een 
the polar antigen and antibody as compared to 


proteins and so block precipitation or inhibition 
reactions and reduces antigenicity 

Wo conclude that a few of tlie synthetic polypeptides 
studied incited antibody formal ion in rabbits The 
poly'pcptidcs coupled to hovme or rabbit albumin 4 
vi ere all antigenic Tho precipitin reaction of highly 
polar, synthetic, soluble polypeptides and their 
antisera w ns weak and moro sensitive to ionic strength 
than reactions of protem antigens Antisera to some 
synthetic poly'pcptidcs cross-reacted with certain 
purified proteins Tho structural requirements for 
tho antigenicity of synthetic polypeptides, like that of 
proteins, is not yot understood Continued study of 
tho immunochemical properties of the model synthetic 
polypeptides and polypeptidyl proteins, may con- 
tribute to our understanding of tlie structural basis for 
antigenicity' and of antibody -protein reactions 
Further details will bo published elsewhere 

M A Rtahmaxn 
D J Buchanan’-Dav insox 

Department of Biochemistry', 

University' of Wisconsin, 

Madison C, Wisconsin 

C Lavresi a 
P Grabar 

Service de Chimio Microlncnne, 

Institut Pasteur, 

Paris, 

June 4 
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Occurrence and Quantitative Determination 
of 2-DimethyIaminoethanol in Animal 
Tissue Extracts 

Recently tho function of 2 -dimotliy'lonunocthanol 
(Dcanol) m tho biosynthesis of choline nnd its rolo ns a 
possible precursor of cerebral acotylcliolme 1 has 
intensified interest m this substance Lovine and 
Chargaff 2 could not find it in phosphohpidcs Artom 
nnd Crow dor 3 claimed tho occasional occurrence of 
traces of it m rat liver Recently Wolf nnd Nyc 4 
reported that they were able to isolate it from a 
mutant stram (47904) of Ncurospora crassa, which 
accumulates this substance In a preliminary paper, 
Venkntnraman and Greenberg 5 show cd on tlio basis of 
chromatographic evidence, that incubation of a rat 
liver extract with aminoetlinnol nnd formaldehyde 
yielded mothydated intermediates of choline To 
clarify' tho question of tho natural occurronco of 
2-dimothylaminocthanol in animal tissue a method 
wqb developed for tho isolation, characterization and 
quantitative determination of small amounts of this 
substance m tho presence of other amines 

For the separation of bound and unbound amines the 
tiasuo was homogenized in 80 per cent ethanol, 
adjusted to a pH of 2—3 with concentrated hydro 
chloric acid and centrifuged Tins extraction was 
repeated 3-4 times The othonohe extract contained 
the unbound amines, whereas tlio bound amines 
remained in the precipitate In order to obtain the 
volatile components of unbound amines, tho supor- 
nate was concentrated in vacuo (water bath tempera- 
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turo 40-50° C ), saturated with bonum hydroxide and 
subjooted to a fractional steam distillation tn vacuo 
(15-25 mm mercury) under nitrogen Four different 
Fractions (F 1-4) were collected in 1 ^ hydrochlono 
aoid at increasing water bath temperatures (FI 
14-10° C 90 mm F2 19-36° C 10-15 mm, F3 
36-55° C 60-75 mm, F4 65-60° C 60-76 nun ) The 
excess hydrochlono acid was removed under reduced 
pressure To liberate the bound aminos, the residue 
from the steam distillation and the othanol insoluble 
precipitate were refluxed for 6 hr m a saturated 
banum hydroxide solution This hydrolysate was 
subjected to on extraction with 80 per cent ethanol at 
pH 2, or to a preliminary steam distillation tn vacuo 
under nitrogen and the volatile amines collected m 
1 N hydrochlono acid The orude amine mixture was 
then fractionated by the procedure described for the 
unbound amines (fractions FH 1-4) The fractional 
steam distillation served to separate amines like 
ammonia and methylanuno, which occur in relatively 
largo quantities, from the other tissue amines The 
mam amount of 2-dixnethylammoethonol appeared in 
fractions F 3 and FH 3 whereas most of the ammonia 
and methylamine came off in F 1 and FH 1 and 2 
The separation of the small amounts of 2-dimethyl 
aminoethanol found m tissues from the amines and 
ammoaloohols, which aro usually present in much 
larger quantities, is rather difficult Paper-electro 
phoresis and paper-chromatography are not entirely 
satisfactory since these aminos have similar migration 
properties in these systems These mothods are useful 
for the further characterization of the aminos after 
rocovory from the separation by gns phase -chroma 
tography Tho electrophoresis was earned out on 
Whatman paper Ho 1 (57 X 16 cm buffer content 
130-160 per cent) in 1/10 M citno acid buffer pH 
3 8 at 1000 volts (12 m.arap ) for 90 min The 
ascending chromatogram was developed overnight on 
Whatman paper No 1 (18 X 38) impregnated with 
the citno acici buffer The solvent mixture butanol 
ethanol water acidic acid •= 8i4 3 1 was used The 
detection of the amines on paper is limited by the 
sensitivity of the dyo reaction Under the best 
experimental conditions 15-20 pgm of 2 -dimethyl 
aminoethanol could bo detected with potassium 
bismuth iodide The optimal results were obtained by 
gas phase chromatography For tho separation of the 
individual components of the ammo mixtures by this 
technique the amine hydrochlorides wore converted 
to tho free ammo form by treatment with 1 per cent 
metlmnolio sodium hydroxido and this solution was 
injected into the following gns phase- chromatography 
system the support, ‘Cliromosorb’ (Johns Mnnvillo, 
mesh size 30-60) p re treated with 5 per cent mothanollo 
sodium hydroxide was mixed with the stationary 
phase ‘Carbowav 20 M , 24-26 weight por cent dis 
solved m methanol acetone (3 1) This mixture was 
stirred until drv and packed m a 6 ft- column winch 
was put in a Wilkons aerograph instrument Helium, 
00 ml /min wna used as camor gas, and the tempera 
turo was kept nt about 126* C 
Fig l shows tho clear resolution of a teat mixture 
containing 1-dimothvlamino 2 propanol 2-dimethyl 
amionoethanol, 2 aiethy 1 ami noethanol, 2 raothyl 
aramocthanol, 2-ammoothanol and phonylo thy 1 amino 
The quantity of 2-dimothylnrainoethanol was dotor 
mined from tho peak area on the gas -chromatogram 
(peak height X half width) as suggested by Cremer 9 
1* com known amounts of pure 2 -dimethyl ammo othanol 
solutions a standard curve was drawn and used in tho 
quantitative estimation of this substance in natural 


sources The error of the quantitative estimation 
ranged from 1-2 per cent (with quantities above 20 
pgm ) to 10 per cent (with quantities less than 20 pg) 
The smallest amount of 2-djmethylaminoothanol 
detectable (with the thermoconduotivity cell filament 
current 250 m.amp and a 1 mV Bristol recorder full 
sensitivity) was 0 1-0 5 pgm 



FIr. 1 0**-chrtniuto<rram of t**t mixture Md Umm utrnet# 

J t«t mixture, II HU human brain III, F3 phi 1 rain, 1\ Fi lilmoc 
ro« r<*k I l-dhnrthyUmIno-2 propoixd, prak 2, £-d!ro*<hylamh»o- 
eth*i>oI. 3 2 -d kthyUm loort hano 1, pc*k 1, X mdhvUmltKJ- 
ethuwl, peak 5 J-«mlooc tinned, j*Wk 8, pbenytohyUmtoe 

The procedure for tho quantitative isolation of 
2 dimethyl aminoethanol was checked for accuracy ns 
follows to 13 6 gm salmon roe 1 mgm of 1 2 C u 
labelled 2-duoethy r laminoothanol was added After 
completion of tho isolation for bound and unbound 
2 dimethylaminoethanol on aliquot of the amine 
extract equivalent to 1 pgm of added 2 dimoth\l 
aminoethanol was injected into the gns -chromatograph, 
the collected poak contained 90 per cent of tho 
expcctod radioactivity 

Tissue extracts from about 1 kgm of human brain 
pig brain and salmon roe were prepared, and tho 
amounts of 2 -dimethylaminoethanol determined in the 
manner described (see peek 2 In Fig 1) In the cose of 
salmon roe, which is relatively rich in 2-diraethyl 
mlnoethnnol the peak corresponding to this sub 
stance was collected at tho outlot of tho gas chrotnato 
graph and further characterized by paper -cl cctrophot 
eels (migration \ aluo 0 04 where glyxmo has a migra 
tton value of 0 and mothy lomino a migration \ alue of 
1 0) and paper chromatography'' (Ff value 0 27) It 
was shown that tho peak has tho same migration 
properties and the same dyo reaction m both systems 
as pure 2-dimothylaminoothanol 

The quantities of 2-dimetliy lammoothnnol found 
in theso tissues were as follows in salmon roc 260 
ugm /kgm unbound and 1002 ggm /kgm hound in 
human brain 5 1 pgra /kgm unbound and 76 4 pgm./ 
kgm bound, and m pig brain 173 pgm /kgm unbound 
and 73 5 pgiru/kgm bound 

We are indebted to Dr Cari C Pfeiffer for bur 
gesting tho problem Tlic study was supported in 
part b\ grant 3f 876 Mental Health Institute 
National Institutes of Hoolth, U.S Public Health 
Service and by grants from the Oeachicktcr Fund for 
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Tropolone Biosynthesis: 
the Enzymatic Decarboxylation of 
Stipitatonic and Puberulonic Acids 

Isotope tracer studies havo established an impor- 
tant role for acetate and formate m the biosynthesis of 
stipitatic acid (G-hydroxytropolone-4-carboxyhc acid) 
by Pemcilhnm slxpilatum and it is probable 1 that the 
C? tropolone ring is not formed by rmg expansion from 
known C« structures as proposed by Seshadn 2 . 
Seshadri also suggested G-hydroxytropolone-3,4-dicar- 
boxyhc acid as the immediate precursor of stipitatic 
acid This possibility seomod likoly sinco other 
Ptnxctlhum species yielded the compounds puberuho 
and puberulonic acids 3 which are now known to bo 
6,7-dihydroxytropolone-4-carboxylic acid and tho 
anhydride of G,7-dihydroxytropolone-3,4-dicarboxylic 
acid, respectively 4 Recently Segal 5 isolated from P 
alxpxiatuxn cultures an anhydride, stipitatonic acid, 
originally beheved to be tho G-hydroxytropolono-3,4- 
dicarboxyhc acid proposed by Seshadri, but now 
established as the 4,5 isomer® Although puberulonic 
acid is usually written as indicated above, it seems 
reasonable to suppose that any adjacent pair of the 
four oxygen functions may form the tropolone function 
and it may equally be regarded as 3,4 dihydroxytro- 
polone-5,0-dicarboxyhc acid, or analogous to stipita- 
tonic acid, as 3,7-dihydroxytropolone-4,5-dicorboxyhc 
acid 

In tho hght of these structural considerations it 
seemed possible that the final stage of tho Seshadn 
hypothesis might be correct m principle, but that the 
precursors of the tropolone monocarboxyhc acids 
were the 4,5- rather than the 3,4-dicarboxylic acids 
We have therefore investigated the enzymatic de- 
carboxylation of both stipitatonic and puberulonic 
acids 

The enzyme preparations were obtained from P 
siipxiatum NRRL 2104 cultures grown m 1-litre 
Erlenmoyer flasks on 200 ml of Czapek-Dox medium 
supplemented with 0 1 per cent yeast extract and 0 3 
per cent com steep liquor On the eighth or ninth day 
after inoculation the mycelial pad was ground with 
glass beads and 0 1 HI phosphate buffer, pH 5 8, 
(about 7 ml per culture) essentially as described for 
cw-acorutic aoid decarboxylase by Bentley and 
Thiesson 7 The paste obtained by this treatment was 
centrifuged with an additional portion of the buffer at 
I860 g for 25 mm to remove the powdered glass and cell 
debris The cloudy supernatant was further centri- 


fuged at 24,500 g for 30 mm and tho resultant super- 
natant filtered through a rapid paper Tho preparation 
was used as such or could bo dialysed for a short timo 
against cold, distilled water without loss of activity A 
typical preparation was a pnlo yellow opalescent 
solution at about pH G and contained 5 0-5 5mgm /ml 
of protein 

Tho dccarboxylaso activity was measured mono 
motricnlly by observing tho ovolution of carbon 
dioxido at 37° with stipitatonic acid as substrate Tho 
stipitatonic acid solution (8-10 [xmoles/O 4 ml), 
prepared by dissolving tho anhydndo in 01 Jlf 
phosphate buffer, pH 7 5, with warming, was added 
from tho sido arm after equilibration Tho proper 
ntions showed a small and variablo oxygon uptake in 
tho nbsonco of substrate and all oxporimonts wero 
corrected for this Tho dccarboxylaso was active oter 
a broad pH range with a maximum at about pH G G 
However, assays wero usually run at a slightly lower 
flask pH (about G 0-G 2) so that ovolution of carbon 
dioxide could bo followed manomotncally with 
appropriate corrections for retention of carbon di 
oxide Under tlieso conditions a linear production 
of carbon dioxido was obtained for DO mm, cor 
responding to about 1 4 pi carbon dioxido/min /ml 
onzymo preparation 

A stoichiomotnc relationship botween stipitatonic 
acid removed, nnd carbon dioxido and stipitatic 
acid formed was established in tho following manner 
On incubation of 1 ml of onzymo solution with 8 6 
pmolos of stipitatonic acid, 0 25 pmoles of carbon 
dioxido wore produced after 102 mm Tho flask con- 
tents w oro heated m a boiling w alcr bath for 5 mm and 
n protein-free filtrnto propnred Tho stipitatonic acid 
remaining was found to bo 2 2 pmoles (Tho stipita- 
tonic acul used ns substrate in tbeso experiments was 
extracted from P etipitaltim cultures by a method 
developed m this laboratory Tho determin- 
ation of stipitatonic acid was carried out by a 
spectrophotofluoromotnc method Details of theso 
procedures will bo published separately) Stipitatic 
acid formed w as determined to bo 0 3 pmoles by 
measuring tho optical donsity of an aliquot at 275 mp 
at pH. 7 and correcting for that duo to tho stipitatonic 
acid remaining ns previously determined All values 
were corrected by uso of a blank treated identically but 
containing no stipitatonic acid as substrate With a 
boiled enzymo preparation and stipitatonic acid, no 
carbon dioxido was produced nnd tho stipitatonic 
acid added was recovered 

Magnesium, zinc and manganoso divalent ions added 
as tho chlorides at a concentration of lO -4 HI and 
cystemo, 10* 3 M, wore without effect on tho decar- 
boxylase activity wdiilo morcurio chloride, 10' 6 M. 
and 10 -4 HI, caused 25 por cent and G5 per cent 
inhibition, respectively 

Tho enzymo preparations, ns well ns docarboxy- 
lating stipitatonic acid, showed considerable decor- 
boxylatmg activity towards a crudo mixture of 
puberulic nnd puberulonic acids Since thoro was no 
decarboxylation of pure puberuho acid, this must bo 
presumed to represent a decarboxylation of tho 
puberulonic component Puberulic and puborulonio 
acids are not normal metabolites of P shpxtatum and it 
is not yet known whothor tho two decarboxylation 
activities are associated with tho samo enzymo 
Work to purify the crude enzymo preparation and to 
characterize it further is now m progress 

It seems most likely that the pairs stipitatonic acid 
— stipitatic acid and puberulonic acid — puborulio 
acid are related biochemically through tho action of 
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tho tropolone dicarboxyho acid decarboxylase des 
oribcd here Unless fixation of carbon dioxide is 
involved in formation of the carboxyl groups and the 
previous isotope data do not support this possibility 1 
it is clear that tho precursors of etipitatoruo and 
pub oru Ionic acids must at least bo C» compounds 
This work was supported by a grant from the 
National Scienco Foundation (0 2064) which is 
gratofully acknowledged The P sHpitaium oulturo 
was kindly supplied by Dr 0 W Hesseltme of the 
Northern Utilization Research and Development 
Division of the United States Agricultural Research 
Service We are very grateful to Prof J H Birkm 
ahaw for a reference sample of stipitatonic acid and 
for the mixture of puberuho and puberulonic acida 

Ronald Bentley 
Clara. P Tgiesskn 

Department of Bioohemistry and Nutrition, 

Graduate School of Pubho Health, 

University of Pittsburgh, 

Pittsburgh 13, Pa. 
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Action of Ribonuclease on Nerve Axoplasm 
as Demonstrated by Silver Staining 

It was observed that crystalline ribonuolease 
selectively prevented demonstration of nerve axo 
plasm by a simple silver method reported elsewhore 1 
The tissue was treated with 0*01 per cent cystallm© 
ribonucloaao m distilled water at 00° C for 1 hour 
Ribonuolease was also obeervod to prevent axon 
s taming aa well os to alter the staining capacity of 
tho Nias l substance and nucleoli of tho spinal cord 
when the Bodian and toluidme blue mothods were 
used 

Two lots of crystalline ribonucleaso were used 
The results wore similar in tho two instances Both 
lots of onzymo had given negative reactions to stan 
dard tests for proteolytic activity In addition, tho 
enzyme was treated with ammonium sulphate heated 
at 100° 0 after the procedure suggested by Swift’, 
without chango in tho results obtained 

A senes of inhibitors of the activity of ribonuolcaso 
was utilized Sodium ohlonde magnesium chi on do 
copper sulphate phcnylisocj anate and penodato, in 
concentrations published as inhibiting agents for 
ribonucleaso, allowed silver staining of tho axoplasm to 
occur Control sections treated at 00° 0 for an hour 
with nbonuoloase alono showed no staining 

Extraction of formalin fixed nervo tissuo with 
10 per cent perchloric acid for periods up to 24 hours 
did not chango tbo stain Extraction of Bourn fixed 
material with trichloracetic acid at 90° C for 30-00 
minutes did remove the stain mg capacity of axoplasm 
Tho nature of the substance that permits silver 
staining of norvo tissuo is not known Tho action of 
ribonucleaso points towards a nuclooprotom basis for 
staining Punno and pynmidmo bases may bind silver 
as Been in tho methods for urates Silver punno* com 


pounds are used in the isolation and analysis of 
nucleic acid Tho relation of formalin fixation to 
ribonuolease activity and other related problems are 
under investigation. 

R K WlNKELUANN 

Section of Dermatology 

Robert W Schmtt 
Section of Patbologio Anatomy 
Mayo Cl in i o and Mayo Foundation, 
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ANIMAL PHYSIOLOGY 

Active Transport of Uric Acid Through the 
Human Erythrocyte Membrane 

Active Transport of Uric Acid Through the Human 
Erythrocyte Membrane 

In connexion with determinations of the uric aoid 
pool in man by means of labelled unc acid it has been 
repeatedly observed that it takes several hours before 
the injooted uric noid reach os oquifibnum in tho t-otal 
volume of distribution This indicates that the cell 
membranes bavo a limited permeability to unc a end. 
It is known 1 , 1 that uno acid is ablo to penotrato tho 
erythrocyte mombrano of man The ratio botwoen 
unoacid/1 of red blood colls and unc acid/1 of plasma* 
is 0 05 The oxtrn and intracellular concentrations 
of uno acid m the water pbaso are nearly tho samo 
when correction is mado for tho Gibbs Dcmnan 
effoefc 

We ha\o now boon able to demonstrate, that a 
part of the transport of uno acid into human orytbro 
oytes is inhibited by hypoxanthine These results, 
together with results from oxponmenta employing 
variations m temperature, indicate that tho system 
responsible for the transport of unc acid through tho 
human erythrocyto mombrano lias two components 
Furthermore, experiments earned out at different 
pH values, suggest that tho unc aoid crosses the 
erythrocyte mombrano in its undlssociated form 

Fresh hopnrmized blood was wnshod throe times 
with isotonic phosphate buffor (0 II iff), pH 7 0 
(unless otherwise indicated) Tho buffor contained 
1 gm of ^luooso per litre, and tho samo uno acid 
concentration os tho original plasma to avoid fiuctunt 
tions in tho intracellular concentration of uno 
acid After washing the red blood colls wore bub 
pended in tbo buffor with or without addition of 
hypoxanthine, to givo a final hmmntocnt of 50-00 
por cent After 15 min equilibration at 23* C (unloss 
otherwise stated) and shaking I [ic. of uric acid 8 ,4 C 
(2*4 pc /p-M) was added at zoro limo Tho flasks 
contained a total volumo of 24 ml each At different 
time intervals, samples wore taken, and tho colls 
removed by contnfugation in the cold at 0,000(7 
Tho supernatant was measured for radioaotiv ity, and 
from the decline in specific activity with time, tho 
velocity of unc acid exchango was calculated 

Fig 1 shows uno acid oxchango as a function of 
hypoxanthine concentration It can be soon that by 
increasing hypo xnn thin o concentrations tho urio 
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acid exchange decreases until 20 per cont of the control 
value is reached From this point, increase in hypo- 
xanthme concentration will give no additional 
inhibition At hypoxantlnne concentrations giving 
maximal inhibition, there is still a considorablo 
exchange, thus indicating two mechanisms for uric 
acid transport one sensitive to hypoxantlnne, and 
another which accounts for the remaining transport 
at maximal hypoxantlnne inhibition 

In order to obtain a further description of the two 
components of the transport system, wo liavo investi- 
gated uric acid exchange under variations in pH and 
m temperature 



o 2 4 

Equilibrium cone hypoxnnthlnc 
(null) 


Fig 1 Inhibitor action of hypoxnnthlno on uric acid exchango 
In human red blood cells 

Table 1 umc Acid Ekciianoe in Human Iitoon Kra Cells 

SUSPENDED IN ISOTONIC I’HOSPIIATE BUFFFIt VT DIFTEKFNT pH 

\ ALUES 

Calculated lmlf-tlme Uric acid cxcliangc Uudlssoclated 
pH for supernatant (pjll/lir /I uric ncld (pAf/1 ) 

rndioactlvltj (min ) red blood cells) (supernatant) 

7 15 13 9 273 3 33 

7 68 32 5 110 1 55 

Uric ncld concentration 187 pAf/1 of supernatant Temperature 
22’ C Htcmntokrlt 00 per cent 


Table 2 Influence of temperature on Uric Acid Exciunof in 
Human Red Blood Cells 


Calculated half time for Uric ncld cxcliangc 
Temperature supernatant radlonctB It j (//iU/hr II red blood 
i"C) (min ) ccIIb) 



Uric ncld concentration 210 pJlf/I of supernatant, pH 7 0 Hiematocrlt 
00 por cent 


From Table 1 it may be seen that uric acid transport 
was accelerated xvith decreasing pH This increase m 
velocity could he accounted for by the increasing 
concentration of undissociated uric acid, indicating 
that undissociated uric acid may bo the only form of 
tine acid able to be transported through the human 
erythrocyte membrane 

Results from experiments in which different 
temperatures were maintained are seen m Table 2, 
which shows that uric acid exchange increases from 
82 gill /hr /I red blood cells at 10 5°C to 486 (xilf/hr /I 
red blood colls at 37 ° C showing that the volocity of 
uric acid exchange mcreased 2 8 times when tempera- 
ture is mcreased 10° C The corresponding value of 
simple diffusion in the same temperature interval is 
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0 035 Tins suggests that at loast a part of the unc 
acid transport into the erythrocytes w as undertaken 
by an aetivo, probably enzymatic systom 

Kay Ovj noAAitn-HANSEN* 
The Fibiger-Laboratory, 

Biochemical Soction 

Ulrik V Lassen 
Medical Department A , 

Rigshospitalet, 

University of Copenhagen, 

Denmark 
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Effect of Pempidine on the in vitro 
Synthesis of Acetylcholine 

Corxe and Edge 1 , working m theso laboratories, 
found that largo doses of pempidino (1 2 2 0 G 

pentamothylpipendmo) a now ganglion-blocking agent 
used in the oral treatment of hypertension, caused 
somo reduction in the output of acotylcholino from the 
perfused superior cervical ganglion of the cat during 
preganglionic stimulation Tho reduction in output 
was insufficient to account for tho completo block in 
transmission observed, nevertheless an investigation 
into tho possible mtcrforonco of pempidino with tho 
vi mtro synthesis of acotylcholino seemed worth while 
It has already been shown that tho inhibitory effect 
of pempidino on tho breakdown of acotylcholino by 
acetylcholinesterase is of a low order and tho drug 
cannot bo classed ns an nctivo cholinestornso inhibitor 
such as physostigmino 1 

The experimental method ndopted for studies on 
tho synthesis of acotylcholino w ns sunilnr to that used 
hv Hebb 2 and is based on w ork hv Korkes cl al 3 An 
extract of choline acotydnso wns prepared by' suspend 
ing an ncotono-powdor or rabbit brain in cysteine 
saline solution (3 mgm cy'stomo/inl of 0 9 per cont 
sodium chloride) m a concentration of 40 nlgm /ml- 
Tins wns stored in a frozen state in suitnblo aliquots 
and centrifuged at 2800 rpra immediately before use 
0 1 ml samples of tho extract wore incubated at 
37° C m a sy'stom containing 15-20 units of coenzymo 
A , 0 08 ml of reaction mixture (containing equal parts 
of 4 por cont cholino clilondo and 30 por cont potns 
sium chloride), 0 08 ml of 1 2 per cent crystalline 
magnesium chloride, 0 14 ml of 1 por cont ncotyl 
phosphate*, 0 12 ml of 3 por cont L cy stoino solution^, 
0 1 ml of 0 25 por cont phosphotransacotvlase 
contained in 0 02 M potassium hicarbonnto, 0 1 ml 
of 0 1 per cont physostigmino and water to give « 
final x’olumo of 1 0 ml Pempidino and for comparison 
mecomylamino (3-methy'laminoisocamphano) wore 
added to individual incubates to give final con- 
centrations of 0 4 x 10 -2 to 10-° ill and 0 0 X 10' 2 
10~ 9 ill, respectively' Tho above constituents were 
incubated for 16 mm boforo tho addition of tho 
cholmo acety'lase extract to allow acetyl -coen/.ymo A 
to form Ono hour after tho addition of tho oxtract the 
reaction was stopped by boiling and (ho acetylcholine 
content of the acidified and diluted incubates was 
assayed on a frog rectus abdominis preparation 4 
At concentrations up to 0 4 X 10' 3 ill or 0 0 X 10~ 5 M 
neither pempidino nor mecamylammo, respootivoly 
bad any offoct on tho en/ymo systom wliioh pro- 
duced acotylcholino at a rate of 2 6-2 4 mgm /gm of 
acetone powder/lir The method of assay could not 
be applied when higher concentrations wero used 
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because tho drug inhibited the acotylohohne induced 
contractions of the rectus abdominis muscle This 
effoct of direct action on tho rectus muscle was in 
agreement with tho findings of Come and Edge 1 and of 
Stone et al 0 

Gardinor’B 1 experiments with a 'hemichobnrum 1 
compound (Scheuler’a 7 compound No 3, a hemiaoetai 
containing a choline-kko moiety) at a concentration of 
1CM M led him to believ e that the compound does not 
inhibit choline acctylnse as was first thought but acts 
on the system which transports choline into the cell 
and through the mitochondrial membrane Prelim t 
nary work in this laboratory with whole homogenates 
and intaot mitochondrial fractions prepared in the way 
described by Hebb* indicates that the same pheno 
men on is not true of peropidmo and mecamylamino at 
concentrations of Kb* M 

I am indebted to Dr H J Barber and Dr R Wien 
for encouragement during this work 
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PLANT PHYSIOLOGY 


A Kfnin in Apple Frultlets 

Two challenging questions in dovolopmontal 
biology are the causes of the mduction of cell division, 
and of tho oossation of coll division In plant tissues 
cell division may be aroused in response t-o treatment 
with diffusible substances colloctivoty referred to as 
kin ins 1 One might enquire whotlior tho moristoms 
are self perpetuating, through an ability to produce 
or accumulate such a kminV In asking this question 
our aim has been twofold to learn whothor tho 
activation of the menstem is under the control 
of a diffusible substance, and to attompt to isolate 
and identify such a substance with the view of 
providing a means of chemically and possibl} 
commercially, controlling in onst email o activity 
Tho known growth substances occur in minute 
concentrations m growing tissues Sineo primarj 
monstoms are small, it would bo Impractical to try 
to obtain enough mntorial of this kind to pormit 
poesiblo isolation and identification of an unknown 
km in As a moro readily availablo source of bulk 
material tho applo ‘fhiitlot’ was chosen In tho 
floshj rocoptnclo tho phases of ocll division and coll 
enlargement are soparoto m time , up to throe weeks 
after pollination growth is duo to increase in coll 
number, after which coll division ceases and growth 
is duo to cell enlargement 4 • 

Apples (Pyru# tnalits , variety Granny Smith) woro 
harvested on October 31 1958, approximately 14 dajs 
after pollination They wore 6-8 mm in dinmotor 
and averaged 0 2 gnn in woight Tho apples wero 

f irossuro oooked for 2 min at 18 lb /eq in , macerated 
n wntor, filtered and the filtrate ovnpo rated to clrj 
nesa tn vacuo below 40 C The residuo was taken up 
in basal medium 7 


Activities of tho orudo oxtract and of subsequent 
fractions wore assayed by examining their ability to 
induce coll division m blocks of tobacco stem pith in 
the presence of lO* 4 M mdole 3 acetic acid 
Under those conditions, crude apple oxtract at 
concentrations equivalent to 3 10 or 30 gm fresh 
tissue /100 ml medium Induced cell proliferation 
(Fig 1) In tho presence of in dole- 3 -acetic acid alono 
there was no coll div ision, but only coll enlargement 
The response to 10 grm/100 ml apple oxtract was 
earlier and groator than those duo to optimal con 
centrations of kmetjn (KM M) or coconut milk 
(0 per cent) 

It appears that, as with Jonotin coconut milk 
and immature maiw endosperm the apple oxtract 
requires the presence of auxin in order to act When 
indolo 3 aootic acid is omitted and tho native auxin 
present is removed from the extract bj shaking with 
ether at pH 3 no cell division is induced Adding 
indole 3 ocetio acid (10 ‘ Jf) restores the activity 
The kinin activity is not an artefact of autoclaving 
This has been shown by making the original ortrac 
tion m 70 per cent aqueous othonol concentrating 
to dryness in vacuo below room temperature under 
sterile conditions^ taking up the residue m sterile 
basal medium containing 10-‘ M mdole- 3 acetio acid 
and dispensing this solution into stordo assay 
vessels Activity obtained was comparable with that 
of extracts mado and sterilized bj autoclaving 
Dissection of a quantity of fruitlots before making 
oxtrncts revealed that tho kinin activity resided 
mainly in tho fleshy receptacle and to a much lessor 
extent, per frintlot, in the ovulee 

Disks of cortical tissue oxciscd from receptacles 
of apple fruit no longer undergoing coll div imon havo 
recently boon stimulated to grow by resuming coll 
division under the influence of coconut milk kinin and 
an auxin 1 Wo havo repeated this work and it lias 
proved possible to replace coconut milk with tho 
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kinm of the apple frmtlofc Thus wo may postulato 
that this kinin is responsible for tho coll division 
occurring m tho rocoptoclo of tho fruitlot 

Water extracts from larger apples (6-7 cm dia- 
meter, 17 weoks after pollination) were tested at 
concentrations equivalent to 3, 10 and 30 gm frosh 
tissue/100 ml medium, and little if any activity was 
detected Higher concentrations wore toxic, so 
comparison with extracts from fruit lots on a por coll 
basis awaits purification of tho oxtracts 

Work on tho purification of tho extract is proeood- 
ing 

The apples usod wore kmdly provided by Dr P 
Geier, of tho Division of Entomology, Canberra 

P L Goldacre 
W Botiomrey 
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Commonwealth Scientific and 
Industrial Research Organization, 

Canberra 
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Effects of Auxin and Gibberellic Acid on 
Growth of Ulothrix 

The profound biological effects producod by rndolo- 
acetic acid and gibborolho acid, whon appliod to 
higher plants, havo led many invostigators to study 
their activity on algoo In gonoral, tho rosults of 
such experiments havo not been striking An ex- 
cellent review of tho literature concommg tho ofToct 
of auxins on algae is to be found in tho studios of 
Thimann and Beth 1 Those workers demonstrated 
a two-fold increase in stalk olongation of Acelabularia 
m the prosonco of 6 y 10~ 5 M mdoloocetic acid 
Further, they were ablo to show that cap formation 
was enhanced both in tho intact as well as onucleatod 
cells, a conclusive demonstration that mdolcacotic 
acid acts directly on tho cytoplasm 

Wo have discovered that a freshwater green alga, 
TJlothnx subtilh&ma Rabonh, No 462, obtained from 
the Culture Collection of Algoo, Department of 
Botany, University of Indiana, shows a dramatic 
growth response in the prosonco of either mdolcacotic 
acid or gibberellic acid An innoculum of colls, 
0 7—1 0 mgm air-dried woight, was transferred asop- 
tically to 10 ml of a sterilized modified Bristol’s 
solution* m a 26-ml culture tubo Indoloacotio acid 
and gibberellic acid (76 per cont pure) were obtained 
from Nutritional Biochemicals Corporation, and wore 
added to the tubes in a small volume of distilled water 
to the concentration desired The use of ethanol to 
dissolve the mdoleacotic acid or gibberellic acid was 
avoided because of its known growth promoting 
effect on GhloreUa ,,t The tubos wore placed in 
inclined racks m front of the light source m order 
to provide optimal surface area for ill umina tion 
Three light sources were tested (1) a single daylight 
fluorescent light emitting 26 foot candles at tho sur- 
face of the alga, (2) a single incandescent bulb emitting 
100 foot candles, and (3) normal sunlight from a 
southern exposure with care taken that sunlight did 



FIr 1 The Increaso In growth of Clothnx expressed ns net 
Increase In nlr-drled weight ns n function of Indole ncellc acid 
concentration nt threo different Intensities of illumination 



Fig 2 Tho Increase In growth of Vlolhrtx ns a function of glb- 
bcrelllc acid concentration nt threo Intensities of illumination 
Symbols on graph nro the same as In Fig 1 


not fall directly on to tho tubes Tho artificial light 
was administered continuously , tho sunlight uas 
subjoct to normal diurnal variation with a maximum 
intensity of 700 foot candlos After 15 days tho 
contonts of each tubo wore passod through a tnred 
mombrano filler, rinsod v ith distilled ■water, air driod 
and woighod Not mcroaso in air-dnod woight is 
reported Each point on tho graphs represents on 
avorago of two oxporimonts 

Tho mcroaso m growth of Ulothrix as a function 
of mdolcacotic acid concentration is shown in Fig 1 
Under tho throe light conditions test od it can he 
soon that tho optimal growth is obtained nt 3 pgm / 1 
of mdoloacetic acid Highor concentrations of mdole- 
acotic acid produced a characteristic mlubition of 
growth 5 Tho thirtoon-fold uicreoso in air-driod 
woight under sunlight is to bo noted It appears 
that light intensity is a limiting factor for tho cultures 
grown undoi artificial light 

Tho effect of gibborolho acid in growth is soen in 
Fig 2 Although tho growth at optimal gibberellic 
acid concentration is less than that obsorvod for 
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mdoloacotio acid, it is nov ertholosa, a seven fold 
increase -when compared with the controls It should 
be romomborod that tho gibborollic acid nsod is only 
76 per cent pure Intensity and quality of light seem 
to havo littlo cffoct on tho gibborellfo acid response 
Similar effects, of less magnitude, have been reported 
by Provosoli using JJlva 5 

Microscopic examination of colls grown with 
mdoloacotio acid and gibborollic revealed no appre- 
ciable change in oithor sixo or sliapo However there 
was an increased number of zoospores present Those 
findings support tho concopt tliat the growth sub 
stances accelorato cell division rather than cell 
elongation Further investigations are in progress 
to olucidato tho modiamsms by which mdoloacotio 
at id and gibborollic noid stimulate tho growth of 
rr loihrtx 

Herbert Conrad 
Paul Bauman 
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Influence of Klnetln, p-lndoleacetlc Acid 
and Gibberelllc Acid on Nuclease 
Activity of Bean (Phascolls vulgaris) 
Hypocotyls 

Recently Skoog, Miller and co workers 1 havo 
drawn attention to the role of growth Bubstances in 
nucloio acid Bynthoale connected with mitosis and 
c> tokincsis Silborger and Skoog’ reported that 
treatment of tobacco pith with indoloocetio acid in 
stenle culture caused an increase m nbo end dooxy 
ribonucleic aoids Studios of the oytological cffocta 
of auxins and kmins m tobacco callus and stem tissue 
cultured tr» vitro* have shown tliat a delicate balance 
between indoleacetio acid and kmins may detormine 
all typos of growth from cell enlargement to organ 
formation Tno biochomical nature of this interaction, 
especially its role in nucleic acid motabolism, remains 
to bo determined Tins communication deals with tho 
influence of kinetan, mdoloacotio acid and gibberollio 
ooid on the activity of dooxyribonucloaso and nbonu 
clease-enzymes concerned in nucleic acid metabolism 
Extrnota of hypocotjls from 8-10 days old plants of 
dwarf boon {Phastolua vulgaris vor Canadian Wonder) 
grown in tho glass liouso in sand without added 
nutrients wore used to determine enzyme activity 

2 gm of fresh hypocotjls wore ground with buffer 
solution (5 ml ) in a porcelain mortar and tho extract 
squoozed out by hand through strong cotton cloth 
Tho suspension was centrifuged at 1,600 g for 6 min., 
tho green deposit removed and tho clear supernatant 
fluid used as onxyme solution Enzyme activities wore 
moasurod by tho mothoda described by Holden and 
Pirio 4 1 ml of enzymo solution was used for dooxy 
ribonucleaso acth ifcy and 0 3 ml for nbonucloaso 
activity Tl io mixtures of enzyrao solutions and 
substrates wore incubated in 37° C with or without 
solutions of kmotin indoloacotio acid or gibberelho 
acid in a rango of concentrations 


The results of typical experiments on kmotm and 
indolence tic aoid are shown m Tables 1 and 2, where 


Table i Tea Iim vcxo B or Kunmx akd lypotixcrno Acid ox 
IUBomreuuum Acmnrr or Uktta rrx a*. F*nu Tit^cx or Bxiw 
i ^ Httocottuj 

x Oooccntritkm of IdMtln (tigniTI ) 




0 

io-* 

io-* 

0 1 

1 

10 

10* 

10* 

10* 


0 

4-6 

0 4 

78 

93 

9-3 

e*> 

7 4 

40 


*i 

10** 

6-5 

— 

— 







ie-> 

0-7 

— 

— 








— 



if 

a-i 

e-y 

0-6 

6-6 

9-2 

0-0 

8 0 

0-0 

3-0 

4-0 

l 

6-4 

— 

■ — • 

95 

0-8 

9-2 

— , 



— 


10 

6-5 

0-8 

8-0 

12 3 

123 

125 

0 J 

83 

4 4 

p 

10* 

65 

7-0 

8-0 

8-2 

82 

9-0 

7-0 

4 2 

4-0 

t 

10* 

4-4 

64 

8-3 

9-6 

88 

73 

fl ^ 

5-0 

3 8 

$ 

io 4 

4*4 

— 

— 

— 




— 

— 


TaIJo 2. Ijm-uxscz or Knirmr akd Ixdouucbtic Acid ox 
Dxoxtxidohcclxasi Acnrrrr i.t Uxrrs ?» oil Fnwn TiMtri 
or Ilxi5 mrooorris 



ConrenlrmtloQ of kfoelin (hfftcL/t) 



0 

10 

10* 

10* 

10‘ 

0 

0-73 

0-80 

180 

z-oo 

1-00 

10 

080 

0 70 

ISO 

320 

2 “0 

10* 

0-73 






10* 

o-re 

075 

1-00 

*50 

2-00 

10 4 

0-74 

0-09 

1 75 

170 

2-20 


tho enzyme activity m expressed in tho units deflnod 
by Holden and Pino 1 There wore strong interactions 
between kinetm and indoleacetio aoid in thoir effocts 
on the activities of both ribonucloase and deoxyri 
bonuclease Kinotin increased the activities of both 
enzymes when givon alone and still more in presence of 
Indoleacetio aoid Tho latter alono liad no effect, but 
in presence of kino tin increased tho onxyme activities 
Tho maximum effect on ribonucleaso occurred with 
concentrations of 0 1 to 10 pgm fl of kmotin and 
10 pgm /I of indoleacetio acid which nearly doubled 
tho activity of the control Tho maximum effect on 
dooxyribonuolcoso occurred with concentrations of 
I0 3 pgm /L of kmotin and 10 pg /I of indoleacetio 
acid, which trebled the activity Thus kinetm was 
effectiv e m muoh lower concentration on ribonucleaso 
than on deoxyribonuclease Other combinations of 
kinotin and mdoloacotio acid supply had smallor 
effects, and tho highest concentrations tested de- 
pressed ribonucleaso activity 

Qibberolio acid did not stimulate tho activities of 
deoxyribonuclease and ribonucleaso and at very high 
concentrations (10® pgm fl ) slightly depressed both 
enzymes 

Tho interaction between kraetm and indoleaootio 
odd may bo the biochomical basts of cyto logical 
effects noted b> Das, Patau and Skoog®, who found 
that some dooxynbonucloio acid was formed and 
somo mitoses induced by kinetm without added 
indoleacetio acid Conversoly, a few coll divisions 
were induced by indoloacerio acid without added 
kmotin, whereas no coll division or mitosis was found 
when noithor indoleacetio acid nor kinotin was added 5 
These slight cffocta were attributed by Skoog and 
Miller 1 to the small endogenous quantities of theso 
substances Tho bean oxtracta used in my experiments 
could be expected to contain email amounts of growth 
substances, but tho results show that both kinotin and 
mdoloacotio ncid are required for optimal activities of 
deoxyribonudeaso and ribonucleaso 

Tho present results indicate that further biochemical 
studies of tho rolo of growth substances as stimulants 
of nucloio acid metabolism would be profit oblo 

I thank Miss M. Holden and Dr h C Humphries for 
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their advice and many critical discussions and 
suggestions 

This investigation was supported by a fellowship of 
the Rockefeller Foundation 

W MaCFEJEW SKA-POTArCZYK* 

Rothamsted Experimental Station, 

Harpenden, Herts 

* Permanent address Blochcmtdrj Department of the Unhcreltj of 
Lodr, Poland 

1 Skoog, F , and Miller, C O , Symp Soc Ftp TlirJ , >o 11 118(1037) 

* Silberger, J , and bkoog F , Sctrttee 118, 443 (19o3) 

* Saylor, J , bander, G , nnd Skoog, > , Phynol J’lanlantm, 7, 25 (1054) 

* Holden J1 , and Plrlc, X W Biochem J , 60, 30, 40 (1055) 
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BIOLOGY 

Failure of Corpuscles of Stannius 
from Winter Flounder 

(Pseudopleuronectes americanus) to 
Synthesize Adrenocorticosteroids in vitro 

The corpuscles of Stannius, supposedly endocrine 
glands, are peculiar to teleostean fishes Their function 
is uncertain 1 , but Rasquin 2 has suggested tlint they are 
concerned in osmoregulation Unequivocal evidence 
that the interrenal tissue of tcleosts is the homologuo 
of the adrenal cortex 3 - 4 strongly suggests that a role 
other than production of corticosteroids be attributed 
to the corpuscles of Stannius In order to snpplv 
direct evidence to support this assumption, procedures 
used m studies on mterronal tissuo of Fundulus 
heierodtlus 4 were applied to corpuscles of Stannius 
collected from Pseudo-plcuronectcs americanus Sixty- 
one fish, caught in Niantie Bay and Long Island 
Sound, Conn , in December 1938 yielded 95 corpuscles 
of Stannius weighing 104 7 mgm Tins tissuo and 
102 mgm of mesonephric kidney which served ns 
control tissue, were separately incubated with tnt inted 
progesterone m a manner previously described 4 
Each medium was extracted twice with 1/2 vol 
methylene chloride and the extract washed onco with 
1/10 vol 0 05 N sodium hydroxide, twice with 
1/10 vol water, dried with N sodium sulphate, 
evaported tn tacuo and the dried residue applied to a 
paper chromatogram Chromatographic separation 
followed in the toluene/propylcnc glycol system Tho 
three areas corresponding to cortisol, cortisone, and 
corticosterone wore eluted and rechromatographcd in 
Bush 0 system Four areas closch approximating tho 
positions of cortisol, cortisone, aldosterone, and corti- 
costerone, run m parallel, were oluted together with a 
paper blank from an area between the origin and 
cortisol An aliquot from each eluate was tnkon for 
estimation of radioactivity All areas, even from the 
controls, contamed a small amount of the above back- 
ground radioactivity In order to determine whether 
or not the radioactivity could be accounted for by non- 
specific impurities, the remaining eluates from the 
various areas were dried down and applied to paper 
and chromatographed m tho E 2 B system 5 Elution of 
the areas corresponding to cortisol, cortisone, corti- 
costerone and aldosterone followed, and aliquots were 
again taken for estimation of radioactivity Radio- 
activity in each area was equal to or low er than back- 
ground radiation It is concluded from this that tho 
small amount of radioactivity from tho previous 
chromatographic run w as accounted for by non- 
specific impurities, and that within the limitations of 
the techniques employed the corpuscles of Stannius 
are not concerned with the production of adreno- 
corticosteroids 


This investigation w-as supported m part by Grant 
No C-3998 ( C ) from tho Divisional Grants, National 
Institutes of Health, U S Public Health Service 

J G Phillips* 

Bingham Oceanographic Laboratory, 

Yale University, 

New Haven, Connecticut 

P J Mulhow 

Department of Internal Medicine, 

Yalo University, 

Now Haven, Connecticut, 
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U S Veterans Administration Hospital, 

West Haven, Connecticut 
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Rediscovery of Bathynella chappuisi 
Delachaux in Britain 

In 1927 Lowndes discovered Bathynella chappuisi 
Delachaux in the Bath Oolite quarries at Corsham in 
Wiltshire 1 Since 1932 tins genus lins not been re- 
ported from Britain although it nnd related genera 
have boon recorded from tho Continent 2 and Japan 3 
In February of tins year, however, a single specimen of 
Bathynella chappuisi Delachaux vvns collected in some 
mud nnd sand taken from a spring-fed cattle trough in 
a pasture in Wythnm Park, Berkshire (Dr I Gordon 
of tho British Museum lins tentatively confirmed this 
identification ) Further collections, some mndo at 
night, have failed to produco any more specimens 
although tho common subterranean nmphipod A hph- 
argus aqmlex Schiodte has turned up regularly 

Cliappuis (m ref 4) suggested that Bathynella 
occurred only by nccidcnt, m w ells, springs and streams 
and that tho animals had been washed into theso 
hab fiats from their normal ones, which ho has shown 
to be m tho interstitial spaces of the permanent water 
table This seems to bo tho most likely explanation 
Tor the occurrence of this nnunnl m a spring at 
Wytham, vvhero it could have been unshod out of tho 
hill The spring is one of n number situated between 
the 300- to 400-fool contours along tho eastern edgo of 
Wytham Hill Theso springs rise botweon the Coral 
Rag and Wheatley Limestones above, nnd tho Oxford 
Clay below Between theso is a thin edgo of Low-or 
Calcareous grit sand, the romains of a thicker layer 
still present in tho middlo of tho lull, that is slowly 
being washed away from under the Coral Rag cap 5 
Tho fine sand bolow a cap of Coral Rag may provide a 
suitable interstitial habitat for B chappuisi and tho 
continuous trickle of vvator from tho soil above, 
down through tho Coral Rag and out at tho springs, 
may supply enough detritus to sustain a subterranean 
fauna It seems unbkoly that tho animals arc living 
m the pasture soil around the spring as lb is very 
muddy and well trampled by cattlo, but only by 
digging into the Calcareous Grit sand could it bo 
confirmed that there is a pormanont aquatic inter- 
stitial fauna 
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This new rocord of BathyneUa is of interest because 
it is the only known site of living members of tho 
Synconda m Britain, the original habitat having 
now almost oortmnly been destroyed 

Ian Efford 


Bureau of Animal Population 
Department of Zoological Field Studies, 

Botanic Garden, High Street, 

Oxford 
May 22 
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Floral Initiation and Its Relationship to 
Growth-Stage In Red Clover 
(Tr/fo//um pratense L,) 

The vegetative apex of red clover (Tnfoltum 
pratense, L.) is hemispherical, cutting off leaf initials 
by almost vertical divisions on alternate sides and 
producing intern odes by basal elongation At the 
beginning of floral initiation the apex onlarges and the 
florets then begin to appear as swellings near the base 
on the side proximal to tho penultimate leaf Each 
floret initial rapidly cuts off a bract initial wliich 
enlarges to oover the developing floret The bract 
becomes hairy and if it is removed at this stage the 
devolopmg ovary is exposed as a conical projection 
about 0 2 mm in length, ringed at the base by cells 
which eventually develop to form the calyx, corolla 
and nectaries Tho pontamerous symmetry of tho 


VEGETATIVE SHOOT APEX 




REPRODUCTIVE SHOOT APEX 



EARLY DEVELOPMENT OF SINGLE FLORET 



(Bcxircnowd) 


gonus is apparent even at this early stage 

The production and extension of stem intemodes as 
well as the formation of leav es appears to bo pnnoi 
pally regulated by temperature and light intensity 
Tins is instanced by tho ability of Aberystwyth S 123 
extra late flowering red clover to produce a large 
number of extended internodee when grown under 
non inductive day length conditions but in high light 
intensity and Iugh temperature regimes 

Undor favourable day length conditions, floral 
initiation occurs after the production of a prodoter 
mined number of intern odes, tho apex enlarging to form 
a terminal head initial No exposure to low tempera 
ture or short day appears to bo necessary in this 
species. The day length requirement for flouoring 
vanes widely, being about 12 hr for early flowering 
typos and m the region of 16 hr for lata flowering 
varieties It can therefore, be seen that the exaot 
stage at -which the apex ceases to bo vegetative 
dopends largely upon tho vanety in question and is tho 
produot of the Interaction between genotvpo, tempera 
ture and photopenodic conditions 

Under field conditions at Aberystwyth English 
broad red dov er which produces fl-7 extended inter 
nodes before heading forms a terminal head initial 
when 1-2 are externally visible usually in mid April 
Aberystwyth S 123, a late flowering type producing 
14r-10 elongated internodee, shows no apparent 
chango-over until 0-7 are externally visible, normally 
near the end of May 

In conclusion it is suggested tlint length of day 
rathor than growth stage is tho main faotor dotcr 
mining the point at which floral structures are 
initiated 

J L Stood art 


Welsh Plant Breeding Station, 
Aberystwyth 
June 10 


A Lesion of the Follicle and of the Fibre of 
Wool and Its Possible Relation with an 
Excess of Iron in the Forage 

It has been obson ed that ehoop which graze in 
certain regions of the Iberian Peninsula for oxamplo 
along tho Iborian Cordillera and especiallv in the 
Moolla zonoM, to which this work refers, lose their 
wool progresmv olv (Fig 1) Histological analysis 
shows that tho foiicular bundles separated liy loose, 
vory thin and clastic connects o tissuo, aasumo at tho 
beginning a slightly polygonal arrangement As tho 
alteration advances they assume first a roundish 
shapo and later an olongated ono until the follicles 
becomo completely independent (Fig 2) 

Tho degeneration of tho follicles (Fig 3) is closolv 
associated with this process of modification of tho 
follicular bundles Tho secondary follicles are lost 
because of (a) thoir projection towards the surface 
and lack of activity of tho bulb m producing a 
Malpighian epithelial Bmnll duct, (6) follicular 
necrosis and atresia, whilo Henlo and Huxley lam 
mo bccomo homy, and an empty spueo is formed 
in tlio folliclo which becomes filled with remains of 
elastic connective tissue Tho degenerative process 
can lead to an almost comploto loss of the*o follicles 
The primary follicles persist oven when they have 
degenerated, as they are lost with difficulty Their 
degeneration which begins after that of tho socoo 
dory' follicles takes tho following couino: (a) r*par 



560 


NATURE 


August 15, 1959 


VOL. 104 


ation and isolation of the follicle, 
which becomes surrounded by con- 
nective tissue, ( b ) keratmization of 
Henle and Huxloy laminai in thoir 
lower part, (c) degeneration of the 
papilla of tho bulb so that an atypical, 
completely void medulla is formed 
Thefolhcles producing this t ype of fibre 
(which replaces tho w ool fibre) remain 
thus enclosed in the derm Tho 
epidermis decreases considerably in 
thickness and shows deep microscopic 
incisions because of the degeneration 
of the hair The volumo of thosebac- (<0 ( fc ) 



eous glands is considerably reduced rig l (a) Lamb six montlu old, (6) Miccp 4 \ onra olds 


The fact that animals bom at Maolla, taken im- 
mediately to other zones, grow normal fleecos during 
their whole life and, on tho other hand, that sheep 
taken to Maella from other regions deiolop tho 
alterations described above, indicate that this 

Table 1 Analtsis or Sorts and Forage from the Maella Heoiov 

Soil Forage 

Sulphur 18 per cent 0 20 per cent 

Iron 9,891 ppm 1 020 ppm 

Holjbdenum 0 05 ppm 0 37 ppm. 

Copper 21 10 p p m 31 ppm 

Average of 24 samples of soli and 00 of forage 
process is not due to genetic factors Moreover, tho 
flocks are kept on a regime of almost permanent 
grazing, and the soils at Maella havo a skiletic and 
semi-desert character, with about 55 per cent calcium 
carbonate The forage is provided by tho association 
Rosmarmus-Encnim, typical of tho Mediterranean 


region Tho most frequent plant species are Ros- 
marinus officinalis, Fumaria thyimfoha, Brachy- 
podium ramosum. Ononis iridcnlada, Thymus vulgans 
and Cistus clusn 

Theso circumstances lia\o led us to consider a 
possible influence of nutntivo factors G Gonzalez 
and J Garcia 3 roviowed recently tho food constituents 
which havo been shown to influonco tho growth of 
wool Of theso mo selected sulphur, copper, molyb- 
denum and selenium for investigation 

Four groups of threo lambs each vero dosed by 
mouth during 14 months with 10 mgm solomum 
(as sodium selomto), group A, 30 mgm molybdenum 
(as ammonium molvbdato), group B, 10 mgm 
selenium -(- 8 gm potassium Bulpliato, group <7, 
and 30 mgm molybdenum -f- 10 mgm copper (as 
copper sulphate), group D, n fifth group was kept ns 
control After tho first se\on months the molyb- 



denum of tho groups B and D was 
raised from 30 to 90 mgm daily I* 
was found that 30 mgm of molyb- 
denum daily ns ammonium molyb- 
dato do not produce any alteration 
in tho weight and characteristics 
of tho flceco and wool fibre, 90 
mgm molybdenum daily provokes 
a slight diminution of tho absolute 
and rolativo rcsislenco, and of the 
extensibility of tho wool fibre Also, 
this amount of molybdenum pro- 
duces a loss of crimp in somo of the 
animals, but not in all of this group 
Tho addition of 10 mgm copper, 


(<0 ( 6 ) 

Fig 2. (a) Follicular arrangement In perfect pol> gonal shnpo, t> plcal of crossed sheep, 
(6) Isolation ot wool hairs Appearnnco of skin folds, A. 


as coppor sulphate, to tho 90 mgm 
molybdate counteract these effects 
In tho selonmm groups A and 0, 



(“) ( 6 ) 

J- 1 ®- ( a ) Degeneration starting at tho base ol tho wool follicle. A, (l) Promnturo 

K eraU ^, Uon °f °*? cuticle of the sheath and of tho cuticle of the fibre, with loss!? 
the medullary structure of the fibre 


the results showed no variation 
in tho weight of tho fleece, in tb* 
absolute and rolativo length, or in 
tho crimp and mechanical properties 
of tho wool fibro compared with 
tho controls 4 

On tho otlior hand, tho com- 
position of tho soil and of th® 
vegetation, shown in Table 1 J 
indicates an outstanding fact, name- 
ly, tho abnormally high iron content 
In contrast with normal values for 
sulphur, molybdenum, manganoao 
and copper, tho average values 
obtained for iron wore 1,020 
ppm m soils and 9,891 ppm- 
m tho forage, the ranges being 





NO 4665 


August 15, 1959 


NATURE 


561 


32-2 000 nml 4 400-20 000, reepeotnelj High 
\ allies were obtained oven after the plants analysed 
had been washed to eliminate soil particles 

The hist o -chemical analysis of hides of sheep from 
Maolla during the degenerative process showed bv 
means of a Peris reaction, that thero is a large quan 
tit \ of iron in the sweat glandB as well as in 
the outiclo of tho sheath and fibre and m the epi 
thelial scales, this is drawn up by tho growing fibres 
and comes out at the surface 

The possible offocts on sheep of ingesting abnor 
mally large quantities of iron, on tho general mota 
holism and the formation of the wool fibre, are under 
investigation mid the results will be published 
elsewhere 

C Gonzalez 
J Gahoia 
E Fernandez 

Department of Bromatolog} and 
Animal Nutrition, 

Centre for Biological Research 
of tho Higher Council for 
Scientific Research, Madrid 

1 Lope*, rnt> Junta foaunto Peruario Ztnffoc* > 0 . 8, (164 1>* 

2 OH, F Puff Jlinitltrio d« Afrlnrtlura 104fi 

1 Gan ml ex, G «r>d GareU. J Annalu \utritlon eld« l Alimentation 
So 8-4 (1W>7) 

* Pxrias, B Thftih In course of publication, (private communication. 
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PATHOLOGY 

Geology and Multiple Sclerosis 

Most areas where there is a high prevalence of 
multiple sclerosis coincide m a highly suggestive 
fashion with arena where glaciation lias played an 
important port m providing parent material for soils 
However, tho com orse is cortnmh not true all 
glacial soils cannot be correlated with areas where the 
prevalence of multiple sclerosis in high Maps show mg 
tho distribution of multiple sclerotic eases in Northern 
Ireland south-eastern Ontario Sweden, and Denmark 
are ahko in one res poet — thov all bear a remarknblo 
resemblance to maps Qlunt rating tho distribution of 
boulders or geochemical anomalies 111 an v map prepared 
for tho purpose of searching in a glaciated area for 
buried ore bodies 

A consideration of somo epidemiological maps 
reveals tho following facts In Scandinavia and 
northern Scotlnnd where on tho wholo the pro\alence 
of multiplo sclerosis is high there are at least 
fi\c islands whore it is significant} low, nnmel}, 

(1) Gitvlcborg province north of Gfivle Sweden, 

(2) Sodennanland provinco 8wedon ( 1) largo sections 
of Holland, GGtoborg and Bolius Frov inces, Sweden, 

(4) tho Norwegian coastal provinces of Rogaland, 
Hordalnnd, Sogn og Fjortlano and More og Ramsdalo 

(5) tho Outer Hebrides of Scotland \\ itli tho solitary 
exception of Rognlnnd and southern Hordaland all 
the abo\o areas are substantiallv underlaid bv old 
gnoisscs, which in a general map of Scandinavia are 
mapped as being similar Conversel} if we noto 
areas where prevalence is high we find an entirely 
different set of geological formations nomolj, in 
Norwnj and Sweden either Eocambrmn sediments or 
grnmtic rocks and in northern Scotland b} Old Red 
bnndstoncs and granitic rocks 


In North America I have seen few distribution maps 
indicating tho prevalence of tho disease but it k 
general!} considered to be high In south western 
Quebec tho southern part of Ontnno and in central 
Nova Scotia In all these areas there are abundant 
limestones m places dolomitic and some granitic 
rocks 

One other point appears worthv of note higher than 
normal’ quantities of lead are known to occur in those 
rocks referred to abo\ e as occurring m areas w here the 
prevalence of multiple scleroeis 19 high The Eocam 
bnan sediments of Norwnv and Sweden some granites 
m Telemark Norwnj the Old Red Sandstones of 
northern Scotland and man} of tho limestones of 
southern Queboc, Ontnno and central No\a Scotia 
are all know-n to contain significant although not 
necessarily commercial amounts of lead Similar 
rocks in the north-eastern United States and southern 
Manitoba rna} likewise be assumed to cam lead It 
should also be noted tha anomalous amounts of lend 
maj on occasion bo accompanied bv anomalous 
amounts of some other elements such as silver bnnuni 
magnesium, and fluonne 

These observations are founded on tho published 
work and personal communications of man} workers 
m the fields of medicine and grolog} Acknowledge 
roont will bo mado to these mithors in a paper now 
being prepared for publication 

Harrv V \\abbev 

Department of Gcolog} and Geogruph} 

Universit} of British Columbia, 

Vancouver, 8 June 1 


An Experimental Enterococcal 
Pyelonephritis In Mice 

In the course of stud} mg the animal pntliogi mcil} 
of various bactonnl species obtamed from human 
infect ions, we noted that certain strains of enterococci 
localized and persisted in tho kidnovs of mice sub 
sequent to intravenous challenge Moreover this 
enterococcal p}elonoplmtis could be induced with 
rcguLant} inmicommplv bv intravenous inject ion and 
did not require kidney traumatization as described 
by Braudo dal 1 for tho initiation of entorococonl 
kidne} disease in rats Since enterococci, particularly 
Slrtplococcus faccaht, are frequently associated with 
unnarv tract infections m man** 8 wo felt that it vvould 
bo pertinent to conduct further experiments on tho 
intinne disease This communication presents our 
initial observations on certain bacteriological aspects of 
experimental enterococcal p}olonophntia Additional 
results, including the lustopathological characteristics 
of this mouse infection will bo reported elsewhere 

Tho strain of Sir faecah s, designated l 2IGII 2 
which was employed in our studios was submitted b} 
Dr B A Waisbrcn of tho Milwaukee Count} General 
Hospital Wisconsin, ehortl} after its isolation from 
tho urrno of a pationt This organism was maintained 
on ordinal-} blood agnr and apparently did not require 
passage through mico to sustain its virulence Tho 
growth from n 0-8 hr culture in trypt lease so} broth 
at 37° C was diluted with an equal volumo of online 
and 0 2 ml was injected Into the dorsal tail vein of 
each mouse Malo albino CF 1 mice 4-5 weeks old 
nnd weighing approximntoh 10 pm were used m tho 
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hopeless to resume the search for tumour specific 
antigens were it not for two circumstances The 
first of these is the work of Zil’ber 1 - 2 and others m the 
USSR -who by means of anaphylactic reactions in 
the guinea pig have pro\ided strong evidence for the 
existence of tumour-specific antigens The second is 
the phenomenon of immunological suppression, 
including acquired tolerance for homologous trans- 
plants 3 and suppression of specific antibodj response 4 
by the introduction of tissues or simple antigens into 
embrvonic or earlv post-natal mammals The present 
experiments were based on the assumption that if one 
could suppress antibody formation against normal 
tissues as suggested bv the work of Feldman and 
Yaffee 5 , it might be possible to produce antibodies 
directed exclusively against the specific antigens of 
tumours — providing such antigens exist Om results 
thus far encourage the conclusion that the lmmuno- 
logically suppiessed animal provides the long sought 
means of producing antisera capable of discriminating 
between tumours and normal tissues 

The Ehrlich ascites tumoui was used and main- 
tained in closelv inbred CAH mice The tumour is 
antigemcally so like the normal tissues of C3H mice 
that antisera directed against it are also highly toxic 
for the normal mouse The production of antisera of 
increased toxicity for the Ehrlich tumour without 
corresponding toxicity for normal C3H tissues was 
demonstrated by the following four-step method 

(1) Within 12 hr after birth New Zealand and 
Dutch rabbits were gi\en the first of a beries of 
suppressing injections composed of homogenized 
normal tissues (unperfused spleen, liver, lung, 
thymus and mammary gland) taken from 24 or more 
mice Injections were then continued for 21 days, 
each animal receiving a total of 1 55-1 98 gm wet 
weight of homogenate containing 389-490 mgm pro 
tern Uninjected litter mates served os controls 
At 12 weeks of age sera from the injected (pre- 
sumptively suppressed) animals and from the con- 
trols were injected into mieo inoculated with a stan- 
dard dose of Ehrlich ascites tumour Neither type of 
serum had any perceptible influence on the growth of 
the tumour, which killed the mice within the usual 
time ( LD 50, 12 davs) Skin tests were carried out on 
the rabbits by injecting supernatants from the 
normal tissue homogenate and the Ehrlich tumour 
8 of the 11 presumptive suppressed rabbits showed 
no cutaneous reaction 

(2) The 11 presumptive suppiessed rabbits and 0 
normal controls were then injected mtraperitoneallv 
w ith 200 mgm w et w eight of the same normal tissue 
homogenate previously injected with the aim of 
suppressing the antibody response Tile 3 rabbits w itli 
positive skm test and one with negative skin died 
8-12 days after injection, with autopsy findings indica- 
tive of sermn sickness Sera obtained from the 
survivors at 5 and 14 days after injection were 
tested m tumour inoculated mice and showed no effect 
upon the growth of the tumour as indicated bv the 
average survival time of the mice Skin tests of the 
rabbits, using supernatants from both normal and 
tumour tissue, were now negative m all suppressed 
rabbits and mildly positive in the 6 controls 

(3) The suppressed rabbits, which had bv this 
time failed to show anti-tumour sera m two successive 
tests, were now divided into two groups ( A ) Three 
rabbits received each a total of 280 mgm protein of 
normal tissue homogenate and (B) four rabbits received 
each 260 mgm protein of tumour The normal (non- 
suppressed) rabbits received equivalent amounts of 
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Jlavs after Inoculation with tumour 
risrs 1 (alxavc) nnd 2 (Mow) Survival of mice Inoculated with 
Khrlleh ascites tumour afar n bIurIo dtnc of rabbit nntl-erum ad 
ministered Bhortlv after the tumour In Hr 2 the rtsulU tulnR anti 
lumournnd nntl normal ll me ram arc cronjied torn ther lrrr*|K>dlre 
of their orlRln In ruppn~«ed or non-*u|>jirr*<od rabbits 

(C) normal tissue nnd (D) tumour The nmounts of 
tissue indicated were distributed among fi injections 
given on alternate davs All rabbits were bled on the 
5th and 14th dnvs after the Inst, injection nnd the 
sera used fresh or stored at 4—6° C without preserva- 
tive The antisera obtained at 14 dnvs were tested for 
nnti tumour activity bv injection of 0 2 ml mtrn- 
peritoneallv per mouse inoculated one half hour pre 
viously with n standard tumour dose (8 « / 10 6 cells in 
0 2 ml* ) 

As shown in Fig 1, the single dose of anti tumour 
serum, whether from suppressed or non-suppressed 
rabbits, protected the mice to a significant degree On 
the other hand, antisera against normal tissues had 
little effect or seemed to decrease survival m com- 
parison with controls given normal rabbit serum or 
saline The reproducibility of these results is indicated 
by another experiment summarized m Fig 2 m which 
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mice receiving anti tumour or anti normal sera are 
grouped together, irreapectivo of the origin of the eera 
from suppressed or non suppressed animals The 
tendency of anti normal sera to decrease sun lval is 
again evident 

(4) Tho striking advantage m the use of anti 
tumour sera produced bj suppressed animals is 
shown m Fig 3 In this experiment multiple doses of 
scrum -wore given m tho attempt to enhance the 
survival of tumour inoculated mice Three doses each 
of 0 4 ml wore injected during the first few davs after 
inoculating the tumour and in some instances, de 
pending on survival tliree others on days 7, 8 and 9 
The antisera from non suppressed rabbits proved 
uniformly lethal within 48 hr , since the tumour 
never Lilia mice within this short period, death must 
be attributed to the toxicity of the antiserum for CSH 
mice a conclusion supported by autopsy Mice 
receiving normal rabbit serum were all deed within 
1 5 days with abdomens distended b> tumour growth 
In contrast mice receiving anti tumour sera pro 
duced by suppressed rabbits showed 80 per cent 
survival on the 16th day 

Wo are indebted to the Office of Naval Research 
and tho United States Public Health Service for funds 
m support of this in\ estigation 

Elaine Levi 
A M SciTEOHTilAN 
Richard S Shfrine 
Stanley Tobias 

Department of Zoologv , 

University of California 
Los Angeles 24 
Julj 17 
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An Effect of Dose Fractionation on the 
Incidence of Bone Tumours using 
Radioactive Phosphorus 

Carcinoqemo studies with rats using ‘bone seeking 
radioactive isotopes have shown tlint if the isotope is 
administered m several doses at intervals from a fow 
days to ono month a larger number of bone tumours 
develop than for a singlo injection of tho same quantitv 
of isotope 1 •* This increase m tho number of tumours 
a duo to an increase m tho probability of tumours 
developing and also to a reduction in the mortality of 
the rats from other causes both before and after the 
timo of appearance of the first tumour 

Similar results have been obtained using radioactive 
pliosphorus phosphorus 32, (Benated et al , to bo 
published) With this isotope the injection of 1-0 
po /gm bod> weight followed b\ flv o doses of 0 0 
pc /gm (total dose 4 go /gm ) at intervals of two 
weeks resulted in 13 rats in n group of 16 dov doping 
bone tumours, 1 ig la The two rats without tumours 
died nt tlireo montlw, one while under other nmrs 
thoeia Tho tumours appeared between 26 weeks and 
39 weeks after the first injection and a high proportion 
of tho animals had more tlmn ono tumour 
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In order to determine to what extent the various 
repeated injections contribute to tho increas'd tumour 
moidence a smaller total dose of 2 8 pc /gm phos 
plioms 32 was administered as 1 0 pc /gm followed 
bv threo injections of 0 0 pc /gm In one group of 
20 rata these injections each of 0 G pc /gm were giv oil 
at 2 4 and 0 weeks respectively after the first injection 
In a second group of 20 rats the injections wore given 
nt 4, 6 and 8 weoks and in a third group at 0, 8 and 10 
weeks Tho times of appearanco of bone tumours are 
shown in Fig 16 lc and Id At 30 weeks the number 
of tumours in the three groups of 20 rata was 1 10 
and 4 respectiv el> and at 33 weeks 3 17 and 4 Tins 
demonstrates that tho mean time of tumour develop 
ment may bo altered consldembh bv changes in the 
timing of tho injections for tho same total dose of 
phosphorus 32 Sineo tumours nro still appearing in 
the surviving animals it is not vot possible to snv 
whothor there will be a difference in the final tumour 
mcidence Up to date of these 00 animals only ono rat 
lias died without developing a tumour tins animal 
was in tho second group of rats and tho death occurred 
after tho second injection before there was any reason 
able possibility of a 'turn our lmv ing dev eloped Tho 
present data are not sufficient to determine the 
effectiveness of tho individual injections in produouig 
bone tumours Nevertheless they do suggest that 
lnjoctions at 4, 0 and 8 weeks after the first injection 
ore particularlv effective while those at 2 and 10 weeks 
havo littlo ofiTect or mnv even inhibit tumour for 
matton 

Discussion of the results soleh in terms of the 
timing of tho injections is likel\ to be superficial since 
tho distribution of tho radiation dose within the bone 
vanes m a complex manner with the timing of the 
injections Those complexities arise in part from 
tho non uniform distribution of the isotope and the 
continued growth of bo no during the penod of 
injection Tho type and number of cells being irradi 
ated at an\ particular tune will also depend on tho 
amount of prov ions damage produced and on theoxtent 
to which repair mechanisms are operating In order 
to investigate these effects further, tho distribution 
of tho radiation doso in bono is boing determined bv 
means of ‘thick section nutorndiographv Tho libto 
logical changes occumne with tin? tWTiront dosuir* 
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schemes are also being studied and will ho reported 
elsewhere 

I should like to thank Dr L F Lamerton for lus 
interest and support m this work 

N. M Blackett 

Physics Department, 

Institute of Cancer Research, 

Royal Cancer Hospital, 

Fulham Road, 

London, S W 3 

1 Kusmn, J F , nnd Zander, Q , Arch Path , 63, 10S (1957) 

* Barnes L L SpcrUnR, 0 , McCn}, C M , and Brown, C t , Art), Pal !, 
66, 529 (1958) 

BACTERIOLOGY 

Distribution of Nucleic Acids among 
Different Stable L Forms of Proteus P 18 

In previous work, wo have studied sorao enzymatic 
activities of various morphological kinds of slablo L 
forms derived from Proteus P 18 (ref 1) These 
enzymatic activities wero highest in the fraction of 
small size (fraction 3, 1 9-3 8 g) and lowest or absent 
m fraction 4 0 95 g) containing tho smallest forms 

invisible with tho phaso-contrast microscope 

Wo decided to inquire into the distribution of 
nbo- and deoxyribonucleic acids in tho \arious L 
forms separated by differential ultra centrifugation 
Four groups of different sizes wero used fraction 
1, 7 6-11 4 g, fraction 2, 3 8-7 G g, fraction 3, 1 9-3 8 g, 
fraction 4, <j 0 95 g (ref 2) 

L forms are grown suspended m a hypertonic 
medium by a technique already described 3 After 
separation of tho particles of different sizes 3 , the 
micro-organisms are freeze dried and crushed in cold 
ether In the case of fraction 4, w o examined separately 
tho whole fraction and tho fraction passing tlirough 
a Chamberland 3L3 filter The acid-soluble phos 
phorus is removed by 7 per cent trichloracetic acid 
and tho hpids are extracted by Bloor’s method The 
residue is hydrolysed using Schmidt and Thann- 
hauscr’s technique' 1 In tho acid-insoluble fraction of 
the alkaline digest, deoxyribonucleotides are ex- 
tracted by normal perchloric acid at 80° C during 30 
mm and deoxyriboso is essayed by tho Burton 
modification 5 of Disclie’s technique® In tho acid- 
solublo part of tho alkahno digest, ribonucleotides 
are determined by tho orcinol procedure of Bial 
modified by Mojbaum 7 Tho results w'ore confirmed 
by tho use of phloroglueinol 8 and assay of ribonucleic 
acid phosphorus after adsorption of tho nbonuclco- 
tides on a charcoal column followed by elution with 
alcohol-ammonia 

Results are given for nuclear phosphorus (Table 1) 
The reference curve for deoxypontose lias boon estab- 
lished with a thymus deoxyribonucleic acid purified 
to Kay, Simmons and Dounce’s methods 0 , that of 
ribose with a yeast ribonucleic acid purified by 
Smith and Markham’s method 10 

Table 1 show's that fraction 3 has the highest 
ribonucleic acid content 1943 ± 126 pgm phos- 
phorus, then come fractions 2 (1418 ± 222 ggm ) 
and 1 (1132 dr 99 7 ggm ), followed by fraction 4 
obtained by centrifugation (439 ± 81 7 ggm ) and 
finally fraction 4 by filtration (286 ± 28 3 ggm ) 

The deoxyribonucleic acid content is highest in 
fractions 1 (620 ± 40 9 ggm ) and 2 (486 ± 76 1 ggm ), 
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Table 1 Distiuddtios of Micleic acids amolo DrrrrnExr L Foitxs 
or Proteus P 18 Bacillus 

Results nrc reported In pgm of phosphorus for 100 mgm of dollpldatcd 

weight 

Blbonuclele PcoxjTibonuclcIc Col 2/Col 3 
acid phosphorus add phosphorus 
Whole j-159 ± 11 Dj 515 4: 10 13 2 83 ± 0 10 

Fraction 1 1132 ± 90 7 620 ± 40 0 2 18 ± 0 U 

Fraction 2 1418 ± 222 485 ± 75 1 2 03 ±0 41 

Fraction 3 1043 ± 125 71 ± 7 8 27 2 ± l 73 

Fraction 4 430 ± 81 7 01 ± C 4 7 22 ± 0-35 

Fraction 4 

filtrated 285 ± 28 3 380 ± 21 5 0 73 ± 003 

much lower m fractions 3 (71 i 7 8 ggm ) and 4 
(61 ±04 ggm ) In contrast, lliero is a high deoxy- 
ribonucleic acid in those clomonls of fraction 4 which 
pass through tho Chamberland filter (389 ± 21 5 
ggm ) It follows that tho ratio of nbo- to deoxy- 
ribonucleic acid is lowest in the filtered fraction 4 
(0 73 ± 0 06) which shows tho lowest en/ymatic 
act i\ it \ The rat io is highest in fract ion 3(27 2 ±1 73) 
which possesses tho highest enzvmntic actmty 1 
In summary, tho distribution of nbo- and deoxy- 
ribonucleic acids differs in L forms of different sizes 
It is noteworthy that the ratio of nbo- to deoxynbo 
nucleic acid is highest in fraction 3 which is enzymati- 
cally \ cry active nnd lowest in the filtered fraction 4 
Howe\er, what is most striking is tho high deo\\- 
nbonuclcic acid content m tho filtered particles of 
fraction 4 

Wo tlumk Prof R "Tulosne, professor of bactenal 
biology m tho Faculty of Medicine Strasbourg, for 
invaluable nd\ice during this lmcstigntion 

P Max nr:, 

M SF,X8r\BRENNFn 
P Dr Gregorio 
A M Bader 

Institul do Clnnuo Biologiquo ct 
Institut do Biologic BacKrienne, 

Faculty do MiSdecinc, University do Strasbourg, 

F ranco 
nnd 

Tnstituto di Patnlogia Gencrale, 

Unnersitii di Torino 
Itnl) 
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ANIMAL PSYCHOLOGY 

Effect of a Signal Contingent upon an 
Advoidance Response 

CoN\5ENTiONAx, sliock-avoidanco training usually 
takes the form signol-shock-rcsponso which becomos 
signal-response 3vhon tho appropriate bolinviour is 
learned Tins operant tochniquo lias boon showm to 
produce faster learning than tho classical procoduro 
m which tho unconditioned stimulus (shock) movit 
ably follo3vs the conditioned response 1 , 3 and is most 
effective when tho responso terminates tho signal os 
well as avoids the shock 5 , 4 
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Under this latter condition two events occur an 
oxtorocoptivo stimulus change precedos a potentially 
noxious event, and an extorocoptn o stimulus change 
follows tho response which escapee from or avoids 
this event Those changoe aro almost invariably tho 
onsot and offset of the same stimulus It is widely 
thought that both those ovonts aro nocessary for 
successful avoidance learning to oomo about* * The 
stimulus onsot preceding shock is said either to 
arouso fear, or to becomo aversive, and tho stimulus 
offset contingent upon the response is said to be 
reinforcing oithcr by virtuo of reducing fear or 
simply through tho removal of tho aversive stimulus 

It has been shown, however, that avoidance 
responses can bo loomed when there is no extoro 
teptivo stimulus chango contingent upon these 
responses* On tho other hand Korn in* lias domon 
st rated that avoidance looming is tho pooror the 
greater the timo-mtorv al between tho rosponso and 
tlio offeot of the warning stimulus, and has intor 
protod this finding in terms of delay of seconder} 
reward It is oqually reasonable, however to mter 
pret lus results by referenoo to the degroe of stimulus 
chango contingent upon tho response 

It is poasiblo to fractionate tho discriminatory and 
reinforcing offocts of tho termination of a warning 
signal by introducing a second stimulus contingent 
upon tho occurrence of an avoidanco response, wlnlo 
leaving tho original stimulus unaltered for a certain 
period To tius effect wo utilized a procoduro similar 
to that of Karain except that a second stimulus camo 
on whon an avoidance rosponso was made, and was 
tonmnatod at tho samo time os the warning stimulus 
Twonty four ruuve malo albino rats from 90-120 days 
old wore divided into four equal groups (I II HI, IV) 
and trained to avoid shock (110 V , 100 hfl luniting 
resistance)) by turning a small treadmill within 5 soc 
after tho onset of a weak light Each animal was 
trained m a single session until it mado two avoidanoe 
responses Inter trial interval times were 60 60 or 
70 sec according to a predetermined random scliodulo 
with a mean of 00 sec 

When shook was not avoided the escape response 
terminated both Rhook and light immediately for all 
animals When shock was avoided by experimental 
animals (groups I and JI) tho n\oidnnco response 
turned on a buzzer Doth light and buzzer vvero 
terminated after about 0 5 roc for group I, and aftor 
10 see for group II No buzzer accompanied avoid 
ance responses made by groups III and IV Tho light 
was terminated immediately after thoso responses 
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Id the Animal column Homan nnmeali refer to training group* 
ArnWe numeral* to the Individual animal* in tbo*e troutn. Flflt 
arnlilanre la the trial of which the flirt aro Id* nee reaponae w*a made 
and Trial* between la the number of e*e*pe trial* between the flnt 
■ ml aerond »roldanee rwjxmae* made by the retpectlTf anlmaU. 


for group HI, and after 10 soc for group IV 

Within the first ton trials behaviour was ‘flhapod’ 
to facilitate escapo looming, that is to say, shock 
was terminated when an animal approached tho 
treadmill irrespective of whether it turned it or not 
All animals learned to escapo promptly within theso 
ten trials, and thoreaftor only treadmill turning 
served to avoid or escapo from shock. Spontaneous 
inter trial responses wore allowed, but served no pur 
pose 

Table 1 shows tho trial on which each animal mado 
its first avoidance response and tho number of 
subsequent trials prior to tho socond avoidanco of 
shock As differential treatment betwoon tho groups 
began when shook was first avoided, the number of 
shocks between tho first and socond avoidanco 
responses provides a measure of tho offoct of one 
application of the differential troatmont Such a 
measure is the cleanest test of tho offect of post- 
avoidance conditions bocauso bolinv jour on sub*#xpiont 
trials js a consequence of a mixture of shock and 
no shock trials temporally distributed in different 
ways for different animals* Application of tho 
Mann-Wliiinoy V tost to the results m Toblo 1 
yields tho following conclusions (a) there is no 
significant difference between tho four groups on tho 
number of trials to tho first avoidance response 
( b ) significantly fewer (P < 0 06, ono tail) shocks 
intervened betweon tho first two avoidanco responses 
of tho nmmnls in group HI than botwoon thoso of tho 
group IV animals, (c) significantly fewer (P < 0 05 
ono tail) shocks mtorvenod botwoon tho first two 
avoidanco responses of tho animals m group II than 
between those of tho group TV animals, and (d) tho 
number of shocks botwoon tho first and second 
avoidanco response® of tlio animals in groujis I and 
H do not differ significantly 

As there wore n<? significant diffbroncoe between 
the trials to first avoidanco botwoon tlio four groups 
it ia supposed that no flygtomntio variations botwoon 
tho groups occurred prior to this point Tho fact 
that significantly fewer shock trials intorvoned 
between tho first and socond avoidance responses 
wlion theso responses immediately terminated tho 
pro flliock Pignal than when tlio off»ot of this signal 
was dolayod by 10 soc confirms car II or findings that 
immod into termination of a warning signal facilitates 
avoidance learning Tho finding that this difference 
vanish os when a second signal immediately follows 
tlio avoidanco response in both cases suggests that 
tho offccts of different delays before termination of 
tho warning signal are not direotly dopondont on 
this ovent Those animals givon a buzzer immodiatoly 
after making an avoidanco rosponso perform od 
oqunllv well ■whether tho pro-shock stimulus was 
immediately terminated or not Tho superiority of 
the 10 eoc delay group with buzzer over tho 10 soc 
dolay group without buzzor loads to tho samo 
conclusion 

Although avoidanco learning is facilitated by the 
termination of tho warning stimulus contingent upon 
tho performance of tho correct responso it is not tho 
termination of this stimulus ptr ee that is crucial but 
tho changed stimulus conditions after tho rosponso 
has boon mado Tho offccts upon tho efficioncv of 
av oidonco learning seem to bo about tlio wunfl whether 
avoidanco behaviour changes tho pro-rewponeo Rtimtt 
lus itself or not, so long ns »omo stimulus change 
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follows the response Av oidance behaviour cannot, 
therefore, be simplv interpreted in terms of the 
secondary reinforcing effects of the removal of an 
oxtorocoptive warning stimulus, but must mnko 
reference to the stimulus compound both before and 
after a response is made 

Wo wish to acknowledge our indebtedness to (lie 
Rockefeller Foundation which supported this in- 
vestigation through a grant to the Arts and Science-, 
Division of the American University of Beirut 

J D KLekhk 

bANMYAH MaICKASH 
American University of Beirut 
Boirut, Lebanon 
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ARCHAEOLOGY 

Pleistocene Climatic Significance of Calcretes 
and Ferricretes 

Calcretes and fomcrotes are widospiend feature-, 
of African soils Tliov have attracted attontion fiom 
both soil specialists and archtrologists, for thev 
frequently occur m soil profiles containing Stone Ago 
artefacts and fossils Tho calcretes and femcrotes 
havo boon genoially assumed to have climatic and 
stratigraphic significance Archreologists and geo- 
logists have dated them in terms of associated arte- 
facts or fossils, just ns otliei geological horizons are 
dated by vi situ- cultural or organic objects R F 
Flint 1 has summarized recent views on the climatic 
interpretation of fomcrotes and calcretes Flint 
suggests tliat forncroio formation loqmres rainfall 
‘above a certain minimum , stating that fomcrotes 
“seem to indicate Ploistocone climates that were 
wobtor than those of to-day, provided Pleistocene 
ago if established”, wlnlo calcrotos imply low rainfall, 
perhaps loss than 18 m (45 C cm ) por annum 

An interpretation of this kind was given to the 
soil profile at tho Skoonheid 1529 Later Pioistocono 
archteological sito, long 29° 27' E , lat 24° 7' S , 
40 miles (64 7 km ) east of Potgietoisrus n. the 
Central Transvaal Hero an erosion galley lias 
exposed Stono Ago artefacts in a way frequently 
found m Africa A number of archreologists and geo- 
logists agroed with tho observation and climatic 
deductions set out by ono of us : , but soil specialists 
found tboy could not accopt tho mtorprotation 
Accordingly, we retumod to tho site in Maj-June 
1959 for a fortnight’s fiold study We oxcavatod a 
number of sections in tlio gulley and exanuned bore- 
hole profiles drilled for the purposo adjacent to the 
gulley 

The excavations showed that forricrete concretions 
are scattered throughout the profile, though they are 
concentrated m tho horizons givon m ref 2 Contrary 
to tho views expressed thoro, those ‘ferrugmizod 
zones’ havo no Pleistocene stratigraphic or climatic 
significance For example, “Ferrugmisod Zono 2 ’ 
both underlies and overlies the samo Pleistocene 
Stono Age horizon at different parts of the site 
ugmized Zones 2 and 3” must have formod 


leconlly, when tho entire soil profile was established 
but before orosion of tho present gullov Tho 
occurrence of all “ferrugmizod zones” at tho sito m 
Stono Ago horizons is ptiroly comcidontal, for thoy 
formed tons of thousands of yenrs later than tho 
datos of tho artefacts thoy encase 

Fomeroto may bo soon actively forming m somo 
jiarts of tho gulloy floor to-day, whoro wator soopago 
along the granito bed-rock surfaco is producing a 
sesqmoxido shoot or forncroio in tho overlying 
poimoablc sodunonts undor impodod local drainago* 
This iccont femcreto lias cemented ancient. Earlier 
Stone Ago gravol m other parts of tho site, thus — 
assuming a quite misleading ago Elsowlioro on tho 
site, excavation provod that tho samo gulloy floor 
fomeroto, named “Forrugmizod Zono 1” in rof. 2, 
lies several foot above the Earlier Stono Ago gravels, 
clearly showing its moro recent origin In ref, 2 it 
was assumed that “Fomiginized Zono 1” formed 
unmcdintelv after Earlier Stono Ago but its origin 
)>ost dates formation of tho present gulloy In Juno 
1959, at the height of tho local dry season, fomeroto 
concretions appeared to bo forming continuously m 
ono part of tho gulloy floor whoro nocturnal water 
seepage to tho surface ceased during tho day 

Like feiTicieto concretions, colcroto concretions 
also occur t hronghout tho profile, but not in tlio limited 
horizons stated in rof 2 Calcroto formation lias 
continued in tho leas permeable horizons throughout 
tho history of tho profile, from Enrlior Stono Ago 
times to tho present da>, concurrently with fomeroto 
formation To-dnv tho area receives 21 in (53 25 cm) 
of rainfall jxn annum, while daily average tompora- 
ture varies from 80 J F (27° C ) to 36 6° F (2 0° C.), 
so at Skoonheid it is clear that fomcrotes and eal- 
ciotes reflect soil ihmato, not oxtomul chmalo Wot 
conditions aro necessary for tho formation of ferri- 
crcles, but tln.se ocem vvitbm tlio soil itself, not 
abovo it Soil evidence at Skoonlioid 1529 thoreforo 
gives now evidence of tho wide rango of variation of 
conditions favouring fomeroto and calcroto dovolop- 
mont Finally, studv of tho stratigraphy of tho sito 
in relation to present river action m tlio noarby 
Clnmics River suggests tlmt scdimontation on tho 
site may havo boon conti ollod by tho nearby gap 
in the R try d pool l Mountains Itnown as Chumospoort, 
and need have no relation to Pioistocono climatic 
chango Tho climatic interpretations and correlations 
sot out in ref 2 aro accoidmgly withdrawn. Tho 
Pioistocono climatic and stratigraphic value of tho 
calcretes and feruerctos at the Skoonheid 1520 profile 
have now boon placed m truer porspcctivo Thoro is 
liltlo doubt that arelucological interpretations of 
these features olsovvhore m Africa should ho roviowod 
m this light 

The work at Skoonlioid is part of the Arelucological 
Survey's Cave of 11 onrtlia-Makapan Valloy project 
gonorouslv auppoited bv tho Wonncr-Gren Foimdation 
for Anthropological Reseat ch 


Archteological Survov of the 
Union of South Africa 

Pretoi ia 

Department of Civil Engmooi mg 
Uruvorsity of tlio Witwmtersrand 


R J Mason 

ABA Brink 
K Knight 
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EXPANSION OF EDUCATIONAL AND TRAINING FACILITIES IN 

BRITAIN 


‘VITHEN moving the second reading in the House 
VV of Lords on April 28 of the Factories Bill, 
which amplifies and amends tho Factories Aot, 1937, 
the Earl of Dundee pointed out that it empowered 
tho Minister, under OZauso 26, to improve his advisory 
services by tho oolloction of information, tho in\ osti 
gation of problems of health, safoty and welfare, 
including the establishment of laboratories not only 
for research but also os Mr Ian MaoLood had 
explained m the House of Commons, for wider pur 
J posoe and the dissemination of tho results to industry 
Tho Bill, in fact, constituted a new departure in 
factory legislation and ho emphasized tho con 
atruotrve and co-opcrrative aspect of the work of tho 
factory inspectorate There are now 409 inspectors 
and it is hopod to have 446 very soon , but quality 
and experience are regard od os more important 
than numbers Other innovations in the Bill which 
received tho Royal Assent on July 29 empower the 
Minister to mako apodal regulations as to tho measures 
to be taken in factories to reduce tho risk of fire 
including regulations prescribing requirements as 
to the internal construction of a footory and tho 
materials to bo used, and call for tho provision and 
maintenance in ovory factory of appropriate and 
readily available means for fighting firo 

In the dobato Lord Wilmot of Solmoston remarked 
tliat tho Bill is an outstanding example of Parliament 
at its best in tho active co-operation of Government 
and Opposition m pursuit of a common aim Lord 
Stonham oxproesod the hope that m promoting a 
partnership of safety m the factories, the Govern 
ment would greatly strengthen the provisions for 
consultation and research into safety and suggest d 
that full information was a prerequisite of confidence 
Lord Taylor oatunatod that Biokneaa and accident in 
industry in Britain represent a loss of £780-£1,000 
million a year mostly through minor illness and 
minor nccidont, and ho stressed tho importance and 
value of an efficient industrial health service, in 
dueling such a co opomtivo and mobilo industrial 
health Borvico as had boon created at Harlow Tho 
Earl of Dundoo particularly wolcomod this suggestion 
os providing a solution to tho problom of making 
trained assistants avail ablo to tho smaller typo of 
factory 

The Bill obviously strengthens tho contribution 
which scionco can render to industrial health and 
eafoty On tho socond reading of tho Bill m the 
House of Commons lost November, tho Minister of 
Labour and National Service omphosixod tho critical 
importance of tho strength and oflldoncy of tho 
Factor} inspectorate and tliis was recognizod on all 
sides Mr Robert Carr, howovor, directed attention 
to the way in which tho growing complexity of 
industry has increased the difficulty of progress 
slrnplj by onforoomont It has become more and 


more impossible for a general inspectorate to possess 
all the technical qualifications needed to cover the 
whole range of industry m its area. With all tho 
help it con draw from a more or less centralized 
and specialist branch, to which we must look in 
creasingly for onoouragement and advice for major 
ad\ancos in the future, we are onco again, reminded 
of the importance of the continual expansion of 
education and training facilities in Britain 

Three other recent dobntes haw also stroesod the 
importance of this factor, and particularly tho nood 
to implement the recommendations of the Carr Roport 
on recruitment and training of young workers in 
industry Intervening in the dobato on secondary 
education in the House of Lords on February 20 
Lord Rooliojter urged that tho employment of } oung 
peoplo, and particularly thoir training as apprentices 
should be regarded just as rauoh a part of thoir 
education as that which they receive at school, and 
that before steps were takon to raise the school 
leaving age further, the possibility of industry 
absorbing them all at any ono tfmo each year 
instead of throo times as at present, should bo 
oxaminod Lord Rochester thought that to limit 
intake to one occasion in tho yoar might in practice 
prove a retrograde step oven to tho tochnical oduoa 
tion of the boys, but ho urgod tliat from tho point 
of employment tho problom is much too important 
to be handlod without the oloeest consultation both 
with the trade unions and the employers 

That aspect was also stressed in a dobato on tho 
oflfocts of automation, on a motion of Mr F Lee 
in the House of Commons on Mav 1 Sir Loo s 
motion, recognizing tho nood for British industry to 
koop abreast of roodom production methods, and 
also the need to allay fears of heavy unemployment 
urgod on intensive study of tho pro ba bio consoquonocs 
of automation and that the Government should 
invito industry to co operate in introducing the 
noceesary changes with a minimum of hardship to 
its employees and in supporting tho motion Mr 
Austen Albu omphasizod tho hearing of technical 
education Mr fttncLood, in his reply, referred to 
tho survey which had been modo by tho Department 
of Sciontiflo and Industrial Rosooreh in 1954 and to 
tho general endorsement of tho conclusions of the 
roport in July 1050 by tho National Jomt Advisory 
Council A subsequent inquiry bj tho Board of 
Trade, tho results of which wore published in tho 
Board of Trade Journal of February 1958, miggostod 
that automation would tond to docroaso tho number 
of unskilled labourers but Increase tho number of 
skillod tochmolans of all kinds Firms did not export 
automation to load to any so% ore reduction m the 
size of thoir labour force, partly because that force 
would bo re-doployod uubst ant ially within tho factors 
and portly in oon*quonco of an incron-od !°voI of 
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activity Mr MacLeod bolievos, liowovor, that 
increase m apprenticeship training is tlio respons- 
ibility of industry, and that the Government can only 
indirectly stimulato that Ho referred to the studies 
of technical change which the Department of Scientific 
and Industrial Research is already sponsoring and 
thinks that this work on the social aspects of tech- 
nological innovation might bo bettor co-ordinated 
and given more publicity He undertook to raiso 
this question with tho National Joint Adv isorv 
Council 

In opening a dobato on youth omploymont problom.s 
on April 30, Mr A Robens suggested that tho futuro 
of Britain is based on the development of our tech- 
nical slolls, and that wo must take firm action to 
ensure that our people are highly skilled and able to 
make full use of tho possibilities offorod in electronics, 
nuclear power and transfer machines Our educational 
programme, including tho development of technical 
education, contemplates an output of about 20,000 
scientists and technologists a vear by 1970, and to 
make full use of the technologists somo fivo or six 
technicians are required for each teclinologist The 
production of theso technicians and craftsmen is 
regarded by Mr Robens as tho key problem, and to 
meet the needs of tho increased number of school- 
leavers we should bo taking about 135,000 into skilled 
apprenticeship a vear. Tho avidcnce of recent 
months, he asserted, is that there are insufficient 
vacancies for bojs alio hnvo tho ncccssarj oduca 
tional qualifications, and ho believes that only b\ 
persuasion or legislation will industry bo induced to 
provide tho oxtra training places required, many of 
which would bo surplus to present requirements He 
said that tho trade unions havo a responsibility here 
— in tho printmg trade and m tho shipbmlding 
industry tho number of apprenticeships is stricth 
limited 

Mr Robens advocated re exammation of tho length 
of time required for an apprenticeship and challenged 
the practice of restricting entry to those leaving 
school at fifteen or sixteon Ho bohoves the older 
boy with added educational qualifications Mould bo 
likely to acquire his craft skill more rapidly, and 
further, that full employment could not bo guaranteed 
on the basis of an inevitable job Mr Robens sug- 
gested that since industry could not do this on 
its own, the Ministry of Labour should assist by 
making use of redundant Royal Ordnance factories 
or Ministry of Supply factories, so as to meet tho 
needs of the small firms for training apprentices 
Something more was required than had boon recom- 
mended by the Carr Committee 

The Parliamentary Secretary to tho Ministry of 
Labour and National Service warmly welcomed Mr 
Robens’s speech, though he thought tho prospects of 
employment for boys and girls depend on economic 
expansion and not merely on the size of the bulge, 
and ho was not convinced that opportunities for 
apprenticeship are as limited as Mr Robens sug- 
gested He believes that the Government’s part should 
he, first, to provide adequate facilities for technical 
education, and secondly, to shape the conditions in 


which industry can best play its own part Tho 
Industrial Training Council should tako a most 
important part m developing a strong and effective 
loadorship m industry towards oxpandmg training 
opportunities in onch individual industry, and tho 
Council lias, m fact, already asked liolh employers 
and trade unions to examine urgonlly tho Carr 
Report Tlio Government also proposes to make a 
grant of £75,000 to tho Council to further tho appoint- 
ment of training development officors, either by tho 
Council itsolf or b> omplo 3 r crs’ organizations, joint 
industrial councils or similar bodies Ho was con- 
fident that tho Carr Report has already lmd a pro- 
foundly beneficial effect on tho situation 

Mr Robert Carr, who nlso spoko, explained that 
tho Carr Committco was influenced m its reconi 
mcndntions b\ tho view that more rapid progress 
would bo achieved by building on practice and 
tradition rnlhor than by breaking completely with 
the present system, oven if tho Committco did not 
condono tho present rigidity of much of it Ho 
bohoves that it is cssontinlh in tho smaller and 
medium sized firms that an increaso in training could 
tako plnco m tho skills wo need, and that help with 
tho first year's training of an apprcntico is par- 
ticularly desirable Pro apprenticeship courses could 
ho developed m technical colleges, but tlio develop- 
ment of group apprenticeship schemes requires 
further attention, and small and medium-sized firms 
could bo helped by more block release in technical 
colleges as an alternative to day release Wale 
welcoming Mr "Wood’s announcement, Mr Carr said 
ho thinks there might bo a capital grant towards 
tlio establishment of joint training centics and tax 
remission to firms in respect of tho number of tlioir 
apprentices, and finally ho stressed tho importance 
of quality 

Mr A Albu, who pointed out that only between 
20 and 30 per cent of school Jenvors receivo anj 
further training at all — and in somo occupatioas only 
2—3 per cent receive any serious training for their 
employment — quoted an estimato that wo would 
need 1,300,000 skilled workers and 450,000 tech- 
nicians by 19GG To provide theso, about SG,000 
extra apprenticeships would bo neoded each year, or 
nearly tlireo times tho present number Ho suggested 
a levy, based on tho number of skilled workers 
omployed, to enable training workshops to ho cstab 
lislied in tochmcal colloges, and nlso that tho Indus- 
trial Training Council should bo reconstituted under 
an independent chairman, with a specialist and highly 
qualified staff Streas was laid by Miss Elaine Burton 
and by Mss Joan Vickers on tho importance of the 
Youth Employment Service, and tho need to see that 
this is properly supported, and that youth omplov- 
ment officors are sufficiently well paid to attract able 
and really qualified people to such posts 

Sir Edward Boylo, who rephod on tho dobato, said 
that to achiovo the objectives laid down m tho I960 
White Paper on Technical Education, w'o must 
achiove an averago increase m the number of part- 
time day rolease students of about 40,000 a year 
Although m 1958 there had boon a recession of 
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17,000 part-time da} releases, tho advanced levels in 
t ©clinical colleges are progressing well and the colleges 
are also diversifying their courses and providing new 
tvpos of courses for the ordinary craft apprentices 
and technicians Tho teaching force of the colleges 
is increasing and In 1968 reached a record total of 
13,600 The technical colleges, however, cannot do 
their beet without the active co-operation of industry 
and Sir Edward stressed the need for cloeo and 
regular contact between the staff at the technical 
college and the training officers and apprentice 
supervisors in the factory 

It is against the background of these dobatea that 
the report of the Ministry of Education for 1958* is 
appropriately considered, particularly tho important 
chapter which reviews developments in technical 
education since tho War, and more especially pro 
gross since the White Paper on Technical Education 
nos issued in 1960 Borne further information 
bringing the report more up to date was given in 
b pooches of Lord HaUaham in the House of Lords 
debate on Fobruary 20 and in that of Sir Edward 
Boyle in tho House of Commons on April 27 Sir 
Pdward Boyle pointed out that during the past four 
\ cars the number of pupils per full time teacher in 
primary schools has declined from 32 1 to 30 0, 
w bile tho number of pupils per full time teacher m 
secondary classes has only risen from 20 0 to 21 4 
in Bpito of the movomont of the bulge from primfuy 
into the secondary schools From now onwards, 
apart from the year of intermission m 1002, the 
increase in tho teacher force should moro than match 
the lnorcaeo in school population, and Sir Edward 
Bo} lo anticipated that primary classes of more than 
forty children should bo virtual!} eliminated by 
tho middlo 1000 s with no deterioration m staffing 
standards m secondary schools 

From 1950 Sir Edward thinks tliat an annual net 
mcreaso of 0,000 teachers can be assumed, as 10,000 
students should completo teacher training coursos in 
I960 and 17 000 in 1900, and this output should bo 
maintained on increased number of graduates is 
also ocrpoctod to outer the schools, and wastage is 
unlikely to increase More recon tl>, on Juno 26 Mr 
Geoffrey Lloyd tho Munster of Education said that 
(n addition to tho programme for 12,000 places 
announced last September, ho has authorized forth 
■with a programme of 4,000 training coll ego places 
which should bo effective b\ 1004 Sir Edward Boylo 
also said that the eoloction of high]} qualified entrants 
who could comploto a course in two years instead of 
tlireo was being considered 

‘"Education m 1958” records Uiat although in 
January 1058 thoro wore nearly 0,840 000 children in 
mamtninod and assisted schools, tho rate of increase 
has fallen by nearly half tho riso in tho number of 
cluldren older than fifteen was more than double 
that for tho previous year Nov ortheloss, the per 
centngo of senior children in over sko classes romamod 
tho Bamo although tho number of over tsfco senior 

* Education In IOM Bclnfi the JUyort of tho ITInUtry of Education 
and 8 tat Utica for England and V\ak*. Tp. t+£S1 (Cnmd. 77" ) 
{London SUUonerr Office 1059) 12 * net. 


classes was slightly larger in January 1958 Tho 
total number of studonts taking advanced courses at 
technical colleges has increased from 9,600 at tho 
time of the 1111110 Paper to moro than 11,000, and 
of these nearly 0,600 are enrollod in sandwich courses 
compared with about 3,300 early in 1056 During 
1958-59, more than 10,600 out of 23 000 students 
admitted to universities in England and Woles 
excluding those from overseas, wore receiving awards 
from pub lio funds, compared with 14,000 during 
1964-65 

Apart from the firm expression of the Govommont a 
conviction that anything like a uniform pattern of 
secondary education throughout Britain would bo 
wrong, and that instead wido experiment and 
flexibility in organization should be encouraged, tho 
two chapters on further education ore those of most 
direct interest to tho scientist and technologist Tho 
firsts of those provides a com omont concise summary 
of the progress that has boon achieved in technical 
education during tho post flvo years without how 
over, distinguishing as clearly aa hod been done m 
some recent dehatos in Parliament between tho 
technician and the technologist One encouraging 
feature is tho decreasing proportion of part-timo 
education at the advanced levol In the mid 1050 s, 
moro than three-quarters of technical collego students 
who obtained professional qualifications did bo b\ 
part tune study' only Bv tho Into 1000 e about one 
half of those qualifying each year as scientists and 
engmoers will probably linvo como from a technical 
collego and less than ono third of thoso will liavc 
takon part-time courses 

Tho review refers to the shedding bv tho colleges 
of advanced technology of tho less advanced work 
and thoro is eorao discussion of tho problom of 
broadening a technological course It is rocognizod 
tliat a concept of teaching is n coded in which the 
mere imparting of information is replaced by a more 
act 1 vo kindling of the student s mind and interest 
tlirough tho porsonal help and guidance of the 
teacher and it is tho Government e policy that tho 
colleges of advanced technology ehoukl bo staffed on 
a basis generous enough to onable thorn to provide 
a tutorial system throughout a diploma of technology 
course Apart from tho groot bonofit to tho studonts 
this should oncourago tho staff to adopt teaching 
methods which will increasingly oncourago studonts to 
work on their own and to tlnnk for thomsolvos Of 
tho £70 million authorized for invostmont in technical 
collego building in Britain during tho quinquennium 
ending in 1901, tho colleges of advanced technology 
claimed about £10 million Encouraging progress is 
recorded in regional co-ordination at tho advanced 
lov’d, in co-operation hot woo n tho colleges and 
industry and in tho dovolopmont of research and 
postgraduate studies, and to a lesser extent in tho 
development of coursos in management studios Tho 
need for residential accommodation however will 
onlv partly bo met by tho 3,000 places to bo provided 
under tho fivo-ycar programme of which nearly 
2,000 will bo at tho colleges of advanced technology 
inclu ding about 1 000 at tho ontirelv 
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college at Loughborough Recruitment of suitnblo 
teaching staff for advanced scientific and tecluucal 
courses is likolv to remain a serious and urgent 
problem, and related to this are the conditions of 
service for such staff Hero the improvement in the 
climate of opimon about advanced tcclmological 
education could veil be a decisive factor 

The report stresses the distinctive functions of tlio 
colleges of advanced technology and of the univer- 
sities and rightly urges that both are needed It would 
be more reassuring, liowoi or, to seo tlio distinctive 
functions of tho technical colleges and of tlio collegos 
of technology clearly recognized, and tho need to 
keep tho supply of teclmicians and craftsmen m 
b&lanco with tho expansion in numlicrs of both 
technologists and scientists This could well provo a 
major weakness, and although tho apprenticeship 
system receives notice m the roport, tho Carr Report 
is merely noted and its implications even for tech- 
nical education are not discussed Lord Haikham’s 
speech in tho Houso of Lords on February 2G was 
limited essentially to secondary education, and 
although ho referred to the improvement of facilities 
for teaching science, ho did not touch on this vital 
aspect Botwcen 1947 and 1957 tho number of 
advanced level passes m tho General Certificate of 
Education rose from 10,000 to 14,000 m mathe- 
matics, from 8,000 to 15,000 in physics, and from 
7,000 to 13,000 in chemistry’ , and since tho War 
more than £20 million has been spent on tho pro- 
\ision and equipment of scionco laboratories at now 
and enlarged maintained secondary schools of all 
kinds and £3 million has been spent m threo years 
on independent and direct-grant schools by tho 
Industrial Fund for the Advancement of Scientific 
Education m Schools 

This report from tho Ministry of Education, and 
tho debates m Parliament referred to earlier, demon- 
strate that tho Government is aware of tho many 
probloms in\ oh cd in expanding techmcnl and tech- 
nological education in Britain ; it is tho duty of 
professional associations and similar bodies to 
impress on those concerned tho importance of striking 
a true balance between tho diverse mt crests im olved 


CONCEPTUAL FOUNDATIONS OF 
SCIENCE 

Patterns of Discovery 

An Inquiry into tho Conceptual Foundations of 
Science By Prof Norwood Russell Hanson Pp 
ix + 241 (Cambridge At the University Press, 
1958 ) 30s net 

T HE general thesis of this book is that observa- 
tional data become significant only when seen 
against a given conceptual background or Gestalt 
(p 90) The theme is worked out at various levels 
Thus Chapter 1 discusses interpretative activity of 
plain observers , Chapter 2 illustrates, through a 
historical discussion of the work of Galileo, Descartes 
and Beeckman on the problem of free fall, tho 
influence of purely geometrical as agamst physical 
attitudes on the direction of research , and Chapter 4 
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emphasizes the importance of physical (as compared 
with purely mathematical) preconceptions in their 
hold on Kepler’s astronomical thinking Compara 
tivolv, these are historical issues, though Prof 
Hanson hero sometimes flirts with something moro 
important, ns when ho writes that “conceiving of an 
hypothesis has a logic” and is not merely a matter 
of intuition or hunches (p 71) Of course it is not 
But os to "logic” , when wo inquire further wo are 
after all given no more than tho tame if correct 
remark that tho physicist's task is to find tho simplest 
formula which will include all tho known data (p 84) 

Hanson’s conceptunlist thesis is indeed mosth 
intended to throw light, on a number of traditional 
philosophical issues such ns the nature of causal 
relations (Chapter 3 causes being interpreted ns 
“theory-loaded” (p 54) entities) , tho logical status 
of the laws of cluRSical dynamics (Chapter 5 whether 
thoy aro considered as definitions or os comcntions 
or as empirically testable statements depends on 
“tho organisation of concepts” (p 9G)) , ns also tho 
question whether the Indeterminacy Pnnciplo states 
“merely a technical” or rather “a conceptual impos-i 
bility” (p 13G , Chapter G) This last question, 
perhaps tho most interesting m the light of recent 
discussions on the ideas of Bohm and others, does 
not recei\ o much clarification, being discussed 
merely ns a further illustration of a philosophical 
thesis 

Altogether, though this book nbounds m a wealth 
of illustrative studies, remarks and quotations, at 
the end ono is left with the feeling of a somewhat 
hazv and impressionist picture Thorc is a great deal 
of trailing of tho coat , the bCte voire being “tho 
philosophers”, who now fail to grasp the elementary 
facts of physical reasoning (p 8S) ; now “think 
physicists confuted” about tho use of law -statements 
(p 109) , and who nro finally told that not thoy but 
men like Keplor, Galileo, Novi on, Einstein and others 
have developed pin sics (p 113) Sneering was never 
a good substitute for argument , it. is nover certain 
who tlicso plulosophors nro that so dismally mis 
understand , and on tho few occasions when they 
aro named, their arguments nro peculiarly mis- 
represented Thus somo contemporary logicians are 
chastized for having represented physical thcorv 
eitlior ns an inductive generalization, or as a piece 
of pure deduction, or, again, ns invorso deduction 
namely, tho postulation (tho “thinking up”) 
hypotheses accounting for tho facts (pp SGff) 
Armed with this logical terminology. Prof Hnn«on 
imputes to the logician tho absurd doctrine that the 
physicist first thinks up hypotheses at random and 
then soes what ho may perchanco deduco from them 
(pp 7 Iff) Surely it was perfectly’ obvious that 
what tlio logician meant was think up hypotheses 
in the light of tho problems they nro meant to 
solve 

Disentangling tho puzzles and paradoxes of the 
languago of scionco is a delicate operation , the 
statements that emerge after duo reflexion, when 
honestly put, aro deserving porhnps of slightly’ moro 
respect than a hasty’ misreading of tho cvidcnco 
might suggest Prof Hanson writes that “because 
of tho inadequacy of philosophical discussions” of 
tho topics dealt with in Ins book, ho proposes to u q 0 
physical theory and theorizing as “the lens through 
which these problems will bo v lowed” (p 2) One 
reader at least has certainly gamed tho impression 
that tho method is, on the contrary, the perfectly’ 
standard ono of running a definite philosophical line 
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But no greater damage could bo done to genuine 
philosopht of scionce than to suggest that there is an 
easv wa) to a solution of its problems f lot alone 
that they may bo settled by eimpl} inspecting the 
metaphysics and the language of science 
The book seems most stimulating in its discussion 
of some of the case studies referred to, even though 
one might hose wanted somo explanation* on occa 
si on whfch would have made tho matter less raystifj 
mg to the general read or (Who of theso understands 
the theory of the hodograph ? (p 106) ) It can cor 
tftinly be warmly recommended as accompanying 
reading to more sustained studies m the subject 

Gkrp BuciruAJm 


THE WEEVILS OF FRANCE 

Faune <te France, Vol 62 

CoJ6opt&re* Curculiamdes (Troisi&mo Partie) Par 
Adolphe Hoffmann Pp »L-f 12Q9-1 840 (643 figures) 
(Paris Edition* Paul Lcche\ftber, 1958 ) np 

I T is now more than forty years since tho last com 
prehonmo work on European beetles appeared 
The present volume m this well known oorics deals 
with tho remaining woe\ ils occurring or likely to 
occur, in Franco and Corsica It is uttuod, unusually, 
m a stout and durable cloth binding Keje to all 
groups, including sometimes tlie varieties of n single 
species, nro given Each couplet usually contains 
vh \ end caailj obaerv ed characters and the keys appear 
to be reliable. There is a full description of each 
species together with man} references 
Tho figures nro own more numerous than m tho 
earlier parts, a\c raging more than ono per page 
The} ccdubit a varfoty of stylos and techniques but 
seldom reach tho standard on© expects nowada\s in 
a *orh of this kind Somo of tho figures of antennae 
and tarsi arc particularly crude , stippling and 
shading aro frequently used where a simple lino 
drawing would bo far more effective 

Tho author a Ryatom of clM8lftcnt)on la rather 
indnidual and open to criticism Following Roitter 
(1912) he has included somo twenty or eo euofumllics 
ns tribes under tho ntuno *CaIandrmno” Also tho 
Attolnbidao are doniod their full family rank Jthyn 
chiit* was oven used as an example of the Phanoro 
gnatlii m tho mtroduction (Part 1 ) In addition a num 
ber of long established generic names (for example 
Doryiomut) havo been sunk though in such eases an 
explanation ia givon nnd tho reader can form his own 
opinion with the aid of the references Tho fact that 
the general classifiontion of weevils has not been 
Btudied since 1866 and that tho now Code of Zoological 
Nomenclature boa yot to appear in print reduce* tho 
weight of thceo criticism* Furthermore, this work is 
essentially a fcumiatic study, not primarfl} intended 
to make a fundamental contribution to anatomy or 
taxonomy 

It is in its fnunistio aspect that tlvo \ ahto of tlus 
work lies Tlie author has token tho greatest pains to 
record accurately and often in great detail both tho 
distribution and the biology of oxcrj species as for as 
these nro known Again many references are given 
Many galls etc and loaf rolling techniques are 
illustrated 

Following tho main body of tho text is a lengthy 
list of additions and corrections to the whole work, 
also a list of food plants -with their associated weevils 
and a general index It T TuomtsoN 


THE INVERTEBRATES 

The Invertebrates Vol 5 

Smaller Coolomate Gmips—Chactognatha Hemi 
chordata Fogonophom, Phoromda Ectoprocta, 
Braclupoda Biptmculida, The Cool ornate Bilatena 
By Libbie Henrietta Hyman (McGmw HO] Pub 
hcationfl in tho Zoological Sciences) Pp rib +783 
(London McGraw Hill Fubhahtng Cornpanv, Ltd , 
1D5D) 304a Cd 

T HE fifth volume of Dr Hyman a series on 
animal phyla is de\ otod to tho smaller cadomnto 
group* except the Echiurida. Tbeee she di\ ides into 
three sections tho enteroccelous oeelomatoa or 
Dmitorostcmw (Chaetognatha, Heroicbordata and 
Pogonophcra), the lophophorate ecelomatce (Phor 
omda, Ectoproota and Bmchiopoda) and tho proto 
stomatous ocelomatos (Sipuncnhda) It must havo 
boon a difficult task mastering tlie literature on 
such widely varied form* of life , the bibliography 
is oxoollont 

Each chapter is arranged on tho same lines ns those 
in previous volumes — history, general characters 
classification, morphoJogj , embrj olog} , ecology nnd 
physiology, geographical distribution and relation 
ships so that it is cos} to find a particular section 
Tho illustration* are good on tlie whole, moatlj copiod 
from orfgmal papers but a fow ha\ o dotcaoratcd 
m reproduction such ns BaihyapadcUa, Fig IDA, 
and tlio non oub sjstom of phomnids, Fig 87 
Lettering by number* enables tho rendor to tost his 
knowledge, and this is applied uniform)) throughout 
tho book 

Some phyla hn\o been exluiustiv cl} dealt with 
elsewhoro, suoh aa tho Hemieliordata bj ian dor 
Horst, others are little known or have not been 
adequately fronted m mailable books and mono 
graphs It is to the latter group* that the zoologist 
will grateCUlh turn first Here for tho first timo wo 
3 law iv clear account, IaTgoh translated from the 
Russian, of tho now phylum Pogonophora tho beard 
boarore, deop eoa worm like creatures w ith a heart 
and vascular systom but no digestive canal Hio 
dredging of twenty two species of pogonopborea 
diiefly from tho Behring and Okhotsk sens and from 
tho Skagermk off Norwaj is ono of tho most remark 
ablo find* in modem zoological research, comparable 
with tlio discover} of Xafimcrra and Neopttma 
More than a third of tho \ olnmo Is devoted to tho 


Ectoprocta, a group which “js burdened with a largo 
and fantastic terminology” Hr Hyman therefore 
has correlated tho terms usod for tho parts of tho 
colon} with those omployod in invertebrates general}) 
For her study of tho Ectoprocta aho travelled to 
Brazil, to consult with Prof F Marcus, who had 
worked bo extcnsnoly on tlmt group Tho result 
is an excellent account Hr Hyman prefers to call 
tho phylum Ectoprocta nnd to use Biy ozoa in a 
popular sons© only since tho latter nnmo included 
the Entoprocta, wbicli must now Ikj ramo\ed from 
close association with tho Ectoprocta 

Tho clwptor on Bmohiopoda is also a competent 
pjcco of work, cwpcciall) for tho palaeontologist It 
ts strongo that tho namo 5* misspelt on tho dust 


n or and tho title jingo 

The final chapter, entitled “R< trooped enables 
io author to correct a fow mistakes in tiu> earlier 
Aumos, to add short account* of recent work not 
re.vi.oush known and to state her view* on ciurenfc 
ends m zoolog) Tlio sbo dees very forolbh i 
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“Hemichordnta must bo lemoved from Cliordata 
and mode an mdependent phylum of invertebrates” , 
“The concept Gephyrea must bo obliterated from 
■zoology” , “Ctenopliora aro a sharply delimited 
group xvith dofimte characteristics that cntitlo them 
to separate phylotic rank It is ovon not at all sottlcd 
-that they havo originated from Cmdana” , ‘‘Tho 
Entoprocta aro maintained as a phylum distinct 
from tho Ectoprocta” 

The a olumo reaches tho high standard of all 
jMcGraiv-Hill publications Its cost m Britain is 
certainly x ery high, but its % aluo as a compilation 
of up-to-date knoxx ledge is undoubted All zoologists 
-mil Irish Dr Hyman renew ed health so that slio ma\ 
complete tho groat task slio lias sot horsolf, and 
-mil look forward to the next volumo, which is to deal 
mth tlie Mollusca N B Baliis 


MODERN THEORY OF THE 
INTEGRAL 

An Introduction to the Theory of Integration 
By Prof Adriaan C Zaanen Pp i\ -^254 (^Amster- 
dam Nortli-Holland Publishing Company , New 
York Interscience Publishers, Inc , 1958 ) 50s 

P ROF ZAANEN’S reason for adding to the 
considerable number of books surveying tho field 
of modem integration, from the classical Lebesgue 
theory to tho deielopments of Radon’s extension 
of this theory to abstract spaces, is that such accounts 
generally rely either on tho approach through measure 
theory or on tho concept of the linear functional ; ho 
wishes tho young analyst to bo familiar with both 
procedures Thus after a brief prehmman section on 
set theory, he defines measuro ox er a semi ring and 
builds up a more general measure by an extension 
procedure , then Stone’s method of defining the 
Daniel! integral as the extension of a linear functional 
oxer the class of step functions is seen to be prncti 
cally a special cose of tho extension procedure for 
measure The author gives plenty of illustrations, 
particularly helpful in showing how tlio older theory 
fits into tho moro modem, so that, for oxamplo, tho 
extension procedure applied to tho Riemann integral 
yields the Lebesgue integral Fubmi’s theorem on tho 
reduction of a multiple integral to ropeated Integra 
tions is carefully studied, as is tho tedious but impor- 
tant Radon-Nikodym theorem, which may be 
regarded as a very high-level xersion of the change 
of variable in an integral Later chapters give some 
applications, such as unitary transformations m 
Hilbert space, and ergodic theory Moasurc over a 
Boolean algebra is excluded, but Carath<5odory’s 
book is available , and integration over a locally 
compact space and the related Haar measure are 
omitted, since an account of the relevant topology 
would have substantially increased tho size of tlie 
volume 

The exposition is clear and precise, provided the 
reader pays unremitting attention, and provided he 
does not neglect the exercises, an integral part of tho 
text “The student who omits them is hko the man 
who, when attending an excellent dinner, wants to 
race through the mam courses only, and (under the 
misapprehension that it is merely the nourishing 
value that counts) refuses to touch the wines and 
bttle delicacies which are offered him” , and the 
author is offering Montrachet, not Coca-Cola 


INTERNATIONAL CYTOLOGY 

International Review of Cytology, Vol 7 
Edited by Prof G H- Boumo and Prof J F 
Dnmolli Pp x + 084 (Now York Academic Press, 
Inc , 1958 ) 1C dollars 

T HIS xolumo, issued under tho auspices of tho 
International Socioty for Cell Biology, is probnbh 
tho most xnlunblo and mtorostmg of tho series, 
of wlncli it is tho soxonth Among tho xvoll- 
knoxvn contributors aro Don IV Fawcett, JTanijoise 
Hagucnau, Johannes Rhodm, F. G Spear and Paul 
Weiss Tho articles b\' Spear on tho biological effects 
of radiation and by Ilso Losmtzki on carcinogens, 
hormones and x'ltamms m organ cultures aro topical 
m x-icxv of w idtsprend interest on tlio effects of atomic 
tests, and of cigarotto smoking Spear gixes a com 
prclicnsixo historical roxicxx on radiation phj-Bics, the 
general response of ltxmg tissues to radiation and 
radiation chemistry, and lias cleared tho ground for 
a new approach to this field lie quotes J A V 
Butler “Wo aro at tho moment in tho position of 
a man xxlio tries to elucidate tlio mechanism of a 
tclopliono exchange by tin owing bricks into it and 
observing some of tlio results” Nnturollj, Spears 
section on tlio possibilities of chemical protection 
against radiation effects is of considerable interest 
A munbor of cbomical and plix sical agents aro claimed 
to haxo such protoctixo action in certain cases Ho 
lists cysteine, glutatluono, BAL, thiourea, glucose 
and otlmnol Tho mttmnto cytological results of 
radiation could not bo examined moro than cursorih 
by Spear Many years ago M J D White discoxorcd 
as a by-product of his work on the offccts of X-raxo 
on tlio maturation phase of locusts that in mimx 
coses tho single sperm ‘middle piece’ became double, 

< riplo or ovon quadruple Recont x\ ork ot the Argornw 
Nutionnl Laboratory, bj Tahmismn’s group, working 
under tho auspices of tho U S Atomic Energy Com 
mission, has shown that tho insect ‘middle piece 
arises from a number of separate bodies xvlnch norm 
ally fuse to form tho ‘nock body ’ , radmt ion prex ent s 
their fusion, but does not provent their growth 
Further work along these lines with electron micro 
scopy should ho fruitful 

Ilso Losmtzki, using tho watch-glass plasms 
extract clot tcchniquo of Foil and Robison, has W 
x ostigatod tho offoct of cnrcinogonic liy drocarbons on 
human foetal lung, nnd mouso prostate, tho influence 
of sox hormones on embryonic doxolopmont of pcs 
organs, and tho changes produced by x ltamui 
Lnsmtzki proxides some remarkable photomicro 
graphs of tho offects of 3,4-bcn7opyreno from cigarette 
smoko, on tho bronduolar epithelium Carcinogenic 
hvdrocaibons and sox hormones stimulate coll division 
in basal colls of skm and x-aginn, nnd thus induce 
abnormally high proliferation 

Tho section by Frangoiso Haguonau, a dis 
tmguishod member of tho French School of electron 
microscopy, goes mto tlio question of orgastoplnsm 
or ondoplnsmic reticulum Tho namo orgastoplnsm 
was corned by Gamier (1897, 1899) for tho Nehc nlcrnc 
in. gland colls His work was nmpliGod by other 
members of tho Nancy School of Histology* 
such as Pronant and Bourn Copies of their figuros 
occur m many of tho major xiorks on histology 
Happily, Haguonau also mentions tho contributions 
of tho Japanese cytologist Sakno Sagucln m this con 
nexion Electron microscopists ontorod the field, 
and by about 1047 really good oloctron micrographs 
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of gland colls had begun to appear, pionoer work 
boing earned out at the American Notional Cancer 
Institute by Dalton et aJ , and at tho French Cancer 
Institute at Vfllejuif by Oberling's group The way 
was then open for tho ©xcollont high resolution 
studies by tho Swedish workers under SjCstrand, and 
by the active Rockefollor group led by Porter 
Dunng tills enriching period a controversy arose on 
nomenclature as a result of the continued use of 
Porter's term ‘ondoplasmio reticulum*, which the 
Americans m particular behoved proper to describe 
tho ultrastructuro of tho classical ergostoplasm dfs 
covered by the French Space allowed to tho reviewer 
docs not permit further reference t-o this topic, but 
Hnguenou remarks, 1 It has been empliasized that 
tho general acceptance by electron microscop is ts of 
the word erxjasioplasm in its original contoxt would 
do much to bring ordor to the present terminological 
confusion” 

Don W Fawcett writes on tho structure of the 
mammalian sperm as determined by eloctron micro 
hcopj Naturally with the higher magnification and 
excellent rooolution of the modem oloctron micro 
scopo recent authors providod with those blessings 
have been able to better the often pathetic post 
efforts of tho optical microscopiat in this field 
Nevertheless tho electron micrograph has not pro 
ducod any now basic facts cnccept possibly for 
recognition of tho peculiar lamellation of the Golgi 
apparatus — yet PolUator (Vol 6 of this series) olaims 
that Jan Hirschlcr did understand that tho Golgi 
apparatus was eesontiolly a lamollated structure Of 
great internet to day in tho structure of tho meta- 
morphosing spermatid is tho neck region Fawcett 
holds that tho bneo of tho flagollum is connected to 
tho hood by a segmented bodv that is probablv a 
higlily modified distal contnole, but the roviewor has 
yot to boo any micrograph of tlus region which does 
not show a spooial nock body, centriol© adjunct 
nrchoplnsm (Gnrnd, Cnrasso and Favard), otc , which 
is material Boparato from tho proximal centnolo 
Jn fact, the oloctron mioroecope has si 1 own tliat tho 
head centnolo is not tho major attachment area of 
head and flagellum — there is a sopamto structure or 
pocking which reochoe its highest stato of dovolop 
mont m insects Thoro boo ms to be no rocont o\ i 
donco that tho contriolo divides moro tlian once m 
normal spermatogenesis It must now bo admitted 
that tho mammalian post-nuclear body and tho 
nock body or centnolo adjunot are different struc 
turns 

Faul Woiss discusses coll contact— that is, (1) con 
tact relations between colls and thoir physical sub 
stmta (2) tlm mutual reactions of colls on contact 
with one another and (3) tho transmission of spociflc 
agents and infiuoncos from ono coll to another by 
direct contact V oiss considers a coll to bo in contact 
with another body not only if tho two surfaces are 
in direct apposition but also if thoy aro separated 
by a narrow space occupied by a mol ocular popula 
tion tho froo mobility oi which is restrained In his 
usual suggest i\ o manner, Woiss has investigated the 
bobbin’ structures at coll interfaces of epidermal 
units and goes on to discuss tho possibility that in 
cancer cells undergoing mot astasia there is a closo 
relation botwcon loss of specific eurfaco contact on 
ono hand and mobilization and proliferation on the 
other Mobilized normal colls, after recovering 
co apiivo relations (for example, opitholia mooting 
thoir own kind), cease to proliferate, wlmreas cancer 
cells under comparable conditions evidently do not 


Woiss omita mention of tho paper by Dalton, Kahlor 
and Lloyd (Anat Rec 111, 1951) 

Papers emanating from SjOstrand’s laboratory 
liavo been marked by helpful interpretative drairings 
which can only be mado up by close study of many 
micrographs These drawings will bo used gratefully 
by authors of histology books Johannoe Rhodin s 
study on the anatomy of kidney tubules is a good 
examplo of Swedish work, tho diagram on pago 50(5, 
Fig 14, being excellent The studios on kidney by 
Pease, Dalton, Rbodin and others can now bo 
followed by experimental work 
Another paper from the Karolmska Instituted is 
by Hons Engstrflm and Jan Wersall EngstrSm is a 
practitioner in the ear, noso and throat climo of 
tho University of Gothenburg, yet has managed to 
collaborate in this erudite study of tho structure 
and innervation of tho inner-car sensory opitholia 
A further paper is by L M J Rinaldmi of tho 
Uruvorsity of Cordoba Argentina whoso work woo 
carried out at the St range ways Research Laboratory 
Cambridge No doubt Rinaldinf will road Woiss b 
nrticlo with appreciation, as tho two valunblo papers 
ha vo certain meeting points Rinnlduu has covered 
a great deal of difficult ground in an interesting 
manner, and of all tho papers hero mentioned 
this has neodod tho widest grasp of tho inter 
national literature on biochemical and biophysical 
cytology 

The supposed hypothalamo-nourohypophysial neuro 
secretion lias boon carefully conslaorod by J C 
Slopcr, of tho Charing Cross Modical 8chool, London. 
Tho subject of nouro -fiecrotion is ono that ia largely 
made up of doubtful histology and woreo cydology 
Degonorato and effoto colls stain darkly in toluidino 
blue, non hxomatoxylin, otc — those are supposed in 
some cases to bo neurosocrotory whereas to tho re 
newer tho most convincing vortobrato norvo coll 
secretions are thoeo demonstrated by oloctron micro 
scopy by Polay, Van Breomon, J D Green and others 
In tho coso of tho sympathetic neurones of tlio mouso 
similar fine ‘secretory ’ bodies exist in am mats a few 
day's old, and soon disappear oldor coils become^ 
packed with formed bodies which are hoapod aggrega- 
tions of ofTeto mitochondria lying mainly at tlm 
axon ond of tlm nuclous Slopcr remarks that future 
investigations will bo facilitated by a more exact 
knowledge of tho nature of ‘nourosocrotory ’ mater- 
ial, and ho fools unable to equal o tho covoral 
oatogonos of inclusions demonstrated by vorious 
workers 

Tlm romalndor of this xolumo has papers on tho 
Lvmphocyio”, by O A Trcrwoll of the Radiobio- 
logical Unit at Harwell, on “Autoradiographic Studios 
with S** Sulphate”, by D D Dzlowmtkowskt of the 
Rockefollor Institute on “Roccnt Advances in tho 
Study of tlm Kinctochoro ’ (centromere), by A 
Lmnn-do Farm, of tho Institute of Genetics of tho 
UnivorsiH of Lund and finally on “Lararllibranch 
Musclo , \>y J Bowden, of tho Anatomy Department 
of tho Queen’s University Belfast These vnluabfo 
studios are all of tlm highest standard and it m 
regrettable that thoy cannot bo ro\ mwed hero at 
length 

Looking bock on tho various \olumos of tlds ecncs 
which ha\o appeared imdcr tho guidance of Bourne 
and Diuuclh, ono is impressed with tho fact that tho 
problems oncoimtcred m tho stud^ of tho Ih ing cell 
nowadays soom to Imcomo moro complex and more 
insoluble It would bo pretention* for us to think 
other*.*, JBnovrE CUW-w. 



57 G 


NATURE 


VOL 184 


August 22, 1959 


A Defence of Free Learning 

By Lord Bovondge Pp xiv + 140 (London 
Oxford University Press, 1959 ) 185 no( . 

I N this book Lord Bovendgo 1ms drawn m tho mam 
on tho documents collected for thoir w ork by tho 
Academic Assistance Council and tho Socioty for tho 
Protection of Scionco and Learning to gi\ o a sobor 
but moving narrative of twenty -fivo years work m 
Butam to liolp university toa chore and scholars 
driven fiom then work on political oi lacial grounds 
It is not a philosophical or theoretical aigumont for 
acadomic freedom but a factual account of what lias 
boon dono in Butam nlono, beginning with tho 
expulsions from Germany initiated bv Hitler m 1933 
and continuing down to the probloms presented by 
tho intolerance persisting after tho Socond YVoild 
War, mcludmg tho Hungarian persecution of 1950-57 
It is a story little known outsido tho unnorsitics and 
is told without ombolhslimoiit, savo, porhaps, whore 
m lus concluding chapter “Tho Folly of Tenants”, 
Lord Bovondge, summarizing, points to tho rich 
harvest which Butam lias reapod b> her recoption of 
theso refugees Thoio mo indeed sonio dark places m 
tho story and Loid Bovoridgo does not attempt to 
conceal them On the other hand, ho docs not 
o\ orstress them and points out fairly onough that, 
oven in tho darkest hour of 1940, tlioro wore always 
those m Britain ready to protost vigoiously agninst 
admmistrntrv o orror or tardiness and to mmst on tho 
revocation of stupid decisions Fno dobatos in tho 
House of Commons in loss than oiglit. months of 
desperato war testify to a sonso of justice and a 
vigilance of which Bntam has a right to bo proud 
The most moving clinptor is, poilmps, that ontitlcd 
“Wandering Scholars”, in winch Lord Bc\ eridge 
sots forth some of tho typical oxpcrioncos of theso 
scholars collected from their loplios to an inquiry 
sent out in Juno 1958 No oloquonco could make the 
human issues plarnor, nor is more neoded by way of 
argument to domonstiato tlrnt hero is a continuing 
problem calling for forotliought and imagination, as 
well as piactical help if its difficulties are to bo resolvod 
and somo of tho existing gaps, notably m relation to 
professional work, are to bo closod 

In writing this book, Loid Bovondge lias added 
to the dobt which Britain as woll as wandering scholars 
owe lum and his colleagues, first on tho Academic 
Assistance Council and then in tho Socioty for tho 
Protection of Scionco and Loarmng 

R BiiiGnTjrAN 

Systematic Mineralogy of Uranium and Thorium 
(Bulletin 1004, U S Geological Survey ) By Clifford 
Frondol Pp vin + 400 (Washington U S Govt 
Printing Office, 1958 ) 1 50 dollars 

F OR the past ten years an mtonsive invostigotion 
into the minoialogy of uranium and thorium, 
undertaken in connexion with economic studies of 
radioactive ore supplies, has been in progress m the 
laboratories of tho U S Geological Survoy, tho U S 
National Museum, and tho Mmeralogical Department 
of Harvard University The vast amount of now 
information forthcoming from those researches has 
now been assembled by Prof Frondol of Harvard, in 
a monograph which ib quite the most outstanding 
work among tho half-dozen or more major text-books 
on radioactive mineralogy that have appeared in 
the USSR, North America and Franco during tho 
past two years Each of close on a hundred mineral 
species is very fully described according to its 


synonymy, composition, crystallography and crjstnl 
habit, physical and optical pioporlios (with X-rav 
powder diffraction mtoiplnnar spncings), sviltlicsm, 
criteria for identification, modo of formation, and 
natural occurrence Comprehensive dotorminatnc 
tables are gi\on m an appendix and there is a biblio 
graplry of 800 items Although tho work has been 
threo years m tho press and thus gn os no accoimt of 
the most recent discoveries, no earhor hook in this 
field has achieved anything hko tho same coverage 
and certainly nono can parallol this inoxponmo 
Bulletin in accuracy of data and freodom from 
misprints Most of tho opaquo multiple oxide 
nunorals of uranium, othor Ilian species of economic 
importance such ns brannonto, davidite, and the 
pyrochloro-microlite scries, hn\o still to bo studied 
in detail , for tho rest, the many geologists and 
mmoialogists now concerned with uranium ores will 
unhesitatingly occopt this monograph ns their 
foremost author it \ G F David sox 

Numerical Analysis and Partial Differential Equa- 
tions 

By Gcorgo E Forsvtho and Paul C Roscnbloom 
(Surveys m Apjihcd Mnlhomntics, Vol 5 ) Pp a — 
204 (Now York John Wilov and Sons, Inc , 
London Chapman and Hall, Ltd , 1958 ) 005 net 

T HIS sur\ oy contains two unrelated essays In 
tho shorter of the two, Forsvtho summarizes 
recent work in numerical nnahsis, with specinl 
references to dosolopmonts m tho U S S R There is 
an account of tho chief Russian automatic computois 
details of which ha\o beon nrnilablc only m tho pad 
two or threo years Forsyt ho also stresses tho skill 

with which Russian workers havo brought to tho 
sorvico of numerical analysis somo of tho most up to- 
dato tools of pure mathematics, such ns constnictne 
function thoory and functional nnahsis The 
bibliogrnph\ is holpfully soloctivo rathor than blmdh 
comprehensive, and tho author’s comments on the 
various items nro crisp and ofilciont 

Rosonbloom’s essay does not attempt to describe 
all rocont contributions to tho study of partial 
differential equations, but it gnes a inlunblo mdicn 
tion of tho way m which tho thoory of function spaces 
and tho transform calculus havo y icldcd fresh results 
about olliptic and parabotio equations. Tho young 
research workor should find this a helpful guido to 
somo of tho nimn lines of ndvanco , tho bibbograpln , 
of somo 700 lloms, may woll fugliton tho novico, and 
somo furthor annotation would havo beon an advan- 
tage T A A Bhoadbent 

Clinical Biochemical Method 

By Dr A L Tamoky Pp x +230 (London 
Hilgor and Watts, Ltd , 1058 ) 50s not 

M OST largo clmical biochemistry laboratories 
havo thou own particular motliods for routine 
oxammations, or more likoly uso modifiod classical 
ones in tho light of their oxpouonco Dr A L 
Turnoky’s book describes tho motliods usod loutinolv 
m his laboiatory at tho Royal Beikslmo Hospital 
It is a straightforward bench manual giving most of 
tho usual tests anangod m alphabetical order Each 
tost is described under tho bondings of principle, 
specimen required, method, result, normal valuo, 
reagents required and romarlcs There is a small 
but valuable appendix wlucli gives procedures for 
checking analyses in a laboratory, lists of books and 
references and a list of manufacturers There are 
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onlt a fou diagrams for the class of worker who 
'e.ould most depend on tins book spectroscopic charts 
and illustrations of electrophoretic patterns, for 
gj ample would lun e boon of great value Again, the 
omission of any mention of paper chromatography 
or of scrum tmnsarrunaso testa is noticeablo On the 
other hand, tho directness and simplicity of the text 
are much to bo commended 

Thh book mil bo very useful to technicians, clinical 
pathologists and doctors in smaller hospitals m 
Bntam and overseas, and to medical research workers 
who need to do routine clinical biochemical tests as 
port of a larger research scheme It farms a useful 
addition to tho larger and more well known text 
hooks of clinical biochemistry 

U S H W Nrcon 

Biological Laboratory Data 

Dr I* J Hale (Methuen’s Monographs on Bio- 
logical Subjects ) Pp r-(-132 (London Methuen 
and Co , Ltd > Hew York John Wiloy and Sons 
Inc 105S ) 16a net 

B OOKS intended a* laboratory aids are by no 
moans rarities ancl oover a groat variety of 
sab/acts, whilo they range in their appeal from the 
beginner to the advanced research worker This 
Imok falls rather into the latter category and it has 
mnae unusual foaturoa which single it out among those 
devoted to the biological sciences The miphasm on 
tho mathematical sido, for example. Is conspicuous 
Out of a total of one hundred and twenty seven pages 
twenty three deal with mathematical data, fcwoivo 
are devoted to statistical data and formul® and 
thirty five to physical and chemical data This 1b not 
nn overweening proportion but it is more extensive 
than in most books of this Bizo and type and the 
material is very lumdiJy presented. 

Tho roeruit, how over, baa boon somewhat to repress 
tho more strictly biological matter, bo that cultural 
methods for the laboratory got only seven pago«, 
mclusHO of a page of references to other work*, 
while histological and histo -chemical data cover onl^ 
fourteen pages This seems moagro considering tlio 
enormous amount of such data av adablo and a bolter 
balance might easily be ochJovod There Is no doubt, 
howov or, of tho voluo of tho material which tho book 
contains and tho mathematical sections Mono should 
ensure it a wide popularity among biologists who so 
often fwl tho need of guidance In that held 

It 0 McLean 

The Salmon 

Bj Dr J W Jones (New Naturalist Special Volume ) 
pp xvi*f JP2-fl3 plates. (London William Collins, 
Sons end Co , Ltd 1060 1 IBs net 

O N the wholo Hr Joncn has written a readable 
book Tlio chapters dealing with tho spawning 
of adult salmon and } oung males arc tho best in tho 
book, an it is there that Hr Jones has drawn largely 
from his own work and experiences An important 
chapter U devoted to scalo reading from whtoh 
man} of tho details of tho life hiatorv of tho salmon 
Iiat o been dlucov ered 

Tlio chaplar on ‘"Salmon m tho Son” is frankly 
disappointing, as aufnciont u»o has not boon made of 
the information amassed in tho past tliirty years so 
the reodor does not got a dear picture of tho long 
migrations which salmon often make when returning 
to the river of their birth 

Other chapters deal with the early life of tho 
Salmon, tho return lo tho nvor, the return to the sou 


and the salmon ni or Tho book is completed by four 
useful appendixes dealing with the characters of 
salmon and trout and their hjbnds a key to tho 
genera of tho Salmonidao, etc , a description of the 
parasites of salmon and methods of estimating 
lengths from scales Serious readers will also find the 
bibliography of \aluo in thojr more extensive readmg 
One sonous criticism of the book I hav d to make is 
tliat many of the illustrations are poor Tho publisher* 
inform us m a note opposite tho title pngs that in this 
senes of publications 'the animals and planiB arc 
described in relation to their homes and habitats 
with the A dp (J fine photograph*' the italics are 
mine Plates 4, 6, 0 and 7 are certainly not basod 
on fine photographs as I have often seen hotter m 
angling magazines Atmroit E J Went 

Nitration of Hydrocarbons and other Organic 
Compounds 

By A V Topchiov Translated from the Busman by 
Chthenne Matthews Pp \i-f 329 (London and 
Now York Pergomon Press, 1059 ) 9 to not 

T ranslations of foreign text* are soidom 

successful unless earned out bj workers in tho 
same field with freedom to uiooipomt© recant material 
Tlio pitfalls are well illustrated by this book, which is 
both out of date and unreadable There are ono or 
two references to papers published early m 1954 
but nono to the more recent /itomturo Since much 
work of fundamental hnportarwo to this field ho* 
boon published during tbo post five yoora tho book 
is of little value os an account of the subject although 
it does contain a rather comploto account of the 
earlier literature and a useful summary of Russian 
papers that are not readily accessible in Britain 
It is most unfortunate that tbo distinguished author 
of the book could not have been persuaded to rev Iso 
it during translation. M J S Pew An 

Commonwealth Universities Yearbook, 1959 
Pp xrvfi-f-1407 (London Association of Um 
voreities of the British CommonwoalUi 1959 ) 84« 

13 doUoxB 

T HE involuablo ' Commonwealth Universities 
Yearbook ' is now in Its thirty sixth edition 
Thera are no major changes from last year s edition 
•when tlio now onlargod format was introduced, but 
tho sire has increased from 1306 to 1435 pages, mainly 
m order to accommodate expansions in university 
staff 

Tho University of Shorbrooko in Canada and Sardnr 
Vallftbhbhni Yidyapocth in India are mentioned for 
tbo first timo and tbo University Collcgo of Port 
Haro in South Africa now lias o comploto entry Tw o 
events which occurred m Australia ns tho book was 
going to prose are also mentioned briefly the found 
ing of Monflah Ttaivoraf} in Victoria and the trans 
formation of tlio Now South Wales Unhorsity of 
Technology into a multi faculty University of New 
South Wales 

Tho valuable oaenys ui 1 ugh or education in the 
various oo on tries have boon brought up to date 
and whoro necessary additions Vuvvo boon made to 
the map* showing where tho turn orniiiofl oro locatrri 
Now feature® or tlus edition include a full length 
summary of admission requirement* by rtio Conodtrm 
Unwcmtie* and information on tho transfer courage 
at certain British umwreitioa whereby students nlm 
hn\© previously studied arts subject* can switch to 
•ytienco 
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BEHAVIOUR IN CONVENTIONAL AND EXTRA-TERRESTRIAL 

FLIGHT 

SOME FUTURE ASPECTS OF AVIATION MEDICINE 
By AIR COMMODORE W K STEWART, C B E , A F C 

Royal Air Force Consultant In Aviation Physiology, Institute of Aviation Medicine, 

Royal Air Force, Farnborough 


A VIATION medicmo is tho normal clinical 
practice of modicino as applied to tho special 
circumstancos of flight , but m this surx ey it refers 
to the basic sciences of pin, siology, psychology and 
biochemistry 

Tho growth of aviation modicino has been largolj 
duo to preceding advances in combustion, aero- 
dynamics and metallurgy , m turn, those advancos 
woro tho result of operational plans, oithor civil or 
military At tho present timo, most aircraft or 
missiles appear to havo a cycle of approximately 
ten years for tho stages of planning, development 
and production, and it is reasonable to assumo that 
some such cyclo will bo ontailod in tho future Past 
oxporienco in tho conduct of biological research lias 
indicated that such a period should bo sufficient for 
the production of tho major contributions from avia- 
tion medicmo It is also sufficient for tho design and 
installation of tho capital oquipmont roquired, both 
for fundamental and applied work 

It has bocorao clear, how over, that a significant 
contribution to a particular pliaso of tho programme 
will dopond on adequately trainod staff No institute 
or laboratory of aviation medicmo will survivo in tho 
future if it lacks staff of tho propor oriontation in tho 
relevant biological disciplines 

Smce those are likoly to bo of a complox kind, 
skilled research workors w ill bo correspondingly few 
in number It is hold, therefore, that it is necessary 
to plan future activities m aviation medicine so as 
to ensure tho early derivation of biological information 

Survey of Some Future Problems 

For tho purpose of this roviow, it will bo assumed 
that manned aircraft will continuo to bo usod m an 
era of unmannod ballistic missiles, or vohiclos, and 
later in an era of orbital-mannod vohiclos Such 
aircraft may bo hypersonic, may operate at low 
altitudes, or in the outermost layors of tho atmosphere, 
for short or vory long durations Thoy will subject 
their occupants to stresses and environmental 
changes, different m degree, but on tho wliolo basically 
similar to those of contemporary aircraft, and this, 
to some extent, may bo also truo for orbital-manned 
vehicles 

The experience gamed in the past fifteen years m 
applied physiology and psychology is sufficiently 
extensive to encourage the behof that problems arismg 
m those disciplines can be successfully solved, smce 
the techniques involved and oquipmont necessary can 
be foreseen to a considerable extent 

For extra-terrestrial flight, many of tho problems, 
weightlessness, for example, can only bo solved eitlioi 


by extrapolation fiom poorly quantified data, or bj 
direct oxporionco 

Hazards such ns tho offet ts of corpuscular radiat ions 
and cosmic rajs will almost certainly ho a moro 
worthwhile sphere for laboratories of phjsics than 
for an institute of a\iation modicino In considering 
tho philosophv of oxtra-terrestrinl flight, it is alwajs 
difficult to justify biological participation since apart 
from tho remote possibilitj' of acquiring data of 
importance to microbiologj , it is tmhkolv that 
purely physiological studies will nd\anco general 
knowledge m proportion 1o tho cost of tho \ outers 

Tho propor function of biological researches is 
undoubt odh r to further manned exploration of tlio 
tippor atmosphere or bojond, and o\on here it is wise 
to hositato in considormg, not whother this is feasible, 
hut whothor it can over lend to moro than an ad hoc 
determination of tho ultimate limits of mans 
onduranco 

How over, tho valuo of manning a satellite may 
ultimately dopond on those functions of tho central 
norvous system which are difficult to simulato, oithor 
in nbsoluto terms or m size and w oight It m probahlo 
tlint whnt a man can bo expect od to do in a satellite 
could onlj r ho determined bv actual experience , 
but it is unfortunalo that tho environmental condi 
tions which ho will encounter are tlioso most likely 
to nffoct tho logical and purposivo functioning of tho 
brain 

Tho problem hero is that tho bohnviour of orumals 
and man is still vory far from bomg understood , 
aberrations of behaviour in flight are still more 
difficult to ini estigato, and if anj r occur in tho 
occupant of a satelhto tho determination of tlioir 
basis might ho quito impossiblo Cloarly, advance- 
ment of such knowledge would bo of benefit, not onh 
to tlioso nations with official programmes of tho 
‘man m spaco’, but also te aviation in general, and 
would constituto a field in which oxpondituro of 
offort and money would bo justified 

Evory practitionor of aviation medicine has some 
acquaintance with casos of abnormal bohaviotir in 
flight For many of tlioso casos, no simplo answer 
can bo givon, although thoy are commonlv referred 
to as ‘manifestations of disorientation’, but analysis 
of noar accidents 1ms shown a higlior frequency than 
suspected of misinterpretation of visual information 
and illusions of difforont kinds 

Somo of thoso illusions w r oro hypnagogic in nature 
others led to panic or startle reactions Somo woro 
obviously associated with reduction m sonsoiy input 
and probably an olomont of porcoptual conflict In 
future manned flight, tlioro will bo an increased 
exposure to the factors probably initiating such 
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changes in behaviour It haa therefore become 
mandatory to review then- relationship to phvmol 
ogical mechanisms, and to try to determine the 
primary stimuli for chains of react-ion Do disorders 
in behaviour determine physiological events or is 
it necessary to postulate underlying abnormalities 
in the nouro philological or homccoetatic spheres ? 
Probably both mechanisms are implicated at different 
times 

The classical probloms of behaviour in flight, such 
as fear and fatiguo, are ontiroly material to this 
argument. Hence it is essential to derivo such 
advances m knowledge that adequate theories can 
bo constructed, adequate in the sense that thoy can 
produce methods of prodiction of alterations m 
loomed bohavioirr under stress whothor tills stress 
be neurogenic or syBtemio in origin The purposo of 
this review is to indicate some avenuoe of research 
wlucli could bo explored and wbioh might prove of 
\alue not only m conventional aviation medicino, 
but also in what is rather loosely termed ‘space 
medicine 

Survey of Brain Mechanisms 

It is impossible to propheey how far theories of 
integration of nervous action will have advanced m 
the era of the hypersonic aircraft and manned 
missiles, and it is therefore probablv legitimate to 
commonco with Hobb’s 1 ideas concerning the oon 
coptunl nervous system. He related tho funotion of 
the brain -st can, or arousal system of Moruzzi and 
Mogoun*, to tho level of tho cuo’ function m learning 
lor general roviowB of the physiological and pay 
ahological aspects those of Jasper Gloor and Milner 1 
or Duffy 4 should bo consulted 

Stress It is proposed to regard stress from tho 
point of view of Fort i or 4 and Fortier tt al • namely, 
that there are basically two types of stress — nouro 
genic initiated through porcoptual processes, and 
systemic, initiated through chemical and motabolio 
processes In both, tho hypotlialamus appears to 
lnflufmoo anterior pituitary socretion via tho hypo 
physeal portal vessols Permanent interruption of 
those vessels lowers tho normal rate of accretion of 
adronocortiootTopluc hormone abolish ee roflox eocro 
tion of ndronnbne in response to stress and also that 
of the gonadotrophic and thyrotrophio hormonos 
There are indications that tho tasks of flight can bo 
regarded in those terms as a stressful occupation, 
with enhancement of tho secretion of adrenal ino and 
norndronahno of the output of 11 and 17 kotostoroids, 
or itro-pepamogon accompanied bv alteration in 
gastric function 

It has not however been possible to Btato that tho 
degree of stress represented by bioohemical findings 
is of unusual so verity or to rolato thorn to tho dogroo 
of fatiguo oxponencod Tho fact that aircrew trainees 
hyperventilate more or ox ere to more kotostoroids 
than thoir instructors may meroh represent higher 
Iovols of arousal tlian higher intrinsic levels of stress 
If stre«s and arousal bo synonymous, then it may bo 
nocossarj to postulate tliat certain forms of looming 
sot represent stress also Unfortunately it is nnpos 
siblo to investigate tho immodiato physiological 
reactions of man exposed to nn overwhelming ovont 
such as a major loss of control in tlio air 

Further tho physiological parameters which had 
boon investigated in tho Intact man are socond or 
ovon tl uni -order variables but tlus does not demy 
tho importance of tccliniques, such as those of ilalmo 
and his associates 7 It would scorn to bo important 


to extend thou approach possibly by applying 
techniques such os Morton’s*, m order to dome 
more fundamental knowledge of how anxiotj maj 
alter reflexive physiology 

If a given lev el of arousal be equatod with stress 
then a reduced sensorv environment should also, 
from some points of view, bo regarded ns stressful 
In future aircraft or vehicles, in wluch such factors 
may well operate, and mnj bo enhanced by fatigue 
there will also be the interposition of alterations in 
environmental and temporal rhythms Both thoso 
states may be found in nuclear powered aircraft os 
well as satellite or orbital vehicles, and somo under 
standing of thoir inter relationship is certainly 
noccssarj The approach of Lewis and Lob ban* into 
biochemical aspect h of alterations in environmental 
timo should be combined with that of Boxton, Heron 
and Scott 11 mto tho intellectual offocts of perceptual 
isolation 

Bchamour during stress In the future it will bo 
important to ensure that momorj and learning will 
remain as stoblo as possiblo during acute stress 
occurring in a crucial period of a sortie 

Ty hurst. ’a 11 studj of bohaviour m disaster situations 
on tho ground is especially significant in that 7G per 
cent of individuals affected showed definite impair 
ment of dooiaion taking, and it is likelj tliat in any 
normal population of aircrew there mast bo a signi 
floant proportion of men who would ovmcc similar 
reactions Evon if tho motivation and training are 
different, it would bo dosrrablo for thoir safety to 
select crows in which the ‘cue’ function alters as 
little as poesiblo with high Iovols of arousal In 
order to do this, much more knowledge will have to 
bo acquired by neurophysiologists 

Vogt 11 lias pointed out that not only aro tho 
hypothalamus and the rotioular activation systems 
of the brain stora portioularh rich in sympathin 
content but also that loss of this oontont is nccom 
p anied by on increase m secretion from tho adrenal 
medulla. It may also be significant that tho non 
specific thalamic nucloi contain more than three times 
as much sympathin as tho spocific tliAlarruc nuclei, 
since Mahut 11 has demonstrated tliat oloctncal 
stimulation of tho non spooifio intralaminar nuolei 
can prod u co learning deficits in rats provided that 
stimulation occurs within ft givon period of tho 
activation of the coll assemblies concerned 

Activity m tho arousal systom does not stop 
abruptly following a sensory stimulus, probably 
bocouso of reloaao of adrenaline Roth bailor 14 has 
determined that tho systom Is HkoI> to be composed 
of adrcnalmo sensitive dements which givo an 
immodiato arousal offoct upon tho eloctrooncephalo 
graph and other adronorgio or transmitter cl omenta, 
which are responsible for tho long lasting effects In 
any stressful situation such as flight, tho level of 
arousal is probably at an optimum ns a result of 
prolonged training , it is also onv isagod tliat tho 
level of circulating odrenocorticotrophic hormono 
and tho food back control of tho blood valuo of 
adrenocortical hormono aro also stabilised at a high 
normal valuo What happens to thin system when 
a new situation arises in flight which mnj liavo 
originated from lapses in attention or perceptual 
conflict ? 

It can be postulated that corticofugftl impulses 
along tho descending pathways to tho arousal system 11 
maj reduce its noradrenaline content and initiate 
tho reflex discharge of adrenaline from t bo adrenal 
medulla and tho now- level of oin-nliUlnp ndriwwlino 
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may affect adv orscly the stability of tbo arousal 
systom 

" It is important to considor that tho nourogentc 
stimulus must bo maximal, and tho lato of build-up 
of disorganization of porcoption must bo sudden 
Too ofton ono ohcits histones of nenr-accidonts of 
this typo “I have boon teaching jot instrument 
flying for somo timo w ith comploto confidonco in tho 
right things happening if tho right control mo\ omenta 
aro mado, but on this occasion, panic and dolusion 
completely took control of my faculties, and I w ns 
unable to think and act as I know I should” Hero 
is a suddon misapprehension lcadmg to a sudden 
effector activity and tho rapid rate of loss of control 
m lugh-porformanco aircraft only reinforces tho 
‘‘panic and delusion” 

Despite tho fact that tho injection of adrenahno 
into the lateral v. ontriclos of cats produces behavioural 
effects similar to light barbiturate anesthesia 1 *, and 
despite the probablo cxistonco of ncurohumoral loops 
os postulated by McDermott el al u , lion does tho 
disorgamzation of mtegratod behaviour arise ? 

Milner 18 has further olaboratod Hobb’s theory in 
tho light of recent advances in neurophysiology, and 
m particular with mtroduction of tho eoncopt of 
neural inhibition as an active process Tins has been 
demonstrated in tho spinal cord on mono-synaptic 
reflexes by Ecclos and lus co -workers 1 *, both b\ 
physiological and pharmacological toehmquos (Curtis 
el al t0 ) and m tho nourones of tho motor cortox bv 
Li il 

Even if it is difficult to oxtrapolato from obsorv- 
ations on smglo neurones by micro-oloctrodc tech 
mques to tho organised bolmviour of tho "whole 
animal and thonco to man, tho fact that active 
inhibition can be demonstrated in noiuonos is of 
extreme importance But doos ono roquiro to 
postulate tho presenco m tho control nervous systom 
of substances which appoar to havo an inhibitory 
action upon dondritic function” ? 

Tlio mamtonanco of efficient porformanco m 
future tasks will dopond to a considerable extent on 
whothor tlioro is impairment of attention or vigdonco 
by either fatigue of stross Mackworth 33 lias 
demonstrated tho importance of vigilanco m vvoik 
tasks, and it may bo postulated that m any form 
of ballistic vehicle there may woll bo increased lag 
in perceptual food-back with an enhanced rato of 
impairment in vigilance 

This is related to two neurophysiological problems 
m tho mechanism of attention Whore and how doos 
the inhibition of a sensory mput occur W'hon a moro 
effective perceptual stimulus is prosonted ? And what 
is tho relationship to habituation ? 

Sharpless and Jasper’* have already shown that 
liabituation occurs readily m tho arousal systom 
when a tono is presented ropotitivoly, but that 
ro-arousal occurs when tho frequency of tho tono is 
alterod This is a situation well lvnown to aircrow, 
who may first gam cognizanco of an impending 
emergency from aberrant noise in the ongrno 

In the conscious animal, nourophysiological tech- 
niques such as indwelling micro electrodes aro of 
the greatest importance to tho elucidation of thoso 
problems, particularly when tho experimental orien- 
tation includes psychological constructs Thero aro 
ako indications that neuropharmacology may woll 
bo implicated 

Hobb’ 6 has summarized tho data on tho function 
of acetylcholine m the contral nervous systom by 
stating tho situations or coll-massos to which it 
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appears lo bo limited Tlioro may bo significant 
conti lbuttons to theory if tlioro woro any relationship 
botwoon tbo rich contont of acotylcliolmo in tho 
caudate nucleus and tho soloctivo impairment of tho 
dolavod alternation response in tho monkey produced 
by stimulation’* Acetvleholmo, ns woll ns adronnhno, 
has a dim t. action upon tho nourones of tho reticular 
systom’', and both drugs havo no diroct effect upon 
spoufic sensory projection systems Tho uko of 
micro-mject ion tecliniquos might elicit much data 
which may oluciduto tho physiology of tho central 
of sensory' inflow Dawson’ 8 lias roviowcxl tho 
evidoneo for tho oxistoneo of mechanisms of tlm 
nature which suggests that tlioro might boa continual 
control on afferent sensory transmission from eontres 
in tho cortox, brain stom or c erebollum 

bmeo attention is a much moro suhllo process tlrnn 
can be accoimtod for by tho arousal system, a con 
trolled sensory block is of groat interest and may Iw 
tho basis for tho direction of perception or the 
soloctn o nso of cuos How o\ or, arousal doos tend to 
dopress evoked cortical potentials m an ‘imattonded’ 
sonsoiy modality' and an element of behavioural 
alarm may ho essential for somo of the inhibitory 
changes which nccompnny shifting of attention” 

Neurophysiological studies of such changes should 
furl her tho establishment of psy chologicul thoorie* 
of attention 

Inter-Disciplinary Research 

If it yvoro possiblo to mensuro in any individual, 
values for learning or ‘cuo’ functions, in relation to 
v allies of arousal as affected by onv ironmcntal or 
omotional processes, then somo estimate of the 
probablo stability' of an mdiv idual’s bohaviour during 
oxposuro to neurogenic stress might bo obtained 

A gonornl appronch could bo adopted initially’ in 
which pilots who havo oxpcrioneod eortain types of 
near accidont could bo compared with pilots who 
havo not had illusions m flight Somo teeliniqttes are 
more appropriate than others , Stennott 30 1ms shown 
that an inverted U relationship exists between 
porformanco lovol and lov ol of arousal, using os 
criteria palmar conductance, olectromyographic 
gradients and tho alpha component of tho olocfro 
oncophalograpli It is probablo tlrnl such techniques 
would moroly give group identification, and the 
rolntivo placing of any' ono individual within o 
group w'ould not ho sufficiently' accurate for practical 
purposes 

Eor moro dotnilod investigation, nso could ho 
made of flight simulators of modern typo situated 
m a reduced sensory' environment Tlio aim would 
ho to ropeat m somo dogroo tlio observations of tho 
Cambridge Cockpit Group, and whon fatiguo had 
resulted m lapsos of attention, or dccroaso in vig 
llanco 31 , to mtroduco a porcoptual conflict in 
oriontation Not only' would such mothodologv 
loqmro dovolopmont, but also physiological variables 
should bo recorded which show loss temporal 
indopondonco than tho eloctrooncophalograph and 
jialmar conductance 

In ordor to investigate tho offocts of nourogonic 
stress upon man, mothods of mducing foar or nnxiotv 
a-o obviously required, other than tho usual onos of 
incentives or pain” Again, uso can bo mado of 
isolation, bv immersion m water 83 If it woro possible, 
for oxamplo, to create an illusion of suddon reversion 
of bodily orientation, data of gioat mtorost could 
bo denvod from tho recording of such variables as 



NO 468fl August 22, 1959 NATURE 


electroencephalograph, pulso-rate, respiration oloctro 
my ograph and muscle blood flow by electronic 
means 

The correlation of results -with anterior pituitary 
and adrenal activity would bo clearly doairablo , but 
it would bo essential to employ tool ini qu os which 
would give more direct functional moosuroe than 
eosinophil counts or urine extractions Bosh and 
Sandberg* 4 haw established by chromatography the 
identity of the major circulating adrenocortical 
hormono in human plasma as 17 hj droxyoorti co- 
st orono (oo impound E) although the amounts are 
small Noleon et aZ ** found only 4— 10y per 100 ml 
of whole blood in resting normal subjects 

Even if the aggregate of data from auoli mves 
tigationa would prove to be of considerable value, 
it is unlikely that their interpretation could ade 
( |uat©!y decide orders of precedence m events, so 
that considerable animal experimentation is clearly 
required 

Investigations on Animals 

Rats It lias been postulated that the general 
stressful conditions of flight load to a sustained 
mrroGSO in activity of tho hypothalamic pituitary 
odronal axis , it is known that an intravenous 
ujeetion of adronocorticotrophic hormone loads to 
an morons o m output of hydroxyoorticosterone 
vvitlun 10-20 nun., and that continuous infusion of 
the same amount of adronocorticotrophic hormono 
leads to a sustained riso in adrenal output 

Though enough is known about tho peripheral or 
somatic actions of corticosteroids, % ery littlo is known 
about thoir action on the central nervous systom and 
nothing about the stability of tho feed back control 
of tho onluuiced lovel of cortico -steroids on man. It 
is <u lcient from animal data that there is a nouro 
luunoral loop of somo magnitude which should liavo 
gome control as well as peripheral actions but -which 
lias a delay of minutes and is t hero fore probably 
concerned with metabolic rather than primary 
nervous activity For example this loop might be 
concerned with tho maintenance of arousal but 
scarcely with rapid alterations m tho lovol of 
arousal 

Vogt has speculated that tho rich content of 
syinpathin, in tho reticular system and hypothalamus 
may have a behavioural function reduction in 
content is can sod by tho administration to dogs of 
drugs known to effect stimulation of tho sympathetic 
nervous system and the reflex release of adrenal mo 
purpura** lias demonstrated in cots with crossed 
circulations, the persistence of arousal or oloctncal 
excitability of tho cortox, after cessation of stim 
illation of tho bulbar reticular formation m tho 
ipsilatoral animal Ho also demonstrated similar 
effects m tho unstimulatod nnimnl but with a dolay 
of 30-80 »oc 

It is posstblo, thoToforo that stress, by causing 
increased activity in the brain stem reticular forma 
tion and a reflex secretion of adrenal medullary 
hormones influences cortical activity in a non 
spociflo manner Intonso stimulation of this second 
hormonal loop within a generally stressful environ 
mont, which has already resulted in enhanced 
activity in the production of corticosteroids may 
liavo somo relationship to abnormalities in behaviour 

There nro many factors which aro still unknown 
Tho role of tho limbic system of the brain has received 
much attention in various aspects of responses to 


stress particularly with reference to emotional 
behaviour but littlo is known of its possible 
relationship to the hypothalamic control of hormonal 
output, except that the reticular svstom is probably 
implicated Again, tho relationship of tho sym 
pathica adrenal medullary system to tho pituitary 
adrenal oortical system has many puzzling factors 
In man, Sandberg ei al * 7 found no effect from tho 
infusion of adrenaline on adreno-cortical secretion 
but Harwood and Mason* • found a fairly marhod 
effoct on the dog 

It is therefore propoeed that studios be earned 
out on the possible relationship of various aspects 
of behaviour and the activity of the brain stem 
reticular formation as determined lndireclh by its 
sympathm content or by tho output of cortico 
adrenal steroids 

Beach** found that morphine injections result in 
a significant increase in exploratory behaviour in 
rats, as compared to a control group but not as 
compared to a hungry group Ho considered that 
this effect was probably duo to lowering of perceptual 
threshold through increased activity of tho reticular 
formation of the brain stem, bnt ho did not relate 
his findings to thoso of Vogt 4 *, who found tliat 
morphine cauaod loss of hypothalamic eympatlwn 
with concomitant secretion from tho adrenal 
medulla 

Again, Potmnovitch and Belles 41 found in studies 
on delayed alternation m rats tliat 12 out of Ifi 
animals mol tho criterion of learning— tho remainder 
could novor loam to nltomato their responses on tho 
T maze These am mala wore subjected to a water 
deprivation schedule and it was found that m order 
to develop the delayod alternation response to its 
full a loss In body weight of 20 per cent was nocos 
sary Although it was concluded that, memory 
Borvod as a cue for tho correct response no further 
investigation was mado into tho failure m training of 
the four rats which did not lose weight 

Thirst schedules are used in mom comparative 
psychological investigations in order to induce a 
looming set, but tho probablo physiological processes 
in\ olvod aro infrequently considered Hunger is 
usually considered as a drh o However, Hobb 4 * lias 
equated drivo with arousal on tho hypothesis that on 
increase in dnve or arousal from a low to a mod ora to 
lovol and likowiso a decrease from a high to a modomto 
lo\el will favour tho learning of responses 

All initial handling of rata should there fore bo 
considered as stressful, and tho physiological b torn t tiro 
abounds in warnings tliat evon methods of exam 
i nations involving taking of blood induco an 
eosinop'cma Tho literature of this aspect of 
psychology is also largo not on]\ doce constant 
handling affect growth and resistance to stress, 
but it also affects behavioural performance, such as 
reduction of numbers of errors in ro learning on a 
water filled closed hold mazo 

It would appear to bo worth while in\ ostigating 
tho influence of somo of thoso methods used in 
phy-Biological psychology on for oxnmplo tho 
corticosterone content of rats adrenals tho animals 
being killed by rapid decapitation, analysis being 
camod out by paper chromatography 4 * HoUbaucr 44 
has demonstrated that, in docapitatod rots tho 
hormonal stores of tho adrenal cortex reflect tho 
secretion rato at tho time of doath Sho found 
significant variations between unstrresod rata belong 
mg to different colonics but tho largest difference* 
were between stressed and unstressed rets 
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For example, the mfluonco on intelligence of 
rearing rats in a free environment, as determined by 
tlie closed-field tost of Rabinovitch and Rosvold 45 , 
should be re-mvostigatod , if tliero should bo any 
correlation botweon corticosterone socrotion and 
behaviour under those conditions, thon it might bo 
possible to show some relationship botwoon tlio 
response of the adrenal cortex and ‘brightness’ and 
‘dullness’ within sinulai strains 

Dogs Tho biochemical properties of tho adronal 
cortex of each spocios aro probably specific and 
genotically dotorirunod Tlio socrotion of tho rat is 
unlike that of most other experimental animals and 
also of man, but tlioso of tho dog and tho monkey 
aro sufficiently sumlar to man, since a largo pro- 
portion of tho total socrotion would appoar to bo 
compoimd E 

Consideration should therefore bo given to tho dog 
as an expormiental annnal, if results of significance 
can bo dorivod from oxponmonts with rats 

The goneral plan of thoso furthor boliavioural 
studios might well follow that of Thompson and 
Heron 48 , who investigated tho offocts of oarlv experi- 
ence on both tho problom-solvmg capacity of dogs 
and on exploratory activity Tlioy foimd that tho 
dogs reared in an environment which was restricted 
m perceptual contont ovine ed significantly groat or 
activity, but liad a permanent decrement in intelli- 
gence compared to thoir litter mates which wore 
reared in a normal environment 

24-lir food deprivation scliodulos woro used in 
trials on delayed reactions and it can bo postulated 
that the etross of tosting was different in tho tw’o 
groups 

In four normal dogs, dolays of 240 soc woro 
achieved after an avorago of 230 trials, but tho 
restricted dogs could not aclnovo anv dolay If a 
modification of Vogt’s technique 40 for the ostunation 
of sympathm in the central norvous system wore 
used, then it might bo possiblo to rolato tho sympathm 
content of the reticular formation and tho intra- 
laminar thalamic nuclei to differences m bohnviour 
If the sympathm contont woro higher m tho 
normal dogs, then it could bo doducod that tho 
impaued learning of tho restricted dogs was rolatod 
to tho activity of tho roticular formation , but 
further experimentation would bo roqiurod to 
relate tho strength of drivo or of drivo reduction 
to learning 

A series of investigations on learning sot might 
provide more data of significance It is known that 
stimulation of tho central median nuclous of tho 
thalamus (non-specific) producos facilitation of cor- 
tical sensory neurones 47 , also stimulation of intra- 
laminar nuclei may r interfere with learning If those 
findings be related, thon during tho formation of 
learning set, two physiological processes may r bo 
involved — the determination of tho motor response 
by the linkage of tho appropriate active coll assombhos 
and the progressive reduction in the activity of tho 
arousal system 

Determination of this latter by Vogt’s techniques 
might be more meaningful to behaviour studios tlian 
micro olectrode techniques 

Summary 

The future problems m aviation medicine aro 
subtle and difficult Many are concerned with the 
determination of behavioural responses to neurogenic 
stress m conditions where it is impossible to reproduce 


fully this stross on tho giotrnd. It would appear 
that studios on man should bo supplemented by 
anunal investigations and that a multi-disciplmnry 
approoch would onnblo adequate thoonos to bo 
constructed on tho relationship of alterations in 
porcoptual looming to stross 

With tho verification of such thoonos or important 
parts of them, it should bo possiblo to donvo now 
soloction processes for porsoimol involved m futuro 
flight or oxtra-torrostrial tiavol 


Acknowledgment is made to Prof D 0 Hobb 
and his staff for their patience and kindness whilo 
I was on lenvo of absoneo from tho Itoy'nl Air Force 
and studyung m tho Psychology Dopartmcnt of 
McGill Univorsity, Montreal 
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A BONE IMPLEMENT FROM STERKFONTEIN 

By Dr. J T ROBINSON 

Transvaal Muieum Pretoria 


A MEASURE of controversy has been aroused by 
Dart’s thesis tliat Australopithecus used bones, 
horns and teeth as implements Evidence for thus 
\ io\v baa mainly come from Makapansgat but it is 
tlie purpose of this article to report the discovery of 
a bone implement at Sterkfontem. This single find 
supports Dart e view m proving that bone was 
employed artificially in the Transvaal during the 
known austmlopithocino period , on the other hand 
whether this new find represents australopithecme 
handiwork is quite a different matter 

The specimen under consideration was found on 
June 4 1058 during a five-month excavation season 
devoted to further oxploration of the Sterkfontem 
extension site Tins abuts on, and is continuous 
with the type site from which approximately a 
hundred specimens of Australopithecus have been 
recovered As already reported 1 * the Sterkfontem 
d< posit (type plus extension sites) consists of three 
different breccias (a) lower or typo site breccia, 
which lias yielded numerous Australopithecus remains 
but neither stone artefacts nor Equus (5) middle or 
red brown breccia, which has yielded 228 stone 
artefacts, a few small pieces of Australopithecus as 
well os remains of Equus j (c) upper or brown 
breccia, which is thin and patchy and lias yielded 
Equus but neither Australopithecus nor artefacts 
Where tho upper breccia occurs m the area actually 
excavated, it is separated from the middle breccia bv 
a thin dnp-utono or stalagmite Tho bono implement 
was wholly encased in solid red brown (middle) 
breccia a short distance below tho stalagmite 
The maximum dimensions of the specimen are 
length 9J cm. width, 3 cm. and thickness 
2 Jr cm In most plneos tho thickness is roughly a 
centimetre It consists of a portion of a long bone 
which had been split longitudinally Ono half was 
then apparontlj brekon in a manner which left, one 
end pointed The Burfacos resulting from tho breaks 
which formed tho point liave bocomo polished com 
plotoly smooth, while most of the natural bono 
surface has rot a mod its original appearance — except 
for an appreciable amount of manganous staining 
Tho specimen was original!} longor tlian at present 
In excavating tho breccia in which it v as embedded 
it was broken into a number of pieces all but a vorv 
few small piecoe bo mg rooo\ orod Tho butt ond was 
apparently sltghtlv longor bofore tho recent breaking 
occurred Evidence of ancient damage to this end 
suggoerts that tho spec ini on had originally boon oven 
longor 

In view of tho differences of opinion which exist 
about tho reality of bone implements associated with 
nustrnlopithecmcs it is necessary to oxnmino tho 
reasons for regarding this spocimon os an artefact 
Two common groups of agencies maj produce 
poet-mortem alteration to tho natural shape and 
appoaranco of a bono Thoso are (a) natural 
woathonng agencies, and (6) animals inoludmg 
man. 


Under (a) the following nw) be considered 

(1) Water This could have acted b} rolling and 
abrading the specimen while loose — in a stream bed, 
for example This action would first affoct all ridges 
or other prominences This is not true of the specimen 
in question- The most marked sraootlung is not an 
ndges, and at least one fairlv dellcoto ndgo is present 
ana scarcely affected Most of the surface has not 
been smoothed at all Rolling may thus be discounted 
But water may also have affected the specimen in 
another way If the bone becamo partially exposed 
by weathering of the breccia tho exposed portion 
could have been smoothed by sand bearing water 
flowing over it penodicall} v,hilo tho protected 
portion remained unaffected. This can also bo dis 
oounted, since the smoothed portions ore rolatod to 
tho unsmoothod portions m such a way that tho one 
could not have been oxpoeod without at least some 
of the other also Furthermore, tho ontiro spoefmen 
was in solid breccia overlaid by a stalagmite as well 
as a later breccia. All other bone in the immodiato 
neighbourhood was fresh and showed no signs of 
artificial smoothing 

(2) Wind Wind blown sand particles can roatlih 
smooth off rock glass, bono and other such objocts 



FIr. 1 Vertical acction t broach m portion of the 
tertenalon ilte itaowtnff tho position of the rl? 

relation to the middle and umr breccia* and tlrf drtp-*tono Ur»f 
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Fig 3 Enlarged view of apex of the Sterkfontcln Implement, 
showing one of the two main polWied surfaces 

However, this mechanism is indiscriminate m that 
all exposed parts are affoctod Tho mar] tod localiza- 
tion of tho smoothod aroas on tho spocimon and tho 
relationship of smoothod to natural surfaces render 
wind action rmprobablo m tho oxtromo Further- 
more, tho action of blown sand is to produce a fino 
frosting on the affoctod surfaces, not a smooth polish 
The nature, relative stzo and distribution of 
tho artificial surfaces and tho circumstnncos of 
preservation eliminate also tho remote poss- 
ibility of chemical woathoring 
"Under (b) may be considered 

(1) Carnivores The carnivores which com- 
monly chew bones and which could conceivably 
be concerned in this instanco ero hyaenas, tho 
larger cats and the dog group All those splinter 
the shafts of long bones or consume thorn 
entirely It is impossible to see how any of 
them could produce either tho shaping or tho 
polishing here involved 

(2) Rodents Some modem rodents gnaw 
bones found lyi n g about, ospocially in caves 
This is particularly true of porcupines, and 
many fossd bones bear witness to the antiquity 


of this actiMty Unwary obsorvom maj bo 
misled by such bones ns thoy aro often gnawed 
along the shafts to produco a sharp edge or 
mound tho brokon onds of shafts to produce 
chisol odgos and similar effects Examples 
occur among tho bones found at Hopoficld 1 
However, tho unmodified results of porcupine 
gnawing aro fairly easy to dotect since (bo 
marks made by tho clnsol-shaped incisors are 
visible \Vhoro went boring hns nftorwnrdh 
smoothed the bono, the gnawing mat, not Iw 
oasv to detect. — as m tho caso of some of the 
Hopefield hones which occur in shifting, 
loo^o sand where smoothing mav thus occur 
easily 

This ennnot ho tho explanation of the nature 
of tho .Sterkfontem specimen There is no trace wlwt 
ovor of gnawing nnywhero on tho bono If tho 
smoothed portions aro regarded ns areas of wcalhcrcd 
I>orcupine gnawing, then it is difficult to explain win 
tho other parts of tho l>ono are totally tmw withered, 
sinco a marked degree of weathering would bo neces 
snrv to lomrno all traces of gnawing Examples of 
rodent gnawing do occur in small numbers m this 
site and an oxamplo is shown in Fig 5 But neither 
this nor any of tho other bonis so far found m this 
sito exhibit tho mnrhod differential smoothing found 
on tho bono under discussion 

Tlioro appears to bo no other reasonable explain 
tion than that, a homtmd used tho l>ono m a manner 
winch polishod smooth tho surfaces utilized and did 
not affect tho other parts Tins is certainly (lie 
munodiato impression given bv tho nppearnmo of the 
specimen It does not seem likely that it was used 
for digging, since sod would affect all surfaces of tho 
specimen at tho digging end and would also produco 
a moro scratched surface than is tho caso The onl\ 
jmssibihty sooms to ho tliat it was used for scraping 
or rubbing something with a definite and fairlv soft 
mu-fact — for oxamplo, tho undor surfaco of annual 
skins TJndor a stereo microscope a email amount of 
vory fino scratching is dot-ectablo on tho polished 
surfaces Tins is much finer tlian that to bo seen on 
Natufian bono implements from Mount Carmol, which 
bIiow cloar ovidonco of having boon shaped dehher 
atoly, some of tho slinpmg having been done with a 
blade of somo sort , some of tho othor surface marks 
on these specimens may oitlior have l>eon mado with 
a stone blade with an unovon edgo or bo tho result 
of uso Thoro is no ovidonco of cutting on the SteiK- 
fontom spocimcn 

It scorns, thcroforo, that tho characteristics of tho 
Storkfontom spocimon can only bo explained as a 
by-product of intolligont homund behaviour -as 


•S it 



Ftp 4 Entnrred view or a rortion of tho Storkfontoln specimen shonlnP 
shallow oval liollow (near centre) with complete!} unumooltiecl stirfn( 
partly surrounded bj polished surface 
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Fig. 5 Fnmment of fottil bovld mandlbl®. from Sterkfonteln 
exUn»!on»Ue whidi had l>e«n (maxed by rodent* 

suoh it ib tho first clour -cut example of tho utilization 
of bono from the SterkfonteLn area and probably the 
best at proeont known from tho australopithoomo era 
It certainly appears to bo clear evidence of tho 
artificial utDization of bone at that time lovol Since 
this specimen carno from the same breccia which has 
yielded tho artono artefacts from this site, it must 
presumably for the preeont bo attributed to tho 
makers of the latter In mv opinion* 1 Atisiralo 
pithecua Is unlikely to have mado the stone artefacts 


* — h Beoma more likely that Telanthropus was respons 
iblo Probably, therefore, the latter was also 
responsible for tho bone tool It is not impossible 
in vi ow of the ovidcnce accumulated by Bart that 
Aiistralopttheeua had an ostoodontokoratic’ but not 
an established stone culturo, but tliat Tclanlhropus 
did ha vo the latter If this is the case it is possible 
that the Storkfontem bono tool but not tho stone 
industry , was of australopitheome origin. It is m 
any ovent, interesting to noto that tho specimen 
carno from the bock portion of the cave ae it war 
at the timo of accumulation among a mass of bones 
Tho remainder of tho deposit at that lovol lias a 
much smaller proportion of bone 

I am indebted to tho director of the Arc hicol ogi ca 1 
Survey and to Dr R Mason of the same organization 
for the loan of Natuflan bono implements from 
Mount Carmel for comparative study 

* Kobluion J T and JDiwm It. J Aaita* 180 £21(105“) 
•Roblruou J T Let cA £8 01 (1058) 

• 8Inger IL Awitr AnlXrcp 68 1127 (19^0) 


CHEMISTRY IN THE PRESERVATION OF ANTIQUITIES 


A T a joint meeting of Sections B (Chomistry) end 
H (Anthropology) held duringthe York mooting 
of tho British Association, Dr A E A. 'Werner and 
Mr R M Organ of the British Museum Research 
Laboratory discussed the subject of ohomistry in tho 
preservation of antiquities 

Dr Werner said that the application of the ohemist’s 

X cializod knowledge to the problems that anso m 
, preservation of antiquities may bo taken to 
mvoho, first, tho recognition of the symptoms of 
deterioration exhibited by antiquities and the 
realization of tho ultimate causes for this deterioration 
oxpressod in terms of the physical and chomical 
structure of the object, and, secondly tho ovolation 
of sound methods of conservation based on theoretical 
considerations and tooted by practical experimenta- 
tion — preferably, of course, on trial pieces or objocts 
of minor importance specially acquired for tho 
purpose 

In tho past, the mothods used in tho conservation 
of antiquities wore largely of on ompincal nature and 
tho materials used wore limited to tlioso of natural 
origin which approximated most closoly in tlioir 
chomical and physical properties, to tho needs of tho 
particular work in hand. Typical examples of such 
mat oriels are waxos suoh as beeswax and paraffin 
wax natural resins and animal and vegotablo gluos 
Howot or in the past three docadcs or so, there hn\ o 
boon remarkablo advances in high polymer chemistry 
which liavo led to tho introduction of many now 
synthetic materials, possessing a combination of 
ohomiciil and phvBicnl properties not normally found 
in materials of natural origin Tho assessment of tho 
potential value of thoso synthotfo materials in tho 
elaboration of more roliablo methods for tho presor 
\ at ion of antiquities was discussed with special 
reference to specific problems in tho preservation of 
antiquities of an organic nature 

Ono outstanding problom is tho question of tho 
most suitable method for the treatment of wood on 
objects which are obtained from excavations in a 
so-called water logged condition Old wntor logged 


wood may havo a water content of more than 100 per 
cent of the dry matter in the wood, and its aotun! 
physical state will depond upon tho degroo of 
degradation, that is the oxtent to which tho ccllulosic 
cell wall structure has broken down If tliis has 
reached an advanced stage, the wood will bo quito 
soft, almost like cheoso and will ha\o a Tory low 
mechanical strength In considering tho problom of 
stabilizing old water logged wood thoro are two 
factors to be considered Tho first rnvolv es the actual 
removal of the large oxcess of wntor without causing 
serious doformation of tho wood and tho second 
m\oIvos tho consolidation of tho wood to restore 
sufficient mochamcal strength so tliat it con bo 
handled with ease 

If tho water is allowed to escape by ordinary 
evaporation, surface tonsion forces oxorted on tho 
weakonod cell walls will caueo thorn to collapse 
Hence special techniques have been evolved Ono 
such tocliruquo is tho so-called alum process, m which 
tho wood to bo treated is immersed in a super 
saturated solution of alum at o tomperaturo of about 
05° C until comploto impregnation is achiovod Tho 
idea behind this method is to roplaco tho water by a 
solid, alum bolng used because it can bo dissolved m 
a vorv small amount of water A more refined 
mothod is the use of tho well lenown biological 
tochiuquo for drving tissues by immersion in huccos 
she baths of othyl alcohol followed by immorsion in 
baths of othy] other If tho final other bath contains 
a resin such os dammar m solution, tho roam will 
remain aftor evaporation of tho other to stabilize tho 
wood structure This is a relalivoly expensive 
process and involves a serious fire risk so ihnt it is 
confined in practice to tho treatment of Rmnll 
objects, whore it has boon found to give oxcollcnt 
results The well known technique of freezo-drv ing 
can also bo applied Tho water is frozen to fev 
which is ova pom ted from tho wood under vacuum 
so that any tendency for tho coll wall structure of 
tho wood to collapse duo to exertion of surface 
tension of Itqutd water is nv ofdctL Fxpor men * 
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made m the British Museum havo shown, however, 
lliat the results are unreliable, and tho method is 
very slow and time consuming, since it requires more 
or less constant supervision unless an e\ponsi\o 
automatically controlled refrigerating unit is installed 

Since none of tho above techniques may bo regarded 
as being uniformly successful, o\poi iinents have been 
m progress m tho British Museum Laboratory based 
on the use of tho syntlict 10 poly etliyleno glycol w axes 
These waxes, although possessing tho characteristic 
physical properties of waxes, hare tho rather unex- 
pected property of being soluble in water Thov nro 
available in a polymeric scries ranging from soft 
waxes rathei liko ‘Vaseline’ to hard waxes similar to 
tho typical paraffin waxes It 1ms been found that 
tho wax of averago molecular weight 4,000 (the actual 
matorml used is known by the tiado name of ‘Carbo- 
wax 4000’ produced by Union Carbide Chemicals 
Co ) is suitable for tho treatment of water-logged 
wood Tho now tecliniquo which lias boon o\ol\cd 
consists m immersing tho wooden object m a 12 pei 
cent aqueous solution of the ‘Carbowax 4000’ at 
room temperaturo and slowly increasing tho tem- 
perature to c GO 0 C o\cr a period of manv weeks 
The water m tho wood slowly diffuses out and is 
leplaced by tho wax During the period of treatment, 
the solution is allowed to ovaporato so that at the 
end the wooden object is lying immersed m molten 
‘Carbowax’ Tins technique is particularly suitable 
for wood which lias suffered a considerable degree of 
degradation while in tho water-logged state and is m 
a spongy condition 

If tho structure of tho wator-loggod wood has not 
suffered too so\eroly, and still retains a certain 
degree of structural strength, an alternntivo method 
of treatment can bo adopted The wooden object is 
allowed to drv out slowh by being placed under 
conditions of gradually decreasing humiditv Under 
these conditions, tho wood will drv without suffering 
distortion apart from a slight flaking of tho surface 
layer Consolidation is achieved by impregnation 
with an epoxy' rosin which is brushed on to tho wood 
as a mobile liquid which readily' permeates tho wood, 
where it solidifies in si£w at room tomporaturo, thus 
conferring upon tho woodon object tho necessary 
mechanical strength Theso opoxy r lesms, which hn\ o 
the highly desirable property' of setting to a solid 
without undergoing appreciable contraction, nro of 
general application as agonts for tho impregnation of 
woodon antiquities which are in a fragile state, for 
example, wooden objects which may havo been 
severely' woakoned as the result of attack by insects 

In tho caso of leather objectB which may' bo 
recovered from excavation in a fragile state as tho 
result of being water-logged, or in a briltlo condition 
duo to excessive desiccation, immorsion m molten 
polyethylene glycol wax of grado 1,500 at a tem- 
perature of about 45° C affords a simplo motliod of 
preservation The hy'droplulic wax removos the water 
and consolidates the water-logged leather, w borons 
in the case of tho brittle leather, tho absorption 
of the polyethylene gly r col wax restores to a marked 
degree tho flexibility of tho leather so that it can be 
handled with ease and, if necessary', reshaped without 
fear of breakmg Two other eymthotic waxes which 
have proved of value in the formulation of a wax 
mixture for the surface protection of antiquities 
are the microcrystalhne waxes which, owing to their 
special physical structure, are superior to the con- 
ventional paraffin waxes and tho hard polyothy'lene 
waxes of relatively high melting point 
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Anothei field m which new synthetic materials 
liny'o found extended use m consort nt ion is that of 
ndlicsites When considering tho use of adhesives 
m tho rest orat ion of fragile mit iquit ics, tho single factor 
which is of major importance is tho question of tho 
amount of slmnkngo which can oicur tilicn an 
ndhoKito sots; if this is large, strains are set up 
which may weaken tho bond or causo distortion of 
tho bonded complex In this respect tho most suitable 
adhesives arc those based on epoxy' rosins , these 
lepresent a class of adhesive which sets by chemical 
reaction without tho loss of am tolatilo material 

The presence of soluble salts whuh linvo been 
absorbed by' pnioiiK objcits while buried m the 
earth prior to their excayation — foi exnmjilo, Iigy'ptmn 
ostrnkn — may be the Intent causo of deterioration. 
When such objects are exposed to nt mosphonc 
conditions m which there me largo fluctuations in 
the lohitivo humidity, llicso salts fond to ho trims 
ported to tho surface whrie they crystallize out, 
thus obscuring tho surface and, m the cuurso of 
crvstalli/mg, causing tho surface layer to flako m\av , 
m the caso of ostrnkn, this would result in tho lo^s 
of the actual writing These soluble* salts can ho 
lemovcd In the simple process of washing in water, 
but, before taming out the washing, it is nocossarv 
to consolidate tho surface of tho object m order to 
pi event any- flaking away of tlic surface 31ns con 
sohdntion tan bo rondih achieved by' the lisa of a 
special soluble modified mlon — n mnterinl produced 
by Imperial Chemical Jndustiiis, Ltd, under the 
trade nnmo ‘Marumi soluble nvlon polymicr O 109 jP' 
This material is soluble in either methyl alcohol or 
otbvl alcohol, and when a 5 per cent solid io n in one 
of theso sohents is brushed on to tho object prior 
to washing, it <h posits n surft ce film which is not 
only' permeable to water (thus permitting elution of 
tho soluble salts), but also possesses a marked degree 
of flexibility so t lint it docs not exert any undue 
eontrnctilo force on the frail surfneo layers Tin' 
mnterinl also possesses adhesive properties which 
render it v orv suitable for the renttnehment of finking 
paint on wall paintings It was used, for example, 
in the treatment of n Augment of a tempera wall 
painting from a tomb nt Thebes of tho XVUIfh 
Dymasty m which the paint layei was tending to 
blister badly* A warm 5 per cent solution of soluble 
nylon was blushed over the mens of flaking point 
and gcntlo pressure applied The alcoholic solution 
having a much lower surfneo tension than an aqueous 
solution, rendily flows into tho minute cracks m tho 
blisters and spreads out underneath the flakes of 
dotnehrd pnmt, drawing them back into position, 
in this way a secuio bond was formed between tho 
rentinchod pnmt and the ground Furthermore, the 
surfneo film hns a matt nppemnnoo so that it. docs not 
leav’o an aesthetically undesunblo sheen on tho treat- 
ment mens of the painting 

Mr Organ dealt with the probloins that m iso m tho 
preservation of bronzo antiquities Ho first described 
tho causos of corrosion and tho build-up of tho 
conosion layers Motnllogrnphic examination shows 
that in tho majonty of bron/o alloys tho metal con- 
sists of a two pliaso systom Pi tor to excavation, these 
contiguous phases havo often boon in contact with 
water which had porcolatcd through tho sod and 
contained dissolved salts An olcctrolytic sy'stom is 
thus sot up m which ono of tho two phases corrodes 
to form insolublo salts which arc deposited on tho 
surface of tho object m tho form of mmorols which 
comprise tho well-known ‘pntma’ characteristic of 
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antiquities Cross sections of a corroded bronzo 
were shown in illustration. 

The occurrence of the so-callod ‘bronzo disease’ 
in museums is connected with tho presence of cuprous 
chi or i do as a component in tins mineral structure 
This material not only reacts with moisture and 
oxygen m the air to form baaio cupric chlorido 
(which is the light green material that appears as 
the characteristic spots of bronzo disease) but also 
attacks tho underlying bronze with tho formation of 
cuprite Hen co action directed towards preserving a 
bronze object must bo aimed at nullifying tho activity 
of this particular salt 

In those oases whore it is desirable to retain tho 
mineral patina on a bronze the reactivity of tho 
ouprous oldondo may be overcomo by the use of 
special ohomicfit reagents, namely (a) sodium 
eesqiucarbonato solution or (b) specially prepared 
solid silver oxide 

In tho first method the object ib i mm e-rood in 
successive solutions of sodium sesqiucarbonate, which 
lias littlo visiblo effect on tho patina but is sufficiently 
alkalino to noutrabze the hvdrochloric acid produced 
whon tho cuprous olilonde is slowly converted into 
cuprite 2 CuCl + Ht0**Cu,0 -f 2HC1 Tlio socond 
toohruquo involving tho use of silver oxido, was 
specially dovolopod m tlio British Museum Laboratory 
for tho treatment of objects which for some particular 
reason cannot bo immersed in an aqueous solution , 
for example a brenzo objoot inlaid with onamel 
work Tlio aim of thus procedure is to seal off the 
corroding areas containing cuprous cldorido by 
applying over them ft layer of silver oxide powder 
which reacts to form nn imporv ious layer of silver 
chlonde 

Whon it is dommblo to removo patina, v\luch may 
bo not only unslglitly but also concealing valuablo 
dotad on tho object, tho various layers of minoroltza 


tion can be successively romov ed by chemical moans 
First’, the green basic carbonate is dissolved by bn 
mors mg the object in alkaline Rochelle salt, tbon tho 
cuprito is dostroyod using diluto sulphuric acid 
and, finally, the cuprous chloride lay or is removed 
by cathodic redaction in alkaline solution Whon this 
treatment has boon complotod, there will still bo 
residual cldondes remaining m tlio porous metal 
those must bo removed complotolv if tho objoct is 
to remain m a stable state under normal museum 
conditions This can onlv be succossfullv aalnovod 
by a special process of intonsivo waslung m many 
successive baths of distiljod water Tlio progress of 
the washing is followed by measuring the electrical 
conductivity of the successive baths of wash wator 
until it falls to a minimum and the absence of chlorido 
is established It lias recently boon found tliat this 
process wlilcli usod to take up to olght months for 
completion, can bo spooded up by a factor of as muoh 
as ton by tho use of ultra -so rues 

When tho mineralized lay ora are removed tho objoct 
may sometimes be in such a frail state tliat some form 
of moclianical support is nooessary In tho j>oat 
material such as wood or piaster and adhesives suoh 
as shellac and nitrocellulose were pressed into service 
/ante dc tutelar An improved technique was recently 
dovolopod in tlio British Museum Laboratory using 
a suitable opoxy resin wliich can bo supplied as a 
liquid which sets tn atiu to form a reinforcement 
This material is ideal for tho purposo bocauso it 
adhoros well to tho metal, sets without shrinkage 
so that no contractile stresses are exerted on tho 
fragile object and It is transparent so that no details 
of design are obscured This technique was success 
fully used to strengthen a umquo silver hanging bowl 
oxcavatod at St Nininn s Islo Shetland which after 
removal of corrosion products was ns thin as an 
egg sholl A I A Werner 


GENETICS AND THE ORIGIN OF SPECIES 


T O assess tho magnitudo of Darwin's contribution 
to biology ono hundred years offer the publics 
tion of ‘"The Origin of Species”, it is nocossary to 
rocogmzo that Darwin dov olopod Ills idoas in a \ cry 
different climate of biological thought from our own 
Darwin s recognition of tlio dynamic nature of Rpecios 
was inn do at a time when species wore regarded ns 
tlio static products of natural creation 

Spooler, ns aggregates of individuals subjoct to 
variation and constantly being replaced by those of 
their progeny wluoh escapo from tho liozards of thoir 
environment represent a concept which wo owe to 
Darwin and which still lies behind our knowledge of 
ovolution 

Modem Ihoorics of gonntic* have sprung front 
Mondol s demonstration of tho particulate nature of 
inheritance and tho subsequent discoveries that tho 
horeditablo determinants, or genes are located in tho 
chromosomes Tlio idea tliat genes are subjoct to 
mutation and liable to re -assortment nt moiosis 
represents tho crude mecJuinimn of tho variation on 
which natural selection must opornto, but boliind 
this lies tho more fundamental aspect, of geno ovolu 
tion and tho biochemical mechanism of thou* operation 
If tlie symposium in Sections D (Zoology ) and 
K (Botany) of tho British Association at tho recent 


York mooting gi\os an insight into modern evolution 
ary thought it is clear that geneticists are at proeont 
largely concern od with the manner of geno action and 
tho process of modification m genotic constitution 
which aoloction induces Several speakers pointed 
out tlrnt tho preeiso effect of a geno Is modified b\ 
tho gonetio onv ironmont of tho geno so Hint successful 
spoeiea coino to possess a highly mtegrated gene 
assemblage As Prof lx Mather (Birmmgluim) 
emplutsizod tho mam features of an organism nffectod 
by selection nro Controlled bv swarms of gone* acting 
togothor Tlio efforts of seporato genes are balanced 
and eclection Bluffs tho balance, giving gradual and 
not jerky e\ olutionary chnngo Morcov or, it is onlv 
m tlus way that wo can understand how an organism 
can aoliiovo tlio complex sold tion advantage wo find 
for example, in mimicry where a strong degree of 
visual Binulantv with tho model must bo obtained 
before soloetion will operate In tho case of tho 
African butterfly, Papflio dardanus in vrluch the 
fomnlo mimics ROvoml models, Dr P M Shopprtnl 
(Liverpool) descrlbod how the range of variation m 
mimic characters of tho progenv of hvbru fixation of 
geographical races Indicated polvgomn control Bond 
nance of mimio features lias been 
h\ britla iKrtwren races whirl. 
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mimicry m offspring , m liybudization of races 
which do not naturally meet, this dominanco is lost, 
but reasserts itsolf when replaced in its original 
genetic environment by progressive backcrossing to 
the race which originally possessed it 

Re-adjustmont of tlio gono-complo\ under tho 
prossuro of selection will account not only foi cliango 
within a spocies with tho pasgago of tnno, but also 
for divergence of parts of a species Any tondonev 
for genes not to diffuso tliroughout all the members 
of a species will encourago tho development of 
restricted gone complexes In mtroducmg tho 
symposium, Prof J Hcslop-Hamson emphasized 
that theso barriers to geno flow, or isolating moclian- 
lsms, are of several types 

Physiological isolation by hybrid failiuc or sterility 
is the main genetic criterion by which species status 
is recognized, and this may be attained at a single 
evolutionary stop in cases of polyploidy 

Dr R Riley (Plant Breeding Institute, Cnmbridgo) 
directed attention to tho high frequency of polyploidy 
m plants, where successful polyploids usually ariso 
by the combination of genomes, which, oven if 
donved from tho same specios, nro sufficiently 
different to allow diploid behaviour (cliromosomo 
pairing) to be established at meiosis Dr Rilov showed 
how cytogenetical techniques had allowed tho threo 
genomes present in common wheat, which is lioxa- 
ploid, to bo identified as those of Trtlicum mono- 
coccam, Aegilops spcltoidcs and A squarrosa By 
taking advantage of cliromosomo deficiencies, tho 
mechanism controlling gonotic isolation m wlioat 
had boon locatod and tho way oponed for hybridiza- 
tion with othor cereals 

Isolation by breeding proforonco was discussed 
by Dr A J Bateman (Christ 10 Hospital and Holt 
Radium Institute, Manchester) Experiments with 
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the flv Drosophila, whore a choico of mating pnrtner 
is offored, indicate that, for oxamplo, body-colour 
mutants influence prefeionco Field observations 
of nesting pans of birds whoro a plumage colour 
variant is present have shown similar preference 
to ojjorntc in natural populations Constancy of 
polluintor in plants must play a similar part ns, for 
example, between tho two campions, Silenc rhoica 
and iV alba, which aro respectivcl} boo- and moth- 
pollinated 

In both outbreeding plants and animals, how over, 
spntml isolation by ecological or geographical factors 
is tho most widespicad external mechanism which 
allows initial divergence either by clmnco restriction 
of genes in limited populations, or bocauso ecological 
conditions differ botween populations or their parts 
Tho nature of soil profoicnro and importance of 
competition wero discussed In Dr C. D Pigott 
(Sheffield), who described tho mnnnor of elimination 
of Vaccnnum t itm idaca from mixed populations with 
1 myrhllus and occasional hvbridfl, by reduction in 
grazing pressure after enclosure and exclusion of 
sheep from uplnnd oak-woods 

That divergence can precede isolation, however, is 
evident from oxpoiimonts with Drosophila described 
In Dr .T M Thodav (Sheffield) Bj disruptivo 
selection (elimination of tho moan phenotypes and 
retention of extremes) within n singlo breeding 
population over several generations, a steady trend 
of divergence of the extremes is produced Furthor- 
moro, experiments, m which tho most oxlremo 
individuals arc those used for breeding, demonstrate 
that this different o can be maintained 

Expornnontal studies of this type domonstrato 
vory clcnrlv that evolution is no longor a thoon 
propounded by Darwin but an indisputablo fact 

C D PlOOTT 


OBITUARIES 


Dr Louise Pearce 

Da Louise Pearce, former associate member of 
the Rockofellor Institute, who had worked there 
from 1913 until 1951, diod m Now York City on 
August 9 at the ago of Bcvonty-four years Having 
graduated M D at the Johns Hopkins University 
m 1912, she began in 1913 hor chemothompoutic 
studies m association with W H Brown of tho 
Institute A fow years previously Ehrlich had had 
great success in the treatment of disease, including 
syphilis, with organic arscnicals In collaboration, 
these two workers studied experimentally the offcct 
of arsenical compounds on laboratory infections in 
animals with the parasite causing African sleeping 
sickness Ono compound of this series, namely 
tryparsamide, prepared by Jacobs and Hcidolbergor 
m 1919, proved very effective against rabbit syphilis 
and was able to save the fives of animals infected 
with the pathogenic African trypanosomes Tests 
on tho response of the human disease to this now 
substance were now' urgently required Louise Pearce, 
of resolute character and endowed besides with great 
physical strength and vigour, was chosen to go out 
to the Belgian Congo m 1920, where thousands of 
natives were dying of the disease, and there carried 
out the tests at great personal risk 

The success of tho now drug was soon obvious and, 
as Peyton Rous has written, “she brought about 


ono of tho most shining and spectacular of tho early 
purposeful achievements of the Institute, tho con- 
quest of sleeping sickness” Trjparsamido owes its 
importance to the fact, that it can ronch tho corebro 
spinal fluid m considerable concentration and has tho 
capacity to uffeet trvpanosomcs in tho control ner 
vous system For this work Dr Pcarco was awarded 
in 1953 tho King Leopold IT prize of 10,000 dollars 
and made an officer of tho Royal Order of tho Lion, 
having prov lously receiv ed tho Belgian Ordor of tho 
Crown Hor colleagues, W A Jacobs, M Ilcidel- 
borger and W H Brown, were also honoured With 
tho last-named she discovered n rabbit cancer, 
lenown ns tho Brown-Poarco carcinoma, which 
could bo transplanted to other rabbits and has 
proved of considciablc vnluo experimentally Th 0 
virus causing rabbit pox was nnothor of her 
discovoi ios 

She was keenly interested m medical education 
and served during 1940—51 as president of the 
Women’s Medical College of Philadelphia Bosidos 
her successful mission to Africa she sorvod ns visiting 
professor of medicine at Poipmg Union Medical Col 
logo during 1931—32 Her interests wore wide and 
embraced many aspects of national and international 
life As an officer of a number of organizations con- 
cerned with tho study of bacteriology, medioine, 
tropical medicine, cancer and other diseases, she 
proved a good citizen of the world 
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Durmg her life tune ahe was awarded a number of 
honorary degreee and prizes Her monograph “The 
Treatment of Human Trypan oeoml sets with Try 
rsamide”, published by tho Hoekofellor Institute, 
a classic J J) Fulton 

Dr E S Duthle 

Hit Edwabd Stephens D emu re died on Jtuio 9 
at the age of fifty two Ho was an experimental and 
clinical pathologist with an exceptional range of 
talents Born In Kilkenny he won a mzarship in 
mathematics to Tnruty College, Dublin, and graduated 
m arts, medioine and science Ho began biological 
research under Prof J B Gatonby m Dublin and 
continued under Prof A E Boycott at "University 
College Medical School London whore he went as 
Grali am Scholar in 1933 His published work during 
this period was concerned mainly with tho mechanism 
of glandular secretion. While convalescing from 
tuberculous pleurisy in Italy he wrote a panor on the 
origin development and fimotjon of the blood cells 
m certain manno teloosts 

After a briof interlude an assistant pathologist at 
the University of Shofflold he joined tho staff of tho 
Dunn School of Pathology Oxford and collaborated 
with Chain in a study of 'spreading factor which 
they identified as liyaluronidaso Duthie was unfit 
for military service durmg the War bo he worked 
as hospital pathologist at Northampton until ho 
was recalled to Oxford to help Sn Hugh Cairns 
ho organized and took charge of all tho chemotherapy 
at the Rad cliff© Infirmary’’ and at the Military Hospital 
for Hood Injuries His development of penicillinase 
his work with Cham on tho thoory of action of peni 
c ill in and fps demonstration of the influence of pH 
on the activity of stroptomycm hav o all contributed 
to tho rapid progress of chemotherapy' 

Duthio took charge of the Sonun Department of 
the List or Institute in London in 1940 and worked 
on serum and bacterial proteases and their Inhibitors 
In 1048 he was appointed deputy director of pathology 


UKE 

at Southampton becoming director m 1952 Durmg 
the post, ten years he studied various products of 
the staphylococcus Hrn crowning achievement was 
the purification of coogidoso — -the first blood clotting 
substance to be purified 

Dirthie a integrity, sympathy and kindness were 
apparent to all who mot him his friends knou hjs 
generosity his concern for refugees and all who were 
oppressed. Ins appreciation of art and musio and his 
courage and cheerfulness in the face of prolonged 
ill health Chaivle3 H Lack 


Mr John Cecil May, CMG O B E 

By the death on September 10 of J C May, 
director of the Empire Cotton Crowing Corporation, 
tropical agriculture has lost one of its wisest and most 
distinguished administrators of agricultural research 
His background of geology and forestry at Oxford 
and of the admmistrativ o servico in Nvasalond and 
Tanganyika was singularly appropriate for tho 
development of his life a work in an independent 
corporation engaged in research in tropical tom 
tones His Judgment and enthusiasm were largely 
responsible for tho high standard of rocruftment 
to the Corporation’s service, and his sympathy and 
understanding for tho welfare of his staff m tho 
di\ erse circumstance* in which they work Ho undor 
stood the need* and difficulties as null as tho respon 
sibilitios of government departments and hi* breadth 
of internet was the foundation of tho co operation 
between government officials and tho research staff 
or the Corporation that lma been so fruitful in tho 
extension of tho cotton crop in Lfncan territories 
His i ision and grasp of practical needs and possibilities 
enabled the Corporation to continue to provide staff 
for tho Sudan when tho Republic of tho Sudan was 
established In planning tlio British contribution 
to technical services in the now Africa that is emerg 
mg his coun*ol will bo sorolv missed 

J B ITurcni\so\ 


NEWS and VIEWS 

Internationa! Red Locust Control Service vt was complotoly controlled No awarms luv\o 

The last plague of tho rod locust Nomadaem escaped since I0o4 r - 

aepfeni/aSdata 8orvillo, lasted from 1930 until 1944 Ur U L+ Gt/nn t- o t 

and affected most of Africa south of tb© equator Dtratno tho period 1952-GO tho director of tho 
Field investigations by British South African and International Rod Locust Control Semico won Dr 
Belgian scientists rovonled comparativ eh amail out- D L Gunn Educated at tho High School and tho 
brook areas in Northern Rhodesia and Tanganyika University College, Cardiff, ho was then for sovtidrcn 
In 1041 A, V G Michalmore set up "headquarters m year* at the University of Birmingham, first us 
Aborcom Nortliem Rhodesia, and began preventive assistant lecturer and finaflv senior lecturer in 
control of these areas , in 1945 H. J Brodo became zoology Thera ho became known for researches on 
director or the International Red Locust Control tho temperature and humid i tv relations of inv'Cts 
Sorvico Tins Service was established by inter nod lie collaborated with Dr Gottfried Fraenkol m 
national treaty in 1949 and tho first dccado of the “Tho Orientation of Animals'' (Oxf Univ Trtvs) 
treaty vms comploted on August G this year At Towards tho ond of tho War he was seconded to 
first tho idea wns to watch for any upsurge of locusts Kenya to study tho hohav iour of desert JocuMa in 
in tho outbreak areas and then to omuigo control swarais in relation to aircraft spmving and m 1945 
measures but it became clear that evontfl moved too with Douglas \ co amt a team from tho Chemical 
quickly and tho Servico liad to be constantlv roadv to Defonc© Experimental Establishment Port on no 
attack. Fvcn so, swarms escaped from tho outbreak carried out tho first attacks on adult locusts in Ifrira 
areas in most years until operational research, nwnnh that used liquid insect iclde f proved from “kf ™ ' m ” 
by Haydn Lloyd, lod to tlio design of fuUv ofToctive 1940 ht> became tho first pnncipol scien ^ 
methods of control using vory light arreraft In of tho Anti Locust Resojwch^^ f [W nti>of ,,1,n " 0 " 
1055 there occurred tho largest upsurge over recorded separated under Vr V T ** 
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wealth Institute of Entomology, and was responsible 
for starting and building up its reseaich programme, 
both m the Centre laboratory and extra-mural!} m 
universities In 104/ jointly with II A b Loa 
(now chief locust ofhcei of tho Union of South Africa), 
he was responsible for successful aircraft sprn} mg 
experiments against the red locust in Tnnganv iKa 
In 1910 ho did field expei iments in Somaliland and 
the Sudan v Inch resulted in tho complete replacement 
of net bait In di\ bait for controlling the desert 
locust with great economies in cost In 1912 he was 
appointed director of the International Red Locust 
Conti ol Scr\ ice in the following years, thi« Service 
was completelv ieorgnni7ed, made efTectne and 
cheapened to about half its emliOT maximum annual 
cost Dr Gunn was appointed CBE m 1918 anil 
ho now leaves Afnca to becomo director of the Ten 
Research Institute of Ceylon 

Mr C du Piessis 
The Council of the International Red Locust. 
Control Servico has invited Mr C du Piessis to 
become director in succession to Dr Gunn Edu- 
cated at Oudtshoorn and at Gro\ University 
College, Bloemfontein, lie lectured in 70olog\ nt 
Grootfontom College of Agriculture for «ix years 
and m entomology nt Glen for four years before 
beginning full-time research on stalk-borer nt Kroon 
stad Soon after the red locus-t plague readied 
South Africa, he began research under Prof J C 
Faurc, publishing mainly m the science bulletins of 
the Department of Agriculture, and becoming 
increasingly' involved in control ns well In ]944, 
locust research locust control, an/1 administration, 
were combined under the newly enlarged post of 
chief locust officer, to which post Mr du Piessis wn« 
appointed Ho was responsible for containing within 
tho outbreak areas a prolonged upsurge of tho brown 
locust from 1948 until 1914 , during this period, both 
control methods and administration yvere com- 
pletely rey olutionmed Representing South Africa 
on the International Red Locust Control Service 
Council for many years he was elected president in 
1954 in succession to Mr G B Beckett, then 
Member for Agriculture in the Northern Rhodesia 
Government He retired from the post of chief 
locust officer m December 1958 

Theoretical Mechanics at Southampton 

Prof B Thwaites 
A third chair of mathematics, yvith Rpeciol refer 
ence to fluid mechanics, has been created at South- 
ampton Tho first holder of tho chair yv ill he Dr 
Bryan Thwaites Hr Tlrvvaitcs, after graduating in 
ambndge with first-class honours in mathematics, 
spent three years in tho National Phy sical Laboratory 
and was then appointed lecturor 'at tho Imperial 
Collego of Science and Technology in tho Department 
of Aeronautical Engineering In 1951 ho became 
assistant master at Winchester Collego but maintained 
his contact with university teaching and research ns 
vositing lecturer m fluid mechanics at tho Imporml 
College Dr Thwaites has been a member of tho 
Performance Sub-Comnntteo of tho Aeronautical 
Rosearch Council and is at present a momber of tho 
Fluid Motion Engine Aerodynamics and Laminar 
Boundary Layer Panels of that Council Ho is 
chairman of the Aerofoil Theory Panol and editor of 
“Incompressible Aeiodvoiamics’’ due to bo published 
this year His name is familiar m tho form of the 
Thyvaites flap and with his engineering interests it is 


expected that Ins appointment will strengthen tho 
already existing ties hot ween mnthomntics and 
engineering m the Unnersity of Southampton 
Dr Thwaites b yvide euliurnl and teaching interests 
yv ill he particularly welcomrd in the rapidly expanding 
University of Southampton 

Electrical Engineering at Southampton . 

Prof L G, A Sims 

Da Sms head of the Eleitrnnl Engineering 
Department and senior lecturer in electrical engineer- 
ing m the University of Southampton, succ ceded the 
Into Mr P G Span m 1952, and hr has now been 
made profiler in the University Dr Suns studied 
under the late Piof William Cramp at tho University 
of Birmingham, graduating with first class honours 
and a Bowen Re -if arch .Scholarship in 1924 IIo 
obtained Ins M Sc yvith nn nyvnrd of a research pri7e 
He joined tho Rc«enreh Laboratories of tho General 
Electric Co , Ltd , under tho late Sir Clifford Paterson 
Later lie joined the lecturing stntT of the University 
of Birmingham, and although primarily concerned 
with power cngmotring and founding the first 
electronics laboratory, lie y\ns associated yvith the 
first successful television reception in Birmingham 
received from the original London Baird transmitter 
Dr hints initiated mul directed researches at 
Birmingham upon the incremental properties of 
magnetic stod« In 1 910 h< was ojipointod head of 
the Electrical Engineering Department of tho 
Northampton Polytechnic in London On tho power 
ut ilimt ion and supple sale Dr hints was ono of tho 
first engineers in Britain to bo interested m energy 
storage with the ac system and initiated research 
yvork upon electro thermal storage methods Ho lias 
held senior teneliing appointments in Government 
Service both at the Royal Naval College, Greenwich 
and the Royal Am raft Establishment, Famborough 
During tho session 1917-58 Dr Sims was chairman of 
the Institution of Electrical Engineers, Southern 
Centro His main ambition, is that he and Ins staff 
shall advance the prestige of the already well known 
Elect nral Engineering Department m tho University 
of Southampton, and liaison work with largo indus- 
trial concerns in different parts of Britain together 
will) new electrical courses may lend to a system of 
postgraduate scholarships in electrical engineering by 
tlie time of the University centenary’ in 19G2 

Physics at the University College of North Staffs 

Prof D. J B Ingram 

Du D J E I>cm \m hns been eloctcd to tho chair 
of physics nt tho University Colloge of North Stafford 
shire, in succession to Prof F A Vick, who has 
becomo deputy directoi of tho Atomic Energy 
Rosearch Establishment Harwell (Nature, 183, 801 , 
1959) Dr Ingram was loader in electronics at th° 
University of Southampton, where ho went m 1 052 
to v\ ork w ith Prof E E Zepler now president of tho 
British Institution of Radio Engineers Ho took a 
firbt in physics at Oxfoid in 1948 and worked for 
tlirco years under Prof B Blcaney on magnodc 
resonance At Southampton bo extended his work 
on microwave spectroscopy, gathering together a 
team of physicists, chemists and electronic engineers, 
which lias applied tho techniques of electron rcsonanco 
to a variety of problems m phv’sics and chemistry' 
Tins work has been particularly' fruitful in studies of 
mctallo organic compounds, such as tho hremoglobin 
moleeulo, m tho investigation of breakdown processes 
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resulting from ultra \ lolot irradiation and in dotootion 
of free radicals m various forms of carbon- Dr 
Ingram has also been concerned with the study of 
maser and mavnr problems, and with the use of 
electron resonance in applied oloctromcs Ho is the 
author of two books on tho applications of microwav o 
spectroscopy to physics and oho mi 8 try, and lias been 
ono of tho instigators of tho formation of tho 
Radiofrcquonoy Spectroscopy Group 

Chair of Applied Mathematics at Cardiff 

Prof P T Landsberg 
Dn V T La^dbberg, who has boon appointod to 
tho newl\ created chair of apphod mathomatics at 
Cardiff, carno to Britain from Germany m 1030 Ho 
followed his bachelor b degree in the Uni\ orsity of 
London bv a master s degree m the field of quantum 
mecliamcs and in 10-17 he became one of tlio early 
members of Dr T E Allibono b staff at the Associated 
Electrical Industries Research Laboratory Alder 
maston He participated in the somi conductor 
interests of tho Laboratory, concentrating on the 
theory of electrical barriers Tho generosity of the 
Laboratory onobled him also to work at tho samo 
time for o Pli D degree under Prof H Jonos on the 
effects of electron collisions on tho soft X ray omission 
bands of sodium this investigation showed that 
there wore long range correlations among the electrons, 
resulting in an unexpected screening of the Coulomb 
interactions Sinoo 1050 Dr Landsberg lias boon a 
lecturer in natural philosophy at Aberdeen, where Ins 
teaching interests havo ranged from first year prao 
tical classes to statistical mocha rues at an advanced 
level In 1050, togethor with lue pupil, Dr I E 
Farquliar, he helped to re-open tho subjoot of tho 
quantum statistical ergodic and II theorems, which 
were thought to have been proved by von Neumann 
m 1029 and later improved by Pauli and Fierz, by 
showing that thoy were based on an erroneous 
argumont Also m 1950, Dr Landsberg published a 
notable paper on tho foundations of thermodynamics 
in “ReviowB of Modern Physics”, and lias a book 
appearing shortly in tho samo field Ho has main 
tamed lus interest m semiconductors, whoro his most 
rocont paper, with his pupn, Dr A R Beattio Rhows 
that electron collisions can play tho dominant part m 
limiting tho lifo time of oxcesa carriers in indium 
antimomdo From the agroomont botweon his thoory 
and tho experimental findings, it appears tliat this 
substance may bo the first semiconductor in which 
tho life timo lias been made to approach its theoretical 
maximum 

Festschrift for R E Snodgrass 
The v\holo of Vol 137 of tho Smitlisonian Miocol 
Jnneous Collections (Studios m Invert obrato Morph 
ology Pp v +410 4-40 plates ‘Washington, D C 
Smithsonian Institution, 1050) consists of a series of 
sovent-oen original articles by well known ontomo 
legists from many parts of tho world under tho 
general title of “Studies m Inv ertebrato Morphology 1 , 
nnd is publmhod “m honor of Dr Robert Evans 
Snodgrass on tho occasion of Ills oiglity fourth birth 
day Julv 6 1059 ’ It is liord to think of R E 
Snodgrass na having roached this scoro Ho m tho 
tough vwrv Mark Twain type of American admirably 
doplotod in a frontispiece mode last > car his rondy 
and slightly caustic wit remains unimpaired and ho 
is still tirming out first class work on tho morphology 
of msoctfi Tho liook contains a sympathetic bio 
graphical chaptor bv Dr Ernest mo B Tliurman 


illustrated with some of tho highly professional comic 
drawings that Snodgrass produced m his early days 
The scientific nrticlos maintain a lugh standard 
throughout and man\ of thorn demonstrate the 
widespread influonco exerted by Snodgrass as a 
morphologist But Snodgrass has always taught 
that “morphology must, bo intimate with function 1 
and it is appropriate that thoro are several good 
papers on insect physiology There is plenty of 
good material m the volume , but it is fitting that 
tho best paragraphs of all (pp 17-18) should bo those 
m whtoh R E Snodgrass lumsolf resumes lus outlook 
on lifo m a few. well ohosen words 

Sir Dorabjl JamsetJI Tata (1859-1932) 

The loading architect in the mtoUoctual and indus 
trial renaissance of India, Sir Dombji Jamsotji Tata 
was born at Bombay on August 27, 1859 and was 
educated at Gonville and Cams College, Cambridge 
and at the University of Bombay, whero ho graduated 
m 1882 On his father’s death ho bocamo head of 
the company, Tata and Sons tho largest industrial 
concern in India In 1011 ho established the Tata 
iron and stool works at Jamshedpur and in tho 
samo year foimdod the Indian Institute of Scionco at 
Bangaloro to pro pare voung Indians for the direction 
of modem largo scale industries and for industrial 
research Ho was knighted in 1010 and served as 
president of tho Indian Industrial Con fore nee m 101G 
A groat philanthropist who render od help without 
distinction of caste or creod ho gavo £25,000 to tho 
University of Combridgo in 1920 for tho equipmont 
of laboratories m the School of Eng in coring (ho was 
olocted an honorary follow of his collego in 1022) 

In 1931 ho orcatod ns a memorial to his wife tho 
Lady Tata Memorial Trust for research in any part 
of the world into disoasos of tho blood and for work 
In India for tho alleviation of human suffering The 
last of lus house ho died at Kissmgen in Bavana on 
Juno 3 1932 and was buried in the Tarsi comotors 
at Brookvsood Woking In 1945 tho Tata Memorial 
Hospital was oroctod in the city of his birth. 


National Science Foundation Review of Research 

and Development 

lx a statement on Rosoarch and Dov olopmont and 
Eeonomio Growth (issuod as No 13 by tho U 8 
National Soionco Foundation m its Roviews of Data 
on Research and Development), Dr A. T Waterman 
said that tlio Foundation s studios mdicatod that 
national research and development offort ourrontlv 
stood at moro than 10 thousand million dollars 
compared with less than 500 million dollars bo fore 
tho War, and had doubled smeo 1954 In terms of 
performance Industry accounted for about 70 por 
cent, Government about 20 per cont, and universities 
and other non profit institutions for the rest in 
terms of finance Government accounted for rather 


moro and industry for somewhat loss than half 
Dr Waterman stressed tlio long term significance of 
the economic implications of research and develop 
mont and besides tho beneficial results which war 
expenditure on military research and development 
might havo on tlio civ ilinn econonn research nnd 
development could stimulnto the under dovelojKxl 
economies of other countries It was the kov to tho 


two great challenges of tho future : tho increasing 

opportunity to ochlovc our own potential 1 

and expansion nnd tho urgent need 

with tho groat under He J 

OfthP 10 thouwmd million dollar. 
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on research and development, only about 6 per cent 
was on basic research In making a strong pica for 
more support of basic research, especially in colleges 
and universities. Dr Waterman said that tins would 
ultimately reduce development costs by indicating 
the best fields of research The Federal Government 
was supporting research m academic institutions 
but wished to see industry increasing its support 
for such research as well as its support of basic 
research in its own laboratories Industry was the 
largest employer of scientific personnel, employing 
m January 1957 nearly two-thirds of the scientists 
and engineers in the United States, mcludmg 528,000 
engineers, 152,000 scientists and 68,000 administrators 
of such activities about a third of whom wero 
engaged on research and development 

Scientific and Technical Personnel 
The National Science Foundation of the United 
States has announced that at the request of the 
Bureau of the Budget it will be responsible for 
establishing and maintaining a programme of 
national information on scientific and technical 
personnel This wall cover their training and 
utilization, compensation levels, supply and demand, 
and other related data The Foundation will organ- 
ize the register, co-ordinate and analyse all informa- 
tion gamed, and ensure that the findings be made 
public Much of the information recommended will 
be produced by extending existing statistical records 
Other projects will have to be initiated to meet the 
objectives of the programme The decision of the 
Bureau to ask the Foundation to organize the 
register arose from recent recommendations of an 
advisory panel on ‘Scientific Manpower Data Re- 
quirements’ The panel recommended a programme 
of fifteen projects, of which the most urgent were 
considered to be first, an identification of scientific 
and technical occupations , secondly, a periodic 
survey of organizations employing scientific and 
technical personnel , and finally, a periodic study of 
the demand outlook for various categories of scientific 
and technical personnel m each major activity The 
last item would include analyses of employment and 
production growth trends and also the changing roles of 
particular classes of scientific and technical personnel 

Productivity Measurement in Great Britain 
A report by T E Easterfield (Department of 
Scientific and Industrial Research Productivity 
Measurement m Groat Britain a Survey of Recent 
Work By T E Easterfield Pp u + 79 London 
Department of Scientific and Industrial Research, 
1959) attempts to survey recent or current British 
studies of productivity measurement at the level of 
the individual factory, together with such other 
related work as seems particularly illuminating 
Studies based on overall statistics of whole industries 
are included only where they throw light on the 
problems of more detailed studies The report first 
briefly discusses the mam purposes of productivity 
measurement overall economic analysis and plan- 
nmg , planning, target setting and the forecasting of 
requirements of industries or firms , the spotlighting 
of cases that stand out by reason of high (or low) 
productivity , and investigation of other factors 
that may affect productivity, and their relative 
importance The mam sections are the problem of 
multiple inputs , the problem of multiple outputs , 
the study of factors affecting productivity and the 
translation of results for practical application 


Education in the Commonwealth 

A pamphlet, “Commonwealth Education Tho 
United Kingdom Contribution” (proparod for tho 
Commonwealth Relations Office and tho Colonial 
Office by the Central Office of Information Toxt bv 
Duncan Crow Pp 08+4 plates (London HM 
Stationery Office, 1959 ) 2s Grf ), gives an impressive 
picture of what fho United Kingdom is already doing 
m this field, to winch, in tho tw elvo -\ oars Apnl 1940- 
March 1958, Britain contributed under tho Colonial 
Development and Welfare Acts £35 million m grants 
and loans, of which £10 million wore for primary and 
secondary oducation, £0 million for technical and 
vocational education and £13 million for higher 
education The pamphlet brings togethor, moremer, 
facts about an offort which embiaccs also w r hat is 
being dono through tho British Council for tlio 
welfare of tho 7,000 odd full-time Commonwealth 
students in tho United Kingdom, somo of whom arc 
numbered among tho 728 training as toachors in tho 
United Kingdom and for the teaching of English in 
the Commonwealth There is n section dealing with 
tho Colombo Plan trainees and wuth tho 6,566 
Commonwealth students in United Kingdom tech- 
nical colleges, and anotlioi with tlio remarkable 
growth of Commonwealth universities between 1938 
and 1957, in which poriod tho number of institutions 
has increased by 50 por cent, their teaclung and 
research staff has trebled nnd full-timo students liavo 
noarly quadrupled No attempt is made to indicate 
the total cost to Groat Britam, and, nnpressivo as it 
is, tho pamphlet shows clearly enough how much 
more remains to bo dono nnd tlio opportunities which 
interchange schemes, for example, offer for oxponsion 

Public Library Statistics in Great Britain 

“Statistics of Public (Rato Supported) Libraries 
in Great Britain and Northern Ireland 1957-1958” 
(Pp 33 London Library Association, 1959 
7s 6 d) give3 the number of public library authorities 
in the United Kingdom on March 31, 1958, as 609, 
serving an estimated population of 51,597,000 nnd 
holdmg a stock estimated nt 08,600,000, approxi- 
mately 1G per cent being reference stock Issues for 
home reading are estimated at about 431,863,000, 
an increase of 12,435,000 on 1950-57, and total expen- 
diture was £17,522,000 compared with £15,906,000 in 
the previous year, of which £4,254,000 and £3,803,000 
respcctuely wore expenditure on books Full-time 
non-manual staff numbered 12,990 compared with 
12,760 in 1956-57, and at least 1,870 part-time paid 
staff wero also employed There are at least 32,755 
public library service points m the United Kingdom, 
including 569 municipal central libraries and county 
headquarters, 1,333 full-time branches, and 30,853 
part-time branches, centres, etc , ns w ell as 200 mobile 
libraries 

Instrument Construction 

The Russian monthly Priborostrocnic , w’hicli is 
described as a “scientific, technical and production” 
journal, is bemg produced m an English translation 
under the title Instrument Construction (No 1 > 
1959 Translated from the Russian Pp 38 Pub- 
lished monthly Subscription £6 yearly post free 
(17 10 dollars USA and Canada) Spocial into of 
£3 yearly post paid (8 56 dollais USA and Canada) 
available to University and Technical College Lib- 
raries Single copies 15? each (2 15 dollars USA 
and Canada) London Taylor and Francis, Ltd , 
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1D59) by the British Scientific Instrument Research 
Association for the Department of Scientific and 
Industrial Research It covers industrial instruments 
and instrumentation, automatic control and produc 
tion engineering for procision work and affords a 
valuablo insight int-o current Russian practice in 
these fields The first number of the journal corre 
eponds to the January 1959 issuo of Priborostroenxe 
and each issue of tbo English journal, bocauso of tho 
timo needed for translating and printing will be 
published two and throe months later than the 
corresponding Russian number Tho contents of tho 
first number inoludee fivo short artloles from the 
twenty first congress of tho Communist Party of the 
Soviet Union. The articles paj tribute to Mr 
Khrusohev’s report “Targets for tho Development 
of National Economy of the USSR for the period 
1959-05 \ and deal mainly with \ nnous nspoots of 
the extension of automation In industry in further 
an co of the seven } car plan. The more technical 
articles deal with the automatic control of forro alloj 
furnaces a transistorized analogue computer 
an electronic plinsemoter with a range of — 180° to 
180° and field magnets and magnetic lonsee for 
cathode-ray tubes with cold cathodes Laboratory 
notes and roviewa and abstracts from the pages of 
the Czechoslovak journals, make up the remainder 
of tho contents 

French Journal of Science Teaching 
Tile first odition of l Enscigncment dcs Sciences has 
made its appearance (1 No 1 May-June 1059 
Hermann Paris 1,200 francs per annum) it is 
to bo published fivo tunes a year The journal rums 
to cover a vvido fiold of scionco instruction and to 
publish as much original research as possiblo for the 
‘amelioration of scientific studies ' The first odition 
consists of 48 pages 'with seven platos, bold line 
graphs and some amusing Lima line cartoons The 
main article, the “Known Limits of the Universe 
covers olovon pages and is well illustrated Articles 
follow on tho importance of science in education a 
report on tho improvements in touching at the 
Nanoj school of mines and modem mathematics 
and their teaching An extensive reviow of Joan 
Fornn s Clements do la PhyBiquo” is included also 
an interesting artiole on the philosophy of children 
which is based on Charles Rollins "1111116 dos 
Ctudce’ (1720) in honour of his momorj Inquiring 
articlos also occur on perceptions of gooinotrj oto 
Tho journal concludoe with numerous short reviews 
and a section of general correspondence 

Atomic Energy In Australia 
The contents of tho December 1068 issuo of Atomic 
Fncrrgi f (2 No 1) tho quarterly published bv the 
Australian Atomic Enorgy Commission to keep 
industry and commerce informed of progress in tho 
fiold of ntomio onorgj, moludes an articlo by J L 
Symonda describing procedures for tho commission mg 
period of the roactor Htfnr a roview of reports raado 
to tho Second International Conference on tho 
Poacoful Uses of Atomic Energy in Geneva during 
Scptemlier 1958 on nuclear j>owor developments in 
tho various countries and an authontfltivo dis 
cushion of tho power position m South Australia b> 
S E Huddleston assistant gonoral manager of the 
Electricity Trust of South Australia He maintains 
contrary to tho statements of many writers, that 
South Australia Is not in need in the immedmto future 


of nuclear power largely because of the determined 
and efficient use being made of tho power resources 
whioh aro at present avadable Tho onlj economic 
coalfield m tho state is at Leigh Creek, some 350 miles 
north of Adelaide and m 1953, 094 million kilowatt 
hours wero produced from Leigh Crook coal bj the 
Eloctrioity Trust This will be stepped up when new 
plant becomes available and it is expected that Leigh 
Creek coal will be fuilv exploited by about 19G5 
Tho inoreaso m domands for olectnoitv indicates that 
it will bo necessary for South Australia to introduce 
nuclear power in 1970, but a decision to build an 
otomto power station thoro may not be made for 
another fivo or Rix years The future of nuolear power 
m Australia will be governed by the relative cost 
of generation from nuclear and conventional sources , 
the relativo capital investment involved , and the 
availability and reliability of nuclear and conventional 
fuel Mr Huddleston considers that South Australia 
will be the first of the States to need nuclear power 
and his careful rev iow of the relevant factors as thev 
affect South Australia may provo v aluable in assessing 
the valuo of introducing nuclear power into other 
parts of Australia 

The Australian Museum 

The annual report of tho Trustees of tho Australian 
Museum for the year ending Juno 1053 (Pp 19 
Sydnoy Government Printer 1959) records with 
appreciative comment the receipt of moreosed 
financial support from the Government It also 
states that tho clearance of temporary buildings has 
been earned out and that tho site is now ready for 
tho new wing which will form tho continuation of 
tho northern frontage of the Musoum for which 
working drawings lrnve been prepared A generous 
gift by Sir Edward Hallstrom will onnblo tho lecture 
theatre to be re modelled and brought up to date 
and thus make it of more use to the rapid Ij develop 
mg schools service Much fiold work 1ms been carried 
out by members of tho staff and it is interesting to 
note that tho appointmont of a publio relations officer 
has resulted in good publicity in monj media 


Sierra de Tamaullpas, Mexico 
Between 1946 and 1955 Dr MaoNeisli, now of the 
National Museum of Canada lod three expeditions 
to the state of Tamaubpas in north-east Mexico, and 
m a nev\ publication (Transactions of the American 
Philosophical Society Now Senes Vol 48, Part 0 
Preliminary Archroological Investigations in the 
Sierra de Tamnulipos, Mexico Bv Richard S 
MacNeisli Pp 210 Philodolpliia American 
Philosophical Socioty, 1958 5 dollars) he gives tho 

results of Ins work m tho Storm do Tnmauhpna a 
range of lulls m tho south of tho StAto It was not a 
favoumblo region for tho development of olaborato 
cultures, although it was occupiod for most of tho 
time when the high civilizations of anciont Mexico 
wore flourishing farther south Tho importance of 
this studj, whioh is considerable, lios in the ovidonco 
ob tamed from excavations in a drv cavo for tho 
cultivation of maize and squash on a small scale nt 
tho vorj oarl} date of about 2500 no in a nwinh 
gathering and hunting culturo Tins is Bio earlicrt 
satisfactonlv dated example so far known of md 
1 1 voted maize, and a discussion of its botanical 
implication* wan published b> P C Srnngi'lBdorfj 
author anil AV C Gallant 7 

Ltnjlet Harvard TJnivcndtv 17 ( 1 
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African Botany 

A Vegetation Map of Africa in colour, with 
accompanying explanatory notes by R W J Keay, 
and with a French translation by A Aubrdville, 
has been published on behalf of l’Association pour 
l’Btude Taxonomique de la Flore d’Afrique Tropicale, 
with the assistance of Unesco (Oxford University 
Press (1959), price 15s m the United Kingdom only) 
The vegetation concerned is that which occurs 
south of the Tropic of Cancer The author explains 
that the aim of the map is to show the vegetation as 
it is to-day and not the presumed climax types He 
pomts out that the boundaries between the zones are 
seldom precise on the ground although, in the interests 
of clarity, they are thus represented on the map 
The name selected for any particular zone relates to 
the most widespread natural or semi -natural type of 
vegetation found withm it Other necessary clarify- 
ing observations are also indicated 

‘Parsnip’ Dermatitis 

Under this title B J Youngman has given an 
interesting account of various blisters and rashes 
caused by certain umbelliferous species, in particular 
those of Heracleum and Pastmaca (Kcw Bulletin, 3, 
387 , 1958) In one instance, boys who hod been 
playing with the giant species Heracleum mante- 
gazzianum, using the stout stems as swords and 
telescopes, developed such severe red rashes and, 
later, blisters, as to require hospital treatment This 
species of ‘cow parsnip’, which may grow to a height 
of 12 ft with hollow stems 4 m in diameter, is a 
native of the Caucasus Originally introduced into 
Britain as a garden plant, it has now become natural- 
ized m waste places, along rners, otc The author 
also discusses the edible, acrid, and vesicant properties 
of other species of Heracleum and of Pastmaca, to 
which the domestic parsnip (P satna) belongs, and 
cites evidence of more or less severe dermatitis effects 
iwlneh have been traced to them She also recalls 
rthat some of the UmbeUiferre have not meroly acrid 
and scalding juices or ingredients but are virulently 
poisonous, for example, hemlock So far the toxic 
principles present m species of Heracleum, Pastmaca 
and other umbelliferous plants have not been isolated 
or identified 

The Mammals of Banff National Park, Alberta 

In 1885, an area of 10 square miles around the 
newly discovered hot springs in the Bow Valley of 
the Alberta Rockies was designated as Rockv 
Mountain National Park This was Canada’s first 
national park Smce that date the park boundaries 
have been altered several tunes, and the name has 
been changed to Banff National Park The present 
area of the park is 2,585 square miles It stretches 
for 210 miles along the eastern flank of the Rocky 
Mountain from latitude 50° 45 / to 52° 46' N The 
western boundary is the continental divide Six 
main mountain ranges, the axes of which lie north- 
west-south-east, are contamed in the park A 
survey of the mammals of the extensive area has 
been made by A W Banfield, who describes 17 
species m the Cordilloran fauna, 11 m the Boreal 
fauna, 7 in the Prairie fauna, 1 species in the Tundra 
fauna, and 18 of uncertain affinities (Nat Mus 
Canada, Bull 159, Biol Ser , 57) 

The Ophitron 

The General Electric Co , Ltd , announces that 
a compact microwave-generator embodying a now 
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focusing principle has been developed at its research 
laboratories The valve is an electrostatically 
focused backward -wave oscillator which has been 
named the ‘Ophitron’, after the Greek ophts, a 
serpent, the word being suggested by the undulating 
path of the electron stream flowing along the structure 
The most striking advantages of the now oscillator 
are its small size (Gin long and J m diameter) and low 
weight (7 oz ), and m addition the ‘Ophitron’ system 
has been designed to be simple to construct and to 
operate A single stamped-out periodic structure 
and two flat focusing plates form the propagating 
path for the radio-frequency wave, and set up tho 
periodic electrostatio field which focuses tho electron 
beam The system has tho fundamental advantage 
that tho crests of tho undulating electron beam are 
brought mto tho region of maximum radio-frequency 
field This feature gives good coupling between beam 
and wave, and leads to greater bandwidth than is 
obtained wnth the equivalent magnetically focused 
backward -wave oscillator The piesont ‘Ophitron’ 
tunes electronically over at least a 40 per cent band 
m the 10,000 Me /s region A range of such inlves 
is envisaged, covering most important contimefro 
wave-length bands It is expected that the noise 
performance will bo better than that of magnetically 
focused backward -w'avo oscillators duo to tho ion 
drainage from the electron beam inherent m the 
focusing method 


Non-Oxide Glasses 

Arsenic trisulphido gloss is well known as o useful 
material m tho construction of optical parts trans- 
mitting m tho infra-rod It suffers from a very low 
softening temporaturo comparod wnth tho normal typo 
of oxido glass, and so far there is very little promise of 
harder glasses being prepared w ith sulphur or soloruum 
as tho anion Some of those glasses are semiconductors 
of high resistivity, greater than 10° ohm/cm /cm 1 
The Bell Tolcphono Laboratories havo just announced 
an ingenious application of glasses in this family 
which puts to practical use the low-softening pomt, 
tho property' which is undesired in tho other prosont 
uses Glasses composod of varying proportions of 
sulphur or soloruum with arsomc and thallium 
bocomo very fluid at temperatures botwcon 125° C 
and 350° C In this tompornture-rango tho viscosities 
of the various glasses approximate to that of castor 
oil at room temporaturo Those materials havo been 
found to bo eminently' suitablo for coating small 
electronic devices by dipping into tho castor oil-hko 
liquid At room temporaturo the materials are 
typically glass-like solids inert chemically to most, 
reagents oxcopt concentrated alkalis Several com- 
positions are said to rosist oxidation m air to above 
250° C Initial oxponmonts in coating semiconductor 
devices have shown considorablo promise 


Joseph P Kennedy, Jr Memorial Foundation 
A am of one million dollars has boon made by 
the Joseph P Kennedy, Jr Momonal Foundation 
for the establishment of tho Josoph P Konnedy, Jr 
Laboratories for research on mental retardation, at 
the Massachusetts General Hospital One half of tins 
generous gift will bo spent on tho construction of 
thes e La boratories and the other half will servo as an 
endowment to provide continuing operating funds 
This is the first of the endowed scientific rosearchships 

th6 1961 pro S rammo m observance of 
the 150th anniversary of tho Massachusetts General 
Hospital 
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Royal Society Research Appointments 

Dr J S Gillespie, of the Dopartinont of Phy'siol 
ogy , University of Glasgow, has been appointed the 
first Sophie Frioko Hovftl Society roeearoh follow in 
the Rockofeller Institute, where ho will work on mtra 
cellular recording from innervated smooth musclo 
This appointment Is a now poet winch has been ostab 
lishod by tho Rockefeller Institute from funds left to 
the Institute by the late Miss Sopluo D Frioko of New 
York City who died on March 1 1058 Tho trustees 
of the Rockefeller Institute havo authorized use of 
tho income from the fund for tho triplo purposes of 
fostoring international understanding training scion 
tistfl of exceptional promise and supporting significant 
research It Is tho intention of the Rockefollor 
Instituto to appoint four research follows each yoer, 
from Franco, Denmark, Swodon and the United 
Kingdom, tho eeloction boing mode b\ tho French 
Acad cm 3 of Sciences tho Royal Danish Academj of 
Sciences and Lottors tho Swedish Royal A end o m3 of 
Sciences and tho Royal Sooiotv 

Locko research fellowriup lias boon award od to 
Dr B G Gragg, of the Department of Anatomy, 
Uni\eraity College London, to work at University 
College, London, on tho connexion and physiological 
fimctions of certain nuoloi in tho brain Stothert 
research fellowships have boon awarded to Mr W D 
Butt of tho Department of Biological Chemistry 
University of Aberdeen to work at tho Moltcno 
Institute of Biology and Parasitology University 
of Cambridge on intracellular hcemoprotoln com 
pounds to Mr R A. Wobster of the Department of 
Pharmacology, University Collogo London, to work 
at University College London, on tho pharmacology 
of tetanus, and to Mr J A. Hunt of Peterhouse 
Cambrldgo, to work on the chemical structure of 
proteins 

Leopoldlna Academy New Members 

It ib announced that tho following with others, 
ha\ e boon oloct-od mombors of tho Gorman Loop ol din a 
Academy of Natural Sciences, Hallo Mathematics 
Section, Profs. Herbert C GrCtzsch (Halle) and Hons 
Schubert (Halle) , Physics Section, Prof Otto 
Kratky (Graz) , Geophysics and Motoorology Section, 
Prof Erik Horbort Palrodn (Helsinki) , Chemistry 
Section, Profs Gdnthor Rionackor (Borlin) and 
Wilhelm Treibs (Leipzig) Botany Section Profs 
James Bonnor (Calif ), William 0 James (London) 
and P Mnheshwari (Delhi) Zoology Section, Profs 
A W Iwanow (Leningrad), E N Pawlowskv 
(Leningrad) and Fritz Pons (Berlin) and Goography 
Section, Profs Rudolf Kflubler (Halle) and Ernst 
Noof (Loipzig) 

University News London 

Pnor W R Ntblett, diroctor of tho Institute of 
Education, University of Leeds, has boon appointed 
dean of the University of London Institute of Educa 
tion with tho titlo of professor of oducation m tho 
Umversity 

Tho following appointments to Univorsity Toador 
ships liavo been announced Dr D T Anderson 
(phvsiolog3 in relation to dentistry ) tonablo at Guy's 
Hospital Medical School , Dr A Ashmore (expori 
mental physics) tcnablo at Queen Mary College , 

Dr F Hobbigor (pharmacology ), tonablo at Middle 
sex Hospital Medical School Dr M B Shapiro 
(psychology ), tonable at tho Instttuto of Psychiatry 


J W Stowart (hrematology), tonablo at Middlesex 
Hospital Medical School , Dr D F Choeeman 
(biochemistry) in rospoct of his post at Bedford 
College , Dr A P Mi U man (mining geology), m 
respect of his post at the Imperial Collego of Science 
ana Technology 

Southampton 

The Unn ersity lias conferred upon Prof P Ford, 
professor and dean of economics, who is retiring on 
September 30, the title of professor emeritus Prof 
Ford will formally open the newly completed building 
for tho Faculty of Economics and tho Ford Collodion 
of Parliamentary Papers on October 14 Mr R G 
Woods, of tho Univorsity Library Cambridge bos 
boon appointed doputy librarian The titlo of senior 
lecturer has boon conferred upon Dr G W A 
Fowles (Chemistry ), Dr J P Jones (Aeronautical 
Engineering) and Dr R 4. Polharn (Geography ) 
Tlie following lectureships are also announced 
Dr A N Clemonts (physiology and biochemistry) , 
Dr J Hooding (applied mathematics) , ilr R W 
Page (mechanical engineering) , Dr J R Rydzew 
ski (civil engineering) ; Dr R G Scurlock (physics) , 
Dr E Y Vernon (electronics) 

Announcements 

Mb J B Adams at present director of the 
Proton Synchrotron Group of the European Council 
for Nuoloar Roscarch near Geneva has boon appointed 
director of a new establishment to deal with controlled 
thermonuclear resoaroh The work in this field now 
being done at Harwell, and some of tho work 
now boing done at tho Atomio Weapons Roscarch 
Establishment Aldermaston, will be moved to 
this now establishment when its sito lias been 
choson. 

The Elmer A Sperry Award 'for outstanding 
achievement in tho field of transportation ’ will bo 
presented in 1959 to tho do Bavillond Aircraft Co , 
Ltd the creators of the world’s first jot passenger 
transport-, tho British built Comet Formal proson 
tation of the award will tako place In Now York later 
this year nt a joint mooting of tho Instituto of tho 
Aeronautical Sciences and tho Royal Aeronautical 
Socioty The award is sponsored by four engineering 
societies tho American Society of Medium cal 
Engineers, tho American Institute of Electrical 
Engineers, the Society of Automotive Engineers and 
tho Socioty of Navnl Architects and Manno 
Eng moors 

An International symposium on Algology will bo 
hold at tho Indian Agricultural Research Instituto 
Pusa, Now Dolhi during December 7-12, undor tho 
jomt sponsorship of tho Indian Council of Agri 
cultural Research and Unosco Mam topics which 
will bo discussed are nitrogen fixing algao, edible 
algae and their mass culture Furthor information 
can bo obtained from tho Unesco South Asia Soieneo 
Co-operation Office, 21 Carzon Road, New Delhi 
India 


Erratum With reference to the communication 
entitled *'A Now Method for working up Processing 
Mixtures containing Anhydrous Aluminium Chloride 
(Nature, July 11 p 117) Dr T Sidll »lnlw 
that a inwtako raw made In proponnp tho 
translation , col 2, lino 1 for 20 ml mod -0 
ml ’ 
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CRYSTAL 

T HF. presentation of the frontier regions of modern 
physics to an audience with a variable apprecia- 
tion of scientific and mathematical ideas is, inevitably, 
a difficult task None the less, it is one which should 
not be shunned, unless we are inclined to assume the 
semantic barrier to be impassablo between the pure 
scientist and the educated public In the realm of 
crystal physics with its many facets, the choice of 
electron-states in crystals as a topic for a discussion 
by Section A (Physics) of the British Association at 
the recent meeting in York, did not minimize the 
difficulties of communication However, m the fiist 
lecture of the session, I attempted to wean the 
audience from a ‘billiard ball’ conception of atomic 
particles and, with little more than de Broglie’s 
hypothesis and the Bragg reflexion law' to assist me, 
to cany them into the mysteries of the energy-band 
theory of sohds It was not too difficult to begin a 
discussion of the wave behaviour of elections in the 
ordered periodic-field of a crystal lattice, but the 
going became somewhat harder when the unavoid- 
able introduction of wave vector space occurred 
However, the vagaries of the effective electron mass 
were a little better appreciated by adding the visual 
aid of a bubble in a spirit-level as an analogy of the 
positive hole It was inevitable that such treatment 
by analogy involved a considerable loss of rigour, 
but to me it proved to be a valuable exercise in 
transmitting the important results of the wave 
mechanical theory of solids without recourse to the 
mathematical building-materials allowable to tho 
postgraduate seminar room 

The niceties of the band theory for electrons m a 
perfect crystal were soon disturbed by tho reversion 
to practical situations Tho next phase of the lecture 
dealt with the various crystal imperfections, their 
effect on electron and hole behaviour and their 
importance in semiconductor electronics Again, 
treating the matter non-rigorously in terms of simple 
electrostatic forces, brings the problem of donor- and 
acceptor -levels and types of lattice vacancies into a 
relatively familiar perspective, and m this instance 
introduced some of the ideas to be used in the follow- 
ing lecture given by Dr V Hesketh 

Many of the important foundations of both expel i- 
mental and theoretical sohd state physics were laid 
by the pioneer work of Prof It W Pohl and his 
research school m GSttingen using tho simplest 
of crystals, the ionic alkali hahdes For an audience 
raised by this stage of the proceedings into the ‘thin 


PHYSICS 

but biacmg air’ of wive mechanics, tho appearance 
m a place of honoui among beautifully coloured 
smglo-crystals of a familiar packet of common tablo- 
salt provided a ‘down to earth’ relief Tho thomo of 
Dr Hesketh ’s lecture was tho alkali halide crystal ns 
a model sohd for investigation Such a claim appears 
to have been justified by tho subsequent discussion 
Optical, eloctncal and other studios provido some of 
the most ceitain ovidonce on tho nature of lattico 
vacancies, smgle or m aggregation, m solid-state 
physics to-day An important feature of this talk 
was the link which it indicated between such oloc- 
tronic investigations and tlioso concerned with 
mechanical properties and tho rolo of dislocations m 
crystals A connexion with another interest of 
Section A, magnotism, was m ovidonce in tho para 
magnetic-resonance studios of alkali hahdes From 
tho general discussion which followed tho lecture 
there was a hint that a ‘North oyo’ was being turned 
towards dislocations by thoso, like Prof L F Bates, 
who follow tho motion of mngnotic domains It 
was a pity that thero wms no opportunity to domon 
strata other lmlcs winch are rapidly boing forged 
between different branches of solid-state physics and 
those under examination 

If one might, m conclusion, offer an overall impres- 
sion of this session in tho proceedings of Section A 
at the York meeting, it is that tho conditions of 
limited time and contact of tho mootings hnvo a very 
stultifying effect on any attempt to mako an effect ivo 
contribution to tho communication of now physical 
concepts to a wider audience of educated pooplo On 
this occasion, in spite of the control position occupied 
by wavo-meclmnical ldoas m tho session, it w ns not a 
mathematical but a tune barrier w'hicli blockod the 
transmission of information Perhaps this will bo 
borne m mind by tho Association m framing a now 
position for itself ns a most important medium for 
translation as well as transmission of scientific 
information From my own limited oxperionco, tlioro 
is no doubt that courses extended over tho yonr, 
malnng use of the facilities offered by extra-mural 
departments of the univorsitios and similar organiza- 
tions for further education, would provido a means 
of digestion for tho strong meat of modem physics 
As a corollary, the lecturer must bend his rigour of 
thought to breaking pomt so that ho may admit 
familiar, though inadequate, analogies ns carriers 
across tho semantic obstacles 

Gf F »T Gabliok 


SCIENCE BY THE UPPER FORM 


A N innovation of Section X (Assembly of Cor- 
responding Societies) of the British Association, 
whereby a selected panel of young scientists of 
sixth-form status are able to present short papers 
on projects with which each has been connected, 
was contmued for the fifth successive year at the 
York meetmg of the Association Tins year there were 
five speakers drawn from Yorkshire schools, each one 
representing a school team engaged on the acquisition 


of scientific knowledge in tho field, under competent 
leadership 

u A JT pleforfch p ' oPe S°> York, led the way with a paper 
f p M Wright on “Physiography and Sconery 
of the Isle of Eigg”, excellently illustrated by colour 
slides showing the rugged grandeur of an isolated 
area along the western Scottish coast of only some 
twelve square mdes m extent Life is hard for tho 
humans living there, and precarious for plant and 
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muraol lifo, dictated by Nature over countless years 
The objoct of tlio expeditionwns to Studv tlio influence 
of land formation and climatic conditions on the 
■vegetation of tho island, even to an investigation 
of soil salt content, which was found to vary con 
siderably at different levels the highest percentage 
of salt being at COO ft , with diminishing amounts 
down to sea lovel Members of the party collected 
some 250 species of plant life but no new records 
wore discovered Further work in tho area is to be 
undertaken 

In a joint effort, tho two speakers who followed 
(A N V Butland and P A Crossloy, of St Peter’s 
School, York) deedt with Some Scientific Aspects 
of the River Ouso” tho former confining himself to 
tho work of the analytical chomist in connexion with 
water supply a work in which ho hod taken part 
Methods adoptod in order to dotoot any possible 
contamination were doecribcd and the results 
obtained at various points were given, from which 
it was apparent that the purity of Ouso water is well 
safeguarded 

P A Croasley ooncernod himself with ‘foaming 
m rivers and canals, a natural phenomenon the reason 
for whioh was explained, but m these day8 very much 
accentuated by the growing use of detorgents The 
River Don was said to foam much more than the 
Ouso the Trent slightly less Excellent slides were 
shown to illustrate foaming along those rivers, with 
graphs to present results of investigations made 
Each speakor presented an interesting picture of 
problems involved 

“The Sedges of Askham Bog” formed the subject 
of Shaun Firths paper, excellently illustrated by 
colour slides Tho area investigated is well known 
to naturalists and oloso to York It carries a variety 
of eodgee but, so far as tho speakor knew no systematic 
study of them had been carried out, interest having 
ranged only around the rarer species, suoh as the 
handsome Cartx appropmgiiata In consequence a 
group of boys from Bootham School York, including 
the speaker, undertook to remedy tho omission 
Tho aim was to compile a full list of species and if 
possible ‘ to account for tho presence and perform 
an co ’ of the sedges “Wo ore aware ’ remarked tho 
speakor “wo have come nowhere near an exhaustive 
treatment of the subjoct what made our study 
of the sedges so enjoyable was the fact tliat now data 
came to light with practically evory visit to tho Bog 
to upset our rashly formed theories and force us to 
observo further and think again ” So this, it would 
soom, is but the introduction to a hitherto negloctod 
subject 

The Bar Convent Grammar School, York, was well 
represented by Nancy G Proctor, who, after only 


eighteen months residence in the City, has absorbed 
much of its history, having received an introduction 
by becoming an assistant to Mr Wenham, history' 
master of St John’s College York who is carrying 
out an excavation under the tegis of tho two local 
orchteological societies Tlius Miss Proctor lias m a 
short time boon ablo to increase her knowledge of 
Roman antiquities, and to add this to her main 
interest m the archroological field which embraces the 
works of prehistoric man, in particular the study of 
promontory forts Her work in York ev en of so short 
a period onablod her to trace the City s growth from 
the time when there was only an insignificant 
wooden fort founded on the site in 70 ad , 
and to describe graphically recent investigations 
which bIig and members of her school have under 
taken 

Anothor woU known Yorkslure educational os tab 
bailment supplied both speaker and illustrator for the 
final papor, Tho Seasonal Rhythm and Behaviour 
of tho Birds of Bempton Cliffs”, the formor in the 
person of Eileen Burton, and the latter Joarrno 
Littlofair pupils of the High School for Girls Bnd 
lington A bird watching group visited Bempton 
at weekly, or twice weekly, intervals during the year, 
W’hero along an eight hundred feet stretch of tho high 
oet cliff, mombors studied the seasonal variation of 
population and tho behaviour of six epooiee of nesting 
seabirds — kittiwako nnd herring gulls, gannet guille 
mot razorbill and fulmar petrol. The date of the 
arrival of eaoh speoies was carefully noted together 
with time of egg laying and hatching, and departure 
A count made along 200 ft of the cliff showed tlio 
kittiwako to bo the commonest species present during 
May (915) followed by guillemot (64 3), razorbill (18), 
fulmar (16), gannet (13) and homng gull (5) Five 
gannet chicks wore hatched and reared in 1059 and 
as a pair of this Bpeoies nested on a new ledge there 
would appear to be hope for an extension of the 
nesting area which is the solitary British mainland 
station all others boing found on islands A study 
was made of bird display nt various tunes methods 
adopted during time of incubation, and of tho 
feoding of voung which gavo Miss Littlefair an 
opportunity of producing drawings of remarkable 
quality which were used to illustrate tho talk in 
wall -chart form 

Tho Countess of Albemarle, president of Section X, 
occupied the chair throughout the moetmg and in her 
closing remarks complimented the sixth formers on 
thoir powers of observation, mothod of presentation 
and koenness m tho respective tasks undertaken, 
a tribute not only to the young pooplo but to 
thoir teachers and leadors as xvxsll 

J A S Stendaix 


THE MUSEUMS ASSOCIATION 


T HE sixty fifth annual conference of tlio Museums 
Association was held at I\ orthing during June 
15-19 Tho proceedings opened with an informal 
reception m tlio ontiroly re -organized Museum and 
Art Gallory and members wore particularly interested 
m tho additional accommodation provided by ft now 
giillory, laboratory, workshop nnd storago spaco 
Tlio Conference continuod on tho following day 
with an official wolcomo from tho Mayor Councillor 
Horaco W Bradlov This mooting, ns tho others was 


held m tho spacious and attraotivo room* of the 
Assembly Hall placed at tho disposal of tho Con 
foronco by tlio Corporation of Worthing 

Dr W E Swrnton British Museum (Natural 
History ) in his presidential address, after outlining 
tho early struggles of tho Association, omphnsized the 
valuo of television and urged both museums snd art 
gall on os to use it oxtonsivoh Tt ires lw ' 
acceptable medium of to-dav Unicvwiv if hmi 

There was abundant ti.donre thnt 
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attracted people to visit museums and see the actual 
objects Dr S win ton emphasized the close relation 
between science and the arts and stated that whorcns 
thir ty years ago they were pleadmg for more science 
m museums, which were then chiefly artistic, m this 
scientific age there was some need for a reversal of 
the process 

The mam subject of the Conference was museums 
and finance, introduced by Lord Rosse, chairman 
of the Standing Commission on Museums and Art. 
Galleries After recalling the mcrcaso of grants from 
the government which had recently taken place, he 
emphasized particularly the need for moro staff in 
museums The present shortage of staff was both 
absolute, because there were not enough qualified 
people, and comparative, because museum rates of 
pay were not competitive with comparable piofos- 
sions He felt that museums should not depend too 
much on the Exchequer but that local authorities 
and others should do their share Dr Barnett Stross 
hoped that curators would use the increased grant of 
£15,000 made available tlirough the Victoria and 
Albert Museum He felt that the chief needs of the 
museum movement w ere for staff of high status with 
adequate pay, a high standard of conservation and 
for more realistic purchase grants Sir Hamilton 
Kerr thought that two stages wore necessary, an 
immediate first aid operation and secondly an expert 
committee to consider all the problems confronting 
museums in Britain Sir George Dyson outlined tho 
help that the Carnegie United Kingdom Trust had 
given to museums over tho past thirty years, and 
Sir P hili p Hendy gave some striking facts of tho 
magnitude of the loss suffered by the docay of private 
patronage smee 1914 Sir John Hobhouso outhnod 
the initial steps taken by tho newly formed South- 
West Regional Council, and Mr E M Hutchinson, 
National Institute of Adult Education, was anxious 
that local authorities should use to the fullest extent 
the power to raise money that has already boen 
vested in them 
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At the close of tho discussion resolutions wore 
passed endorsing tho recommendations of the Stand- 
ing Commission relating to tax rohofs on gifts and 
bequests which should bo made applicable to all 
museums , urging tho Standing Commission to form 
a joint committee with tho Museums Association to 
adviso on all professional matters and roquosting tho 
Joint Committee on Govommont Assistance to mako 
a survey of oxisting conditions in museums and art 
galleries 

In a discussion on tho country house and tho 
museum, Mr R Romill\ Fcddcn, socrotary of tho 
Historic Buildings Committoo of tho National Trust, 
omphasizod that the gicat country houso with its 
contents formed a living oiganism, and stated that 
tho trust had close rotations for oxport odvico and 
so on with museums Lord Motliuon suggested tlint 
tho Go\ eminent might toko ovor some of tho empty 
great houses not too far from London and uso thorn 
for show mg secondary pictmcs from tho National 
Gallory Ho also advocated tho co-oporation of 
persons with specialized knouledgo on local authority 
committees Mr Philip James, diroctoi of Waddos- 
don Manoi, statod tlint tho crux of tho problom for 
using furmshod country houses as musoums was 
how to got as many people ns possiblo lound tho 
houso without destroying its atmosphoro ns a homo 

At tho annual gonoml mooting Dr. W E Swinton 
was ro-oloctod prosidont, IMr G L Conran was 
elected socrotary and Sir Jolin Rothonstom, oditor 
Mr Charles Carter (Abordoon), Mr R R Clarko 
(Norwich), Dr D Dihvyn John (Cardiff) and Dr Mnrj 
Woodall (Birmingham) woro tho nowly elected profes- 
sional councillors and Sir Hamilton Korr, tho Institu- 
tional councillor Tho Earl of Rosso and Dr D B 
Harden wore appointed as additional vico-prcsidonts 
It was decided to hold tho 1900 Conforenco at 
Stoko-on-Tront during July 4-9 

Tho concluding day was devoted to field meetings 
to inspect tho historic and arcliieological wealth of 
Sussex 


THE INTERNATIONAL VETERINARY CONGRESS 


T HE sixteenth International Veterinary Congress, 
held in Madrid during May 21-27, was attended 
by nearly 2,000 members of the veterinary profession 
from all continents, including official delegates from 
fifty-two countries and moro than one hundred from 
the United Kingdom The Congress, under the 
patronage of tho members of tho Spanish Govern- 
ment, enjoyed the hospitality of the University of 
Madrid The inaugural general assembly and plenary 
session meetings took place in the targe hall of the 
new and magnificent building of the Faculty of Law 
The variety of the papers — about 400 m all — pre- 
sented during the Congress was very great They 
were concerned with physiology, nutrition, pathology, 
public health aspects of animal diseases, food products 
and veterinary education A balanced review is not 
practicable here, but a few papers of greater general 
interest and a few moro interesting papers presented 
by British delegations can be mentioned 

As a result of the extensive public interest and 
concern there has been considerable research and 
investigation into contamination of the Earth’s 
surface with radioactivity, and its subsequent effect t 


on farm animals, as woll as on man and human food 
of animal origin It has boon found that an oxtremoly 
heavy onvironmontal contamination with fission 
products would bo ncccssarv to produco any sig- 
nificant damage as a result of external oxposuro of 
farm animals to p- or y-rav s Tho radiation oxposuro 
of farm animals from grazing m contnminntod areas 
presents no significant hazard to tho animals, oxcopt 
perhaps m localities very closo to tost sites Cows 
contaminated with radionuclides may bocomo a 
potential hazard to man through milk, m which they 
are secreted in moro significant quantities than in 
any othor animal food product Papers on this 
problem wero presented by Amoncan, Gorman, Dutch 
and Swedish workers It was gonorally agrood that 
in order to be able to appraise continually tho effects 
of fall out from atomic-weapon tests, and of tho 
discharge into air and w r ator of waste from all plants 
where nuclear energy is producod and applied, it is 
necessary to make rogutar measurements of tho rndio- 
lty prose*- soil, air and food 

*■ 'ion which has not 

3 ^ u -, concerning public 
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health, and particularly tho problem of diseases bndgo Thoy also demonstrated a rorrelation betwoen 

'which are tronsrmaBiblo from animals to man Nearly immunity and cl lemo therapy From the Cambridge 

one hundred diseases are known to bo so trails Veterinary School there also came an important 

rrureible, and additional ones arc still being found paper classifying respiratory diseases m poultry 

So mo of thee© diseases are transmitted by direct A paper on the international standardization of 
contact of man with live animals, others are trims votorinary biological products was delivered by tho 
mitted mdirocth to peoplo through the consumption director of tho Veterinary Laboratory of the Ministry 
of milk eggs or meat Diseases transmitted from of Agriculture and Fisheries 

animals to man are defined as ‘zoonoses’ At present At a charming ceremony during tho Congress tho 
there aro mam international groups or agencies that president of the Royal College of Veterinary Surgeons 

are concerned with the control of tho zoonotic presontod honorary associateships awards usually 

diseases but still closer collaboration is necessary made during the Congress to five eminent foreign 
botwoen tho medical and tho \otermary professions v e ton nary scientists 

ui protecting man from zoonoses Tho Spanish people were tho most hospitable hosts 

One subject which lias not before been discussed and, in addition to tho well-organized scientific Bito 
was that of blood groups of domestic animals In of tho Congress thoy had prepared a very full pro 
dogs, six distinct blood group factors are recognized grammo of evening receptions and other social func 
As is tho case with nowly bom babies, it is tions that wore greatly enjoyed and appreciated by 
possible for newly bom foals and pigs to die from tho members of tho Congress At tho closing general 
hflcmolytio disease, uhioh is a pathological condition session of the Congress an invitation oonvoyed bv tho 
requiting from the union of maternal antibodies with Gorman delegation to hold the seventeenth Inter 
blood group factors of tho red cells of tho foetus national Congress in Hanover, in order to celobmto 

There wore several interesting contributions from there tho contonory of tho Congress which first 
Groat Britain V orkors at tho Research Instituto started in Germany , wob received with acclamation 
for Animal Virus Diseases (Pirbright) reported new Tho first International Congress on annual diseases 
knowlodge on living attenuated vncoinee which gives w hold in Hamburg in 1803 It was initiated by 
hope of a method of combating foot- and mouth an English votorinary surgeon, Prof John Gomgeo 
disoaso in countno* where it Is widely spread Foot Tho principal subjects of discussion during the first 
and mouth disease is one of tho most serious viral congress were rinderpest also called cattle plague, 
diseases affect mg cattle in nearly every country of contagious pleuropneumonia of cattle and sheep po\ 
tho world AH these diaoosea ceasod to exist in Britain many 

Workers of tho Glasgow Veterinary School have yoars ago 
roportod successful trials with a vaccine prod u cod The veterinary profession combating many do\ as 
against lung worm infection whtch causes great losses tntmg diseases of animals play's an important part 
in cattle and ehoop Immunological basic work eon not only in tho improvement of tho health of arumnh 
oeming parasite* was reported by workers from Com but also the health of man M A Soltys 


PLANT GROWTH REGULATION 

T HE fourth International Conference on Plant director emeritus of the New York Botanical Garden, 
Growth Regulation was held at tho Boyce on the “Expanding Concepts of Plant Growth Rcgula 
Thompson Institute for Plant Research, Yonkers tion”, and by Dr James Bonner (California Instituto 
New York, dunng August 10-14 The Conference was of Technology) on the 'Probable Future of 'Auxin 
sponsored jointly by tho Instituto and by the New ology’ ” 

York Botanical Garden and tho Brooklyn Botanic In addition to the scheduled papers amplo time was 
Garden Tho programme was co ordinal ed with tho provided for discussion Tho papers presented and 
ninth International Botanical Congress hold in the discussion remarks will be published in book 
Montreal Canada during August 10-20 form by the Iowa State College Press in May 1000 

The Conference was attended by many invited Copies will bo sent to each participant and will bo 
participants from seventeen conn tries Tho United available to others at nominal cost 
Kingdom was represent od by sixtoon participants Among tho new advances roportod at tho Con 
The last conferenoe was bold at Wyo College (England) forenco was tho isolation of a now class of auxins 
in 1955 and before that conferences were hold at from Maryland Mammoth tobacco by Dr D G 
tho University of Wisconsin in 1040 and in Paris Crosby (Union Carbide Chemicals, South Charleston 
under tho auspice* of tho League of Nations in 1037 West Virginia) and Dr A J Vlitofl (Carani, Ltd , 
Tho first day of tho Conference was dovotod to Trinidad formerly at tho Boyco Thompson Inst ituto) 
naturally occurring growth substances the second to About 10 mgm of activo chemicals wore obtained 
the gibbcrellmfl, the third to tho synthetic auxins, from a ton of tobacco loaves and growing tips Ono 

and tho fourth to other plant growth substances of the chemicals was identified ns 1-docosanol and 

Chairmen of tho vanoua sossions mcludod, Prof tho other as a long -chain fatty ooid not yot fully 
K V Thimnnn (Cambridge Mans ), Dr H BurstrOm clinracterized Bruce Stowo (Harvard) also presented 
(Lund, Sweden), Dr P W Brian (Welwyn, England), results showing the growth promoting activity of 
Prof F Lona (Parma, Italy), Prof R L Warn (Wyo long -chain aliphatic compounds 

England) Dr J Henderson (Tuakegoo Alabama) Prof T A Bonnot Clark (Universitv of London) 

Dr P E Pilot (Lausanne, Switzerland) and Dr J reported on tho ofTect of gravity on the distribution 

van Overbook (Modesto, Cal IFomia) Major ovomng of auxins Tho metabolism of indoloi mucin* <t 

addresses wore given by Dr William J RobbuiB wn* discussed by C H Fnwcott •« 
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E R Wightman of Wye College Tlie isolation of a 
new acid from coconut milk which gives about half 
the stimulation produced by whole milk was reported 
by L H Weinstein, L G Nickell and W J Tulecke 
(Boyce Tliompson Institute and Chas Pfizer) 

New concepts on the relation between structure 
and auxin activity with special reference to the 
requirements for reactions with necessary binding 
sites were discussed m separate papers by Prof 
K Y Tlnmann and Dr J van Overbeek Some 
physical chemical aspects of synthetic auxins with 
respect to their mode of action were presented by 
Prof V Freed (Oregon) 

This was the first international conference in which 
the gibberellms were discussed The Japanese 
scientists who carried out some of the early work 
v ith the gibberellms, T Hayashi, J Kato and Yusuko 
Sumiki, were on hand to present their most recent 
results Dr P W Brian (Imperial Chemical Indus- 
tries, Welwyn), who was a pioneer in. directing the 
attention of the Western world to tho Japanese 
discoveries and who has been very active m this 
field, reported on new developments from his lab- 
oratory Evidence showing the probable widespread 
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occurrence of gibberelhn-hko substancos m higher 
plants was presented by C A West (Umvorsity of 
California) 

A feature of tho Conference was a memorial dinner 
to tho late P W Zimmerman (Boyce Thompson 
Institute), who with his associate A E Hitchcock 
first tested 2,4-D for its effect on plant growth and 
development Other chemicals first tested in his 
laboratory mcludo mdolobutyric acid and 1-naph- 
thaloneacotic acid as well ns a vanoty of substituted 
denvatnes of benzoic acid and various substituted 
aryloxvacctic acids P W Zimmerman was origin- 
ally a membor of the organizing committee for this 
Conference but became ill while on a business trip 
and died in August 1958 at tho age of sovontj -four 

Financial support for tho Conference was given 
by the Rockefeller Foundation, tho National Science 
Foundation, and fifteen industrial companies m 
torested in agricultural chemicals Goorgo L McNow, 
managing director of the Boy co Tliompson Institute, 
was chairman of tho Organizing Committeo for the 
Conference A J Vlitos v as secretary of tho Organiz- 
ing Committee and chairman of tho Programme 
Committee Lawrence P Miller 


THE BRITISH RAYON RESEARCH ASSOCIATION 

OPEN DAYS 


T HE British Rayon Research Association held 
the fourth of its annual open days during 
May 6-8 Tho total attendance was 900-1,000, a 
marked increase on the two previous years En- 
couraged by the favourable reception last year, the 
senior chemist and senior physicist 
again gave short lectures, after 
lunch on each day, illustrating 
the relevance of the basic re- 
search to current problems m 
tho textde industry Instead of 
endeavouring to demonstrate all 
the work of the Association, a 
limited number of current re- 
searches on topical problems v ero 
illustrated rather more fully than 
usual, and it is believed that this 
approach may have been, in 
part at least, responsible for the 
very high attendance Two aspects 
of the work, namely, that on 'fluid beds’ and that 
on vibration problems m spinning machinery, v ere 
not exhibited because of tho desire not to intei - 
rupt this work at a critical stage of evaluation 
During the past year the research programme of 
the Association has been critically reviewed par- 
ticularly m mew of the improvements required in 
the finis h i ng of fabrics constructed from continuous 
filament viscose and acetate yams to enable them 
to compete with resin-treated cotton fabrics The 
emphasis on this work has led to a reduction m work 
on dyeing and on the photo-sensitized oxidation of 
cellulose and to the termination of the work on the 
alkaline degradation of cellulose Concurrently with 
this, more attention is being given to research on 
the mechanical properties of textile fibres and to 
the study of the fine structure of crystalline polymers 
with the object of de finin g parameters which will 
characterize these polymers 
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Tho recent work on tho alkalmo degradation of 
colluloso has considoiably strengthened tho con- 
clusions on tho mechanism put forward previously 
This mechanism can bo summarized in tho following 
react ion sequence 


CH OH 

io 

HO - A— H 

H — A — O — [0) n 

H— A— OH 

Aeuoh 


H 


CH,OH 

Ao 

Ao 

Ah, — 

A— OH 

Ah.oh 

(i)' 

HO — (<?)„ 


COOH 


A 


(OH) CHjOH 


H- 


CH, 

—A— OH 
Ah.oh 


lsosaccliorinic acid 


Tho intermediate (I) has now been isolated and its 
structure proved Tho alkalmo rearrangement of (I) 
is specifically catalysed by calcium and m limo water 
an almost theoretical yield of tho lsosaccharuuc acid 
is obtained Tho complex mixture of acids obtained 
with sodium hydroxide from this intermediate under 
the hot alkali-refining conditions used m purification 
of wood pulp is vory similar, qualitatively and 
quant itatively, to that obtained from cellulose under 
the same conditions 

A considerable part of tho resources of tho Associa- 
tion are now directed to obtaining an understanding 
of the structure of textile fibros and attempting to 
correlate these with their physical, and particularly 
their mechanical, properties On the chemical side 
a systematic study of the effect of known numbers 
of specific cross -links m celluloso and of substituents 
m specific regions, namely, crystalline or amorphous, 
of the cellulose on the mechanical pioperties has been 
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m progrees during the post y'oaT The study of tho A toxtilo fibre is essentially ft unmvml solid and moat 
formation of structure in solution precipitated poly moamiromenta on stress /strain relations are referred 
mors is still in progress, but tlio first system examined, to this axis In many applications, for oxamplo tho 
eoBuloso tnocotnto m chloroform, hoe been rejected o valuation of tho stress system in a yarn the be 
rolydocamothylono torephthalato m bonzophonono liaviour of tlio fibre in ft direction perpendicular to 
appears to bo a more suitable evstom Further work this axis may bo of equal importance The mechanical 
on tho fine structure of cellulose lifts established that behaviour of an olastio solid with axial symmetry 
the microfibrillar structures observed in Tonasco should be complete!} charnc tori red, within the region 
and 'Fort man’ materials are not artefacts but are of small strains by fivo constants An attempt is 
structural features of theso materials Their mg being made to measure those constants on polymer 
ruficanco with regard to tho physical properties films which are more amenable to such measure 
of thoeo materials lias not however, been estab monts tlian fibres, and to study their depondonce 
liehed on orientation 

Tho determination of tho amount of crystalline) Tlio main emphasis in tho Teclinologicol Department 

material in any crystalline polymer requires special has been, and will continue to bo on quality In 
consideration for oach case In tho case of tho do continuous filamont yarns, periodic over straining 
termination of cryst affinity in celluloso by X ray caused by inadequate control of tonsion m winding 
methods the problem ia to obtoin tho eliapo of tlio processes can cause a variety of faults in cloth wldch 
scattering of tho amorphous component in which often appear markedly only after dyeing Instru 
there is considerable orientation, as tlioro is always monts havo been developed for measuring processing 
considerable overlap with the crystalline reflexions tensions and the properties of filament yams and 
An independent assessment of tho shape of tho these are now being marketed This type of work 
amorphous scattering curve is being mado by com lias absorbed a largo amount of technological effort 
paring tho information which can ho extracted from Certain weft way types of doth fault which occur 
tho X ray diagrams of highly orient ed rayon fibres os ‘shir mg in continuous filament acetate fabrics and 
with tlio ontirely 'amorphous scattering of freeze as 'oloudmess’ in low construction nylon and 'Tory 
dried collotetraoee and of hall milled viscose and leno fabrics appear to bo due to frictional effects 
native cellulose fibres (It is well established tli&t between warp and weft yarns, and consequently 
ball milling will completely destroy tho crystalline m the weaving research, more omplmsus is being placed 
structure ) A study , by narrow beam X ray and on these frictional effects 

other techniques, of tho nature of spheruhtes in The number of staff is 260 This total is made up 
nylon and of thoir offoot on tho mechanical properties as follows research staff 00 laboratory and tech 
of this material 1ms boon Btartod nical assistants, 77 , engineer mg drawing office and 

It is difficult to find a new approach to under maintenance staff, 69 library and administrative 
standing the mocharucol behaviour of textile fibre© staff, 31 , canteen staff, 9 LA Wiseman 


NEW RESEARCH AND PRODUCTION FACILITIES OF 
CIBA (A R L), LIMITED 

N EW research laboratories, a new production and hardeners for casting and laminating purposes 
plant and sales office oxt ensions of Ciba( A Rh ) for chip board and wood gluo manufacture, as well 

Limited at Dux ford, Cambridge) were formally aa with specialized applications such as adhesives for 
opened by Dr R Kflppoli of Ciba Limited on metal bonding, printed circuits, high temperature 
May 21 during tho colobration of tho twenty fifth performance and a host of other uses Tho extreme 
onnu orsary of the estabbsliment of the Company variety of tho applications to which these classes of 
Tho now laboratories are housed m an L shaped, remns may be put, and the differing conditions under 
two stoned building of concreto and brick construe which they are employed, necessitate a contmuod 
tton with large plat© glass windows giving the and intense search for modified and improv od chemical 
maximum internal illumination in conformity with pro pert lee and physical forms An integral part of 
modem concepts in laboratory construction Tlio the investigations undertaken bv this unit is tho 

now building together with tho existing research testing of these now and modified matonals, and tho 

blocks cnolosee three sides of lawn and shrub garden, upper floor of tho now building contains a test room 
Intomally, the uso of teak, exposed facing brick and woll equipped w ith tho necessary machines This 
wluto painted surfaces accentuate© the functional department maintains a close coordination with 
character of tho design of tho building tho other dopart monts in tho organization concerned 

Tho upper floor of tlio now building re houses the with tho application of oxisting products There is 
row arch and development department, and tho space in addition, a lecture room where frequent colloquia 
thus vacatod in. tho original buildings is being used and lectures are given by scientist « from tho plastics 
for application and technical servtco work on wood and related industries and bv scientists from tho 
adhomvos Y\ ith tho additional laboratory space academic world 

now available in tho upper floor of tho now block, Tho ground floor of the now budding contains tho 
tlw> group of graduate chomists and thoir teoluucal laboratories of thenowly formed fundamental research 
ousifitontB m tlie research and development dopart department which is devoted to tho stud} of tlio 
mont aro able to explore more thoroughlv tho current synthesis of now ploatio substances w ith 

rosins marketed by tho Company, roeins of tlio opoxv mechanical and electrical an I r>f , j m 

resorcinol, phenol, urea and moiaramo tvpoa Tlio temperature and chemical but «.mi **■»*«'*'•* 
work la eoncomod with tho development of resins work is not restricted to 
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Fig 1 The new Cibn (A It L ) rcsearili lubomtorlcs 


possible uses of plastics in many fields Tho now 
group is divided into seven teams, each of which is 
investigating some distinct aspect of tho problem, 
including the synthesis of new raw materials and the 
pursuit of new condensation and polymerization 
processes In addition to the usual oquipmont 
required for this type of work, tho department has 
an analytical section whore particular emphasis is 
given to infra-red and ultra-violet spectrophotometric 
and vapour-phase chromatographic analysis The 
ground floor also contains a central chemical and 
glassware store and a glass-blowing room, and thore 
is easy access to the library, which has also been 
expanded to meet the increased requuoments 

The addition to the research staff at Dux ford 
brings the proportion of those employed in laboratories 
on research, apphcation, formulation and quality 
control to twenty per cent of the total staff employed 
It is clear that the laboratory work can bo greatly 
assisted by the use of modern and automatic equip- 
ment and wherever possible this is done, but tho 
quality and quantity of these investigations are still 
dependent upon the individual skill, knowledge and 
efforts of the scientist and teclmician, and every new 
field entered necessitates an increase in the laboratory 
staff In contrast to this, the factory has repoatedly 


boon able to mcieaso tho volumo of production 
without pioporfional incronsos m the labour forco 
employed, and this has beon possiblo only by the 
continuous introduction of fully automatic processes 
An outstanding example of this is provided by tho 
new plant, which is now m production, for tho 
manufacture of opoxy resins — rosins basod upon tho 
condensation of diplionylol propane with opiclilor- 
h\ drin This plant — although it has a working area 
of more than 10,000 squaro foot, scvoral typos of 
reaction vessel and ancillary distillation units with 
miles of pipo work and moro than 500 valves — is 
maintained by only tluoo men por shift and lias moro 
than fivo times tho capacity of tho plant it roplacos 
In tho now r plant tho oquipmont has boon designed 
w itli tho viow of minimizing firo hazards , tho 
building itself is of concroto and glass with dished 
floors to contain spillages, is woll lontilatcd and 
sited away from tho tank farm for tho inflammable 
solvents used m tho procoss, and also from tho 
accompanying control laboratory and switch-houso 
Those now facilities, continuing tho programme of 
expansion of both research and production, domon 
strato tho rapid growth of tho industry and the faith 
of those wdio huvo determined this giowlh fiom the 
modest beginnings of the early 1930’s K F Wedb 


THE ATOMIC ENERGY AUTHORITY 

REPORT FOR 1958-5? 


T HE fifth annual report (pp vu + 08+4 plates 
London HM Stationery Office, 1959 5s not) 
of the Atomic Energy Authority and the last to be 
issued over Sir Edwin Plowden’s signature, who is 
bemg succeeded as chairman by Sir Roger Makins 
on January 1, 1900, covers the year ended March 31, 
1959 In that year work started on construction at 
Windscale of the advanced gas cooled reactor proto- 
type, the last of the four Colder Hall reactors became 
critical on December 8, 1958, the first reactor at 
Chapelcross came into use for generating electricity 
on February 26, 1959, and the Authority’s staff 
increased from 30,341 to 36,260 Ho final decision 
has been reached regarding the transfer from Harwell 
to Wmfrith Heath of the whole of controlled thermo- 
nuclear project The terms of the first contract for 


the supply of fuel for a nuclear pow'or station overseas 
— the Latina station of Agip Nuclearo — were nego 
tiated during the yoar The Industrial Group has 
been divided into two groups development and 
engineering, under Sir William Cook, and production, 
under Sir Leonard Owen , executive, as well as 
functional, responsibility has now been restored to 
the technical members of the Board 

The report reviews briefly progi ess made during tho 
past five years m the apphcation of nuclear enorgy, 
during which the first five large-scale nueloar power 
stations came into operation besides Calder Hall 
and Chapelcross, the United States 60 MW pressur- 
ized water reactor power station at Shippingpoit, 
the French 30 MW gas-cooled, graphite moderated 
reactor power station at Marcoule and tho U S S R 
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100 MW graphite moderated, water cooled reactor 
power station in Siberia In tho United Kingdom 
goa cooled graphite uioderatod reactors developing 
towards exit gas temperatures of 060° C and 750° C 
promise to lead to higher efficiency and ratings and 
a 30 per cent fall m capital costs of nuotear power 
stations is predicted with tho dc\olopment of the 
present main types The application of radioactive 
isotopes continues to grow, including the use in 
industry of control instruments based on radioactive 
isotopes, such as thickness gauges Total sales of 
radioisotopes and related products rose from £050,000 
to £800 000 the proportion exported remaining at 
about 00 per cent to 55 countries PIotlb for the 
extraction of radiodoamm from radioactivo was to 
are being considered in tho United Kingdom and the 
potential output amounts to tens of nullionR of aunos 
per annum In raw materials, developments during 
the year confirmed that the present o\er*8upply of 
uranium is likely to persist at least until tire late 
1900 s, and the uranium requirements of the freo 
world s current military and cm] programmes can 
now be met by mines already m production, and It 
acorns likely that the forward pnee of uranium may 
fall below 8 dollars per pound 

Apart from its first aim of ensuring the successful 
construction and operation of tho nuclear power 
stations now under construction for the electricity 
boards, the Authority fl reactor dovolopruont pro 
gramme comprises extensive work on tho develop 
ment of more advanced typos of reactor, the aim of 
which is to provide progressively cheaper sources of 
nuolear power, and here the achievement of lower 
capital costs is a major objective Efforts are being 
made to develop wav s of using ns fool the plutonium 
that will gradually become available from the 
burning of uranium in tho early stations Beyond 
the natural uranium reactors two stages of develop 
ment are envisaged First, the advanced gas cooled 
reactor and the water modulated ronotors seek to 
attain lower capital oosts by using slightly enriched 
fuol Secondly tho high temperature gaa -cooled 
reactor being dov oloped at Wlnfrith Heath as a joint 
project with other member countries of the European 
Nuclear Energy Agenoy , and tho fast breoder reactor 
at Dounreay are clwrnotenzod by both low capital 
coats and negligible net fissile fuol consumption 
Whilo the present typo of gaa*coolod, graphite 
moderated reactor mnv command a market overseas 
whore large stations are required the report points 
out that considerable advances in nuclear technology 
will bo required before smaller reactors (20-100 MW ) 
becomo competitive in normal circumstances Tho 
study of plutonium utilization in reactors continued 


60S 

as well as reactor phvsics studios m several zero 
energy reaotore 

The report summarizes further research on con 
trolled thormonuolear reactions The mam object 
of tile present experimental programme on Ztia and 
Sceptre III is to discover tho reason for tho oxcessivo 
loss of energy to tlio torus walls during the current 
failure Work on smaller soalo gas discharge devices 
was considerably expanded and some of tho formid 
able technological problems involved in budding a 
thermonuclear reaotor are being studied An Advisory 
Committee undor tho chairmonslup of the Board 
Member for Soient iflc Research was eot up in Decern 
bor 1958 to examine and keep under review all 
aspects of the Authority s research programme on 
controlled thermonuclear reactions, to advise tho 
Member responsible for research policy on the merits 
of proposals for new work and to mako recom 
mendations on changes m policy wluoh seem 
necessary Other research and development work 
being earned out by the Research Group, the 
Industrial Group and the Weapons Group is also 
briefly summarized The first ranges from metallurgy, 
tho physics of the solid state to work on particle 
accelerators That of tho Industrial Group extends 
far beyond the Group’s laboratories, and extra 
mural agreements between the Group and umver 
Bities, reecaroh associations and industry non necounts 
for about a tenth of the Group a annual expenditure 
on research and development That of the Weapons 
Group is illustrated by its examination of soluble 
chelate complexes of the alkaline earth metal ions 
and by its measurements of particle size including 
use of a centrifugal system to increase tho rate of 
sedimentation with the photo-sedimcntometer 

Since its establishment in 1958 undor the chairman 
ship of Sir Douglas Veale tho committoo advising 
the Authority on tho supply of apoctahzod health 
and safety staff has had. detailed consultations 
with many Government departments, hospitals, 
uni\ ereitiee and industry An interim report to 
the Authority recommended tho initiation of courses 
m radtobiology and radiological physics at selected 
universities and provision of studentships if possible 
for tho 1050-00 academic y ear This recommendation 
has l>ecn accepted in principle by tho Authority and 
dotnils of the scheino are being v, orkod out m collabora 
tion with the University Grants Committee and the 
Deportment of Scientific and Industrial Research 
Tho amount of research and development work con 
tracted out by tho Authority continues to mcrcaso 
and more than three hundred professional stafT and 
technical staff from industry liavo worked with 
Authority staff during the \car 


THE INSTITUTE OF PHYSICS 


T HE mam sections of the thirty ninth annual 
report of tlio Board of tho Institute of Physics 
for 1058 (Pp 18 London Institute of Physics, 
1059) which was presented to the annual general 
mooting of tlio Institute on July 7, deal with momber 
ship, examinations education and publications 
During tho \cnr 851 applications for election or 
transfer to the various grades of membership viere 
recoivod Tlio total membership increased by 415 to 
0,300, with a slight dccrenao m the number of 
subscribers (430 compared with 453 in 1957) but 


with fairly large increases in the assoomterflnp and 
student membership grades Sovon technical colleges 
which had applied for recognition as institutions 
possessing courses of studv approved for tho purpose 
of tho membership regulations wore visited b\ ropre 
eentativos of the membership and examinations com 
mitteo and eh. of tho applications were appro' cd 
In addition the application by tho Borough Vo \ 
technic London, for recognition of co.irso* 
the Diploma of Technologv in pjjjjj ^ 

TO. granted T«™l) -lx of ‘’ loM 
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who presented themselves for the examination for 
the gradnateship grade of membership were success- 
ful , twelve were university graduates and fourteen 
held the Higher National Certificate m applied 
physics Forty-one colleges presented 037 candidates 
for the Ordinary National Certificate m applied 
physics and twenty colleges 246 candidates for the 
Higher National Certificate 

A joint committee of the Institute and the Physical 
Society has been sot up to inquire into the post- 
graduate training of physicists and has held dis- 
cussions with university and industrial physicists 
The report on “The Teaching of Mathematics to 
Physicists”, which was prepared by a joint committee 
of the Institute and the Mathematical Association 
and published originally in 1943, is now bemg re\ lsed 
The Institute was invited to give its vie vs on the 
subject of grants to students, and the text of tlio 
memorandum submitted by the Board to the go\ cm- 
mental committee imder the chairmanship of Sir Colin 
Anderson was published m the January issue of the 
Institute’s Bulletin 

Satisfaction is expressed in the annual report at 
the standard and increased circulation of the In- 
stitute’s older monthly, the Journal of Scientific 
Instruments There was no significant change m tho 
circulation of the other monthly, the British Journal 
of Applied Physics, but both journals suffered a 
further declme in advertisement revenue New 
arrangements for selling ad\ ertising space to become 
effective durmg 1959 and for widening the scope and 
content of the British Journal of Applied Physics 
have been decided upon A new feature m tho 1958 
British Journal of Applied Physics was the intro- 
duction, m the June and October issues, of a ‘Now 
Books’ section which together contained re\iews of 
87 books The type size of the Bidletin was reduced 
for the 1958 volume This resulted m a considerable 
savmg m paper, but the 300 text pages, comprising 
twenty-five articles and fifty-two book re\ lews, etc , 
contained more material than the 404 pages of the 
pre\ ious volume 
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The first annual dinner of the Institute was held 
on March 20, 1958, at tho Savoy Hotel, London, whon 
267 members and guests were picsent 

The Institute maintains nine branches and seven 
specialist groups in Great Britain, and two branches 
overseas, m Australia and Malaja lespectivolv The 
activities of tlieso sections mo briefly described m 
tho annual report, together with extracts fiom tho 
reports of the Board’s represent at nes and nommees 
on joint and other committees and organizations 
The South Australian Division held tho sixth 
Australian instrument exhibition m Adelaide during 
August 19-22, at tho same time ns tho Adelaido 
meeting of tho Australia and New Zealand Associa- 
tion foi the Advancement of Science The second 
Einstein Memorial Lecture was delivered m October m 
Adelaide by Prof B J Bok, who took ns lus subject 
“Stellar Ev olution” Tho London and Home Counties 
Branch hold a joint meeting in March with tho 
London Section of the Royal Institute of Chemistry 
on the subject of science and society, and tho South- 
Western Branch joined with the Education Group 
m a three-day conference in Apnl at the Unnersity 
of Bristol on “Phjsics m Schools ’ Tho Electronics 
Group and tho Midland Branch collaborated in a 
one day symposium during April on some applications 
of solid-state physics m computers and automation, 
and in September tho Group held a two day confer- 
ence on “Solid-State Memoiv and Switching Devices” 
at University College, London The Non-Destructive 
Testing Group held its summer meeting in Pans 
jointly with the Soci6tc Fran^mse do M6tallurgio, 
when tho subject of discussion was “The Utilization 
of Physical Properties for Studying Relationships 
between tho Constitution Structure and Service 
Behaviour of Metals” 

At the general meeting of the Institute, the follow- 
ing were elected to take oflico on October 1 President, 
Sir George Thomson , Vtcc-Prcsidcnt, Dr J M A. 
Lenihan , Hon Treasurer, Dr J Taylor , Hon Secre- 
tary, Prof F A Vick , and Ncu Ordinary Members 
of Council, Dr V E Cosslett and Mr L Rotherham. 


SOME INTERNATIONAL GEOPHYSICAL YEAR 
ACHIEVEMENTS 


T HE Royal Society has issued under the above 
title a small pamphlet constituting an interim 
statement at the end of the observational pliaso of 
the International Geophysical Year Tho pamphlet 
contains short notes, arranged under the fifteen sub- 
ject fields, of statistical details of the work done and 
of important new deductions so far made from the 
International Geophysical Year observations Some 
features of special interest are as follows 

Meteorology Ozone observations at the Royal 
Society base, Halley Bay, Antarctica, show' an 
annual variation in total ozone content with a sharp 
increase m early summer markedly difforont from 
the variation over the Arctic where there are smooth 
rises and falls about an autumn minimum 

Geomagneiism Halley Bay is found to have been 
most advantageously sited for recording geomagnetic 
disturbances as it is the only antarctic station just 
outside the zone of greatest concentration of iono- 
spheric currents In one magnetic storm tho range 
of the fluctuations in horizontal force reached tho 


enormous value of ono sixth tho avorago \aluo of 
horizontal force 

Ionosphere Halley Bay has recorded romarkable 
features in tho diurnal variation of ionospheric 
electron density m winter Tho noon valuo in 
wnnter oxcoods that at noon in summor and is ton 
times tliat at midnight In summoi the diurnal 
range is small with a minimum at midnight Those 
variation types change over suddenly now tho 
equinoxes 

Solar activity United States ionospheric observa- 
tions mado by rockot roveal tho existence of a power- 
ful flux of solar X-rays at tho time of a solar flaro. 
This X-ray flux producos tho increase in D-lovol 
ionization which in turn affects long-rango radio 
communications 

Cosmic radiation Cosmic ray measurements made by 
Van Allen with the United States artificial satellites 
have, as is now well known, re\ ealed the existence of 
an intense belt of cosmic radiation surrounding the 
Earth 
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Oceanography British ships have obeorvod directly 
the doop ocoan currents of tho North Atlantic using 
the ‘Swallow acoustic signalling float which con bo 
eet to drift at the required dopth One of tho currents 
moasured was a southward ono below tho Gulf Stream 
Nuclear radiation Tho oxistenco of the Inter 
national Goophy sical Yoar network of nuclear 
sampling stations in. Europo permitted a detailed 
study to be made of the diffusion of radioactive 
material released by tho Wmdscalo nuclear reactor 
oooidont in Novomber 1057 

Tho full prescribed obsorvational work ceased with 
1958 and the main task of tho present and future 
is the studv of tho observations modo during the 


>oar It is, however planned to continue some 
observations apart from those which are part of 
regular meteorological etc , services, during 1959 
under tho title “International Geophysical Co -opera 
tion 1959 1 

The International Council of Scientific Unions has 
formed special committees to co-ordinate further 
international work in antarctio research ocomue 
research and space research 

A further possibility is tho making of a magnotio 
Burvoy on a world wide scale during tho next sunspot 
minimum for comparison with the magnetic obsen a 
tionsmode during tho maximum period with which tho 
International Geophysical Year was timed to coincide 


RADIO FIELD-STRENGTHS IN THE TROPICS 


r ’ is well known that radio communications con 
ducted by wave* winch are propagated by 
reflexion from tho ionosphere aro critically dopondent 
on the properties of the layers of lonizod gas which 
transmit and attenuate the signals Tho regular 
observation of the cl larocteri sties of tho ionosphere 
at stations distributed widely over the Earth s Burfnco 
lias modo it possible to understand and oxplain many 
phenomena which wero obscure ovon ton years ago 
The International Radio Consultative Oommittoo 
lias among its other studios been investigating 
manv technical problems involving the propagation 
of radio waves b\ way of the ionosphere and of 
those a most important one la thnt of tropical broad 
casting for which high frequency wav'©* are much 
more effective than medium waves on account of 
tho very high atmospheric noiso-Jovol present in most 
tropical regions Unfortunately the attenuation of 
the signals in the higher frequonoy bands is much 
great or during the day than is usual at higher lati 
tudes and the reflecting layers are also loss stable 
Thus tho problem of providing an adequate signal to 
noise ratio is considerably moro difficult in tho tropics 
Tho past studios of the International Radio Con 
eultath o Committeo had shown that the standard 
methods of computing tho field strength of sky wave 
signals wore considerably in error at low latitudes 


but it also became dear that the additional basic 
data obtained in recent years provided an explanation 
of many of the discrepancies disclosed In a report* 
by W R Piggott, recently published by the Depart 
meat of Scientific and Industrial Research Radio 
Research Station, this subjoot is reviewed with the 
aid of an analysis of the problom of identifying tho 
most effective type of ionospliono inflexion for 
particular circumstances This report shows that 
Borne of tho difficulties in interpreting the results of 
field strength measurements at low latitude* have 
boon duo to changes in tho dominant modo of iono- 
spheric propagation, and tho consequent variations 
in the attenuation of the waves ond the anglo of 
elevation at which they amvo at the rocoiv or The 
rate of advance of knowledge of this subject doponds 
on the continual interplay of practical observations 
with theory and it is hopod that tho publication 
of this report, together with its presentation at 
tho Plenary Assembly of tho International Radio 
Consultative Committee recently held in Los Angeles, 
will encourage radio research workers in low latitudes 
to investigate their wave propagation phenomena 
in more detail. 

• Deportment of Bri imtlfic *nd Indu*trUl Reteireh JUdlo Research. 
BywcUl Report Vo 27 Tho OalcuUtlon of the Median 8kT Ware 
Field StreneUUn Tropical Retrfoiu ByW lUPlmfoU Pp 88. (Lon 
don It^L Stationery Office 1059 ) 2» W net 


BRITISH BOOKS AND FOREIGN MARKETS 


F T reply to a series of questions in the House of 
Commons on Tune 22 regarding tho supply of 
British books and periodicals overseas, Dr 0 Hill, 
tho Chancellor of tho Duohy of Lancaster, made a 
long atntomont winch was circulated in Hansard 
Tho study of wavs and means of increasing the flow 
of British hooks ond periodicals overacas has now 
boon comp lo tod Recognizing thnt British books can 
do much to help othor peoples to understand out 
way of bfo and tlmt they mako a vorv real contribu 
tion to the lifo anil thought of other nations tho 
statement points out that thoro is an over increasing 
demand for rending mnttor in English and we must 
do moro to promoto tho flow of British rending matter 
overseas Other countries are already producing laigo 
amounls of well produced attractive literature which 


is easy to read and inexpensive and is aimed par 
tieularly at Asian, and African countries Although 
in 1958 exports totalled noarlv £24 million, or almost 
two fifths of tho turnover of the United Kingdom 
book trade several countries impose, for ourrenev 
reasons, Bubstontial restrictions on imports of British 
books and periodicals and our oxportors cannot make 
further headway in theso markets Low individual 
incomes in many countries and tho iaok of effective 
librarv and othor distribution systoras are also major 


ifflctiltie* . 

Accordingly, tho Government ho* decided to take 
ve stops to promoto tho export of British books nnd 

''pjrTmtor into 

•ith tho Olm of ost.bt/shtnff 
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broadly on the lines of the British book export 
schemes which were established during the War and 
m the immediate post-War period 

(n) To promote the production of low -priced 
editions of a range of British books for sale m certain 
countries where there is a large unsatisfied demand 
for such books This will call for substantial Govern- 
ment expenditure 

( 111 ) To authorize a further expansion of the British 
Councd’s library services m several centres and of 
the Council’s resources for presentations of books 
and periodicals abroad on which the Council this 
year expects to spend in all about £050,000 

(iv) To assist, through the British Council, m the 
development of library systems in some Colonial 
territories, including the establishment of central 
libraries, regional branches, book vans and book boxes 

(v) To co operate with publishers m measures to 
enable them to increase their circulations m some 
of the more difficult markets overseas 

Parliamentary approval for the expenditure 
mvolved wall be sought at the earliest convenient 
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opportunity and it will be necessary to pioceed m 
consultation with the Governments of the Common- 
wealth and foreign countries concerned, and Dr Hill 
promised to inform Parliament ns soon as agreements 
had been concluded In reply to a further question 
Dr Hill said that the increase in the British Council’s 
resources would bo concentrated on scientific and 
technical books, but tho schemes to be negotiated 
with countries whoro import restrictions provent tho 
flow would cover a wide range of books Ho hoped , 
that m the next year it would bo possible to roach 
up to 2 million copies of low-priced books This 
would be done in association with tho publishers who 
own tho copyright of tho books concomod and would 
involve Government aid to nnrrow f tho gap between 
tho economic price and what could bo paid in the 
countries of recoption Replying to specific questions. 
Dr Hill said that British book oxports m 1958 to 
India wore recorded m tho Trado and Navigation 
Accounts ns £424,427, to Pakistan £39,950, to Ceylon 
£15,732 and to Israel £9,473 Dr Hill estimated 
the increased oxpondituro ns nbout £500,000 next year 


FORESTRY IN NEW ZEALAND 


T H Hi annual report of the director of forestiy of 
New Zealand for the year ending March 31, 
1958, is of more than usual interest in that it includes 
a general historical review of both departmental 
activities and general land use and administration, 
covering the past forty years Tho need for such a 
review had been particularly stressed by the Mimstei 
of Forests (Mr Tirikatene) and was prompted also 
by the meeting of the British Commonw ealth Forestry 
Conference which had been held in the country 
during September-October 1957 The Mimstei him- 
self (a Maori) contributes a prologue leeogmzing that 
the great forestry effort mvolved in creating a v cry 
large acreage of exotic softwood plantations, mainly 
of Pmus radiata from California, by tho quick pro- 
duction of an alternative supply of essential timber, 
has saved a large remnant of the nativo forest at 
the same time he calls for much greater attention to 
the maintenance of thiB forest, especially for its 
value in protecting soil and conserving water Tho 
disastrous consequences of tho denudation of the hill- 
sides m the form of soil erosion and then oxtensivo 
floods are all too wadespiead and serious to be 
ignored any longer Quoting two specific examples, 
he suggests that the Drew era indigenous forests m 
North Island, largely in Maori ownership, might m 
the national interest have to be managed primarily 
for soil stabilization and water retention, not timber, 
while in the hills behmd Canterbury, all land more 
than 3,000 ft high might have to bo taken out of 
pastoral use , even the city itself is now threatened 
by flood devastation It must be encouraging to 
the Forest Service to have this official backing, which 
is combined with full recognition of the essential 
need of stable finance for the necessary research woi k 
and for romedial measuros 

The visit of the Commonwealth Conference stimu- 
lated the preparation of a number of research papers 
covering many of the lmes of activity which have 
called for special attention of recent years Some of 
the topics dealt with are also currently prominent 
elsewhere, especially where softwood plantations 
play an important part , such are problems m 
genetics, and the relation between sylvicultural treat- 


ment and mnrkot requirements in lespecl of both 
dimensions and quality (whether for timber or pulp) 
There arc also probloms of tho Inter management and 
regeneration of tho plantations, ns in tho United 
Kingdom Dining recent \ cars, a good deal of 
thought has been given to tho mnnagoment and 
regeneration of tho nativo forests, both thoso with 
important softwoods, notnblj kaim (Agathis australis) 
and tho various species of Podocarpus, and tho ‘beech’ 
forests (Nothofarjus spp ) Encouraging progress is 
being mado but rates of development nio, of course, 
very slow compared with thoso of tho introduced 
conifers, and, as alrcadv noted, thoso forests have 
other functions to fill as well as timber production 

The Commonw ealth Conforonco appointed a special 
committeo to report on Now Zealand forestry In 
tho report, ns Resolution G of tho Conference, alarm 
is expressed at the poor condition of tho remaining 
indigenous forest as a result of past oxploitntion, and 
oxpansion of researcli programmes is urgod , tho 
publication of Yolumo 1 of tho “National Forest 
Survey of New Zealand” foi thoso forests m 1953 
is commended as is also tho extension of tho survoy 
to protection forests 

It may be noted that damngo t o tho nativo forests by 
introduced animals, above all red deer and opossums 
but also wild goats and pigs, is still a really serious 
problem, so much so that there is a spocial division 
to deal with ‘noxious animals’ To rouiforco shooting 
operations in tho natural forests, bounties are paid 
for animals killed outsido Tho numbers killed in tho 
year m what do not claim to bo more than ‘holding’ 
operations are striking, namely, 55,000 dcei, 28,000 
goats, 4,000 pigs and 4,000 chamois by tlio State 
alono Tlio opossums are mostly killed outsido tho 
reserves, 900,000 m tho jeer (after more than a 
million m 1956) 

The control of noxious animals was only taken 
ovor by tho Forest Service two years ago and theio 
is a strong case for a similar taking over of soil 
conservation and Tiver control, so that tho tioublos 
can be dealt w ith at their source instead of trying 
to remedy them after the damage has already boon, 
done, as is currently happening 
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Thero i a still a big exotio planting programmo, 
8,744 acres having boon added m the past year 
The major features arc the clearing and replanting 
of former failures, notably thoso -with Ptnvs tcopu 
lorum, a mistaken choice, and the extension of the 
work on to tho coastal sands of the North Island 
■which are unsuitable for agriculture, where tho 
luntationB ml) not only bo productive in tliemsolvos 
ut will also protect tho fields from sand oncroach 
ruent 

The annual report of tho New Zealand Forest 
Research Institute for tho same y oar ending March 31 


(Pp 100 Wellington Go\ emnient Printers, 1958) 
amplifies many of the points referred to abovo, and 
it also looks back over its first docado of work 
expressing the fooling that it is now woll established 
as a fully co-ordinated research centre, with an 
advisory committee representing both industry and 
all rolatod research organizations The graduate 
staff now numbers nearly fifty with a comparablo 
number of technicians but tho Commonwealth 
Conference thought that tlioro J8 still neod for an 
m crease on both the forestry and forest products 
sides H G CimmoN 


UBIQUINONE AND VITAMIN E 

By Dr. THOMAS MOORE 

Dunn Nutritional Laboratory Unfverxity of Cambridge and Medical Research Council 


S OME time ago wo noticed* tho presence in the 
livers of rats of an alkali labile substance with a 
sharp absorption band at 375 mg For the purpose 
of studying the distribution of vitamin E in tho body 
the rats had been given diets whioh were only barely 
sufficient m vitamin A This restriction was intended 
to eliminate tho strong spectroscopic absorption of 
\ itRmm A at 328 mg, and so allow the measurement 
of vitamin F by its weaker absorption* at 294 pm 
In the body fat of rats given wheat germ rich m 
vitamin E, the presence of this vitamin was readily 
detectod In tho livor howover, tho detection of 
Mtamin B was made difficult by tho absorption at 
275 mg which has already been mentioned 
We wore reminded* of these early observations by re 
ports by Lowe, Morton and Harrison 4 of fractions from 
the livers of ratB deficient in vitamin A w Inch adsorbed 
at 275 mg, with othor maxima at 233 283 and 332 mg 
Those workers thought, at the time, that abnormal 
steroid products had boon formed as the result of tho 
avitaminosis We confirmed the prescnco of a band 
near 376 mg m liver extracts of rats deficient m 
vitamin A Saponification of tho liver fat with hot 
alcoholic potash caused the band to disappear but 
it survived tho anmo treatment when applied to tho 
liver tissues Presumably tho tissues protected an 
unstable substanoo ngamst oxidation The band dis 
appeared from solutions which wore treated with 
85 per cent sulphuno acid, were aoratod or stored 
for 37 day's at — JO C it survived treatment with 
digitomn Sterol free extracts of uneapomfiable 
matter modo by the direct saponification of tho 
tissues wo ro neither fluorescent under ultra violot 
irradiation nor ohromogemo in the antimony tn 
cldorido tost. By paper chromatography evidence 
was obtained of tho presence of two substances with 
absorption maxima at 375 mg Ono had a singlo 
sharp band at this position but the other had also 
an inflexion at 330 mg Both substances were faintly 
V ellov , but had no seloctivo absorption in the v lsiblo 
Bonds at 272-276 rop wore also found m liver extracts 


330 mg , both substances A and 0 were found m tho 
livers of normal animals although the concentration 
of aubetanoe C in the liver of normal rats was much 
lower than m tho livers of rots suffering from vitamin 
\ deficiency A and O wore also found in various 
tissues other than liver, and in different species* 4 
Further extensive investigations by the Liverpool 
school, reviewed by Morton 7 have led to tho isolation 
of substance A It is not a sterol product ns first 
expected, but a derimth e of 1 methy} 5,6 dimethox j 
p benxoqumone In viow of its wido distribution the 
namo ubiquinone was given The striking feature of 
its structure is a long unsa turn ted side-chain, com 
prising 50 carbon atoms, attached at tho 2 position 
Similar conclusions as to tho constitution of 
ubiquinone, otherwise known as Q 276 ‘ or mito 
quinono*, havo boon reachod m America 1 * According 
to Lester, Crano and Hatofi 11 , ubiquinone is only one 
of a whole new senna of quinonoe, which vary m 
the nature of the Rido chain 

Some workers 11 consider that ubiquinone plnvs an 
important part in tissue oxidations Others 1 * lmvo 
ascribed a similar role to vitamin E The roles of 
both vita nun E and ubiquinone In heart muscle 
preparations linve boon reviewed by Slater 14 , wbo has 
suggested that the question whother thero is a 
chemical or functional relationship betvioen the two 
substances deserves investigation 

Vitamin E and ubiquinone hnvo common properties 
in being soluble in fats in being capable of under 
going revorsible oxidation or reduction and in being 
unstable to alkaline saponification in tho presence of 
oxygen They differ m vitamin E being found m 
animal tissues mainly in tho reduced state whereas 
ubiquinone is mainly in tho oxidized stato Regarding 
their distribution, ubiquinone has been found mainly 
in mitochondria whereas vitamin E con be stored in 
tho bodv fat* 8ince vitamin E is a potent anti 
oxidant it might possibly inforvene in tho mota 
holism of libiqumono by protecting it against 
irreversible and destructive oxidation 


from rats which had boon cured of avitaminosis A It was of interest therefore, to inquire into tho 
from normal sexually immature rats, and from a effect of vitamin E deficiency on the concentration 
normal pig and guinea pig of ubiquinone m tho tissues Tho preliminary 

Tho existence of two substancos, with thoir mam ovidence on this point 1 may now be ro-exonuned on 
absorption maxima at the positions obsorvod by us*, tho bnsfs of pure ubiquinono having E (1 per cent 
was also reported by Heaton, Lowo and Morton* 1 cm ) u at 272 mg - 107 A rough estimate of tho 
Tho names substance 4 and substanco O were given concentration of ubiquinono without allowance or 
Both had thoir absorption maxima at 275 mg, but tho possible presence of substantial 
O differed from A in having a slmrpor infloxion at stance O, may bo calculated 
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Wave length (m/0 

Fig 1 Absorption spectrum of an extract of the heart of n rat, 
(leftdent In vitamin E The presence of ubiquinone Is Indicated 
bv the maximum at 276 m/< 

between the absorption of the extracts at 275 mpt 
before and after saponification On this basis the 
liver of a rat winch had been kept for four months 
on a diet deficient in vitamin E contained about 
320 pgm of ubiquinone per gm The liver of a rat 
which had been kept for two or four months on a 
diet containing 60 per cent of wheat germ, and there- 
fore rich in vitamin E, showed little difference from 
that of the deficient animal with 270 and 290 ggm 
per gm of ubiquinone, respectively 

These early values for liver have now been supple- 
mented by results, obtained by the co-operation of 
Dr I M. Sharman and Miss Margaret Smith, on 
rat’s hearts The hearts were taken from piebald 
males, which had received a diet deficient m vitamin 
E for eight months The seventy of the deficiency 
was demonstrated m all the animals by the de- 
generation of their testes Since vitamin A does not 
accumulate m the heart m more than traces, it was 
unnecessary to restnet the mtake of this vitamin, as is 
advisable when the liver is to be examined for 
ubiquinone The hearts were digested in alcoholic 
potash in the presence of pyrogallol as an additional 
protective agent 1 ', and the fraction containing 
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ubiquinone was extmeted with other In speetro- 
photometnc examination the maximum at 275 mg 
seemed sharp enough to provide a rough indication 
of ubiquinone contents without further refinement, of 
the extract A typical cun c is shown m Fig 1, from 
which it will be seen that there was no inflexion at 
330 mu, the position indicative of substance C For 
four deficient rats, ubiqumono concentrations of 
277-365, mean 338 jigm per gm of heart, were 
found Four similar rats, which had been given the 
same diet but with adequate doses of r7/-a-tocophcryl 
acetate, had ubiquinone concentrations of 303-371, 
mean 331 ggm per gm of heart. No ovidenco of an 
absorption maximum at 204 mjx, indicative of 
vitamin E, could be seen m heart extracts from 
either the rats deficient or adequato in vitamin E 
This was in line with our early oxpenenco 1 that the 
detection of vitamin E m liver extracts is prevented 
by ubiqumono even when vitamin A is absent 
In these mv estigations therefore, there was no 
indication of any relationship between the ubiquinone 
contents of the tissues and the vitamm E status 
Morton 7 has reached the same conclusion, hut lus 
ev idence has not yet been published 
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MECHANISMS OF RESISTANCE OF ADULT HOUSEFLIES TO THE 

INSECTICIDE DIELDRIN 

By F P W WINTERINGHAM and A HARRISON 

Pest Infestation Laboratory, Slough, Bucks 


P ENDING the successful syntheses 1 at this Labora- 
tory of the insecticides labelled with carbon- 14, 
the absorption, metabolism and excretion of the sul- 
phur analogue labelled with sulphur-35 (II) of dieldrm 
(I) by d ieldrin-resistant (I?) and susceptible (S) adult 
houseflies ( Musca domestica) have been studied 
Adults of the .S'-stram were from the normal labora- 
tory stock Pupie of the E-strain were obtained 
through the kindness of Dr J R Busvine and 
originally collected at Omdurman (Sudan) 5 The 
first generation of I? -adults at this Laboratory 
(March 1957) displayed little resistance to topically 
applied I but after breeding through 6 generations 


on larval food containing I at a final concentration 
of 150 ppm the adults were highly resistant to 
either I or H when applied topically in acetone 
There was evidence of only a slight initial loss m 
resistance in adult J?-fl les after breeding through a 
further 19 generations m the absence of I 

The radioactive insecticide (U) was appliod topic- 
ally to the dorsal thorax in 2 pi acetone to individual 
R- and o-adult flies while under mild cyclopropane 
anaesthesia and the flies kept m fresh air at 25° C with- 
out food or water for 3 hr Signs of poisoning appeared 
m S-fiies alone towards the end of this period The 
flies were confined m groups of 10 or 20 to 1-m strips 


NO 4CS6 



(I) 


an 


an) 


of Whatman No 1 paper by means of shallow glass- 
co\ erod cages so that almost all tho excreta and vomit 
wore collected on the popor Control groups were 
similarly sot up m which the oni had been sealed to 
prevent exorotion Tho difference botwoon the 
radioactivities recovered on tho normal and control 
papers thus represented net excretion , radioactivity 
of tho control paper represented contamination by 
mechanical contaot with the flies vomit elc Aftor 
3 hr tho insects were anrcsthotizod and nnsed m 
acotono to romovo unabsorbed insecticide Heads, 
thoraxes and abdomens were eoparatelv homogenized 
and extracted with acetone Acetono insoluble 
metabolit-cs were assayed in the extractod tissues 
Unchanged lnseotloido and metabolites wero determ 
mod by radio paper chromatographic techniques 
Only unchanged insecticide was recovered from flics 
which had been ktllod by heat before the oxpenment 
except for a small frnotion present in all extracts 
wluch bohavod as tho sulphono of II under the 
conditions of paper chromatography used and is 
bebeied to arise largely tlirough atmoaphono oxida 
tion Tho roeults of experiments m which 2 pgm of 
labelled H was applied to adult flies (50 males *f 
50 females) are collected in Table 1 Tills doso was 
lothal to oil S flies but innocuous with respect to 
R flies The results wore determined os *'y radio 
activity, oorrocted for decay, self absorption, etc , 
and expressed os a percentage of the dose applied 
After 3 hr all the S flies became prostrate and 
ceased to excrete but metabolism of tho absorbod 
insecticido continued for sovoral hours, the metabolites 


Table l Fats or (**8) Sulphite axaloou* or Dm. run it 3 mu 
arm Tohcal Attlkutio* to Dieldxix Bemstakt (R) jlsd 80 s 
OXPTIBLB (S) ADULT UODBUrLtES AT A D051 Or 2 pOX. TIP. Ill SECT 



.S' -strain 
Per cent 
applied doto 

Jl-a train 
Percent 
applied dote 

Loitby YolatltUyoflnteeUcMe* daring 
treatment, manipulation etc. 

34 3 

27-2 

Uaabtorbed from cntlcl* 

37-fl 

45-0 

Unchanged Iniectlcide In head 

1-6 

2-0 

Unchanged IntoeUrlde In thorax 

7-2 

7-0 

Unchanged Ina^cticfde In abdomen 

«HJ 

a-s 

Awtonc-imohible metabolltei In bead 

0-2 

0 1 

Acctooe-Ltiiolable metaboUtea In 
tbo rax 

1*0 

0 7 

Acetone-1 naolnble metabolltei In 
abdomen 

5*2 

4 3 

Unchanged Insecticide excreted 

3*4 


Watcr-toInUe metaboUtea excreted t 

0 3 

0-8 

Water-in*ohibhi metaboUtea excreted 

0 5 

0-0 

Unchanged inaeotldde loit by meeh 
aalcal contact and romlt 

2 1 

2 2 

Total effective detoxication i to red 

100 

100 

metaboUtea f excreted metabolltei 
and Iniectlade ai per cent dote 
abtorbed 

33 

35 


* Determined by difference but In one experiment * lo*a to the air 
of tbo [meet chamber wai demonstrated radlometrically 
t Not •niphate 


accumulating mainly in the abdomen Resistant 
flies on the other hand continued to excrete their 
metabolites Thus sealing of tho anus had little 
effect on the accumulation of metabolites m the 
abdomon of the S fly but a markod effect on that of 
the J? fly as shown graphically in Fig 1 

Somo experiments wore mode with a non msecti 
cidal oompoimd labelled with bromium 82 (III) so 
that metabolism and excretion of a related compound 
by S and R flies could be compared in tho absence of 
toxic effects Those experiments indicated that over 
a 24 hr period both strains excreted similar propor 
tions of the unchanged compound together with small 
similar proportions of water soluhlo metabolites 
These experiments strongly suggest that resistance 
of tho R flioe to dieldrin is not due to lnok of cuticular 
penotration, or to a gross difference m tho rates of 
excretion or metabolism of the insecticide by tho 
8 and R insects An offloiont defensive mechanism 
is certainly operating in the R insect during the first 
3 hr because towards tho end of this period the 
S insect rapidly succumbed and there were signs of 
an irrmersiblo lesion suoh as an exhaustive hurst of 
respiration and fnll of tassuo a -glycerophosphate 
Othor experiments at different dosages (0 37-5 ggm 
insectioide/insect), or of different duration (0 3-24 hr ), 



Time of meUbolIrtn (hr ) 

rKMCsf?® His: 


6 excretion !»•*»* TcSSr 
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or with an independent pair of S- and U-strains have 
led to the same conclusions 

By chemical assay March, Metcalf and Baich 
(Metcalf, R L , personal communication) were unable 
to find any difference m cuticular penetration or 
in the apparent disappearance of absorbed dieldrin 
from their susceptible and resistant houseflies 

The protective mechanism may be confined to 
particular sites, which mvolve only a small fraction 
of the absorbed insecticide For example, Yamasaki 
and Narahashi 3 found some evidence of a lowered 
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sensitivity to dieldrin of the exposed thoracic ganglion 
of resistant houseflies which did not mvolve dotoxica- 
tion m other tissues 

Those experiments are part of an investigation into 
the mechanisms of dieldrin resistance m Diptera, 
supported in part by a research grant from the 
World Health Organization Full details will be 
published elsewhere 

1 Brooks, G T , J Chem Soc , 3093 (1958) 

* BusWno, J It , Nature, 174. 783 (1954) 

’ YiunasaM, T , ond*Nnralmslil, T , Botiru-Kagalit, 23, 140 (1958) 


MOLECULAR SHAPE AND THE PHYSICAL^ PROPERTIES 

OF MUCIN 


By R A GIBBONS 

National Institute for Research in Dairying, Shinfleld, Reading 


E PITHELIAL mucin is an important secretion 
havmg somewhat unusual physical properties, 
and it has been shown, in two instances, that the 
materials responsible for these physical properties 
are so-called ‘neutral’ mucoids of the blood group 
substance type 1 Little is known at present of the 
molecular form of this class of compound , but 
evidence has been obtained, mainly from flow- 
birefringence measurements, indicating that those 
particular mucoids are molecules of the ‘random-coil’ 
type 1 It is of interest to re examine some earlier 
work on mucoids of this typo in the light of tins 
result In particular, the physico-chemical data 
on the human blood group mucoids of Morgan and 
co-workers* may be re-considerod These specimens 
were isolated from the same source and carefully 
purified using similar mild techniques, tlioy differ 
in molecular weight over the rango 2 0 x 10 5 to 
1 8 x 10 s , but the chemical differences between 
them are, from the physico chemical point of view, 
minor They may thus be taken to represent a 
homologous polymer series, something difficult to 
find elsewhere m the field of mucoid chemistry 
Of the relationships known to exist between 
members of a homologous polymer series of random 
coils, two may be tested using published physico- 
chemical data The relationship between sedimenta- 
tion coefficient at infinite ddution, e 0 , and M, the 
molecular weight, should be of the form s 0 = A. -f- 
By'M, where A and B are constants 3 Further, 

d( 1/a) 1 (c = concentration) should be indepen- 
L dc J c->o 

dent of Af as the following considerations will show 
Burger’s equation for the variation of sedimentation 
rate of suspension of spheres wuth dilution has been 
found applicable to a number of polymers at low 
concentrations 4 , as is reasonable in that the random 
coil molecule in translation approximates well to an 
impermeable sphere 3 , due to the large amount of 
solvent it entrains within it 

Taking s = - — ^ , where A is a constant 4 , n is the 

1 + A nv 

number of molecules per unit volume, and writing 
Nc 

— for n, where N is A\ ogadro’s number, we have 


1 

8 


l_ [ ANcv 
So 8 0 M 


, so that 


d[ljs) _ AA r t > jj omem | J0I , in g 

dc 8 a M 


that s 0 = — ^ (L . — and v = -ra 3 , Iwlioro a is the 
JVG;n) 0 a 3 

effective radius of tlio molecule and tlio othor symbols 
have their usual significance, wo may writo tlio 

differential For a homologous polvmer 

Berios in the same solvent, M is proportional to the 
square of any linear dimension of the molecule 5 

Hence is constant m those conditions 
ill* 

The values of s° 2 o,tc and Allf) givon m Tablo 1 

dc 

w ere obtamod by extrapolation of the graph of 

- against c to o = 0 A linear extrapolation was 

made although in the caso of the first and third speci- 
mens quoted linearity is not good Tlio values of 

given in Table 1 are thus averages between 
dc 

c = 0 and c = 1 per cent , furthermore, different 
degrees of polydispersity in tlio samples will cause 
some variation m the slopes observed, so that tliore 
is reasonable agreement with theory Lmearity 
between a 0 and -\/M is good The conclusion that 
these mucoids are of tho random-coil form may bo 
drawn with some confidence 

It is interesting to note that tho physical properties 
of mucin may be reasonably interpreted on the basis 


Table 1 Sedimentation Coefficients and Molecular Weioiits 
of Mucoids 


w 10 “ 

AT 

VM 


8 9 

2 0 X 10* 

509 9 

0 72 

9 1 

2 7 X 10‘ 

610 0 

0 75 

10 0 

3 2 X 10* 

505 0 

0 01 

12 S 

4 6 X 10* 

078 2 

0 80 

25-0 

1 8 x 10* 

1341 6 

0 95 


* c In gm / 100 nil 

Data from Kekwick (ref 2) and Caspory (ref 2) 
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of what is already known of the properties of random 
cod molecules. Epithelial mucin frequently gives 
rise to two phases in -water, a rather dilute swollen 
gel phase and an aqueous phase which is almost pure 
water The gel phase displays visco -elastic or plasto 
elastic rheological properties and may also show the 
Woissenberg effect Thcao properties are ontirely 
consistent with those of a random coil polymer below 
its 6 point The gel phase may be dispersed to give 
a viscous solution by raising the pH, or the tempera 
ture, or by adding to the solvent a third component 
(for example, urea, calcium ions) Again, this 
behaviour is to be expected of a random-coil polymer 
if it contains potentially negatively ohargod groups, 
and if the solute solvont interaction parameter* is 
increased by the addition of the third component 
The physical properties of solutions of random-coil 
polymers have been extensively studied, and a good 
deal of the theoretical thormodynamio background is 
avadable , a full exposition is given by Flory* A 
consideration of this work may be of eomo valuo in 
tlio interpretation of the biochemistry and biophysics 
of muoous secretions, and attention is invited to throe 
points (1) Tho molecular weights of mucoids may 
be determined from sedimentation coefficients and 
intrinsic viscosities, tho latter being a more readily 


and more precisely determinable parameter than the 
more usual diffusion constant Bloreov er, axial ratio 
as usually evaluated from the friotional ratio is not 
meaningful with respect to this type of molecule 
(2) Where mucoids nro modified by chemical treat- 
ment or by enzymes and a fall in viscosity is obsen ed, 
this lias usually been interpreted as a aepolymenza 
tion Some caution is required here, since the change 
m viscosity may be largely due to chemical changes 
which alter the thermodynamic interaction para 
moter, or tho related molecular expansion factor, and 
not necessarily to dopolymerization (3) The degree 
to winch tho molecule is ooiled up (that is, the mole- 
cular expansion factor) may effect the availability 
of antigenic sites on a mucoid molecule to antibody 
and may be a factor oonoemed in its immunological 
reactivity 

This work is part of a programme supported b\ 
the Population Council, Ino , Rockefeller Institute, 
New York. 
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AN ASSOCIATION BETWEEN ABO BLOOD GROUPS AND FERTILITY 
IN A NORMAL AMERICAN POPULATION 
By Dr. T EDWARD REED 

Department of Humin Genetics, University of Michigan 
AND 

DR. j H AHRONHE.M 

W A. Foote Memorial Hospital Jackson, Michigan 


T HE possibility of fertility differences associated 
with ABO blood group phonotypo has boon 
investigated in married couples in two populations 1 \ 
using couples unsol ec ted with respect to their fertility 
In 161 white American couples who had completed 
their families, fertility differences associated with 
blood groups could not be demonstrated 1 Such 
differences wero found, however in 1,429 Japanese 
couples of \nrymg ages* A study of the fertility of 
1 290 married English men and 1 319 married 
English women ago fifty yoars or more, faflod to 
demonstrate an association between individual 
fertility and ABO blood group* We wish to record 
boro observations on 668 white American couples 
in which fertility differences associated with blood 
groups do appear to be present 

The present data were obtained from on invostiga 
tion earned out for other purposes In tho winter of 
1960-61 a mass blood grouping (ABO and lih) pro 
gramme was earned out in Jackson County, Michigan, 
on 48,652 individuals by tho Michigan Cnil Defense* 
72 per cent of tho inhabitants of tho city of Jackson 
(pop 61 088 in 1050) wore moludod in this programme 
Blood from venepuncture was used and the ABO 
phono types wero determined both by cell typing and 
book typing of isoagglutimns In addition to ABO 
and Rh status, tho name, address and roligion wore 
recorded for each individual For 64 per cent of the 
individuals, the dato of birth was also notod , about 
60 per cent of these persons were less than 15 years 


of ago Family relationship was not rooordod 
Afterword*, for the present analysis, the information 
on each individual was transferred to an I B.M 
punoh card and these cards wero sorted by exact 
street address Whenever two or more persons 
having the some surname, at root number, and stroot 
name m the city of Jackson wore found, the city 
directory was consulted to dotermine if two of the 
persons were husband and wife If this was tho caso 
and there wore other indiv iduals of the same sumamo 
at this address, age relationships were examined to 
see whether these individuals could reasonably be 
children of tho husband and wifo Unless there was 
some definito indication, such as appropriate dates 
of birth, that this was so, tho individual woe not 
counted aa a child of tho couple Throo thousand 
six hundred and twontj eight families’ were found 
Homo interviews of 90 randomly chosen couples 
were made m the spring of 1968 to test whother these 
families’ hnd been ‘constructed’ successfully The 
true number of ohildron bom by tho tune of tho blood 
grouping to 53 couples m whioh tho wifo was bom in 
1910 or lator was 79 , the number in our ‘families 
was 66 of whom 62 were correctly assigned I was 
adopted, and 3 (all in ono Negro family ) were born 
out of wedlock but probably wore tho biological 
ohildron of the couplo For couples whose, wiv-oonro 
in this age range It is therefore 
80 per cent of tho octuol oliildron ere 
recorded 
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measured under optimal conditions for growth This 
is true also for the high-temperature strain at 25° C 
It is noticed that at 26° C the rates of growth, respira- 
tion and photosynthesis are close or slightly higher 
for ChloreUa 7-11-05 than for the Emerson strain 
However, if compared at a temperature optimal for 
their growth, the Emerson strain lias about 3 
doublmgs and Ohloietta 7-11-05 more tbon 9 doublings 
of cell material per 24-hr period With further 
refining of the technique, 10 doublings per day are 
readily obtainable This gives an 8-fold mcreaso of 
cell material for a 24-hr period for the Emerson 
strains and 1,000-fold mcrease for ChloreUa 7-11-05 
The rate of photosynthesis m the high-temperature 
algae is 4 times higher at light saturation than in 
low-temperature algae and 3 6 times higher at half- 
saturation For growth the corresponding figures 
are 3 and 2 9 

The greater productivity of higher-temporaturo 
algae m comparison with low-temperature strains is 
due to the ability of the high-temperature algae to 
use higher temperature and illuminance levels This 
is indicated by much higher positions of light-saturat- 
ing pomts for growth and photosynthesis m the 
higher- temperature algae The suggestion, that for 
the low-temperature strain the saturating light 
intensity for growth is slightly higher than that 
for photosynthesis and for the high-temperature 
stram the relationship is reverse, is probably of 
no significance since the determination of light- 
saturating intensity mvolves some degree of approx- 
imation 
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A most general characteristic of the high-tempora- 
ture algae is their higher responsiveness to the 
mcrease (withm limits) in temperature and in incident 
light energy In this respect thov actually are higher- 
efficiency algae The term ‘efficiency’ hero is an 
expression of two processes — the absorption of the 
incident energy and conversion of tlio absorbed onergy 
into the product which is used for measuring the rate 
of the process Its pragmatic usefulness is based on 
the fact that it describes tho porfonnanco of the 
organism at high levels of temperature and light 
enorgy The highest levels of the mcidont energy 
are of utmost importance for the organism 
of high productivity capable of using temperatures 
and light intensities which nro of no use if not 
harmful for the low-efficiency (low-temperature) 
strains 

The work has been supported by grants from tho 
Office of Naval Research 
Many helpful contributions by Drs Jack Myers, 
Robert W Krauss and Hugh G Gaucli during the 
course of investigations or in reviowing tho manu- 
script are gratefully acknowledged 

Contribution No 2970, Maryland Agricultural 
Experiment Station, Scientific Article A 729 
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PHOTOCHEMICAL AND STEREOCHEMICAL PROPERTIES 
OF CAROTENOIDS AT LOW TEMPERATURES 

By STAFF OF THE BIOLOGICAL LABORATORIES OF 
HARVARD UNIVERSITY, CAMBRIDGE, MASS 


I N this series of articles v o report the results of 
measurements carried on m this laboratory over 
the past six years They involve the absorption 
spectra of carotenoids and haplo-carotenoids (vita- 
min A, retmene) at temperatures between 25° and 
— 196° C The most important single result of these 
measurements is to demonstrate that cooling such 
molecules relieves certain instances of steric hindrance 
(‘intramolecular overcrowding’) 1 , with large effects 
upon the absorption spectrum and other properties 
The first communication records three observations 
which, though all made with retmene, have some 
general interest (1) the abnormally large changes 
exhibited by the absorption spectrum of a storically 
hindered evs carotenoid on cooling , (2) the capacity 
of a carotenoid to undergo cis-trans isomerization at 
low temperatures m a rigid solvent , and (3) a more 
specific observation, a new instance of reversible 
photobleachmg 

In the second communication we examine further 
the first of these phenomena, and show that the 
absorption spectra of all-traaa and unhmdered-cw 
configurations of retmene, vitamin A, vitamin A., 
lycopene and (3-carotene exhibit parallel changes on 
cooling , whereas those of stencally hindered con- 


figurations of these moleculos display tho abnormally 
largo changes first observed with rotmono alono Tho 
third communication discusses tho significance of 
these observations 

(I) Photochemical Behaviour of Retinene 
By Dr LAWRENCE JURKOWITZ 

In those experiments rot mono (vitamin A aldehyde, 
Ci 9 H.,CHO , Fig 1) -was dissolved m tho mixtures 
of ether, isopentane or isohexano (3-mothvl pentane) 
and alcohol (5 5 2) called EPA and EHA 1 Such 
solutions were brought to temperatures close to that 
of liquid mtrogen (— 196° C ), at which EPA and 
EHA become so highly viscous as to form what aro 
essentially clear glasses 

The measurements wore mado m a Dewar flask 
designed by Dr R C C St Goorgo, mounted in a 
special housing which could be substituted for tho 
standard cell compartment of a Beckman DU 
spectrophotometer The Dewar flask was silvoied 
throughout except for a clear band at tho level of 
the light path, serving as window It was mado of 
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Flff 1 Structural formal* orall-lraiu retincne Above and below 
the formula are Indicated the position* of the ci» llnkafe* In 
known acometrkal Uomer* Unhindered Uomem bekrw l*o-a 
(0-rf*) neo-a <13-ek) and lso-b (0 13-rf/eb) StericnltT hindered 
Uomer* above nro-b (11-c/*) and M o-c (II 13-dfef») 

*Pyrox* gloss, and lmd a high transmission only for 
wave lengths longer than about 320 mg Tho Downr 
w-as blown in the form of an H, with two vortical 
chambers connected by a horizontal section One of 
the chambers hold tho absorption cell Liquid nitro 
gen could bo added from time to timo through tho 
other chamber without disturbing tho absorption 
■vessel, and tins also provided an additional storo of 
tho coolant, which for this reason needed to bo 
replenished loss often The absorption coll could bo 
lowered and raised, into and out of the light path of 
tho epoctrophotomotor , and all measurements were 
mndo with tho coll alternately in these positions 
That is, all absorptions wore measured relative to 
the absorption of tho Dewar flask without tho 
absorption coll in position The lovoi of liquid nitro 
gen was at all times below the abeorption coll, and 
hence out of the path of light A blank correction 
was obtained by measuring separately the abeorption 
spectrum of the coll containing eolvont alone under 
tho samo conditions A further correction involves 
the contraction of the solvent at low temperatures 
EPA and Eli A wore observed to contract fairly 
regularly on cooling Their volume at — 100° is about 
0 77 of that at room temperature The temperature 
of tho solution in the abeorption cell wna followed 
continuously with an iron -const an tan thermocouple 
immersed in it 

All irradiations wore performed with a high 
pressure mercury arc lamp (Gen oral Electric AH5, 
260 watts) mounted so that- its radiation, having 
passod through a Luoite’ cell containing a layer of 
water 2 6m thick, could be focused with a glass lens 
dirootly upon the solution in the absorption coll 
Tho full radiation of tho aro wna employed but 
onough glass lay bo tween tho lamp and the abeorp 
tion cell to oxclude wav o-lengtlis snorter than about 
320 mp 

(1) RditJ of sierte hindrance at low temperature* 
Rot mono owes its absorption spoctnim to the pos 
session of five double bonds — four in the sido-chain 
and ono in tho attachod ring — all in somo dogroe of 
conjugation with ono another and with tho terminal 
carbonyl group (Fig 1) Tho mol ecu lo cadets in a 
varioty of goomotric configurations — exs-trana isomers 
— tho most prevalent of which havo boon isolated, 
and tlioir configurations oetafahshod by synthesis* 
These mcludo tho all trana isomer, the relatively 
unhmdcrod 0 and 13 monocts and 0, 13 -diet* isomora 
and tho storicnlly hindered 1 I-cit and II, 13-dtew 
isomers (Fig l) 4 The hindered 11-cts isomer (called 
also nco b) has a special interest, mneo this con 
figuration of retincne and rotinone, serves as tho 
chromophoro of all tlio known visual pigmonts* 

Tho absorption spectrum of all trana rotinono at 
room tompomturo consists of a singlo broad band, 
maximal m EPA at about 373 mg (>maxj and with a 
molar extinction coefficient im*x , of 47 600 (Fig 2) 
Brought to about — 186° tho absorption spoctnim 
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still displays no flno structure but >m*x. roovoe 
about 14 mji toward longer wave lengths and inm 
rises about. 10 per cent Also tho long wave-length 
too or tail of the band is drawn m toward shorter 
wavo lengths Such ohongoe aro characteristic of 
polyenoe brought to low temperatures (of ref 0 
also following communication) 

Tlio same experiment performed with the storicnlly 
hindered 11-cts isomer yields a very different result 
(Fig 2 right) A primary consideration tliat governs 
the behaviour of such molecules is the degree to 
vvluch thoy achieve coplanonty, that is, to which 
they succeed in lying flat Only when coplanar can 
then* systems of alternate single and double bonds 
come into full conjugation, tho condition m which 
tho absorption spectrum lies at longest wavo longtlis 
displays tho most dotailod flno structure and lias 
the largest maximal and integrated extinction Any 
loss of coplananty — any twisting of tho system — 
results in a loss of conjugation, with corresponding 
losses of extinction and fine structure and usually 
also a shift of spectrum toward shortor wavo 
longths 

A cis linkage at position 11, since it brings into 
conflict tho H atom on carbon 10 and the — CH, 
group on carbon 13, prevents coplananty causing a 
twist m the molecule at this lov el The result (Fig 2) 
is a considerable degradation of spoctrum at room 
temperature evident mainly in tlio depression of 
cnnix- to 26,400 — only 0 666 the cm*x. of tho all trana 
isomer Xjnax also lies at slightly shortor wave 
lengths than in tho all trana isomer (at 300 mg) a 
remarkably small change compared with other 
bind or od cia polyenes' 

On cooling to temperatures near that of liquid 
nitrogen both Am ax. and cmax. change so greatly as 
to approach the values observed m all trana rotinono 
at these temperatures A m.r Blnfts to about 386 mg 
ftnd tnm, increases to about 43 000 (Fig 2, right) 
That is whereas cooling to — 186° raises the t m» T of 
all trana ret mono about 10 per cent, it raisos that of 
11 -<na rotmano 02 per cent Those changes are 
entirely reversed on warming It should bo noted 
that the temperature to which wo havo brought 
these solutions is arbitrary further cooling pro 
sumably would result m a further approximation of 
the 11 ’Cia to tho all trana spectrum 

It is as though cooling to about — 186* had 
largely relieved the stone hindrance associated with 
a cia linkage in position 11 This interpretation of 
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Fig 3 Geometrical Isomerization of rotlnenc by light at a low 
temperature In a rigid solvent (1) Absorption spectrum of 11 cis 
retlnonc in EHA at room temperaturo (21 Same at the tempera- 
ture of liquid nitrogen the solvent Is vitrified (3) Irradiated 
1 min In the cold (4) Returned to room temperature, In the 
dark Tho rise of tout. In tho cold, accentuated In the warm. Is 
associated with the Isomerization of the hindered 11-eis Isomer to 
a steady stato mixture of all possible lsomors, primarily all-trons 


the observations is pursued further in the com- 
munication which follows 

(2) Chs-trans isomerization ftetinone is isomerizod 
by simple exposure to light Begin n i ng with any 
single geometric isomer, this process ends with the 
production of a steady-state mixture of all possible 
isomers, the proportions of which vary with solvent 
and other conditions, but the major component of 
which is usually all-trans* 

It occurred to us to ask whether this process would 
be inhibited by low tomporatures, perhaps bocauso 
it includes a thermal component" , or by being 
carried out in a rigid solvent, which might restrict 
the necessary rotation about double bonds It should 
be noted that geometric isomers of rotmone in the 
crystalline state are not isomerizod, evon by long 
exposme to bright sunlight (It must be conceded 
that our experiments to date loave it undecided 
whether this is owing to the crystalline state itself, 
or to failure of light to penetrate the crystal Tho 
specific extinction of retmene is so high that at 
>max the intensity of light is cut to 1 per cent after 
penetrating only about 0 12 g of the pure substance, 
so that the interior of even a small crystal might 
scarcely be affected by even a long and intense 
irradiation ) 

In the present experiment we used 11-cts rotmone, 
which, being a hindered isomer and relatively un- 
stable, isomerizes almost completely and with a 
particularly large chango of extinction' 10 A solution 
of 11 -cis retmene in EHA was brought to about 
— 187°, and irradiated for 1 min (Fig 3) The 
extinction rose about 16 per cent, ' max romainmg 
almost unchanged On warming the product to 
room temperaturo, these changes were magnified 
compared with the spectrum before irradiation, the 
extinction had risen 1 6 times, and X max had shifted 
about 6 mg ton ard longer wave-lengths, arriving close 
to the ?max of all-tmns retmene These are the 
changes that characteristically accompany the isomer- 
ization of noo-b retmene to the steady state mixture 
of isomers, primarily all Irons 

All -trans retmene behaves very differently under 
those conditions On irradiation m EHA for 1 mm 
at about — 186°, the extinction of this isomer falls 
about 2 per cent , and on re -warming to room tem- 
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porature, tho spectrum compared with that before 
irradiation had fallon 1 3 per cent in oxtmction, with 
no approciablo change m 7 max Once again, this 
behaviour is characteristic of tho isomerization of tho 
all Irons isomer to a mixture containing small amounts 
of cis isomers, all lower m oxtmction 

It may bo concluded that noither tho low tem- 
perature nor a rigid solvent inhibits tho goomotric 
isomerization of this molecido Tho process appoars 
to go about ns woll m thoso circumstancos ns at 
loom temperature Apparently tho rigid solvent 
loaves tho moloculo sufficient ‘elbow room’ to allow 
free play for tho rotations mvolvod m goomotric 
isomorization 

(3) Bcvcrsiblc photo-blcaching In tins experiment, 
alldraiis rotmono m EPA was brought to tho tem- 
perature of liquid nitrogen, and oxposod to tho full 
radiation of tho mercury arc As stated earlier, 
how over, only vavo -lengths longer than 320 mg 
ponetrated to tho sample It should bo noted that no 
particular precautions wore taken to oxcludo oxygon 
or vat oi vapour 

Tho offocts of the irradiation nro shown in Fig 4 
In 30 mm tho maximum oxtmction, at 387 mg, had 
fallon to about 60 por cent, and in another 30 mm 
to about 20 per cent of its initial valuo Small now 
maxima had appoarod at about 350 and 412 mg 

On re-warming this solution to room temperature, 
tho absorption roso again, not indood 1o its original 
height at room tomporaturo, yot to 87 por cent of it , 
and Xmnx. roturnod approximately to its original 
position Some of tho foil m final oxtmction is 
caused by isomerization, owing to tho irradiation, 
from the all-trana configuration to tho steady state 
mixture of isomors nirondy doscribod , tho remainder 
probably involves some destruction of pigmont 

Tho major cliango in this experiment, however, 
was tho photo bloaclimg at low’ temperature, rovorsod 
(except for tho concomitant isomerization) on re- 
warming to room tomporoturo Tho same phenomenon 
has boon observed also wuth all-/rans rotmono dis- 
solved m EH amine (otlior, isohoxano, triothylamino, 
5 5 2) On irradiation at about — 187°, tho 
extinction falls , and a now maximum develops at 
about 350 mg and a minimum at about 368 mg 
Again, on warming, thoso changes aro largolv 



r ' „ 01 ronnono at low temperaturo 

rotlncno in hPA nt room tem- 
rSa 1 n f eU a liquid nitrogen temperature 
radi [ aM ?n ^?n i n lhc co,d o falls 40 per cent (4) Ir- 
radiated 30 min longer, etna*, has fallon 80 ner cent (6) Bo- 
warmed to room temperature in the dark Mmt of thn nrfplnal 
extinction Ib rcgalnccf, what ta, been lost i„ duo ^nly totho 
light having Isomortad the M-tran, retinene to aTteSTy state 
mixture or eti and tram forms 





NO 4«S6 


NATURE 


017 


August 22 , 1959 

reversed, the band at 350 nip. disappearing and the 
retinono band rising to nearly its original height On 
tho other hand, similar oxpcrimontfl with retinono s 
dissolved in EPA and EH ammo havo not display ed 
photo blcacliing 

This photo-bloaclung of retinene resembles somo 
•what, m the character of tho spectral cliango, the 
production of a motastable (triplot 1) etato m chloro 
ph\ll by exposure to a briof, very intonso flash of 
light 11 Tlio present product, however, appears to be 
too long lived to represent a triplet stato It may 
correspond rather to the formation of a pair of free 
radicals or ions trapped in tho ng id boU ont but ablo 
to recombine on warming to reconstitute normal 
retinono In this regard tho rovorsible photo bleaching 
of ret mono may resemble another mode of photo 
bleaching of chlorophyll discovered eomo } ears ago 
In Porret and Rabinowitdi 1 *, y ot winch demanded a 
degree of exclusion of osvgon probably not nchuned 
in tho present experiments 

(2) C/s-tram Isomerism and Steric Hindrance 

By JOHN N LOEB, PAUL K BROWN 
and Prof GEORGE WALD 

Having ohseraod one Instance in which coohpg to 
the temperature of liquid nitrogen largely abolish od 
tho degradation of spectrum associated with a 
Btericnlly hindered cm linkage we wished to loam 
how general tills phenomenon maj l>e, and how 
related to other aspects of molecular goo mo try With 
this object in view, we lin\e examined the spectra of 
geometrical isomers of retinono vitamin A and A„ 
Ijoopone and B-caroteno at room temperature and at 
tliat of liquid nitrogen The procedures wore as 
already described, oxcept tliat for tho measurement 
of vitamin A we used a quartz Dewar flask and 
quartz absorption cell m placo of tho *Pyrex vessels 
used otherwise 

(1) Rcitnene Tho most extensivo set of geometric 
isomers of known constitution nOT available is 
offered by the sterooisomorio retinonos We havo 
already descrjhod the changes of spectrum on cooling 
tho all trans and the hindered 11 cts isomer In the 
present experiments those measurements were ex 
tended and similar measurements perform od with 
tho relatively unhindered 0 cia, 13-cis and 0,13-rffcis 


isomers (Fig l)* 6 Theso measurements are sum 
morizod in Table 1 and the changes of ortmction 
with temperature are shown in Fig 5 

As already noted the all frans isomer on cool mg to 
about — 185° C exhibits a displacement of A m.r of 
about 14 mg toward longer wave lengths, and a rise 
of tm»x, of about 10 per cent Very nearly the same 
changes are displayed by all the unhindered cis 
isomers , so that they , together with the all trans 
isomer, show on this degree of cool mg an average 
displacement of Xmai of 13 m|i, and an average rise 
of tmax of 11 per cent This correspond onco m 
boha\ lour is ovidont in Fig 5 in the close parallelism 
of tho linos describing the change of ttn.r with tom 
perature for theso isomers 

Tho extraordinary behaviour of the ll*cis isomer 
is especially evident in this context To exammo 
tliis more closely we have measured tho spectra of 
all trans and 11 cis retinene at intermediate tom 
peraturoe between 26° and — 186° C , tho sanations 
of c m «x. over this temperature range are included in 
Fig 5 

On cooling all trans retinono, c m *i. rises llneorh 
over the ontire range of temperatures Tho 11 cis 
isomer exhibits altogether different bohaviour Hav 
ing begun at room temperature far below tliat of an\ 
of tho other cts isomers, the inm, of 11 cts retmeno 
rises bo rapidly on cooling that by the temperature of 
liquid nitrogen it has become higher than that of the 
unhindered 0,1 3-dicts isomer, and as high as those of 
the unhindered 0 and lZ-monoas isomers One 
would oxpect that having achie\ed this position 
*taax. should continue to rise at still lower tem 
peratures in parallel with the rise of the unhindered 
cts isomers yot this would demand a considerable 
decrease m slope, of which there is no hmt in the 
data of Fig 5 Indeed, tho rise of » max . in tho 11 -cja 
isomer proceeds in two stages each linear with tom 
perature a relatively slow chan go from room tom 
perature to about — 100°, and a considerably more 
rapid further change to about — 185° Tho sig 
nificance of tho break in the curvo and change of 
slope is not yot clear , but it makes all tho more 
problematical the course of this function at still 
colder temperatures 

Incidentally, those measurements show that tho 
effects of cooling are regular and continuous Thoy 
go primarily, therefore, with the change of tom 


Table 1 Enron or Coolihq trrot Gaiotuoid Btectra. 



Boom temperature 

— 186 to -105 








Ratio of «mx 

shin o( 1 »iit 

(cold— warm) 






Geometric l*omer 

t T 

?m*x. 

fm»y 

Va* 

(cold /warm) 


(x 10“*) 

(rap) 

(X 10-*) 

(“/») 


(nbO 

Rr{{*r** 







AW-trani* 

47-6 

373 

El - 

387 

1-09 

14 


30 7 

308 

44 1 

3 0 

1 11 

13 

13 -dt 

38 8 

308 

43 5 

380 

1 12 

X4 

0,1 Mb'* 

(Retlne oft, all-Innu) 

11-flti (hlndercd)t 

33 -6 

380 

30-0 

371 

1 11 

11 

42-0 

28 4 

302 

SCO 

45 5 

43-0 

409 

334 6 

1 -09 

1-03 

17 

15 5 

ft CaroUnt 







AU-4r#)uJ 

13' Ef 

451 5 

184 

409 

1 34 

l'-S 

15-moaoeii 

03 3 

41“ 

140 

465 

I 42 

18 


188 

46-2 

4"2 

403 

272 

134 

434 

452 5 

1 40 

2-90 

12 

40 S 

J (fawfn A 






0 5 

All tram 


324 

61-2 


1-04 

(Ml* min A, acetate all-/nwti) 
ll-rt# 


340 

45-0 

360 

1 14 


warn 

318 

48 7 

332 S 

142 



* Arerace* from three leti or meintretnenU 
t ATcr«Rci from fonr 

1 \YcrmtM from two . . , . 

S For carotene and lycopene and re of the middle maximum that ofneat-uwo r 
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Tig 5 Rise of maximum extinction (emu ) of geometric Isomers 
of retinene on cooling to liquid nitrogen temperature The nll- 
trarw and unhindered ci* Isomers exhibit parallel changes, tmix 
rising on the average 11 per cent In tho hindered 11-cw Isomer, 
cnun rises In two linear stages, a total of 02 per cent The sig- 
nificance of the break In the latter function Is not known 

perature and not with vitrification of tho solvent, 
which becomes apparent only at very low tem- 
peratures, below — 1G0° 

It is a str flung characteristic of the 11 -<n$ isomor 
that though its sterically hindered configuration 
greatly depresses emax , it has httle effect on > max , 
which is displaced from the all-frons position no more 
than in other monocia configura- 
tions By the same token, coolmg 
has no greater effect on the >max of 
the 11-cts isomer than on the 
others Furthermore, the change 
of > max with temperature for this 
as for the other isomers is simple 
and linear, with no evidence of 
such a break as appears m the 
function for e mas 

(2) ^-Carotene The spectrum of 
all-frans {3 -carotene (C 40 H 6 , , Fig 0) 
exhibits three absorption maxima 
m the visible region, the central 
one of which has the highest 
extinction (Fig 7) These maxima 
constitute vibrational fine structure 
superimposed upon a broad absorp- 
tion band which represents a single 
electronic transition from the ground 
to the first electronically excited 
state On coolmg to the tempera- 
ture of liquid nitrogen, the spectrum 


as a whole is displaced toward longor wavo-lengths, and 
the fine structure is greatly nccontuatod, five maxima 
now being distinguishable Now also tho absorption 
maximum of longest wave-Iongth has tho highest 
ext, motion Ordinarily m carotenoid spectra the 

band of noxt-to-longest wavo-longth is highest , 
and this maximum also con most readily ho compared 
with cases in which no vibrational fino structure 
appears, tho entire absorption taking the form of a 
single, broad band For tlieso reasons our measure- 
ments are summarized m Tablo 1 and Fig 8 in terms 
of tho control maximum A more significant index 
is the area under tho ontiro absorption band A 
comparison on this basis is shown m Tablo 2 (holow) 
On cooling to about — 185°, tho control maximum 
m all-irana p-carotcno is displaced about 17 mg 
toward longor wave-lengths, and rises 32 per cent m 
extinction Similar measurements wore mado upon 
all-frans lycopono, C 40 H tc , tho straight-chain iBomer 
of p-carotono (Fig 6) with similar rosultB (Table 1) 
On coolmg, its control maximum was transposed 
about 12 mg toward longer wavo-lengths, and tho 
extinction rose 46 por cent 

As an example of an uidimdorcd monoeig P-cnrotono, 
wo have oxammed tho 15,15'-j»onoci« isomor (here- 
after called 15-cia), prepared synthetically 13 Such a 
centrally placed ci«-lmkage causos a maximum 
bending of tho molecule, and is associated with a 
particularly tall ‘cus-poak’ 14 in tho near ultra-violot ?t 
about 340 mg The emax of 15-cia p carotene is only 
71 por cent as high as that of tho all-frans isomor, 
but on coolmg to about — 185°, this spectrum under- 
goes parallel cliangos (Fig 8) Onco again ), mn x is 
displaced 16 mg toward longor wavo-Tongtlis, and 
smax uses 42 per cent As in the rotinonos, cooling 
has about tho same effect on tho unhindered cw 
isomer as on tho all-trans configuration 

15 monoas p-carotono offers a particularly good 
opportunity to examine tho effects of cooling upon a 
cty-peak At room temperature the cw-ponk of this 
molecule consists of a smglo band, maximal at about 
335 mg in EPA, and. with emax 58,500, almost 60 por 
cent as high as tho main absorption band On 
coolmg to about — 185°, tho maximum moves to 
about 349 mg — a sluft of about 14 mg, slightly less 
than in the mam band — and e max rises about 9 per 
cent — very much loss than m tho main band Tins 
difference m tho effect of cooling on E m nx is probably 
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WjC x f/fr CH, 

''CHj 


I 

CH, 


CH, 


I 

CH Z 


lycopene, C A 0 H S6 (all-trans) 

Rig 6 Structures of aU-lraiw B carotene and lycopene These Is nmnrf, 
hydrocarbons differ mainly In that lycopeno Is Btrelght-chnln whereas S 
terminal d-lonone rings The latter are twisted oSt ^pCSty th? Ss 
owing to aterlc hindrance between tho methyl groups at 1, 1' and the n ninm. Sis a” 1 
so causing a large loss of '^l^tknof^rl^douWo bond, 4th 1 “WilJ 
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TUt " Absorption tpectr* or all Amnt »nd 11 11 -Juri* A-tnrottne 
Jo EVA at room tom per* tore and at that of liquid nitrogen On 
cooling the maximal extinction of the ‘middle band (that of 
rvext-to-lonKst wave length) rhw* 31 per cent In the all-tran* 
Jaomer jukTISS per cent In the hJmlerod dtinotner The apectra 
meaaored In the cold dJ*play flro dlitlnct maxima rer»x»cntlng 
tmultlon* from the 0 vibrational level of the ground electronic 
atate to Are rlbr*tlonal lerela of the flrjt eJccfronlcallr exdted 
lUte 

not t, cry significant , In both casoe the area of tho 
hand reniams practically imohongod (of Toblo 2) 
On tho wliolo, ft may be conoluded that the offoot 
of cooling is much tho same on tho cm peak os on 
the long wavo-longth absorption. 

As m tho retmenos, however, a hindered cm isomer 
beluwvee very differently As oxoruplo of such a form 
we have oxommod ll,ir-dtcM fbcarotone, prepared 
synthetically 1 * This molecule contains, symmetric 
ally placed two hindered ois linkages like that of 
11 cm rotaneno The absorption spootrum fn the 
visiblo region is greatly degraded at room tom 
perature, consisting of a single broad band displaying 
no fine structure with Cniax only 33 0 per cent 
os high as that of all irons (3-carotene, and W. 



Fig 8 EfToCt of coolln* on tho maximal extinction of geometric 
laomera of p-carotene The a™**, recordod la that of the *mIddlo 
In ext- tod on treat wave-length) bond The change* In tha aIHrait* 
and OTihindcrrd 15-ci# l*omera are nearly parallel The hindered 
eU Uomer exhibit* a much larger change 


displaced about 50 mp toward shorter wave-lengths 
(Fig 7) On cooling to about — 185°, tins spectrum 
changes out of all proportion with the all irons and 
15-cts isomers t m.r, risos 2 00 times, approaching 
close to the cmxx. of 15 monocts carotene (Table 1 
Fig 8) and Xnux. i a displaced 49 5 rap towards 
longer wave longtlis In addition, the spec tram m 
tho oold exhibits all the fine structure characteristic 
of unhindered isomers of p -carotene As with 1 1 -as 
rot mono, there is every appearance that cooling to 
this degree has almost wholly relieved the steno 
hindrance 

(3) Vtiamtn A The attempt to perform similar 
measurements with vitamin A (O xf H,,CH,OH) on 
counters special difficulties These measurements 
must ox tend furthor into the ultra violet than with 
the other polv ones , hence we transferred to a quartz 
Dewar flask and quartz absorption coll TJnfor 
tunateJy also a largo solvent ‘blank’, and con 
sequent impairment of tho accuracy of measurement, 
dovolop below 330 rag 

What is more troublesome is that vitamin A. fluor 
csces strongly at room temperature and brdhantiv at 
the temperature of liquid nitrogen In the Beckman 
spectrophotometer as ordinarilj employed much of 
tho fluoresced light is picked up bj the photocell, 
and recorded as if it wore a decrease of extinction. 
The error so introduced is negligible at room tem 
perature, but considerable in tho cold, both because 
of the increased fluorescence, and because tho need 
to open tho sht of tho spectrophotometer widolv at 
short wavo-longths greatly mcreosoe the radiation 
incident on the solution. In our first measurements, 
having dono nothing to temper this effect, wo wore 
surprised to find that-, unlike all tho other polyenes 
measured, vitamin A appoared not to rise in axtlno 
tion on cooling In the later measurements to be 
described we insert od a Jana DO X filter, which 
transmits light only between about 320 and 400 mp 
botwoen tho Dewar flask containing tho absorption 
cell and the photocell, so removing nt least tho visible 
fluoreeconco Tins helped somewhat to bring the 
measurements on vitamin A into lino with those on 
other polyenes, but was not wholly adequate since 
fluorescence in tho near ultra violet still reached tho 
photocell 

Tho absorption spoctra of all trails and II cm 
vitamin A, moasuroa in EPA at room temperature 
and in the cold, aro shown in Fig 0 The changes in 
^msx. and extinction which occur on cooling are 
summarized in Table 1 and Fig 10 
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Fig 10 Effcotfl of cooling on tnu«. of nll-(ran» nnd 11-cu \ltomln 
A and all Irons vitamin A, Vitamin A, fluoresces so intensely In 
the cold that it appears to absorb less than Is actually the ease 
The change In owur exhibited by \ltnmln A, Is probably more 
nearly correct for both all-frans molecules Tho hindered cn 
vitamin A, exhibits a much larger change, though hero again the 
change Is under estimated because of strong fluorescence in the 
cold 

When the all Gratis isomer is cooled, X max is dis- 
placed. about 9 5 mg toward longer xvave-longths 
The absorption band acquires also a degreo of sym- 
metry that is lacking at room tomporaturo, shouldors 
appearing on each side of the maximum, reminiscent 
of the three-handed structure of the polyene hydro- 
carbons Tho extinction meanwhile rises only about 
4 per cent, perhaps owing to the under correction for 
fluoresced light already noted From tins point of 
view some special interest is attached to tho behaviour 
of all trans vitamin A,, which docs not fluoresce 
strongly , on cooling, its extinction rises 14 per cent 
(Table 1, Fig 10) 

As with the other polyenes examined, the hindored 
ll-cis isomer of vitamin A exhibits special behaviour 
Cooling this isomer shifts Xmax only slightly more 
than m all-frans vitamin A t or A 2 , as was tho case 
with tho retmeno isomers , but emax rises 42 per 
cont, and would probably have risen more if the 
fluorescence had been adequately controlled Where- 
as the extinction of ll-cis vitamin A is only 00 per 
cent of that of tho all-trane isomer at room tem- 
perature, m the cold its extinction rises to 90 per 
cent of that of the all-irans isomer, with simultaneous 
development of comparable evidences of fine struc- 
ture, in the form of inflexions lying at both sides of 
the maximum 

Cond-UMon This examination of the absorption 
spectra of all-irons and as isomers of retmeno 
P-carotene, lycopene and vitamins A and A s shows 
that whereas all-irons and unhindered evs isomors 
exhibit parallel behaviour on cooling, sterically hin- 
dered cis isomers exhibit abnormally large changes 
of spectrum, including very large increases of extinc- 
tion, as though cooling had largely or completely 
relieved the hindrance 
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(3) Discussion 
By Prof GEORGE WALD 

The umquo featuro of tho carotenoids is that thoy 
possess conjugated systems of alternate smglo and 
double bonds m linear array This arrangement not 
only lends thorn colour — a piopeily of all extensive 
conjugated Bystoms — but also tho capacity to undergo 
large changes in shape through as-irans isomerisa- 
tion 14 In othor types of pigmont, natural and 
synthetic, tho conjugated systems aro mainly bound 
m rings, and honco hold rigidly m position Exposure 
to light is ono of tho most gonornl means for causing 
as-trans isomorization , and tho relatively un- 
restricted capacity of carotenoids to chango their 
shape in tho light is probably tho mam reason for 
thoir special position in animal and plant photo- 
reception 1 ' 

Tho absorption of light goes with the possession of 
particularly mobilo oloctrons, associated not with 
single atoms or bonds, but with tho conjugated 
system as a whole 17 In valence bond theory this 
spocial oloetromc mobility is ombodiod in tlio concept 
of resonance or mosomorism the moloculo is 
regarded as a hybrid of all tho possible electronic 
configurations that can ho associated with a given 
constellation of atoms In molecular orbital thoory, 
the samo effect is achieved with tho concept of over- 
lapping 7r-orbitals, occupiod by --electrons which 
movo more or less freely through tho ontno conjugated 
system 

Resonance, or tho prescnco of "-electrons (which- 
ever semantic ono profors), lowors the onorgy required 
t o raise an electron from tho ground state to tho first 
oxcitod state, honco poising tho absorption at 
relatively long wavo-lcngths , end also greatly 
mcreoses tho piobability of such transitions, with a 
consoquont mtonsifieation of absorption These are 
the properties that characterize a pigmont 

Tho spectra considered in tho piesont oxporiments, 
except for a passing reference to tho as peak of 
p -carol ono, represent such transitions from the 
ground to tho first electronically excited stato Fine 
structure, when evidont, is caused by superimposed 
changes 'of vibrational state (Fig 12) 

Tho most significant aspects of thoso spectra are 
(1) Their wavo length range, a measure of tho onergics 
involved m tho oloetromc transition (Fig 12), 
through tho relation A E = Nh'j — A T 7ic/X = 2 854 X 
1 0 7 /X, in winch AF, tho onorgy of tho transition, is 
oxpressed in gram calories por molo of quanta, and X 
in mg. (2) The width of spectrum and detail of fino 
structure In gonoral, a narrow spectrum and sharp 
fino structure are signs of the simplification of 
vibrational changes Any increase in tho vmioty of 
such changes, through tho ovoi lapping of hands, 
tends to broaden tlio spectrum and to wash out 
detail (3) Tho area under tho absorption hand, whon 
it is plotted on a frequency scalo (fs^iv) This is a 
measure of tho probability of tho oloetromc transi- 
tion 1 ' If the absorption band is reasonably sym- 
metrical and lacks fino structure, tlio product of 
enmx and tlio half-width of tho band (e mnx Av„.) 
does nearly as well , but these conditions aro not 
usually fulfilled by carotenoid spectra eQJVX itself, 
though frequently mvolved m theoretical discussions, 
has littlo physical moaning, and offers only a rough 
hint of whether the bond area has changed 

For conjugation to bo strong, tlio atoms which 
compose the conjugated system must ho approx- 
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lmntoly in a piano It is only then that 7r-orbitala 
can o\ orl up or resonance occur 1 * Any departuro 
from coplannritv — any twist mg of tho system — 
mt erf ores with conjugation to ft dogro© dopendmg 
upon the anglo of twist** Tho result is to depress 
tho probability and usually to increase tlio energy 
of tho lenvoet order of eloctronlo transitions, so 
decreasing the area of tho longest wav o length 
band and usually shifting it toward shorter wave 
lengths 

Simplo bending of the conjugated ohain o\ on 
though in a piano, also affects tho absorption spec 
tmm Polj cnee abeorb most strongly when the 
electric voctor of tho light is parallel with tho long 
axis of tho conjugated chain A polyeno in tho all 
trails configuration is linear (oxcopt for the regular 
zigzagging between carbon atoms) and is at its 
longest, extension (Fig 11a) In this state its absorp 
tion is concentrated in a single electronic transition, 
and lies at rolativ oly long wav o lengtlis Any bending 
of this struoturo such aa is causod by a cts linkage 
shortens It, and at tho same tuno opons a now axis 
of absorption at right angles to the main axis (Fig 
1 16) Tho result is a docroaso in the area, and usually 
the height, of the mam absorption band , and tho 
appearance of a now absorption band (the cw peak) 
associated with tho new absorption voctor lying at 
shorter wave lengths and polar i tod at right angles to 
the mam band* 1 

Mullik 0 n l7a ' rf has dom ed tho approximate expression 
cm*x. °C in which l is tho length from tip to tip 
of tho conjugated system Tho greatest shortening is 
causod by a central ns linkage which bends tho whole 
syBtom at an angle of about 120°, shortening it to 
about 87 per cent (that is cos 30°) of its all irons 
longtli (Fig 116) By Mulllken's formula tins shoidd 
diminish cm*x. to 76 per cent of tho all irons valuo 
The available measurements tend to show somewhat 
larger decreases of xm*x (compare oil trans and 1 b^cis 
(J -carotene in Table 1) Furthermore, a as linkago 
anywhere in the ohain shifts Xmax mp toward 
shorter wave lengths'*, an offoct that is not a neces 
sary consequonoo of simplo bending in a plane 
Perhaps both departures from expectation are caused 
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Fla 11 Dbmrmra to tbow the »b*orjitloQ vector* of mrh eon- 
Jusxted *plem* a* *re pretent In the c*rotonoM* The coofucaUtl 
*y*tem of »n tU-Oufu csrotenold it erroUntr throughout and at 
It* lommt extension An unliindered elf linkage bn>dt the mole 
rule «lwrtoulnK Ilia fundamental vector and openlnf a new 
absorption vector poUrlxed at rlebt *n*lea to thl* retnonalble for 
the cu peak A hindered cis 1 1 nk*fic both bend* and twliti the 
molecule mu It In* in absorption* corretpondlnu not only to the 
main and eit peak vector*, but to the ‘part Ini cliromopbore* Into 
which tho con]agxted*yit«oil*dJrMetl by thebrr*kln eopjanarlty 


tf-carotene 

(all- i ram) 



Fiff 12. Energy diagram of aU-tmai 0-carotene eomtrncted 
from tho data ol Fit 7 (left) These result* ara re-plotted on a 
fteoueuey scale at Ute top of the present flRure The live maxima 
that appear In tho cokl represent troniUlorufrom the 0 vibrational 
level of tho Ground electronic aUto to live equally apaced rlbr* 
tlonal levels (about 4 local apart) of tbo tint electronically 
eidted atate Tho entmr of tbo CM) tranalUon la BO 1 k caL per 
mole In the warm, and fcC-6 local In the oold. In tho warm a 
few transition* go from hicher vibrational level* of the ground 
*h^« particularly abort trandtlon* of thla type *hown here 
with broken line* are responsible for a Iobr wave-lenalh tail 
on the ahaorptlon band whlrh la loat ln tha cokL (Till* difference 
doe* not emerge In the present anectra thoufh apparent In general.) 
Tho area* under tho tuccmfve maxima are an Index of the 
tramltlon probabilities In both warm and cold the 0-1 transition 
1* moat probable Similar energy diagram* dlffirinp only in 
man erica) detail can ba drawn for 16 -eit and (coW) 11 11 -d(rit 
/J-coroteno and for lycopene 


b} tlie email twisting tliat may also bo associated 
■with 'unhindered' eta linkages (boo bolow) On tho 
other hand as already noted, such theoretical argu 
ments are properly pursued on the basis not of 
«max.» but of tho area of tho absorption band 
In a stoncalij hindered cis linkage, tho overlap of 
projecting groups causes a largo departure from 
coplanaritv At such a point, os already said, tho 
conjugated system is both bont and twisted (Fig 1 1c) 
Tho bend as always is associated with a decrenso m 
tho fundamental absorption, and tho appearance of 
a cis peak In addition, tho twist causes a partial 
break in conjugation, which to aomo degree divides 
tho wholo syBtom into two shortor segments — 
'partial cliromophores’ Associated with tho latter 
are subsidiary bands, lying at Bhortor wnvo lengths 
than tho fundamental band, and overlapping with 
tho cis poak, tho mam band, or both, doponding on 
tho lengtlis of tho sogmonts 

It can bo concluded that tho absorption spectrum 
offers a variety of indices of molecular structure : 
tho linear co-ordinates of tho conjugated system its 
complexity of vibrational states whether it boe bont 
or straight, whothor twist od or in a plane With 
thoso notes as background, wo may discuss tho effects 


►oling on the absorption spoctm 
•neral cftccls of codling Cooling ronullotl In tho 
i gonoml pattern of chanj-oR fn 
luiliindor-xl as ’Win 
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Tabic 2 Effect-s^of Cooling ok the Areas of Absorption ihkds 



Relative area 

Ratio ofareas 
(cold/warm) 

Carotenoid 

Room 

temperature 

- 185° to 
- 195" 

Unhindered species 




Retinene, all-tnms 

320 

317 

0 99 

9-cut 

300 

313 

1 02 

0 Carotene, all tram 

095 

054 

0 94 

15 monocit 

494 

484 

0 OS 

cis peak 

2S0 

274 

0 90 

Lycopene, all tram 
Vitamin A, all tram 

835 

834 

1 00 

293 

310 

1-00 

Vitamin A,, all tram 

324 

316 

0 97 

Hindered species 




Rctlneno, ll-ct» 

171 

241 

1 44 

Vitamin A, ll-ei» 

193 

204 

1 37 

0-Carotene, ll, 




W-dms 

292 

629 

1 81 


Relative areas, in arbitrary units, of the fundamental absorption 
bands plotted on n scale of molar extinction versus frequency , tliat 
[s./r^dr 


changes had been noted earlier in studies of diphenyl- 
polyenes® They include (1) displacement of tho 
spectrum toward longer wave-lengths , (2) z max 

rises, and the absorption band narrows , its area 
does not change (Table 2) , (3) fine structure may 
appear, or be accentuated , (4) tho long-w ave longth 
tad of the absorption band is abbreviated, so that 
usually it cuts off at shorter wavo-lengths than in 
the warm 

These changes have a common basis, a Inch can 
most readdy bo understood with reference to such a 
typical example as all-f rails (3-carotene, the energy 
diagram of which is shown m Fig 12 Above the 
energy diagram are the absorption spectra from 
which it was derived, tho curves of Fig 7 (loft) re- 
drawn on a frequency scale 

Tho fundamental absorption band of (3-carotone, 
as is apparent m the spectrum measurod m tho cold, 
possesses five maxima, represontmg transitions from 
the zero vibrational level of tho ground electronic 
state to five vibrational levels of the first electronic- 
ally excited state The five absorption maxuna aio 
equally spaced, 1,430 cm ~ 1 apart, corresponding to 
differences in the vibrational onergy levels averaging 
4 08 k cal per mole Tho tliree peaks that appear 
in the warm clearly correspond to the first three 
peaks m the cold spectrum, and have almost the 
same spacing That is, m both cold and warm, tho 
first five vibrational levels of the first excited state 
are equally spaced about 4 k cal apart 

The absorption peak of lowest frequency measures 
the energy oliange corresponding to the 0-0 transi- 
tion At room temperature this peak occurs at 
20,700 cm -1 (AE = 59 1 k cal ) , in the cold it has 
shifted to 19,780 cm,- 1 (AE = 56 5 k cal ) That is, 
cooling the molecule has lowered the energy of tho 
first electronic excitation by 2 6 k cal , accounting foi 
tho displacement of the spectrum towards the red 

Though m the cold the highest extinction appears 
m the first band (0-0 transition), if the areas under 
the vibration bands are measured, these are seen 
to be largest m both the cold and warm in the second 
(‘middle’) band (0-1 transition) Such areas are an 
index of the relative probabilities of the various 
transitions, indicated m Fig 12 below the energy 
diagram The 0-1 transition is most probable at all 
temperatures 

All these features of the energy diagram, except 
for small numerical differences, are shared by 16-cis 
and ll.ll'-chcM [3 carotene (cold) and by lycopene 

At room temperature a small fraction of molecules 
)s at higher vibrational levels of the ground state. 
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from winch transitions to the upper state involve 
smaller increments of onergy, and honco longer w nvo- 
lengths of absorption A few such transitions aro 
shown in Fig 12 with brokon linos A scattering of 
particularly short transitions of this land accounts 
for tho long wave-length tail on tho absorption band 
in tho warm In the cold, virtually all transitions go 
from tho zero vibrational lovol of tho ground state, 
and this tail is lost (Our measurements on (3-carotono 
do not show this difforonco, though I think that more 
detailed measurements would have rovoalod it It is 
apparent in many of our other spectra ) 

Why do all polyono spectra that have beon exam- 
ined rise in extinction, that is, sharpen in structure, 
and shift toward the rod on cooling ? Tho shift 
towards tho red, as just said, is an expression of tho 
lowering of tho transition energy betwoon tho ground 
and first excited state It may bo supposed that m 
the warm, moleoular motions, m part tho result of 
collisions, bond and twist the conjugated system from 
momont to moment so as to produce offoets that ro- 
somblo statistically thoso of cis linkages, hindoiod and 
unhindered In tho cold and in a rigid solvent, tho 
moleculo is subjected to loss doformation, and can 
maintain relatively undisturbed its most extended 
and planar conformation Such a view raises no 
serious onorgotic difficulties, for tho moan thormal 
kmotic energy at room tomporaturo is about 0 9 
k cal per molo (3/2 RT), -which is of about tho right 
magnitude to produce tho minor bondings and inter- 
ruptions of conjugation that would account for tho 
displacement of spoctrum toward sliortor wave- 
lengths and tho fall of extinction and broadening 
tliat wo observe in tho w arm Tho offoets of warming 
can mimic thoso of a cm hnkngo only qualitatively , 
for an actual cm hnlcago is fixod m position in all 
molecules of one spocios, whereas warming causos 
transient and fluctuating offoets, different in all 
members of tho molecular population 

It seems to mo that this hypothesis involves sovoral 
theoretical consoquonccs that should bo mentioned, 
though they do not omorgo in tho present moasuro 
monts If it is truo that tho molecule achioves more 
perfect conjugation in tho cold than in tho warm, 
this should result in an increased rosonanco onorgy, 
and a consequent lowormg of the ground stato as 
well as tho first excited stato Furthermore, ono 
should expect tho area of the absorption band to bo 
largor m tho cold than m tho warm, just as it is 
larger m tho all-frans than in cis configurations , as 
Tablo 2 show r s, witlnn tho accuracy of tho presont 
measurements, tho areas are tho samo at room tem- 
perature and in tho cold Finally, I think ono should 
expect to find higher absorption m tho worm in 
the ultra-violot, owing to contributions from now 
absorption vectors and partial cliromophoros Perhaps 
more detailed investigation will uncover all theso 
effects 

Oooling and slcuc hindrance It was shown abovo 
that sterically hindered cis carotonoids exhibit 
abnormally large changes of spoctrum on coolmg, as 
though lowormg tho temperature had roliovod the 
hindrance Emm rises, and /. raax shifts toward the 
red, so as to approach the properties of on 
unhindered cm molecule 

^■ ore significant than oither of theso offects is tho 
bohaviour of the area of the absorption band As 
shown m Table 2, though tho areas of tho mam 
absorption bands of all-trans and unhindered cis 
carotenoids are approximately tho samo m tho warm 
and cold, those of 11 -cm retinene and vitamin A 
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i%S IS Ttuw wureei of Intramolecular iterie hlodraoce cn 
oonntftrttl In e*rot«DoId* (*) Ilfort ranee between methyl frtrap* 
ona/J-loaoneriDtAnd a hydroffen atom on lhttglde-<AuUn VYJut 
U belUrwl to bo the pr^rnienfa-tnjw orientation la thowo ltw« 

(*) Hindrance between U atom* at an ‘unhindered ri» llBlage 
it /• oofr wh*n H la glren a ran der Waal* radio* of 1 -2 A that 
the overlap ahown here occur* At a radio* of 0-65 A or ItM, 
there would he no hindrance (c) Hindrance betvrcen • methyl 
ytoup and n at a hindered el* linkage Only tlU* hut typo or 
hindrance appear* to be appreciably relieved by cooling 

increase about 40 por cent and that or 11,11 -fit cut 
£ caroteno increases Just tw ico as ranch, about 80 per 
cent, on cooling t-o liquid nitrogen temperature 

Such molecules present three sources of atorio 
hindrance (Fig 13) (n) overlap botwoon the methyl 

groups on Cj of the ring and the H atom on C g 
causing a txviat Iwtvreon the ring and side chum* 1 , 

(b) overlap botwoon H atoms at an ‘unhindered’ eis 
linkage This Is small, if it ousts at all, yet is some 
times held responsible for the small shifts of spectrum 
toward shorter wnvo-longtha and some of the decrease 
of extinction that choracteriro such linkages 1 * , 

(c) overlap of an H atom with a methyl group at 
such linkages os ll-cis 

Of theeo threo typoa of hindrance, only one appears 
to bo rehev od by cooling (a) Cooling does not eliango 
appreciably the hindrance between ring and mao 
chain, as shown by the fact that it has parallel effects 
on 0 carol ono which pooBoeaos two ionone Tings, and 
lj ooponc, which has none (Tables 1 and 2) (6) Cooling 
docs not relieve whatever overlap of H atoms may 
exist at ‘unhinderod’ cis linkages, as shown by the 
fact that it has parallel effects on unhindered cm and 
all Irons carotenoids (c) It con bo concluded that 
tooling roheves specifically tho sterm hindrance at 
such linkages ns 11-cis 

What is the mechanism of this effect 7 The geo 
motry of molecules involves two kinds of dimension 
the distancee bo tween bonded atoms, expressed m 
tho bond radu, and tho distances at which non 
bonded atoms and groups begin to repel one another, 
expressed m the van der Wools radii Instances of 
mtramolcwdar steric hindrance soom os though they 
should involve van dor Wools radu These are 
gonoraUy estimated to be about 0 8 A larger than 
tho bond radu 1 ' Yet estimates of intramolecular 


and twisting motions of attached groups, effectively 
contracts their von der Wools radu This is the same 
typo of effect that we have already invoked with 
regard to tho conjugated chain It is this effect that 
I think is primarily responsible for tho relief of stone 
hindrance on cooling 

Why are hindrances of typos (a) and (6) in Fig 23 
not rehovod by cooling 7 

Tho hindrance between the rmg and side-chain is 
probably considerably ‘harder’ than at on 11 -ms 
linkago, because, in the e trans configuration shown 
m Fig 13, tico methyl groups are In conflict with an 
H atom , and the ring liolds theeo methyl groups 
more rigidly than would a straight chain 11 

Tho assumed hindrance between H atoms at an 
unhinderod’ cis linkage requires further consider*! 
tion Such hindrance exists if hydrogen is assigned 
tho full van der Wools radius of I 2 A. but this 
valuo js probably too largo to be applicable in the 
present instance Braude haa suggested that file 
onset of spectrally detectable effect* owing to stem 
lundranco coincides bettor with a van dor Waala 
radius of about 0 6 A. for hydrogen 11 > oven if one 
expanded this to 0 8-0 0 A no conflict would exist 
at an unhindered as linkage and tho problom of 
relieving it by cold or otherwise would not arise On 
the other hand, if tins is a sourco of hindrance ono 
would not oxpect it to be relieved appreciably In 
cooling , for the stretching and bonding energies of 
bonded hydrogen atoms are so large an scarcely to 
be activated even at room temperature 1 * 

For this reason also the rellof of hindrance on cool 
ing at such a linkage as 1 1 -cut cannot appreciably 
mvolvo tho H atom, and must bo ascribed almost 
ontirely to the contraction of tho effective van dor 
W oals radius of tho mothyl group 

Implications and consequences Tho assumption 
that the effective von dor Wools radu contract con 
mdcrrably at low temperatures can bo tested further 
and made qnantitatrvu with the Iiolp of thoso and 
other kinds of measurement In particular, X ray 
crystallography at low temperatures should yield 
valuable information concerning tho variation of \an 
dor Waala radii with temperature, and whatever 
molecular distortions accompany such changes (I 
understand that such measurements have been made 
by W N Lipscomb at Minnesota and by Fonkuchon 
at Brooklyn Polytodinlo Institute both of whom 
inform mo m personal communications that coolmg 
Booms to ha vo only very small effects on bond rndh, 
and should have its principal effects on tl io distances 
of mtormolecular and intramolecular contact ) 

Ono interesting result of our observations is that 
in tho two instances in which measurements wore 


over crowding made <m this basis tend to predict mado at intermediate temperatures (Fig 6) im«. 
larger effects than are observed , and values smaller rose linearly as tho temperature was lowered, though 
than the van dor Wools radii, perhaps at times in tho c neo of 2 1 -cm rotmono an abrupt change in 
approaching the bond rodd, may bo moro applicable slope occurred at about — 100°, tho reason for which 
(ef ref 24) is not known The solvent is still highly fluid at this 

I would suppose that tho repulsion radius is made temperature and continues so until below -—150° 
up not only of tho space occupied by atomic struc Tho temperature at winch our measurement* 
tures, but includes also to a degree the space swept stoppod was arbitrarily that of liquid nitrogen At 
out by atoms and groups m tlion* thermal strotohmg, this temperature as already not oil Il-cia rotmono 
bonding and twisting motions In this sense the close has achieved ns high nn tm*x. os an unhindered 
approach of such groups must give rise to a soft mono-cis isomer That is, it behaves as though its 
rather than a hard hindrance It is equivalent, not stone hindrance were entirely relieved and judging 
1 ^ the contact between rigid surfaces, but rather to from Figs 8 and 10 this must bo newly tho cn*o 

I n fluctuating interpenetration of 'LobensrSume’ that also with 11,11 -diets -carotene and 

I involves considerable give A Once tho hindrance Is gone one Bh $i i 

I would sunpoee that lowering tho temperature, nnv further ns© of with lo 

by quioting down tho thermal stretching, bonding poraturo to have tho wm ° * 0,w ’ 
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The only data adequate to bear upon this point are 
those involving 11-cw retinene in Fig 6 , and here 
there is no indication that this expectation "Will bo 
realized The slope of the function -would have to 
break very sharply to a lower value at temperatures 
just below that of liquid nitrogen, for emnx the 
hindered as molecule not to rise rapidlv above that 
of unhindered as forms, a phenomenon wo would be 
hard put to explain 

From this point of view the band areas shown m 
Table 2 are more reassuring At — 190°, ll-cts 
retinene has a band area still only 0 77 os groat os 
that of 9 -cis rebmene ll,ll'-dtci« (3-carotene has a 
band area higher than that of \5-monocis carotene, 
as it should , since two cis linkages tend to com- 
pensate each other, bending the moleculo less, and 
usually for this reason depressing the extinction loss 
than one central cts linkage 14 Perhaps, therefore, as 
m other aspects of this problem, the argument 
encounters difficulties m terms of emax that oro 
avoided when one considers instead tho band aroa 
The observation that steric hindrance is partly or 
wholly relieved at low temperatures has a curious 
consequence The twisting of the molecule occasioned 
by stone hindrance may, if sufficiently largo, cause 
observable optical activity, depending upon whether 
the twist is to the right or the left In all but lughly 
hindered molecules, since, as noted, such hindrances 
are ‘soft’, racemization occurs rapidly at room tem- 
perature, and ordinarily tho single optical isomers 
cannot be isolated In so\ oral instances of largo 
hindrance, howevor, racemates liavo beon resolved, 
and the enantiomorphs are relatively stablo” 57 Our 
observations suggest that cooling such a single 
optical isomer, by decreasing the hindrance, might 
remove the barrier to racemization We should then 
observe the strange phenomenon of a chemical 
reaction, a racemization, activated by lowering the 
temperature This possibility should certainly bo 
examined 

Changes of absorption spectrum similar to those 
we have observed on cooling carotenoids in solution 
are observed in the warm when these and other 
pigments are embedded m solid or quasicrystalline 
structures So, for example, spectra of the visual 
pigments — all of which are retmene -proteins — exhibit 
a displacement of Xmas, several mg toward the red, and 
rise of extinction, when measured m the retina or in 
suspensions of whole or fragmented outer segments 
of rods” The latter are quasi-crystalhno structures, 
in the sense that many of their molecules, including 
tho visual pigments themselves, are oriented relative 
to one another 58 The same relations involve the 
spectra of tho chlorophylls, measured in cells or 
chloroplast suspensions, compared with then spectra 
m solution 50 In all these cases the spectrum m cell 
particles appears to differ from that measured m 
solution m much the same way that spectra at low 
temperatures m rigid solvents differ from thoso at 
room temperature Perhaps m solid structures, as m 
the cold, the quieting of thermal motions and relief 
from collision permit these pigments to maintain a 
less disturbed condition of linearity and coplanarity, 
with the consequent increase of target length and 
improvement of conjugation that yield the observed 
spectral changes 

These investigations were supported m part by 
grants from the Rockefeller Foundation and the XT S 
Office of Naval Research We are indebted to Dr 
H H Inhoffen for a gift of 15,15'-ct.s (3-carotene , to 
Dr O Isler for gifts of 11,11 '-dicis (3 -carotene and 
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vitamin A, acotato , to Prof L Zochmoistor for 
lycopene , to Dr W. Oroshmk for 11 -cis vitamin A 
and retmene , and to tho Organic Rosoarch Labor 
atory of Distillation Products Industries, Rochester, 
New York, for supplies of 9-ct-s, 13-ci-s and 9,13 diets 
retmene 

(Dr Jurkowitz — now at tho University of 
Chicago Climes — performed thoso experiments m the 
summer of 1955, following his first year at medical 
school Air Loob, now a third-year student at Har 
vnrd Medical School, was an undergraduate at the 
time of thoso experiments (195G-57) ) 
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FORTHCOMING EVENTS APPOINTMENTS VACANT 


(Mcrfinffi marked mlA an a tie risk * are open to Use public) 


Monday October 19 

iLLUniKATrso Esfonnpainro Socnrrr (at Caxton Hall Carton 
Street London, 9 Wl) at 6p.m. — Hr L J Davie* The Generation 
of Light" (Golden JubUce Lecture) 

Ujoveesitt of Loxpor (at Blrkbeck College Malet Street London 
W 0 1), at 6 p.tn — Prof E, G Boring (Harvard University) ‘The 
Pivchalocr of the History of Science (Pint of three lecture* cm 
The -Pattern of ifodem l*»jxhofocF" J* 

BUTHtf Aksocutiot for thb ADVtjrciacEjrT or Scictcj in Bvaocla 
t!on with OraXAda T\ Nrrwoxc (at the OaUdhaU London E (X2). 
at 8. SO p.m.— I)r Edward JL Racrcr Second of the Inaugural 
Series of the Granada Lectures on the theme of Communication In 
the Xlodern World" 

Bo tax Oioojufhioax Socrxrr (at 1 Kensington Core London 
S \V 7) at 8.50 p.m. — Blr Char lea Darwin FALS Darwin the 
Traveller* 


Tuesday October 20 

UktvebATtt COLtcnn (In the Anatomy Theatre. Gower S treat 
London 0 1} at 1 16 pan.— Dr A. W Stonier ' The Difference* 
between Engll*h and American Universities • 

Botal Ikstttutb or Ciitvnrrxr (Joint meeting with the Soum 
East Essex TwurnoAi College Hciomnc Society at the South 
East Technical College Lnngbridgc Boad Dagenham Eaaex) at 
7 pan — Hr D G ClLUman “The Education and Training of 
Chemists 


Wednesday October 21 

LvvrrruTiOY of OnxiriciAX Exodveexs (at the Geological Society 
Burlington Bouse Piccadilly London ,W 1} at 6 SO mm. — Hr K P 
Lanneeu Ga«-*olldi Contacting in Fluid! ted Bed* 

IssTiTtrnojr or UrcuAKiaAL Eiomnw Stxau 0 rode (at l Bird 
cage Walk Westminster London S W lLafc 0 p m. — Mr F Hamer 
Treaent-dfly Feed water Treatment for High Treasure Boilers’* 
Kotax Iarrmrrx or CnExuTET Lovuo.v Sacncxx (at King's 
College Strand, London W 0.2) at 6.50 p.im— Dr D D Davie*: 
Recent Advance* In Plant Biochemistry* 


Thbriday October 22 


U51VHCTT Couxan (In the Anatomy Theatre. Qcrwrr Street 
London W CJ). at 1 J6 P m.— Prof L. 8 Penrose FJt.8 Homan 
Chiomoaomes” * 


PirnnaAi, Soonrrr Omai Oiour (in the Science Museum Lecture 
Tbeotre, South Kensington London 8 W 7) at S p tm— pltcuaslon 
an the Stockholm Oonfhrenc* 


UHTTXMTTT OolAIOH (in the Eugenic* Theatre. Gowsr Street 
London WOl) at 6 p.m —Dr B Cheng ‘Some Aspects of Space 
Low* * 


EOT AX SOCTXTT OT MEDTCIVZ BXlT.KIXKXTAL MIDI Cl RE AJTD 
TflERATKimca SKrnoir (at 1 Wlnrnole Street London W 1) at 
6 *0 pjn — Trof Sir Haoa Kreba “Dloebemleal Aapecta of Ketoal* 
(W E Dixon Memorial Lecture) 


XuoioWATDro Evnixascrsa Boa err (at the Institution or Civil 
End nee r* Great George Street London 8 Yr 1) at 6 pan.— Dr 
\Y n Olanvllle FK8 Light and Boad Safety* (Oolden Jubilee 
Lecture) 


Iiistjtt7tjok op Hec nun cut Exoixtew Utdiuclicb Oaour 
(at 1 Birdcage Walk Wettmlnatcr London S.W 1) at 6 p m. — 
Dlacuaalon on 'Effect of Cavitation In Hydraulic Machinery" 


UmviMiTT OF Lospoy (at Blrkbeck OoBege Malet Street London 
N\ ai) at 6 p xn . — Prof E. 0 Boring (Harvard Unhrenlty) j **Tho 
Gene* I* of Modern Psychology** (Second of three leeturea on The 
Pattern. of Modarn Paychotoinr )* 


goorrrr of CmnuaiL Ikpcswt (at the Royal Initltatlon 21 
Albemarle Street London W 1) at 0 80 p.m. — I'rofcH 3I*rk(UJM ) 
Recent Progreei in Polymer Chemistry* (Baekeland Memorial 
Lecture) 


On. akd Coloitx OtnanTre* Ar*ociatiox, Lovdox Sienox (Joint 
meeting with the OtU AJ*P FATb GROUP of the SOCIETY op CtnorlCAL 
iHpuwmv at the Royal Society of Tropical ModJdne and Hygiene 
£6 rortland Place London ffli at 7 p.m. — Dr W 0. Ault (Phlla 
dciplila) "Polynwri and 1 laatidrer* Derived from Fata 


Friday October 23 

ROTAX iNSTlTtmoK (at 21 Albemarle Street. London W 1) at 
ft p m. — Sir Norman Kipping How Can We Help Underdeveloped 
tountrie* T 


Saturday, October 24 

BBiTOTi Trrcaoioaicuz Hocrrrr (in the Owlar Tuck Theatre 
UnivcreRy Collece Gower Street London WC1) at 2J5 r.m.— 
Prof Edwin G Boring "The Bole of the Zeitgcut In the itlatory 
of perception" 


A ErxioAri oxk are jnvltcd for the following appointment* on or 
before the date* mentioned 

Braguum AsaierAHT (with a ar»*claJ intcreat In electronic* or 
fluid mechanic*) for work in the Hydraulic* Laboratory — The Pro* 
re** or of Civil Engineering The Queen * University Be If ait (Oeto 
ber 31) 

RratCAKca FUiow nr Phtsxoax Caavnrrcr for work Involving 
the itodv of aolfd* by phyileal methods Including mu< *p«tro*copy 
and poaitlve Ion botnbarament — The Deputy RegDirar The Unlrer 
*Ity Edgbatton Birmingham 16 (October 31) 

SB510R LKcTUXBR J.V ELECT* I CAL ExourEXlxvo ft t the Unlverelty 
of Ta*ma»t* AaatralLa — Tb# Secretory Atsodation of Unireraltle* 
of the BrltUh Oomm on wealth 30 Gordon Square London WC1 
(Auitralla, October 81) 

Sunoa Lscruska (with a *peelnl interest In ecology plant phytlo 
logr or genetic*) l.v Ao*rcuirtr*AX BorAwr In the Department of 
riant Srience Oanterbmr Agricultural College University or hew 
7ealaad — The Secretary Aaaoclation of Univcnltic* of the DritWi 
Commonwealth 36 Gordon Square London W 0 1 (New Zealand 
October 81) 

AXaitbt (with a good hononra degree In dieralatry or ita equivalent 
ami prepared to nwdalixe in the analynl* ofrock*and mineral*) ix th* 
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LETTERS TO THE EDITORS 


GEOPHYSICS 


Correlation between Earth Current 
and Geomagnetic Disturbance 

Tice relation between earth -current and magnotio 
nctn it v is generally known, but we hnv o not noted nnv 
quantitative data in the form of correlation co 
efficients 

\V J Roonoy 1 presonts cun es of earth current 
nctn it y, magnotio activity and sunspot numbers for 
tbo epoch 1910-1030 showing close correlation 
between geoeleotric and geomagnetic nctivit\ Ho 
states that true earth current disturbances (as opposed 
to interference phenomena) nro always accompanied 
by magnotio disturbances Frequent comparison of 
magnetic and earth current records taken at College 
Alaska, during the post several yenre substantiates 
Roonoy ’s observation To arrive at a quantitative 
measure of the relation, correlation coefficients were 
calculated for each of sev oral montlis Tho correlations 
were made botwoen the equivalent daily amplitude 
A& of the College magnotio activity and tho mean 
dailv earth current activity 

The College equivalent daily amplitude Ae<, in 
gammas, is determined by converting the eight scaled 
K indices to flold intensity' according to the following 
schedule, and taking the arithmetic mean* 

K 0 1 2 3 4 6 8 " 8 • 

y 0 *0 ”0 130 ro tso 800 1400 2400 4000 

Tho mean daily earth-current activity was determined 
by scaling the earth-current records for amplitude 
activity on the 3 hr periods corresponding to tho 
K scaling and taking the arithmetic mean of the 8 
values for the day Only north south records were 
scaled because or tho generally undirectional flow of 
the earth current disturbances at Coliego The values 
of the correlation coefficients for six randomly selected 
months ore given m Tablo 1 


T»bU l 


September 

February 

lM” 

IWS 

0-948 

0-041 

March 

19M 

0 933 

April 

10W 

0076 

September 

19W 

0919 

Kowabtr 

19W 

0-9J9 


In conjunction with tho calculation of the correlation 
coefficients, scatter diagrams were plotted and least 
squares regression linos calculated for each of the six 
months. There wore no widely scattered points Fig 1 
is tho scatter diagram and regression line of earth 
current activity on geomagnetio activity for April, 
1908 

To obtain an additional measure of tho relation 
botwoen these two phenomena the correlation co 
efficient of earth-current activity in mV /km versus 
magnetic activity in gammas was calculated for the 



-W&unnt*) 

Ft* 1 Scatter dlajnm and laMt-aquare rearer ikxi lirvo Firth 
current Ktlvilr ventu mjujnetlo aetirity at Colics A talc*, 

April 19W 


3 hr periods of April, 1058 The correlation coo/Hoient 
for this set of 240 values is 0 833 

Theso verv lugh correlation coefficients show that 
earth currents may be used interchangeably with the 
magnetic disturbances as an indicator of ionospheric 
activity In areas where d c interference such as street 
railway systems is not a problem an earth-current 
recording system can bo set up much more readily than 
a comparable magnotio system To indicate activity 
only ono recorder and one pair of electrodes oriented 
in the preferred direction of tho earth-current dia 
turban co is required Furthermore none of the equip- 
ment needs to be isolated from the usual laboratory 
activities whjoh would interfere with the operation of a 
magnetometer 

This work is supported by the Geophysics Research 
Directorate of the Air Force Cambridge Research 
Cantor The Magnotio A figures were furnished by the 
College Magnetic Observatory of the U S Coast and 
Geodetic Survey 

V P HKsacsn 
E M A\ ksoott 


ysical Institute 
ireity of Alaska, 
logo, Alaake. 
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Micropulsation Measurements in 
California and Alaska 

In recent years there has been increased interest in 
mieropulsations of the Earth’s magnetic field 1 " 4 As a 
part of a study of the mieropulsations w ith periods of 
10-30 sec , stations were established near Borrego, 
California (33° 21 5' N , 116° 17' W ), and near 
College, Alaska (04° 42' N , 148° 29 5' W ) Horizontal 
coil antennas of 2-m diameter and 21,580 turns were 
used The associated amplifiers had three db band 
pass points at 0 04 and 0 4 cycles per second and a 
limiting senstivity of 0 02 y 


ruble 1 


COINCIDENCES OF UltOCra 

CALIFOItNIA ICO" W 


NIFAN T1MF 



Month and 

Alnskn 

Calif 

Alaska 

Calif 

Dnj 

Time start 

Tlnv Start 

Time Peak 

Time Peak 

August 23 

1530’ 

1540 

1530? 

1542 

1005/ 

1002 

1000? 

1004 


1733? 

1733 

1733? 

1734 


1750? 

1751 

1750’ 

1751 


1800’ 

1807 

1800? 

1807 

August 24 

0217? 

0217 

0220’ 

0218 

0354? 

0553 

0555’ 

0554 


0050’ 

0050 

0701? 

0701 


0750’ 

0751 

0751? 

0753 


1120? 

1110 

1121’ 

1120 


112a’ 

1125 

1120’ 

1125 

August 23 

0340 

0341 

0-341 

0341 

2110 

2111 

2111 

2111 


2343' 

2341 

2344 

2342 

August 20 

0230 

0230 

0237 

0230 

1852 

1851 

1857 

1853 


1044 

1044 

1044 5 

1044 5 


2024 

2024 

2024 

2024 


20 15 

2035 

2037 

2035 


2318 

2310 

2320 

2320 

August 27 

0830 

0938 

0338 

0840 

0850 

0857 

0857 

08a8 5 

August 28 

1051? 

1053 

1052 

1054? 


Tig 1 Average diurnal belmt lour of mieropulsations California, 1058 

Fig 1 illustrates the average diurnal behaviour for 
15 mm r m s amplitudes measured from March until 
September, 1958, in California Fig 2 illustrates 
mieropulsations in California and Alaska for com- 
parable times There -were twenty-three such coinci- 
dent active groups of mieropulsations m six days’ 
operation (Table 1) Large night time storms in 


Alaska gave oscillations ten or fifteen times larger than 
California Day-time acln ity amplitudes were similar 
at the two stations 

In Alaska it w os noted that times of great micro- 
pulsation activity wero accompanied by short wa\e 
blackouts Also during the dark hourR, large micro- 
pulsations attended \isible auroral displays One 
occasion of simultaneous oscillations of tho 3814 A 
auroral line and small mieropulsations was observed 

This work, originating nt the Institute of Geo- 
physics of tho University of California, was sponsored 
by the Office of Natal Rescnrch contract Norir 213 
(47), and carried out through the generous co-opcrntion 
of the Geophysical Institute of the University of 
Alaska 

AY 
B 

Institute of Geophysics, 

University of California, 

Los Angeles 

* Present address Gcoplmdenl Institute, t nlvcrsltj of Alaska, College, 
Alaskn ... 

1 1, It R Ilolnibcrg, l/o» No I Hoy Itlr Soe,Gcopb\s Supp , 6. 

(1033) 

3 0 Angcnbclstcr, Ocr Jlntr Z Groptiv * , 64, 103 (1031) 

* V A 1 roslckaja, Cnrorfn 5 81 (1053) „ 

‘1 Kntonnd T W ntnnnbf , Sri Urp 7 oholu bmr , s ir 5, Olcopjla , . 

157 (1037) 


H Campbell* 
Xfbel 
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Depth of Isostatic Compensation and 

V / 

Mohorovfclc Discontinuity, etc. in 
Continental and Oceanic Areas 

On the basis of the probablo a\ orage dens i tv of rock 
below tho ocean* and over land, up to ICO km or so 
estimates of have been made of the depth of woe tat io 
compensation Tho dopth of tho Mohorovigid die 
continuity is inferred from an analysis of refraction 
typo travel time curves assuming the existence of 
layers in which there is a uniform volocity and that 
there is a discontinuous increase m velocity on crossing 
tho Mohorovi616 discontinuity between on upper 
granitic* layer and a lower ‘basaltic' layer Duo to 
tins discontinuity critical reflexions occur which 
may explain arrivals of high intensity at certain 
distances Tho layer of relatively low velocitioe 
above the discontinuity is thought to consist of 
sediments , unconsolidated at the top and consehd 
ated and or metamorphosed below Usually tho depth 
of tho Mohorovi6i6 discontinuity is calculated as 
10-40 km beneath continents and 6-15 km below 
the oceans 

There are practical difficulties if all this is accepted. 
Tho dopth of isostatic compensation remains highly 
hypothetical The Mohorov lflld discontinuity, though 
regarded as a physical phenomena does not mantfeet 
itself everywhere In a number of cases the critical 
rofloxions associated with it are not observed though 
as a re ro th -order approximation travel tuno curves 
are still analysed on tho inyer hypothesis The 
difference in thiokneos of sediments in oceanic and 
[and areas cgnnot bo explained by any plausible 
thoory 

The seismic data might therefore bo analysed 
assuming the,, the computod thickness of sediments 
under the oceans is moro or less correct but that tho 
currently accepted values for land areas are much 
too high This is compatible with tho seismio data 
on tho basis of o gradual increase of volocity with 
dopth In actual fact tho velocity gradiont will 
change with dopth Further it Is likely to bo high 
m tho upper layers and to docrcoso os one goes deeper, 
getting very small once velocities of the order of 8 8 
Inn /sec or so are reached This is somewhat unliico 
tho current ideas of volocitj variation with dopth 
Tho seismic data^con be analysed to a first order 
approximation on tho basis of a uniform velocity 
gradiont Seismologists liavo preforrod not to do so 
in crustal seismology since the analysis is rather 
insonmtwo and an independent justification for going 
beyond the flimplor wroth ordor approximation was 
Jacking An indepenant justification has now boon 
pro Wed b\ an analysis of reverberation dfta which 
I hevo carried out (boing communicated to the 
Proceedings of the Royal /Society) Tins necessitates 
a gradual morcaso of \ elocltj with dopth and gtv os nn 
accurate estimate of tho nvorago velocity gradient 
from the decay of rev orboration observod close to a 
shot pomt 

In tho state of Virginia, in thoTJmtod Strtos, where 
Mohoroviujd tyqvo rofloxions nro quito prominent for 
shots at a distance of about 100 km., tho average 
velocity gradient is 0 075 km /see /Jem and tho 
jienotmtion of rrys responsible for tho high intensity 
arrivals is only 14 km On the usual hypothesis 
of tw o layers tho depth of tho discontinuity in this 
area is computed to bo about 37 km Tho ovomge 
gradients in tomo other areas oomo out to be 0 04 
km /boo /km in South Africa and 0 066 km /see /km 


m Tennessee Those values are somowlmt weighted m 
favour of dooper rook as they have been calculated 
from the tail ends of reverberation records or from 
more distant- portions of travel tiraeourvos Thevalnc 
for ocean bo tom m mid Pacific is about 0 36 km /seo / 
km and there is an intermediate value of about 0 1C 
for coastal areas like western California decreasing 
to 0 00 in relatively dooper sediments 

Values of the order of 8 8 km, /sec for the velocity 
of P waves (the highest observ od during the recont 
Dotcnwmd expedition in tho mid Pacific) are found 
m the oceanic records One con reasonably'- assume 
this to bo tho velocity in tho honv ior rock mto which 
tho roots of continental blocks have to extend 
Presumably the velocity gradient is very small onco 
this velocity lias been reached Now assuming 0 04 
km /see /km to bo the smallest av erage gradient 
observed, and 5 0 km /sec to bo the volocrtv m tho 
top layers, tho depth of isostatio compensation or tho 
dopth of deopost penetration of tho roots of tho land 
m question seems to bo of tho order of 80 km , since 
the velocity difference of 3 2 km /sec will bo made 
up m this depth The recent work in the South 
American Amies roquires deep roots, and perhaps the 
Himalayas require still deepor roots From existing 
data one can see that the velocity of 8 8 km fee c 
will bo reached at tho following doptlia 

Oceanic areas about 5 km to more than 15 km 

Continental areas about 30 km to moro than 
80 km 


The depths which glvo rise to Mohorov iu6 tvpo 
effects over certain continental areas seem to vary' 
from JO to 20 km Thus these depths and the depths 
under oceans where tho \ olocitv reaches 8 8 km /sec 
are of Mono order, and thiB perhaps corresponds to 
the thickness of the Bedunonts Ov er land tho rock 
between a dopth of about 15 km , that of isostatio 
compensation, as onv waged above, consists of rock 
underneath and lighter rock transformed from tho 
deeper rook during continental formation on top 
Under the mountains with tho deepest roots tho 
lighter rock extends right down to tho depth of 
compensation, but undor the oceans it is missing 
Tho patchy nature of Mohorov i£ki phenomena can 
also be understood easily In certain areas tho 
gradual lncrooso of velocity with dopth in aodimonts 
may lead to volocitics grantor than thoso in the 
topmost layers of tho crustal rook in tho area 
This might givo rise to tho so-called low velocity 
Jay'er , as well as to focusing duo to nn increase of 
velocity' offer a sudden decrease Tho thickness of 
tho sediments oi or land w ould be hkoJy to bo npproxi 
match that in oceanic gcosymclinos that exist now 
or which are rofloctod In oceanic rises for oxamplo, 
tho Foster Island rise Tho above considerations 
also help to resoho tho paradox of almost equal 
heat flow from below in oceanic and continental areas 


My tlrnnks are duo to Prof R W Raitt of tho 
Scripps Institution of Oceanography and to Ur M A 
Tuvo of the Catncgio Institution of W ashington for 
making fiomo of tho data utilized hero available to 
mo I am also grateful to Dr D N Vadia for his 
encouragement 

J N Namda 
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PHYSICS 

cr-Radioactivity of Cerium-!42 

Johnson and Nier 1 have measured the atomic 
masses of some of the rare earth isotopes and have 
shown that the mass difference cenum-142 — (barium- 
138 + helium-4) is equivalent to 1 68 i 0 10 MeV 
Similar results for the naturally occurring samarium 
and neodymium isotopes show that the a-active 
isotope of each element is the one having the largest 
possible decay energy Rasmussen and others 1 
suggest that the two or three neutrons just beyond 
the closed shell of 82 neutrons have decreased binding 
energies and hence the a -energy lias a maximum 
about 84 neutrons Johnson and Nier suggest that 
the a -decay of cerium-142 may take place with 
enough energy to be experimentally observable 
Porschen and Riezler J examined a sample of un- 
enriched cerium ammonium citrate using nuclear 
track plates sensitive to a-particles No a-activity 
was observed after a 30-dav exposure of 1 2 mgm 
of the cerium salt In 1957 Riezler and Kauw 4 
reported an alpha activity for an enriched sample of 
cenum-142 From their results they calculated a 
half-life of 5 1 v 10 15 years with an uncertainty 
factor of 2 

A sample of cerium oxide enriched in cenum-142 
was made available by the Oak Ridge National 
Laboratory to check the a-radioactivity by an emul- 
sion teclmique Mass spectrographic and semi- 
quantitative spectrochemical analyses showed the 
heavy-element contaminant reported was neodvmium 
whose abundance was <03 per cent This amount 
of neodymium would not significantly affect the 
results 

In this experiment we were primarily interested in 
show mg that the cr -activity, if detectable, could be 
ascribed chrectlv to the cerium salt To eliminate 
contammation in process chemicals the oxide 
pow'der (300 (igm ) was loaded directly' on a type 
G - 2 Ilford nuclear track plate The cerium oxide 
containing 90 2 per cent cenum-142 was exposed 
for 125 days After a thorough examination of the 
nuclear plate at the end of the exposure period no 
alpha tracks were visible emanatmg from the particles 
of cenum oxide, contrary to the observ ation of 
Riezler and Kauw 

A similar plate containing unenriched impure 
cenum oxide was also exposed for the same period 
as a control Several tracks were found emanatmg 
fiom the surface of the particles In each case the 
a-track was shorter than those we have observed for 
the thorium or uranium senes when radioactive 
mineral grains are embedded in an emulsion in a 
similar manner The few short ci -tracks observed 
on the control plate are believed to be from a samar- 
ium contaminant m the impure cenum oxide 

Although this experiment is considered as only 
qualitative, it is of interest to make a rough estimate 
of the half-life After considering self-absorption, 
non-uniform loading of the crystals and correcting 
for geometry we can assume that about ten per cent 
of the cenum salt 13 actually' exposed to the emulsion 
Although no activity was observed one should con- 
sider that statistically a count of 1 i 1 is possible " 
Thus, if a maximum of two alpha tracks were ob- 
served, this would correspond to a minimum half-life 
of about 10“ years This qualitative half-life, 
although based on negative results, agrees with 
Riezler and Kauw within the uncertainty factor they 


have quoted For an a-decay energy' of 1 68 MoV 
one can calculate a half-life of 9x10' 6 years for 
cenum-142 assuming a onc-body model as outlined 
by' Biswas' 5 If the half-life is this long, one could 
just detect the activity with 10 mgm of tho enriched 
material and probably' the order of several hundred 
milligrams would bo required to make a good half- 
life determination 

This work is part of a programme being conducted 
by tho U S Geological Survey' on behalf of tho 
Division of Research of the U S Atomic Energy 
Commission, and publication is authorized bv tho 
Director, U S Geological Survov 

F E Senttlc 
T W Stern 
V P. Alekna 

U S Geological Sun ey, 

Washington, D C 
Aug 1 1 
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Colour Centres produced by Radiation in 
Silica Gel 

Coloration of inorganic solids by ionizing radia- 
tions has been well known and studied for many' yoars 
The possibility' that defects associated with such 
colour might bear a relation to the processes of adsorp- 
tion and catalvsis has been suggested 1 , but never 
directly' observ ed We have recontly observ ed that the 
procedure winch produces radiation enhancement of 
cataly'tic activity in silicas-, that is, irradiating a gel 
degassed at 500 3 C or above with comparatively 
small ( ~ 10 19 cV /gm ) doses of cobalt-60 y-rays or 
50 hoV X-ray r s also produces a mnrkcd magenta 
coloration of tho gel Tho comparative rarity of such 
observations 3 - and their possible connexion with tho 
radiation enhancement of catalytic activity 2 have 
prompted tins communication 

The colour produced probably corresponds to the 
broad absorption band at 500-600 mu observed in 
irradiated quartz and vitreous silica 5 , and is stable to 
light and to temperatures less than 250° We now 
find that contact with excess hy'drogen or ethylene at 
room temperature bleaches it mstnntaneouslv Tho 
colour is less rapidly discharged by' water vapour or 
ammonia, the action of mercury vapour is somewhat 
sluggish Oxygen is without offect Activation energy 
is required for the hydrogen bleaching, for the colour 
is not removed by contact with excess hydrogen at 
— 196° C for 1 hr At — 78° C the gel is "decolorized 
m 15 mm The action of water vapour proceeds by 
diffusion of the water into the solid, rather than by 
migration of electrons or holes, for if tho coloured 
grams are exposed to moist air they bleach first around 
the edges, lastly in the centre Reheating gradually 
to 300° C after hy'drogen bleaching does not regenerate 
the colour or desorb more than a few per cent of the 
adsorbed hydrogen 

Adsorption of hydrogen at room temperature by 
freshly degassed silica gel is either extremely' slow or 
vanishingly small, hence, by measuring the amount of 
hydrogen adsorbed after irradiation, one can deter- 
mine the number of colour centres The simultaneous 
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cessation of hydrogon adsorption and disappearance of 
the last traces of colour corresponds to tho end point 
of a titration From tho sample weight, dose and 
hydrogen adsorbed, one can follow the production of 
colour centres and calculate thoir yield Such an 
experiment has shown a yield on freshly degassed gels 
of 1 centre per 100 oV absorbed dropping gradually to 
a value of 0 1 centre per 100 ©V with further irradia 
tion as more hydrogen is absorbed At this point 
approximately 3 X 10 li cenfcrefl/gm lm\e been intro 
duced into tho catalyst 

Qualitatively both silica alumina and alumina 
catalysts show the sarao phenomenon of coloration and 
decolonisation with adsorption Before irradiation a 
dogaasod gamma alumina is fairly whit© and adsorbs 
no hydrogen After irradiation it is faintly cream 
coloured and slowly adsorbs h> drogen Tho adsorption 
is too sluggish to follow convaniently but decolorize 
tion by excess hy drogen js complete in 1 hr The 
ciiango in appearance compared with that of silica gol 
is very ehght Houdry£40’ a silica alurmno cracking 
catalyst (12| per cent aluminium oxide) after de 
gassing nt 50° C is off white and adsorbs small 
( ~ 0 03 micromolo/gm ) amounts of hydrogen After 
a long (5 X 10 10 eV /gm ) irradiation, the sample has 
a marked tawny appearance with magenta overtones 
and adsorbs 1 micromole of hydrogen per gm , gradu 
ally losing Its colour ns it does so 

A plausible explanation of these phenomena is that 
llio colour centres are positivo holes associated with 
oxygon excess in the silica, and that these holes are 
neutralized by interaction with electrons from the 
bleaching gas* However the initial yield of adsorp 
tion sites per unit dose obtained in this w ork is greater 
than that of catalytic exchange sites determined 
previously* by a factor of 10 8 Honco, even though 
the effect of irradiation on hydrogen adsorption is 
clearly demonstrated, tho connexion botwoen the 
coloration bleaching phenomena and the irradiation 
enhancement of silica catalysts is not v et clear 

This work was earned out at tho Oak Ridge 
National Laboratory operated by the Union Carbide 
Corporation for the U S Atomic Energy Commission 

Harold W Kohn 


Oak Ridge National Laboratory, 
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Term casco 
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Ultrasonic Absorption in Acetic Acid at 
450 kc./s by the Calorimetric Method 

Calorewetric measurements based on thermo 
sonic principles June successfully been used* 1 for the 
determination of ultrasonic absorption in liquids at 
frequencies of 6 Me /s and abovo Recently it has 
been possible to oxtend this method to measurements 
in acetic ncul nt 450 ho fa 

At frequencies of this order, tho divergence of tho 
beam is pronounced and when (bo coll is moved away 
from tho course tho wholo of tho sound beam does not 
enter the cell, further, for tho complote absorption of 
tlie beam at these low frequencies a long column of 


liquid is necessary, which increases the thermal 
capacity of tho system considerably and results m a 
oomparativ ely smnllor nee of temperature 

These defects have been o\ ercomo by using a smaller 
area of sound emitter compared to tho mouth of the 
absorbing cell and by' employing a spherical doublo 
walled glass cell with a piano section for the entraneo 
of the Beam Tho sound beam on entering the cell 
undergoes multiple rofloxtons at its inner surfneo until 
it is completely absorbed 

The experiment was earned out on acetio aoid In a 
typical set of observations a rise in temperature of 
0 5° C and 2 2° C was observed in tiro pos itions of 
tho crystal in 30 minutes The separation botwoen 
these positions was 3 5 om 

The value of a/v 3 for acetic acid at 450 kc fa and 
30° C was found to be about 90 000 X KL 17 cm ~ l 
sec 5 being an average of a large set of readings with a 
vanation of ± 10 per oent This agrees with the value 
of about 80 000 X I0" 17 cm _1 sec 3 at 500 kc fa 
obtained by Lamb and Pinkerton 3 Lamb, Andreae, 
and Bird 4 howover, reported a value of 175 000 cm. -1 
sec 8 below 2 Me /soc at 17 5° 0 

An attempt was made to use this method for 
measurements in benzene and carbon disulphide, but it 
was found that owing to tlio compnrati vely small 
absorption m these liquids the difference in the nso 
of temperature at the two positions of observation 
wns either negligible or very small, and in the latter 
case, comparablo to tho necessary corrections In viow 
of this limitation the mothod reported liero is appli 
cable only to liquids having an absorption coefficient 
not lower than 10 000 x 10~ 17 cm seo * at those low 
frequencies 

Further work on this problem is in progress 

S PARTflASARATHY 
V N BlNDAL 
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MINERALOGY 

Revised Equilibrium Diagram for the 
System AIjOj-SIOi 

The most important system in present-day high 
temperature technology is AliOj SiO t Tho accepted 
equilibrium diagram for this system w as determined in 
a classic investigation by Bowen and Oroig 1 , but 
during tho last few years several workers havo 
questioned its correctness * 8 Tho data offered in 
criticism have not, however been unequivocal them 
selves Wo summarizo briefly here the data from some 
700 runs in a nearly two year ro-cxamlnation of tho 
AljOj-SiO* HjO system by standard ‘quenching 
methods of studying silicate pha%? equilibria 

The starting mixtures were made mainly from 
hydrated aluminium nitrate and silica sol of very lugh 
punty for hydrothermal runs ami from high purity 
silica glass and a alumina for ‘dry runs The mixtures 
wore all run in hermetically sealed noble metal con 
tainers of 80Pt 20Rh and 00Pt-40Rh in a gas 
oxygen quenching furnace with zircorua refractories, 
capable of reaching lOCHP C Temperatures were read 
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At lower temperatures at least two now anhydrous 
aluminosilicate phases have been recognized One of 
them had previously been thought to be andnlusite 1 
single-crystal X-ray work established a larger cell 
(orthorhombic, a = 7 55 A , b = 8 27 A, c = 5 GO A ) 
similar to but easily distinguished from nndalusite 
The other is a high temperature (probably aluminium 
silicon disordered) form of sillimamte which occurs in 
\ olcnmc xenohths Details of this study are to nppenr 
in the Journal of (he American Ceramic Society 

This v'ork was supported by the National Science 
Foundation (Grant G 4048) 

Smc.ER AjtAJtAKr 
Rusrtni Boy 

Department of Geophysics and Geochemistry, 

College of Mineral Industries 
Pennsilvanm State TJnnersitv, 

July 20 


Fig 1 Revised emdllbrium diagram for the RVntem Al,O a SiO, 
determined L>\ quenching cxi>crlments In scaled noble metn! containers 
Circles shown represent liquidus determinations from rcfrnctlu. 
indices of the glasses 

by a Leeds Northrup optical pyrometer frequently 
calibrated at the melting pomt of platinum, 1709° C 
(Intnl , 1948) Tlie samples, quenched in mercury , 
were examined petrographically and by X-ray 
diffraction 

The data ftom 190 runs above tho solidus show that 
no corundum is formed (indeed the starting-material 
corundum dissolves) in mixtures containing 50, GO 
and 66 7 mole per cent AI2O3, when these are held 
above the meongruent molting temperature of tho 
Bowen and Greig diagram (1810°, G L scale) Tho 
phases present at various temperatures and at various 
compositions, combined into the phase diagram of 
Fig 1, prove that the phase mullite melts congruently 
at 1850 ± 15° C (Intnl, 1948) The equilibrium 
extent of cry stalline solubility appears to extend fiom 
60 to about G3 mole per cent of AI »03 However, it is 
relatively easy to crystallize liquids metastably to a 
66 7 mole pel cent solid solution with the mullite 
structure Precise lattice constants (1 part in 5000) 
have been measured on 21 samples of mulhtes of 
various composition crystallized at different tempera 
tures from 800° C to 1850° C X-ray spacings of 
mullites can be changed by heat treatment and are not 
reliable indices of composition True glasses have been 
prepared up to the 63 mole per cent mixture and their 
refractive indices determined (3 2 ratio glass has 

= 1 598), the glass composition as determined 
from its index of refraction has also been used to 
locate tho liquidus lme (see Fig 1 ) The composition 
of the mulhte-sihca eutectic appears to be unchanged 
from that given by Bowen and Greig No clear 
evidence for the theoretically expected stable two 
immiscible liquids region was found, although the 
tendency towards such unmixed structure is clearly 
seen m the extremely flat liquidus near tho mullite 
composition Excellent confirmation of tho eutectic 
position between mullite and corundum has been 
obtained from data on the systems MgO-AlaCh-SiOz, 
and CaO-AbOa-SiOa The phase boundary has 
been fixed between the corundum and mullite fields 
in these systems It disagrees radically with that 
suggested by Toropov and Galakhov 2 and is not in- 
consistent with the actual results obtained by Bow en, 
Schairer, Rankin, Wnght, Merwin and others at the 
Geophysical Laboratory, near the invariant pomt 
between mullite, corundum and either mdialite 
(2MgO 2 AJ 2 O 3 5SiOb) or anorthite 
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CHEMISTRY 

Liquid Crystal Systems from Fibrillar 
Polysaccharides 

The preparation of a neutral aqueous suspension of 
cellulose crystallites by hydrolysis m strong sul- 
phuric acid (952 pm /l ) at 30 or 40° C for 24 hr 
has been described' A similar suspension of crystal 
htc particles ofclntm was prepared by treating 20 gm 
of purified chitm from crab shells for 1 hr in 750 
ml of 2 5 A” hydrochloric acid under reflux After- 
wards, the excess acid was decanted nnd distilled 
water was added At this stage, the chit in hy’dro 
ly-sato was still essentially a sediment and was well 
on the acid side when it was gnen three passes 
through a ‘Mimsonic’ homogemzer (Sonic Eng 
Corp , Stamford, Conn ) From this treatment, a 
stable isotropic suspension was obtained and the 
pH had risen to 3 5 The nso m pH is piohnbly’ duo 
to release, from withm the crystallites, of somo un 
acetylated ammo groups which comploxcd with n 
proton to gne NHy at the crystallite surfaces 
Tho presence of free NH. groups m chitin, winch is 
supposed to he a polymer of N-acotvl-d glucosamine 
is not unexpected since purification procedures 
involve alkaline conditions which can saponify 
acetyl groups Electron micrographs of the stable 
suspension show- tho presence of rod-liko particles of 
similar dimensions to tho celluloso crystallites 2 
These two, stable, colloidal dispersions of celluloso 
and chitm crystallites wore tho starting materials 
for the preparation of tho liqiud crystals as described 
below The concentration of theso colloidal sus 
pension was always less than 1 per cent 

The formation of a permantly birefnngent gel was 
first observed when a suspensions of celluloso crystal 
lites was heated on a steam bath A reddish brown 
gel, having the consistency of soft butter, formed on 
the surface of the heated suspension In the polar- 
izmg microscope it was found to he birofnngent hut 
without extinction directions, that is, it behaved 
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FI?. 1 lUirfrirurent gel between crcuwd polarold* (x760) 


09 if it were a powder of a bircfringcnt crystal More 
careful observation showed that ns evaporation 
occurred bIowU from the undisturbed surface of the 
suspension islands of a thin amber film originating 
at tho walls became visible on tho surface Sections 
of the film could be lifted on to a microscope slide, 
and tbej appeared to havo a single though not well 
defined extinction direction Tho same gel could bo 
obtained bj centrifuging tho suspension at 20 000 g, 
and this method is tho one that was generally used 
to prepare tho matonal The concentration of the 
cellulose in tho gol under these conditions was about 
1 3 — 1C per cent b> weight and in tho presonco of 
salts this value was still greater 



Ftff £. lMed-down film of **Jted out Urefrirrsmt pel between 
tTOwtl poUroWi (r200) 


Viewed between crossed Nicols tho gel has tho 
appearance shown in Fig 1 where the streaked ap 
pearanco is due to orientation induced b\ pressing 
on tho oovershp The streaking is in the direction 
of the fibro axis Fig 2 is a now, between crossed 
Nicola of a dried -down film of gel which was formed 
bj slow coagulation of a suspension of crystallites 
in tho presence of 0 01 M sodium chlondo The 
film was formed by filtering out the partiole ag 
grogates Rather largo birofringent areas are present 
in this film and the patchwork of light and dark 
regions is reminiscent of the epherulitic behaviour 
of high polymers Fig 3 is an oloctron micrograph 
of crystallites from mercerized ramie which shows tho 
parallel aggregation of tho particles that occurs on 
drying down a dilute suspension Clearly these 
areas are the cause of the birefnngent regions which 
are visible in tho dned-dowm films of crystallites. 



FI ft 3 Electron rnlerocrmi U nude by mrf*cr replica teclmlqne 
of circulate fllm made h> drying down dilute i in petti km on cl** 
(x.ttOOO) 


In tho birefringont gel low angle X rav measure 
ments havo shown that tho mtorpartlcle distance 
vanes as tho square root of tho concentration in 
c o /gm For a 16 per cent gel it is alxmt 400 A so 
that long range forces or ontropj effects Imvo to bo 
ovokod in order to oxplam the parallel alignment-. Tho 
properties of this system are similar m manv respects 
to tho well known behaviour of tobacco mosaic 
vims particles 
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Biological Origin and Configuration of 
IO-Hydroxy-A 2 -decenoic Acid 

We have recently established 1 that 10-hy di o\y-A 2 - 
decenoie acid, w Inch constitutes about 15 per cent of 
royal jelly , is not present in the free state m pollens of 
representative species, nectar or honey We suggested 
that it might therefore be present in combined form or 
be a specific bee product In order to investigate the 
latter possibility' we ha\e examined the four pairs of 
salivary glands of the honey bee {Ajns mcllifica) 
obtained by dissection under distilled water 

Alcohol suspensions of one hundred thoracic, post- 
cerebral, and hypopharyngeal glands and fifty mandi- 
bular glands obtained from worker bees were filtered, 
the residual glands extracted with ethei (1 ml ) in a 
Mickel tissue disintegrator and the combined alcohol 
and ether extracts concentrated in tacno to 0 2 ml 
Each solution was analysed (50 pi ) by' paper 
chromatographic separation in amyl alcohol/5 jl/ 
formic acid 2 On spraying y\ ith a 0 1 per cent alcohol 
solution of clilorophenol red, an acidic component 
having Rp 0 88 identical with that of 10-hydrox\'-A 3 - 
deeenoic acid was detected only m the extract of the 
mandibular glands A paper lonophoretogrnm 3 of 
the extracts run in 0 1 M borate buffer, pH 10 0 was 
dried, suspended in an atmosphere of formic aetd 
vapour in a vacuum desiccator for 1 hr , the excess 
acid then allowed to evaporate and the residual acidic 
components detected with the indicator spray 7 A 
component having iff c value 3 0 G4 identical w ith that 
of 10 hy r droxy-A 2 -deeenoic acid was again found to be 
present only in the extract of mandibular glands This 
was also confirmed by paper lonopliorests using 
0 29 iff acetate buffer, pH 5 0 and detection with 
alkaline silver nitrate 4 

The finding of 10-hydroxy-A 2 -dccenoic acid m the 
mandibular glands of foraging bees is of interest, 
hitherto the hypopliary'ngeal glands have been con- 
sidered the sole glandular source of larval food 5 
although Haydak 6 noted that their contents assumed 
the appearance of royal jelly when treated with 
mandibular gland secretion Whether a fomalo larva 
develops into a queen or worker bee is determined by 
the nature of its food 7 > 8 , and it has been suggested that 
the difference m diet occurs mainly with the older 
larva: 7 Two samples of larval food have theiefore 
been analysed The food from larvic less than 3 days 
old was obtained by direct pipetting and that from 
older larvte by filling the cells with distilled w r ater and 
collecting the mixture after the larva: had floated up 
to the top Qualitative paper chromatographic and 
ionophoretic analysis of ether extracts of the larval 
foods indicated that the food from the larva: less than 
3 days old w T as richer m 10-hy'droxy r -A 2 -decenoic acid 
than that from the older larvre 

The application of nuclear magnetic resonance 
spectroscopy has permitted the allocation of the trans- 
configuration to 10-hydroxy-A 2 -deeenoic acid The 
spectra were determined by one of us (L M J ) on a 
10 per cent solution of mothyd 10-hydroxy-A 2 - 
decenoate (obtained from the parent acid by diazo- 
methane treatment) in carbon tetrachloride with 
Me 4 Si as internal standard It showed absorptions at 

(1) - = 8 65 due to ordinary methylene protons®, 

(2) t ~ 6 3 due to methylene and methyl protons in 
-CHsOH and -CO 2 Me and (3) ~ = 4 2 — 2 5 associated 
w ith olefiruc protons and typical of the A B region of an 
ABX 2 pattern where A and B are olefimc protons and 

the adjacent methylene group The values 
"a = 3 02, -£ - - 4 18 p p m and J ab 15 8 c p s w ere 


found Tlio coupling constant J ad is correct for 0 
/ rails - disubstituted othvlcne {ef , J ad ~ 12 cps for 
cia- compounds) and the position of tho (3-proton 
(?,* = 3 02) is close to that expected for a Irans 
compound (cf.Tn = 2 02 for methyl trail* crotonato), 
the v values for (i-protons arc critically' dependent on 
stei eochemistry 10 

Wo thank Prof M Stacey' for his interest in this 
investigation and are indebted to Mr J Simpson of 
tho Rothamstcd Experimental Station for providing 
tho glands and larva! food 
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BIOCHEMISTRY 


Application of Warburg’s Equation 
to Tissue Slices 


The possibility of using Warburg's equation to 
measure tlio diffusion coefficient of oxvgen through 
slices of liver cut w ith the MacIRvam tissuo sheer ba3 
been discussed 1 

Warburg’s equation related the oxy'gen concentra 
tion outsido to that nt various points witlnn a slice 
The diffusion coefficient of oxygen through In er and 
the oxygen uptake by' liver are also parameters in this 
equation Tho equation is only valid w hen tho respin 1 
tion rate is independent of oxygen concentration 
This is true above tho critical oxvgen concentration 
Since cells furthest from tho surface will respire at 
their maximal rate only when tho oxygon concentra 
tion outside tho slice is such that they' are exposed to at 
least their critical oxygen concentiation, it should he 
possible, knowing the critical oxygen concentration 
for the slice and for individual cells, the fln< ^ ^ 10 
thickness of tho slice, to calculate the ‘diffusion 
coefficient 

For this application the equation reduces to 


G e = C , 


ax~ 

2D 


where C c — critical pO» (in atmospheres) of cells or 
mitochondria 3 , C, = critical p0 2 (m atmospheres) of 
shoe, a = ml of oxygen consumed/min /ml of tissuo, 
2x = slice thickness m cm , D = diffusion coefficient 
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The measurement of C c haa been described 1 , and 
with a modification of the electrode it is possiblo also 
to measure the critical pO* of liver slices 3 In the 
present study we measured the 0, and C e of li\er of 
six week-old rats We found that the C c was nevor 
more than 10 per cent of the O, so m a preliminary 
examination of our results we neglected O e so that the 
equation reduces to O t ■= ax t j2D It will be seen that 
O, is proportional to the respiration rate and to the 
square of the thickness Experimentally with slices of 
the same thickness the C, is m fact approximately 
proportional to the respiration rate However, in the 
case of slices having the same respiration rate but of 
thicknesses m the ratio of 1 5 the C t ore not in the 

expected ratio 1 25 but less than 1 3 In other 

words the 0 » is largely independent of slice thiokneas 
In the equation x is theoretically tho distance of the 
point of oxygen consumption furthest from the oxgv en 
supply In practice, however, it does seem possible 
that x might not equal half the thickness of the slice, 
einco Elias 4 has shown that liver is composod of 
branclung plates (a murahum) and during tho 
measurement of 0$ the agitation of the fluid in the 
po In ro graphic cell may bo sufficient to maintain a flow 
of oxygenated fluid botween these plates If this is the 
case then the value of x which should be used in the 
equation would bo half the thickness of the thickest 
part of tho muralium Tins would explain the failure 
of On to increaso ns tho squaro of the slice thickness 

If this explanation is oorreot we would expeot to 
find that the O, of Bhees of more compact tissues might 
show tho prodictod relationship with slice thickness 
Measurements wore made on slices of heart and 
kidney but they showed the same relationship ns did 
liver slices It seems therefore that it is necessary to 
re examine the assumptions made both by Warburg 
and ourselves They are that protoplasmic streaming 
plays no part in oxygen transport in the cell and that 
the critical pO* of individual cells and isolated mito- 
chondria is identical with that of the samo cells m 
shoes 

We aro indebted to Prof A Haddow of tho Chester 
Eontty Reeearch Institute, for the supply of rat 
livers 
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Determination of the Interaction 
of Deoxyribonucleate and Magnesium 
Ions by Means of a Metal Ion Indicator 

This communication presents a study of tho 
binding of magnesium ions by dooxyn bo nucleate 
using criochromo black T as an indicator of magnesium 
ion concentration Earlier studies by conduotometno 
nnd Bpoctrophotomotric titration procedures were 
interpreted as showing that m tho absence of othor 
salts magnesium was tightly bound by both un 
denatured nnd donaturod deoxyribonucleic acid 1 , this 
conclusion was based primarily on the presence of 
breaks in tho titration curves which were, irrespective 


of the degree of denaturotion, stoichiometncally 
related to the concentration of deoxyribonucleic acid 
over a wide range of concentrations However, using 
similar conduotometno procedures, Zubnj and Doty* 
later concluded, from comparison of the increments of 
conductivity, that under these conditions magnesium 
was bound tightly by denatured but only looeely by 
undenatured deoxynbonucleio acid Titration methods 
of this type do not of course yield direct information 
concerning either the extent or tightness of binding 
In particular tho increments of conductivity found m 
the conductomotno titrations depend 1 not only on the 
extent of binding but also on tho balance of -various 
othor factors In view of these facts and of the 
importance of ion binding to many aspects of the 
behaviour of deoxynbonucleio acid it appeared 
desirable to obtain further information by mothoda 
which give a more direct measure of binding Results 
obtained us mg the metal ion indicator show that 
magnosium is, in fact, bound even more tightly by 
undenatured than by denatured dcoxyrlbonucloio 
acid 

A spootrol titration procedure was used in which tho 
increase of absorbanco at 540 mp (ref 8 ) that occurs on 
addition of magnesium ohlonde to a solution con 
tabling eriochrome black T (4 4 X 10 -t 3f) is measured 
To inhibit wntor denatumtion of dooxyribonucleio 
acid tho concentration of sodium ohlondo w'os in every 
case 0 002 M or greater Buffer systems used were 
0 002 M etlianolamme pH 10 2, and tnmothylol 
aminomethane (/rts), pH 0 04, at these pH values 
eriochrome black T serves as a sensitive indicator of 
magnesium ion concentration Similar titrations in 
which citrato was used in place of deoxyribonucleic 
acid established that enoohrome black T functions as 
a reliable indicator of free magnesium ion conccntra 
tion under these conditions 

Four different preparations of calf thymus dooxyri 
bonucloio aoid were used two were made as previously 
described 4 and two were made by tho procedure 
described by Zaraenhof ct al 5 All were completely 
undenatured* according to tho several optical criteria 
cited or describe*! m ref 4 likowiso, ultra violet 
absorption measurements showed that they remained 
undenatured during the titrations a finding m accord 
with earlier observations that neither titration nor 
alkali denaturation of dooxyn bonucloio acid begins 
until somowhat higher pH values (about 10 8-11) 
are reached Heat -denatured deoxyribonucleic acid 
was modo by exposing solutions to 05° for 1 hr 

A typical sot of titrations at pH 10 2 is given 
in Fig 1 Tho degree of transformation of criochromo 
black T to the eriochrome black T magnesium complex 
is given by a Tho amount of magnosium bound bj 
deoxyribonucleic acid is determined by subtraction 
of the dye curvo from the appropnato acid titration 
Fig 2 relates r, the equivalents of magnesium bound 
per dooxyribonucleio acid phosphorus to [fllg++] tho 
concentration of free magnesium Values of [Mg+ + ] 
were calculated from 


pig++] , 


(1 a) (iv EDT ) 
where iC EIrT is tho association oonstant for cnochromo 
block T and magnosium at the particular pH esti 
matod by interpolation from values given by Schwar 
rcnbach* 

The results show that, at low concentrations of 
sodium cldondo, magnesium is very tightly bound by 
both undenatured and donaturod dooxvrilH>nuo oo 
ncid binding by tho undenatured form Ix-lnR rfstit 
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apply to the -whole range of pH where no titration of 
deoxyribonucleic acid occurs (around 5—11) 

Joseph Shack 
Barbara S Bynum 

National Cancor Institute, 

National Institutes of Health, 

Bethesda, 14, Maryland 
July 14 
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Elg 1 Effect of deoxyribonucleic acid on the titration of crlochrorao 

black T with magnesium chloride pH Is 10 2, in all cases sodium 
chloride ■= 0-002 AT Tho number of moles of deoxyribonucleic add 
phosphorus given below were In each case present In tho 3 ml of 
solution titrated with magnesium chloride x , crlochrome black T 
alone, A, 3 84 x 10-’ moles of denatured deoxyrlbonudeic add 
phosphorus, O, 3 84 y 10~ r moles of undenatured deoxyrlbonudeic 
add-phosphorus, X, 3-09 x 10*' moles denatured deoxyribonucleic 
add-phosphorus, •, 3-09 x 10~* moles of undenatured deoxyribonu- 
dele ndd-phosphorus 



Fig 2 Binding of magnesium Ions by dcoxvrlbonudelo ncld Tho 
equivalents of magnesium bound per nucleotide la designated by r 
O, from titrations at pH 9-04 All other points from titrations at 
pH 10 2 A, O, undenatured deoxyrlbonudeic add In 0-002 AT 
sodium chloride it, denatured deoxyribonuddo add In 0-002 M 
Bodlum chloride, O, undenatured deoxyribonucleic add In 0-02 2! 
Bodlnm chloride undenatured deoxyrlbonudeic add In 0 1 Af 

sodium chloride x , denatured deoxyribonucleic acid In 0 1 il 

sodium chrlorlde Concentration of nucleic add phosphorus — 
1-03 X 10-* AX 

The association constant for binding of magnesium 
and undenatured deoxyribonucleic acid (in 0 002 M 
sodium chloride) is about 2 X 10 s (assuming a 
maximum binding capacity of 0 G eq per nucleotide) 
The binding of magnesium is greatly reduced by 
increase of sodium chloride and the results suggest that 
sodium is capable of replacing magnesium on all 
binding sites The very large effect of sodium, together 
with finding that magnesium is more tightly bound 
by the undenatured deoxyribonucleic acid, m spite of 
initial blocking of the ammo and enolio groups, 
suggests that binding of magnesium by deoxyribonu- 
cleic acid primarily involves the charged phosphates 
rather than ammo or enohe groups Although only a 
limited range of [Mg ft ] values can be covered at a 
given pH, it appears that binding of magnesium by 
deoxyribonucleic acid does not vary with pH over the 
range studied, m accord with expectations from the 
titration properties of deoxyribonucleic acid It is to 
be expected that the same invanance with pH should 


Estimation of ptgm. Quantities of Iron 
in Culture Medium, using 
Bathophenanthroline 

The use of haihophenantlirohno (4 7-diphenyl- 
1 10-phenonthrolino) as a highly sensitive reagent for 
the colorimetric estimation of iron has been described 
by Smith, McCurdy and Diehl 1 Thoy showed that 
it was almost twice as sensitive as 1 10-phonanthro- 
lino, that the ferrous-batholphenanthrolmo complex 
could be extracted into a suitable solvent, and that it 
was virtually specific for iron (cobalt formed a j ellow 
non -extractable complex, copper formed a yellow 
extractable complex, but only m neutral or alkalino 
solution) In view of these considerations it was 
decided to use this reagent to r'eplaco 1 10-phonan- 
throhno m tho estimation of iron in culture medium, 
and the following method was developed 

150 ml ‘Pyrex’ boiling flasks are cleaned by boiling 
with 10 ill sodium hydroxido, rinsing with distilled 
water, heating for an hour with 18 ill sulphuric acid, 
and finally rinsing with deionized water Sulphuric 
and nitric acids are redistilled in vacuo from silver 
nitrate Perchloric acid is redistilled tn vacuo nnd the 
constant boiling acid collected n-Hexanol is redis- 
tilled, and tho fraction boiling at 156-158° C collected 
Keagent solutions are purified by adding batho 
phenanthrolme and extracting with n-hoxanol 

The sample of culture medium containing 2-3 [xgm 
of iron, is placed in a cleaned flask, and 0 2-0 5 ml 
sulphuric acid added, the exact quantity being tho 
minimum amount necessary to ensure a liquid 
residue after ashing 2 ml nitric ncid is added and tho 
mixture is boiled until charring begins, when tho heat 
is turned off When tho mixture is cool a further 1 ml 
of nitric acid is added, followod by 1 ml of perchloric 
acid, and the mixture is reheated until clear, additional 
rutnc acid being added if further charring occurs 
When clear, excess nitric and percliloric acids are 
boiled off 

The digest is cooled and diluted to about 5 ml with 
deionized water Phenolphthnlem is added, tho 
solution is neturalized with 18 M ammonium hydroxide 
and then the pink colour is just discharged -with 2 M 
hydrochloric acid 1 ml of 10 per cent (w/v) hydroxyl- 
amine hydrochloride, 1 ml of 0 1 por cent (w/v) 
bathophenanthroline m 70 per cent (v/v) ethanol, and 
1 ml of 40 per cent (w/v) sodium acetate are added 
and the solution is boiled for 10-20 sec to decoroposo 
ferric pyrophosphate 2 When cool, the contents of tho 
flask are transferred to a separating f unn el, rinsing the 
flask successively with 2-3 ml deionized water, 2 ml 
ethanol, and 2-3 ml deionized water After mixing, 
the colour is extracted into 0 ml n-hexanol, allowing 
16 mm for separation The extract is transferred 
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to a stoppered tubo graduated at 10 ml , tbo separating 
funnel is rmsed with 2 ml ethanol, and the volume 
made up to 10 ml with ethanol The tubes are 
centrifuged, tho optical density of the n hexanol 
extraot measured at 533 mg using 2 cm cells, and iron 
content read from a standard aurve 

Results obtained from an experiment in which three 
independent operators determined the iron content of 
a single culture medium sample showed that the error 
van an co between operators, corresponding to a 
standard deviation of ±1 4 per cent was not Big 
mil cant compared with the residual (experimental) 
error of the method, which corresponded to a standard 
deviation of d: 1 6 pot* cent In a further experiment in 
which a known quantity of iron was added to a samplo 
of culture medium, the figures shown in Tablo 1 were 
obtained 

Tlxconar or Iron addxd to Cohoke Mraiux 

Iron Added, Iron found, Iron recovered, Eecoverj 
ppm wrnu won. (per «of) 

3- 0 642 1-05 102 

4- 0 64 4 4-07 102 

In addition to tho estimation of iron in oulturo 
medium, tho method has also been extensively 
employed for estimation of bacterial iron m cultures of 
OoryntbacUrxum dtphlhenae 

I wish to thank Dr 0 Q Pope for suggesting tho 
use of tho reagent, and Mr E L Fenton for statistical 
analyses. 

P A. Skamthi 


Title 1. 

tnedhnn, 

turn, 

2 37 


Wellcome Research laboratories, 

(Biological Division), 

Langley Court Beckenham, 

Kent Juno 10 

» Smith O F McCurdy W H., and Diehl, H , Analfti 77 41S(l»5fl 
• Jonet, W X. IiiocXan J..X3 420(1048) 

Monovalent Cations and the Incorporation of 
Metabolites by Isolated Thymus Nude! 

Incorporation into protein of amino acid by 
disrupted Bacillus mcgalenum prootplaats 1 , pea 
seedling nuoleoprotom particles 1 , and rat liver micro 
nomes* is markedly enhanced by potassium ions 
whflo sodium ions ore either inhibitory or without 
effect In contrast, m corporation of ammo -acid 
mto the proteins of isolated thymus nuclei requires 
sodium ions and potassium ions are inactive 4 
Potassium ions are required for many different 
enzyme catalyzed reactions but tho observations 
with nuclei constitute one of the few instances of an 
apparently similar requirement for sodium ions 
We have, therefore, examined this requirement in 
more dotafi especially to determine whether tho 
Bodium requirement is uni quo for nuclear protein 
synthesis, or whether related activities such as 
nuclear nucleic add synthesis, also require sodium 
ions. 

Nuclei wore isolated from calf thymus os described 
by Ailfrey ttal A Ono ml of nuclear suspension was 
added to a medium consisting of 0 4 ml of 0 1 Af 
gl uo oso (containing 0 25 mgm. sodium cldorido and 
5 34 mgm crystalline mercuno chlorido per ml ), 
0 6 ml of 0 1 Af sodium phosphate buffer (pH 7 1), 
and 0 1 mb of metabolite labelled with carbon 14 
(containing approximately 300,000 counts per minute) 
For oxponments with other cations, tbo sodium 


compounds in the medium were replaced by an 
equivalent amount of potassium or other compounds 
The suspension were shaken for 120 nun. at 38° C 
Tho nuclear proteins and nucleic adds wore proci 
pitated with 13 ml of cold two per cent perohlono 
acid The precipitate was washed four tunes with 
two per cent perchloric acid, twice with hot 05 per 
cent ethanol, twice with an ethanol-ether mixture 
(3:1), and finally with ether Deoxynbonuoleio acid, 
nbonuolelo aoid, and protein were separated by a 
modified Bohmidt-Thannhausor procedure*, in whioh 
the hydrolysis methods of Klemschmidt and Mantley 1 
were employed The hydrolysed nbonucleio acid 
was farther purified by absorption on and elution 
from Dcrwex 1 obloride T Separation of the nuoleo 
tides liberated by hyrdolysis of ribonucleio acid 
(electrophoresis in 0 06 Af ammonium formate buffer 
of pH 3 5) showed that all of the radioactivity 
incorporated in the nbonuoleic acid resided in. the 
nuoleotidoe The hydrolysed ribonucleic and deoxy 
ribonucleio aoids were measured at 260 mg m a 
Beckman spectrophotometer by use of an abeorbanco 
index of 32 1 and 20 1 for nbonuoleic and deoxy 
nbonucleio aeids respectively Protein concentration 
was measured by the biuret method* Tbo protein 
and the hydrolysed nuoloio aoids were dispersed 
evenly on glass plan oh© ta and assayed for radio 
activity with a nuclear model ZM7 gas flow counter 
and standard scaling circuit 


Table l Knxcr or RmxaKxen or Bodium bt Potamum lows 
os tux ixcoxroxATios or Vaeiocs Pxecuesoes mo nuclxa* 
Peothsi ato Nucleic Acids, 

Compound Incorporation in tbe prcacnce of potaajlnm 

Ion* (exprmed as per cent of Incorporation 
In the presence of sodium Ions) 



ElbonncJfllo Deoxyribonucleic 

Protein 


add 

add 


GIjrdn©-2-J<0 

24 

20 

22 

AIaninc-1- 2 4 0 

15 

10 

12 

Formate- 1 *0 

84 

HI 

06 

Adenine-8- 1 *0 

123 

115 

— 

Gaanlne-I-^O 

86 

110 

— 

UradJ-2-i*0 

123 

— 

— 

A <J eoodue-B- 1 *0-5 




mono phot pbatfl 

« 

85 

— 


Table 1 shows the offeots of replacement of sodium 
ions by potassium ions on the incorporation of various 
precursors into the nuoleio acids and protein of 
isolated nuclei. It can bo seen that the incorporation 
of glyoino or alnmno carbons mto not only protein, 
but also nacleio acids is strongly inhibited by replace 
ment of sodium by potassium Ions In contrast, 
tho incorporation of formate carbon mto both 
nucleic odds and proteins exhibits modorate or no 
inhibition. Likowiao, the incorporation of labelled 
adenine, qimnme, uracil, or adenosine 5' mono 
phosphate mto nucloor nuoleio acids is not generally 
inhibited by replacement of sodium ions by potassium 
ions Thus, it appears that only the utilization of 
ammo aoids for eithor protein or nuoleio acid syn 
thesis requires sodium ions This requirement for 
sodium ions for nmino-noid utilization for both 
protein and nucloio nmd formation is very specific, 
as sodium cannot be replaced by potassium, ammom 
urn, lithium, rubidium, or caesium ions Tho manner 
in which sodium ions are required only for amino 
acid utilization for protein ana nuoleio acid synthesis 
is not clear One possibility, that is compatible 
with the results obtained hero, is that sodium ions 
are required for tho transport of nmlno-aekls ocros* 
the nuclear me mb ran o, but clear o\i ri <* ^ ' 

a role for sodium ions must nvreft further experiment* 
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Proof of the Formation of Enzyme-Substrate 
Complex by ‘Crossing-Paper Electrophoresis’ 

In the first report 1 , 1 on ‘crossing paper electro- 
phoresis’, a direct demonstration of enzyme -substrate 
complex has been described The enzymes tested 
mcluded crystallized pure trypsin, chymotrypsin and 
ribonuclease 

Objections 3 were raised, namoly, that the formation 
of enzyme-substrate complex was not demonstrated 
thereby but merely an overlapping of the lino of 
enzyme and that of substrate appeared, that the 
enzyme did not interact with substrate but ■with its 
split products and so on We have already answered 
these objections 1 , and up to the present, there seems 
to be no reason for denying the validity of the 
principle of ‘crossing paper electrophoresis’, and 
hence that of the demonstration of enzyme-substrate 
complex earned out by this method 

Since the first report was submitted, we have 
continued experiments with enzymes other than 
those cited above and obtained what we hold to be 
an unequivocal proof of the formation of enzyme- 
substrate complex, using crystallized pure prepara- 
tions of amylase, papain, arginase, and lactic dehydro- 
genase 

In Fig 1 is shown one of the experiments demo- 
strating the formation of enzyme -substrate complex 
of papain A 1 per cent solution of the crystallized 
papain was applied on the lme drawn parallel to the 
direction of the electrical field and a 0 2 M solution 
of benzoyl argmmamide on the lme vertical to it 
The line of papain migrated so slowly compared 
with that of benzoyl-argininamide, that the lme of 
the latter and that of papain came to cross each other 
with the progress of electrophoresis (hence ‘crossing 
paper electrophoresis’) 

As has already been shown, two lmes of different 
substances show a deformation at the point of 
crossing if they interact, because the complex which 
they form must show different mobility from its 
parent substances (the principle of "crossing paper 
electrophoresis’) In Fig 1, the lme of benzoyl-L- 
argininamide shows a groove along the line of papain 
This must be due to the fact that the former inter- 
acted with the latter to form a complex, which would 
migrate very slowly. Thus the line of benzoyl-L- 
argminamide would be retarded at the part where it 
crossed with the line of papain to form the complex 
But the part of benzoyl-L-arginmamide line where 
the complex was formed would not remain at the 
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point of complex formation, ob the complex dis 
Bociates and equilibrates with the substrato Thus 
the groove formed in the line of a substrato will 
become shallower according to tho value of tho 
dissociation constant, if other conditions aro tho 
same In this way the formation of the enzyme 
substrato complox of papain with bcnzoyl-L arginin 
amido was demonstrated unequivocally 

The same procedures were applied to amylase, 
pepsin, arginase and lactic dehydrogenase, and tho 
formation of tho respective enzymo-substrato complox 
v as demonstrated 

In tho case of amylase, tho lines of the application 
of enzymo and Bubstrato -were the opposite of those 
of other enzymes The reason for this is that the 
starch has a molecular weight as largo as that of 
amylase and docs not migrate In order to meet tho 
objection that tho enzyme might havo interacted not 
with substrate but with its split products, it is most 
convincing to demonstrate the dcformntion of tho 
lme of substrate Thus for amylase, a control was 
necessary, although it. is improbablo that an enzyme 
would interact only with tho split product of its 
substrato and not with the substrate per sc 

In tho cose of lactic dehydrogenase, tho enzymo 
used for tho demonstration was tho apoenzymo which 
could be shown to form a complex with lactic acid m 
one experiment and with diphosphopyridmo nucleo 
tide m tho other 

Tho same experiments were earned out with other 
enzymes using crude preparations The enzymes 
with which the enzyme substrate complex could most 
probably bo demonstrated wero urease, hislidaso, 
glycylglycino dipeptidnso, malic dehydrogenase, etc 
Expenmcntal results obtained wero almost tho same 
as with pure enzymes But ns tho enzymo prepara 
tions used were cnide, tho pi oof is not so comincing 
as with crystallized pure enzymes, because the sub 
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crossing oi mo nno 01 l)Onxoyi-ii-nrB“ ,I “ 
cr\ a vr° that of bonzojl-ir-arginln with that of pnpnin „ _ 

50 mJI solution of bonzoyl-ir-arginlno on the JIno AM, 0 0075 ml }S cm 
50 mM solution or benroU-ii-arginlnamidc on tho line MG. 0 0076 ml / 
8cm 1 per cent papain solution on the line A Y. and A T'.onXJ 0 02ml/ 
JPr 0 ? 1 n J] d °P A \ ml/ 10 cm Acetate buffer containing 2 

ethylene diamine tetra o cc ta t o , pH 3 0, Ionic strength 0 05 Electro- 
phoresis at 300 1 16 m amp for 00 min After drains for 10 min nj 
110 , stained with Sakaguchi reagent Paper. Toio No 51 Grooves 
on tenMyl-iz-arginlnatnlde and bcnroyl-b-wgto 

wl 6 ! t 2J a P ie ^ tho substance on tho groo-\ cd part of tbo 

*? Iine wcre henzoyl-L-nrglnlnc, the part had to 
be retarded as deep as the corresponding part of the benzoj l-L-arglntoo 
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strates could also mtoreaot witn non-enzymio inort 
pro toms 

The number of enzymes with which tho enzyme 
Biibstrate complex has boon demonstrated by tho 
crossing papor electrophoresis is not yet large, even if 
tho demonstrations with crude preparations are 
included Tho proof of tho onzymo-aubetrato com 
plex as is well known, has hithorto been regnrded as 
one of the moat difficult problems, as the complox is too 
unstable to be isolated as such Tho demonstration 
of tho complex with some oxidases by tho oliango m 
light absorption 4 ha s boon regarded as tho only 
possible ana sure ono But this is not applicable to 
other enzymes However by the procedure of the 
crossing paper electrophoresis it has now been 
established that the proof of enzyme substrate 
ooraplex is no longer a difficult problem Tho complex 
formation of individual enzymes will be demonstrated 
sooner or later 

Detailed reports will appear elsewhere 
S Nakamura, 

K. Takeo, 

I Sasaki 
M Murata 


Institute of Medical Chemistry, 

Yamaguchi Medical School, 

Ubo Japan 

i Nakamura, S., T»kro K„ Tanoka K., and Ueta T„ 1 Phytid 
Ghent (In tbs preat) 

i Nakamura, 8 Iloaada, T., and Uela, T.. Proc. Jap** Acad 34, 745 
<1958) . , lf , 

J Thomai K (pemraal communication) 
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H/EMATOLOGY 

Influence of Streptomycin Solutions on the 

Interaction Between the Agglutinating 
Sera and the Corresponding Red Blood 
Cell Receptors 

Work on the influenoe of different chemical com 
pounds on tho reaction between blood group receptors 
of red cells and the corresponding antibodies has 
been published but the action of antibiotics on 
this roaotion, however, lioa not yet been fully ex 
am mod except by Neter d al ‘ uho described the 
effect of antibiotics on enterobacterial hpopoly 
saccharides utilizing hrcmagglutination and hicmo 
lysis reactions Our chance discovery of the in 
hibiting offect of a streptomycin solution on tho 
reaction between anti D antibodios and D positive 
erythrocytes led us to studv tho effoct of different 
streptomycin concentrations on the antigen-antibody 
interaction inblood groupsystoms Forouroxpenments 
we usod streptomycin of Czech oslov ak ongm (‘Strepto 
mycinum sulphuncum’, Penicillin Works, Prague) 
The different streptomycin concentrations wore 
prepared by diluting 1 gm of streptomycin in 2, 5, 
10, 20 50, 80 and 100 ml of saline Agglutinating 
sera of the systems AiAtBO, AIN and RhjHr wore 
chosen for the reaction the red blood oolls of tho 
corresponding blood groups wore washed three times 
in saline before use 

In tho first group of tests tho effect of different 
streptomycin concentrations was investigated in the 
following manner after mixing equal porta of 
antlsom (titrated progressively in twofold dilutions) 
with tho corresponding streptomycin concentration 
an equal amount of a 4 por cent suspension of type 
red colls was added The control tests were earned 
out m the samo way by oddmg tho corresponding 


amount of saline instead of the solution of antibiotics 
In sera of the ABO and JlfjV blood group systems tho ' 
test swore carried out in agglutinating tubes t$>089mro Y 
and in that of the Bh(Hr system in microtubea 
(5x46 mm) After suitable incubation at optimal 
temperature tho results m the ABO and MN systems 
were read macroscoplcally and in the RhjHr system 
microscopical!} Tho results are shown in Table J 


Table i 


y 

Sen 

Cell* 

iContro' 

tltre* 

ml 

lalJuc containing 1 cm. 
itreptomydn *oIut!cm 




2 

6 

10 

50 

30 

60 

80 

100 

A (anti P) 
B(*ntl A) 

J? 

1 1® 

4t 

fi 

8 

10 






1 M 

10 

04 







anti A i 


1 10 

2 

H 

8 

8 

8 

10 



antl-O (ID 

O 

1 10 

2 

8 

10 






Lectin anti U 

O 

1 04 

1ft 

64 







anti U 

it 

1 32 

2 

8 

10 

32 





anti- A 

A T 

1 8 

0 

0 

• 

4 

8 




anti J) 

JCDec 

its 

0 

0 

0 

J 

2 

4 

4 

fl 

anti J) 

TCDee 

1 128 

0 

0 

4 

10 

32 

32 

04 

04 

antl-/>-|-0 

JCDet 

1-04 

0 

2 

4 

8 

10 

10 

82 

32 

antW7 

XWet 

1 04 

I 

8 

10 

32 

04 




antl-O 

JCDa 

3 612 

0 

32 

04 

128 

128 

250 

Z5® 

M2 

anti-c 

rediea 

1 04 

0 

32 

32 

32 

01 




1 anti-/ 

ceddra 

1 10 

0 

2 

2 

4 

4 

8 

8 

10 


•Streptomycin ■ctutkwi was «al*tltated bj erpial amount of aallne, 
t Figure* indicate litre* O no agglutination. 


It can be seen that in highor streptomycin concern 
t rat ions the reaction with most som (mainly in tlio 
RhjHr system) is inhibited Tho inhibition declines 
gradually with tho decrease in streptomycin con 
centration but differs according to tho type of anti 
bodice used until it gradually disappears in higher 
streptomycin dilutions 

The next task was to observe who t her tho strepto 
mycln solution acts on red blood coll receptors or 
on tho antibodies After exposure of red blood 
cells type D positive to tho action of tho strepto 
mycin concentrations at 37° C and for various 
lengths of time (1, 2 4, 8 10, 24 and 48 hr ) tho 
erythrocytes wore wnshod three times and again 
titrated with specifically reacting anti D agglutma 
ting antibodies In tho controls wo used erythrocytes 
which had been stored for tho same length of timo 
and instead of antibiotics tho same amount of ealmo 
was added It was found that the activity of tho 
D receptor is not lowered as compared to tho controls 
The following experiment confirmed our assumption 
that streptomycin in 1 2 and 1 5 concentration does 
not act on the blood group rcoeptor D of tho red 
cell membrano Rod colls which in the first expen 
mont did not produce a posit ho reaction in tho pre 
scnco of antibody and the streptomycin solution 
were again men bated oftor a single washing with 
salino and tho addition of tho specific antibody Tho 
ensuing positive result showo^ that tho cells had not 
lost thoir agglutinating capaoity 

If howovor normal orythrocytes wore expoeod to 
the action of the supernatant from our first expen 
ment the results were negativo as opposed to the con 
trols It can bo concluded from our expenmenta that 
streptomycin acts apparently on the antibody' to 
which it has a greater affinity than to tho red blood 
cells receptors This is also in keeping with tho find 
inga of Neter et al » 

M Kout 

Z Kuuickova 


Institute of Hicraotology and Blood Transfusion 
Prague 

1 Neter E.. (lOTirnrtl B. A-. Wr.tpt»l O L “ drriU - °~ 

J Immunot^ SO, CO (1P6S). 
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Frequency of the New Blood Group Antigen 
Js a among South American Indians 

The new blood group antigen Js a was discovered 
by Giblett 1 Families carrying this antigen showed 
independent segregation from ABO, MNSs and Rh 
blood systems Recently, Layrisse, Sanger and 
Race 2 studying families of hybrid populations of 
Venezuela added proof of its independence of Dufiy, 
Kidd and Diego, and also confirmed its independence 
of MNSs and Rh 

The distribution of the Js a antigen suggests that 
it is a Negro antigen It has been found to be positive 
m 19 per cent of Negroes m the United States while 
not a single positive case was observed in 600 white 
donors 3 No othor ethnical human divisions have 
yet been tested 

Table 1 shows the mcidence of Diego and Js 
blood group antigens in four Indian tribes from the 
western part of Venezuela The Paraujano and 
Groaj iro belong to the Arawak Indian stock and the 
Irapa and Macoita are classified as Canb 


Table 1. Frequency of the Diego and Js dlood groups in four 
South American Indian tribes 


Tribes 

Number) Diego Js 

Phenotypes . Genes Phcnotvpes l Genes 

1 (per cent) (per cent) (per cent) ( (per cent) 

i Dl D1 Dl» D1 1 Js Js 1 Js» Js 

, (n+) (a-) ( (n+) (a-) t 

Parau- 

jano 

Goajiro 

Irapa 

Macoita 

120 ,10 00 90 00 5 14 94 80 2 50 97 50 1 23 98 74 

110 10 OS 89 99 5 18 94 82 0 84 99 15 0 44 99 56 

138 2 17 07 82 1 10 08 90 0 00 100 00 0 00 100 00 

67 il9 29 80 70 10 17 89 83 0 00 100 00 0 00 100 00 


The mcidence of the Di a m Paraujano, Goajiro 
and Macoita was m accordance with previous studies*, 
however, the low frequency for the Irapa Indians was 
not expected, smce m all Canb tribes tested so far 
the mcidence of the gene Di a has been between 10 
and 24 per cent 

Both Canb tribes show negative incidence of 
the Js a , while the Arawak tnbes show three positive 
cases out of 120 Paraujano, and one positive case out 
of 120 Goajiro, Indians The studies of other blood 
group antigens, which will be published m detail 
elsewhere, demonstrated that both Canb tnbes had 
no Negro admixture, while a Negro gene flow into 
both Arawak tnbes was found, this is m agreement 
with the physical features and histoneal tradition 

The results presented here indicate that the Js° 
is negative or has a very low frequency m the Indian 
tnbes studied If in future investigations this finding 
should bo confirmed among other Indian tnbes, and 
perhaps in Asiatic Mongoloids, the antigen will be 
of great value for studying Negro gene flow into 
hybnd populations 

We are mdebted to Dr Eloise R Giblett who 
gonerously supplied the anti-Js a used in these 
studies 

This work was supported m part by Fundacion 
Creole, Caracas 

Miguel Layrisse 
Ztxlay de Layrisse 

Centro de Investigaciones 
Banco Mumcipal de Sangre 
Caracas, Venezuela 
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A Terminal Peptide Sequence of 
Human Haemoglobin? 

It was reported recently 1 - 2 - 3 that the chemical 
difference botween the normal human hrcmoglobm A 
and the abnormal htemoglobms 5 and O resides in a 
tryptic peptide, called peptide 4, to which the 
following structure w as assigned histidyl-valyl-leucyl 
leucyl-threonyl-prolyl-#hdaMi/l-glutamyl-]ysmo In 
hscmoglobins S and C the glutamic acid residue which 
is m italics is replaced by a valmo and a lysine 
residue, respectively Although tho evidence avail- 
able at the time of publication made tho above 
structure appear likely, repeated attempts to confirm 
it by the Edman stepwise degradation method* have 
not agreed with this formulation We now wish to 
report that the sequence of peptide 4 in tho hrerno 
globins A and G is as indicated in Table 1, with 
lustidme m position 2 and valine as tho N-terminal 
ammo-acid Furthermore, this peptide is likely to be 
N-termmal m one of tho hccmoglobm chains Tho 
structure of peptide 4 from haemoglobin -S is still under 
investigation, hut it seems likely — especially in tho 
light of the work of Hill and Schwartz (following 
communication) that its structure is as Bhown It 
should be noted that tho sequence around the amuio- 
acid which changes and the changes themselves in 
these mutational alterations are not affected by tho 
new structure 

The first suspicion arose when ono of us (J AH ) 
found that application of Sjoquist’s modification* of 
the Edman stepwise degradation yielded valmo as tho 
N-termmal araino-acid for peptido 4 from hiemoglobm 
A 1 - 2 and peptide 4b from hrcmoglobm C 3 Only traces 
of histidine could be obtained at this stop Histidine, 
or rather its plienylthiohydantoin, was tested for by 
removing vn vacuo tho acid used in the method and 
extracting a slightly alkaline solution with ethyl 
acetate On the othor hand tho second stop did givo 
histidine, but in poor yield, and tho third step yielded 
mainly leucine in reasonable yield These ammo-acids 
were identified by two-dimensional paper chromato- 
graphy after hydrolysis of thoir phonydthiohydantoins 
with hydnodic acid 3 Qualitative analysis 6 of tho two 
peptides after one and two steps of tho Edman 
degradation showed that valine was much reduced 
after ono step and that after two stops both vahno and 
histidme were absent from the residue It appears 
that the peptide 4 begins wnth tbo sequence valyl- 
histidyl-leucyl- However, repeated attempts to 
obtain dmitroplienyl -valine after reaction with fluoro- 
2 4-dimtrobenzeno 7 were unsuccessful Quantitative 
ammo-acid analyses 6 after paper chromatography 
indicated that there is only a single leucine residue in 
the peptides 4 

At this point a Spinco automatic amino acid 
analyser, modelled on Mooro and Stein’s equipment*, 
became available Analysis of hrcmoglobm A poptide 
4 showed at once and unequivocally that only ono 
instead of two leucines is present togethor with the 
other ammo acids m their expected quantities 

Htemoglobm A peptide 4 was submitted (V MI) 
once again to one step of the Sjoquist degradation*, 
hut both the N-termmal amino-acid derivative and 
the remaining peptide were analysed quantitatively 9 , 
the latter on the automatic ammo-acid analyser The 
results were clear After cyclization of the phcnyl- 
thiocarbamyl peptide under Sjoquist’s conditions, an 
extract of the diluted acid solution showed the spec- 
trum typical of a phenylthiohydantoin* After 
removal of the acid, the slightly alkaline solution did 
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not yield any more phenyl thiohydan tom, as would 
have been expected had bistidino been present os the 
N terminal amino odd After hydrolysis with hydno 
die acid the acid extract showed that valine was 
praotically the only amino-amd present The rest of 
the peptide was hydrolysed and analysed quantita 
tivoly All the amino acids were present, except for 
the valine which was reduced to 10 per cent of its 
usual value Clearly the peptide hod N terminal 
valine Histidine was still present although reduced 
slightly in amount The recovery of lysine was only 
about 50 per cent, due porhaps to incomplete hydro 
lysis of its i phenylthiocarbamyl-donvative On the 
basis of these results we feel that the structures shown 
in Tablo 1 are now oorroct Hill and Schwartz 
(following communication) have independently am ved 
at the same structure for hrcmoglobln A peptide 4 in 
connection, with their work on hromoglobin Q 

T*bk> 1 STRuertJKE or HJaioQLOBnr PrmDU 4 
UotmoiiIoWn A Val.HbXfta.Thr^Pro.g/n GIilLjt. 

„ S VaUIUXea Thr.Pro Frl.OIiuLyi 

,, O VaLHb.Lrtt.Thr Pro.Ly* GIu.Lv* 

(Val— rajyl , nu — htatldyl , Leu— leueyl , Thr — 
threonyl rro— prolyl Ola— glutamyl* Lji- 
lyttue.) 

Thcso results are interesting, because Rhinesmitb 
Schroeder and Martin 1 ' 1 found that the 0 chain of 
hromoglobin, which is known 11 to contain peptide 4, 
begins with the scquonco volyl histidyl leuoyl fol 
lowed by a bond which is relatively easily cleavod by 
mild acid hydrolysis Suoh a bond is the leuoyl 
llireonyl sequence shown m Table 1 It seems likely, 
therefore, that peptide 4 stands at the N terminus of 
the p-ohain of hromoglobin and that the glutamic acid 
residue which changes in hromoglogms S and O is m 
position number six along this chain If this is true, 
then in some manner ns yet not understood these 
alterations at tho N terminus of the p -chain appear to 
exert a profound offcot on the physical behaviour of 
tho whole molecule os shown for oxomple by the 
drastically low solubility 1 * of reduced hromoglobin S 
It is still not dear why the dmitrophenyl method 
docs not yield dmitrophenyl valine from those pep 
tides, yet destroys histidine Rhinesmitb, 8c brooder 
and Pauling 11 also noted this strange behaviour whioh 
in part led to tho original formula for peptide 4 
Furthermore, our experience reinforces that of other 
workers on the importance of reliable quantitative 
amino acid analyses* on these peptides and their 
fragments It seems that estimation by inspection of 
chromatograms cannot always decide reliably between 
the presence of one or two equivalents of a particular 
ommo add 

Wo wish to acknowledge the courtesy of Dra. Hill 
and Schwartz in allowing us to see thoir m a n uscript 
prior to publication 

One of us (JAH ) is gratoful to the Medical 
Research Council for a scholarship This work was 
supported in port b> a grant from the Medical 
Foundation, Inc-, Boston. 

J A. Hunt 

Medical Research Council Unit 
for Molecular Biology, Cavendish 
Laboratory, Cambridge England 

Division of Biochemistry, V M. Ingham 
Department of Biology, 

Massachusetts Institute of Technology, 

Cambridge, Mass 
Juno 2 
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A Chemical Abnormality In Haemoglobin G 

Ingram and Hunt 1 5 reported that normal human 
hromoglobin (hromoglobin A) differs from certain of 
the abnormal human hroraoglobms by a single amino 
acid in the primary structure of the 0 -chains of the 
globin of these proteins The peptides from a tryptic 
digest of hromoglobin A and hromoglobin S were 
visibly identical except for one peptide (peptide 4 ) in 
whioh a glutamyl reaiduo in hromoglobin A was 
replaced by a valyl residue in hromoglobin S We have 
isolated an abnormal peptide in hromoglobin G* and 
have compared it to similar peptides obtained from 
hxamoglobins A and S By amino-acid analysis and 
sequence determinations, it is evident that hromo 
globin G possesses an abnormal amino-aoid in the 
tryptio peptide number 4 of Ingram The sequences 
determined for the tryptio peptides from hromo 
globins A and Q are 

Hemoglobin A VaLUls.Leu.Thr.rio GIo.G1h.Ljt. 

„ Q VaJ Jill. Lcu.TJirJ > ra. Ola. GlyXj-*. 


It is apparent that o somewhat different sequonco 
was obtained for tho hromoglobin A peptide than 
previously reported Only one leuoyl residue is 
present in these peptides and a glyoyl residue in 
hromoglobin G replaces a glutamyl residue in hromo 
globin A Although peptide 4 from hromoglobin S 
also oontalnod only one residuo each of leucine and 
glutamio acid and an additional residue of valino, the 
exact sequence has not yet been determined 

Hromoglobin G was obtained from an individual 
(pedigree number H-7) who was shown by Schwartz 
tt al * to possess only hromoglobin G, hromoglobin 5 
was obtained from a pationt having sioklo cell anasmlaj 
hromoglobin A was obtained from ono of us (H.0 S ) 
The haemoglobins were prepared from wnshod rod 
cells and digested with trypem in a similar manner to 
that reported by Ingram* Tho soluble peptides were 
examined by both the two -dimensional electro 
phoresis-chromatography technique* and by ono- 
dimensional electrophoresis on Whatman 3 MM paper 
By both of these techniques hromoglobin G difforod 
from hromoglobin A in only one peptide The single 
abnormal peptide of both hromoglobin G and hromo 
globin S and tho corresponding peptide of hromoglobin 
A were obtained from propara tivo electrophoreto- 
groms by olution of the appropriate bands Those 
peptides were further purified by one-dimensional 
paper chromatography in butanol -acetic acid water 
(200 30 75) Each purified peptide was then 
hydrolysed tn vacuo in 6 N hydroohlorio for 24 hr 
Amino-acid analyses of these hydrolysates were per 
formed with on automatic amino-acid analyser* and 


re shown in Tablo 1 These peptides poetess a 
imposition similar to that of try] win peptide 4 bu 
mtain only ono leuoyl residue Abo 
ho hrcmoglobln S contain. 1 
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than haemoglobin A However, the hcemoglobm G 
peptide contains one glycyl residue and is distinguished 
from the haemoglobin S peptide m that it contains 
only one valyl residue 

Table 2 summarizes the sequence analysis made 
on the haemoglobin 0 peptide Only the phenyl- 
thiohydantom of valine was found on N -terminal 
analysis’ and it behaved exactly like the synthetic 
compound on paper chromatography m three different 
solvent systems Leucine aminopeptidase® liberated 
equivalent quantities of valine, histidine, and leucine, 
and a lesser amount of threonine On the basis of the 
specificity of the aminopeptidase ® 10 threonine is in 
position number four in the peptide and prolme at 
position number five Only the sequence shown is 
compatible with the several peptides obtained after 
papain digestion 


Table 1 Amino-Acid Analysis of Tryptic Pei tide 4 of 
HA aiOCUOBINS A, S AND 0 


Amino acid 

Hb-J 

Hb S 

Hh-G 


moles per mole of peptide 


Lysine 

Histidine 

1 0 

0 9 

1 1 

1 0 

1 1 

0 0 

Threonine 

0 9 

1 0 

1 0 

Glutamic acid 

1 9 

1 1 

1 0 

Prollno 

1 0 

1 1 

1 0 

Glyclno 

0 

0 

1 1 

Valine 

1 0 

1 7 

0 8 

Leucine 

1 2 

1 1 

1 0 


Table 2 Sequence 
Method 
PITC* 

LAPt 

Papain Peptide 3 
Papain Peptide 1 
Papain Peptide 2 
Papain Peptide 4 
Papain Peptide B 
Papain Peptide 0 
Sequence 


Analysis of Hb a Tryptic Teptide 4 
lies alt 
Val 

Vnl His, Leu, (Thr) 

Val, His 

Leu,Thr,Pro,GIu,Glj ,Lys 
Gly.Lys 

I,cu,Thr,Pro,Glu 

Thr.Pro.Gla 

Glu.GIy 

Vnl His Leu Thr Pro Glu Glj Lys 


*PITO=phenylIflO thiocyanate procedure' 
tLeucine aminopeptidase degradation* 


A similar sequence analysis of tryptio peptide 4 
of haemoglobin A has been made by isolation of the 
phenylthiohydantoin of valine and the action of 
leueme aminopeptidase and papain The results estab- 
lish the sequence shown above 

From these results it is clear that htemoglobm G 
used in tlus study is definitely an abnormal htemo- 
globm which is chemically distinct from htemoglobm 
S It cannot, however, bo determined whether the 
haemoglobin G used m this study is identical with that 
of Eddington et al 11 It is also evident that htemo- 
globm G possesses an abnormality m sequence at a 
different position but adjacent to that of haemoglobins 
S and G, accepting the sequence recently reported 
by Hunt and Ingram (preceding communication) 
for each of these as 


Hmmoglobln S Vnl His Leu Thr Pro Vnl Glu Lys 
,, 0 Vnl His Leu.Thr Pro Lys GluJuys 

On the basis of genetic evidence, it is probable that, 
the genes for haemoglobins O and S are alleles^, 
whereas it has been proposed that haemoglobins S 
and G are produced by genes which are not alleles * 
This genetic evidence and the work presented here 
would suggest that more than one gene controls the 
sequence of the p -chain of haemoglobin If, however, 
a gene is defined as the unit which controls the 
synthesis of an entire peptide, for example, the p. 
cham, then the mutations seen m haemoglobins S and 
G must reside at different parts of this unit .Work 
now m progress on the chemical evaluation of the 
haemoglobins m the members of the family described 
by Schwartz, et al *, should help answer these ques- 
tions as well as provide useful information on the 


genetic control of the primary structure of the 
haemoglobins 

Another feature of interest in this study is the 
relationship between the trypsin peptides containing 
the sequenco abnormalities and their position m tho 
whole htemoglobm molecule Tho work of Schroedor 
et al n , indicates that the N-terminal soquenco of 
the p-chains of haemoglobin is Val His.Lou From 
tho identity of tho first three residues in tho peptides 
of the above haemoglobins and the p-chain it is 
tempting to suggest that the tryptic peptides studied 
in this investigation, and by Ingram, occupy tho 
N-tormmal end of tho p-chams If this is tho case, 
it might now bo possible to evaluate how differences 
m the sequenco of ammo-acidB effect changes in the 
physical behaviour of tho abnormal hmmoglobm 
molecules 

It is a pleasure to acknowledge the encouragement 
and interest shown by Dr Emil L Smith and the 
other members of this laboratory m this work It 
is also a pleasure to acknowledge tho courtesy of 
Drs Hunt and Ingram for allowing us to read their 
manuscript prior to publication Haemoglobin G 
samples were kindly furnished by Dr S F Kaufman 
and the hromoglobm >5 by Dr Janot Watson This 
Btudy was supported in part by grants from the 
National Institutes of Health, U S Publio Health 
Service One of us (H C S ) is a Postdoctoral Re- 
search Fellow, National Heart Institute, TJ S Public 
Health Service 
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Herbert C Schwartz 
Laboratory' for the Study' of Horoditaiy and Metabolic 
Disorders, and the Departments of Biochemistry 
and Medicine, 

University of Utah, College of Mcdicino, 
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RADIOBIOLOGY 

Absorption of Zinc Phosphide Particles 

Although human poisoning by tho rodenticide zinc 
phosphide is said to bo fairly common m the Far East 
there are only four eases described m the medical 
literature and of these only one had fatal outcome 1,2 
From these cases it appears that death may occur m 
one of two ways, either within a few hours of ingestion 
or as a result of liver damage several days later We 
recently investigated a case in which the clinical and 
chemical evidence suggested poisoning of tho latter 
type The outstanding feature was the liberation of 
about a rrucrogram of phosphine at room temperature 
from 20-gm samples of liver and kidney after 
acidification of the tissue Detection and identifica- 
tion of the phosphme were by the method of Curry, 
Rutter and Lim Chm-Hua 3 The findings indicated 
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that zino phosphide was present m these organa and 
at first sight it was difficult to visualize tho mechanism 
and route of absorption of this poison from tho all 
mentary tract 

It seemed possible, howovor, that because of tho 
very small size of some of tho particles of commercially 
available zmo phosphide (less than 0 lu) these particles 
might pass through the intestinal wall mto the blood 
stream We observed that in aqueous suspension in 
tho presence of fat or oil the particles are preferentially 
absorbed on to the surface of tho fat or oil and despite 
their high density can even be made to float When 
zinc phosphide is added to a commercially a\ailable 
evaporated milk the particles are held indefinitely 
m fine suspension by the fat globules and we used 
such a suspension to feed the poison to rats and 
guinea pigs In dilute acid, zmo phosphide rapidly 
liberates phoeplune and wo showed by experiments on 
rate that when these animals wore fed a dose of zmo 
phosphide in oxcoes of the LD5 0 then, if death 
resulted, it occurred rapidly and moreover phoeplune 
was detectable in the liver In lower doses, when the 
animals were killed more than 24 hours after ingestion, 
no phosphine was detectable m the liver, but on 
adding acid to this tissue however, a very faint 
brown stem was obtained when the gases were passed 
through a filter paper soaked in methanolic silver 
nitrate Suoh small quantities wore preeent that it was 
not possible to obtain confirmatory reduced phos 
phomolybdate blue colour Wp therefore attempted to 
demonstrate particles of zino phosphide in the liver of 
poisoned rate m three ways (a) by histological 
examination, staining for zino, (6) by concentration 
and examination for sub microscopic particles using 
electron microscopy and an electron diffraction 
examination of the particles, (c) by using radioactive 
zinc phosphide so tJiat increased sensitiv Ity of detection 
was obtained 

Wo wish to report here only the results of the work 
using zino phosphide labelled with phosphorus 32 
since theso provided excellent evidence for the presence 
of phosphide m the livers of poisoned rata 

10 mgm aliquots of irradiated commercial zinc 
phosphide each having a phosphorus activity of 
0 8 me were fed m suspension to 6 approximately 
250 gm rate One rat {RAf2) died less than 20 hours 
after ingestion anothor (iM/1) about 22 hours after 
ingestion while rats RA( 3, 4 6 and 0 were killed by 
cool gas 20 hours after ingestion of tho poison The 
livers from rata RAJ 2 and RA{\ were analysed 
Beparately those from rats RA/3 , 4, 6 and 0 wore 
combined before analysis 

T»b4 1. 0 Hat Corns at tijuoc* Tnm 
Time (hr) 

0 1 1 U 3 SJ 

JUt MOO 5,500 3,200 1,200 BOO* 200 

IUt RAIl 450 300* 000 200 

JUt/M/3 4 5andfl(*)t 30 32* 300 110 64 

R*tRA/3 4 5 and 8 (6)1 0 0* 183 63 21 

• Time »t which «ri«l wm iddfd. 
t Background -Kc.pm. 
t Heading! rented hockfroirod - 1 c.p.m 

Carbon dioxido was passed in the cold through 
suspensions of the cut up h\ era in water and tho 
resulting gases were passed through a filter paper 
soaked m sllvor nitrate whioh was changed at half 
hourly intervals When tho p counts from the silver 
phosphide wore low , or absent, dfiuto mineral acid was 
addod and tho procedure was repeated Table 1 shawB 
tho results that wore obtained 


Tho increase in counts following acidification m 
rate RAj 1 and RAjZ, 4 5 and 0 shows that phosphide 
is to bo found m liver following its oral administration. 
Rat RA/2 obviously died from phosphme poisoning 
Rat RAJ1 had phosphme and phosphide present in its 
liver while the four other rats had recovered from the 
effects of phosphine and had none left in their livers 
but they had absorbed significant quantities of 
phosphide 

Further experiments showed that the mam urinary 
excretion product m these poisoned rats and guinea 
pigs was hypophosphite and that on histological 
examination their gastric and intestinal mucosso were 
intaot 

Because of their toxicological importance and the 
evidence for particle absorption we felt justified in 
publishing these preliminary observations 

W© should like to express our thanks to Dr D 
S tranks of the Department of Rndiochcmistry, 
University of Leeds, for his assistance 

A. S Curry 
D E Price 
F G Tryhorn 

Home Office, 

Forensio Science Laboratory, 

(North Eastern Area), 

Haddon Lodge, 

32 Rutland Dnve 
Harrogate Yorks 
May 21 
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Enzymes and Radioactivity In Erythrocyte* 
of Different Ages 

Fractionation of erythrocytes of different ages by 
differential hrcmolysis is a useful approach to tho 
study of enzymatic aspects of the maturation of tho 
erythrocyte in the peripheral blood Young red 
colls are thought to be resistant to osmotio hremolyBis 
and older cells to bo very fragile 1 Recently Simon 
and Topper* have shown by senol osmotio hrcraolysis 
that young orythrooytoe have both fragile and 
resistant components In the present paper the 
activities of glutamio oxaloacotio transaminase and 
lactic dehydrogenase Imvo been related to red blood 
cells of various ages 

Male Sherman strain rats were injected with either 
sulphur-35 amino acids or ferrous-59 citrate to act 
as markons of tho age of the red cells 1 and wore 
bled at various intervals after injection After 
removal of plasma and huffy coat, erythrocytes were 
washed six tiroes with buffered isotonic sal mo at 


room temperature Serial oemotic himnolyms, porno 
what modified from the method quoted above 1 , 
was carried out bv suspending tho washed red cells 
in 0 9 per cent buffered salino, and removing a small 
aliquot to represent tho whole population Tho 
remainder of tho suspension was centrifuged (000 ff for 


3 irnn ) and the supernatant saved as tho moot 
fragile fraction The residual red colls were then 
re suspended in 0 7 per cont buffered saline for 5 
mm followed by separation of the supernatant 
which represented tho next moat frngilo fraction 
Surviving cells were successively cycled through 
solutions each more dilute them that preceding until 
haemolysis was complete Tho lost fraction 
roprewnta the most red-taut call-. 
supernatant- and tho al.quot of -hole laamo* 
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were reeentnfuged for 10 mm at 2600 g These 
resultant supernatants were analysed for hcemoglobm 
(optical density at 640 mg), activities of glutamic 
oxaloacetic transaminase'* and lactic dehydrogenase 5 , 
and for radioactivity The activities m each fraction 
were expressed per mgm of haemoglobin The relative 
specific activity was calculated by dividing the 
specific activity of a substance in the fraction by the 
corresponding specific activity m the whole 

Fig 1 depicts the distribution of sulphur-35 
radioactivity in hsemolysate fractions at various 
intervals after injections The vertical axis represents 
relative specific activity The nght-hand horizontal 
axis gives the interval after injection in days The 
left-hand horizontal axis represents the order of 
fragility, with the most fragile to the left and the 
most resistant to the right, a probit scale is used to 
expand the extreme values of haamolysis for better 
visualization 

At one day, shown by the first plane, the bulk of 
radioactivity is in the most resistant 10 per cent at 
the right, and smaller quantities are in the most 
fragile 1 per cent at the left At 4 days, the second 
plane, the right hand peak has started to shift to a 
less resistant area, and this continues so that at 10 


cells was obtained with both rat and human erythro- 
cytes after radioactive iron administration Only 
early intervals after injection wore studied with this 
isotope The present work demonstrates that older 
rat red cells are as inhomogeneous with respect to 
haemolytic susceptibility as are the young cells 
The fact that haemolysis of very young erythrocytes 
was obtained m 09 and 0-7 per cent saline suggests 
that the phenomenon of fragile young erythrocytes 
may at least be partially explained by an increased 
mechanical fragility of these colls 

Previous workers have amply demonstrated that 
reticulocytes and young erythrocytes contain a largo 
complement of enzymes, some of which disappear on 
maturation' The present results demonstrate 
that the young rod colls, found in both tho most 
fragile and most resistant fractions of haemolysis, 
contain high orders of activity of tho two enzymes 
studied here, GOT ond LDH 

Lester M Levy 
Harry Warter 
Martin D Sass 

Radioisotope and Medical Services, 

Veterans Administration Hospital, 

Brooklyn, Now York, Juno 29 


days, the third plane, and later, the most resistant 
erythrocytes, on the right, have little radioactivity 
The peak of sulphur-36 radioactivity in the most 
fragile area, to the left, persists somewhat longer in 
these haemolysates In other experiments, not 
here shown, haemoglobin of tho haemolysates was 
purified by recrystathzing three times and removing 
exchangeable sulphur-35 with cysteine at alkaline pH 
and dialysing With this purification tho peak of 
radioactivity m the most fragile erythrocytes is 
clearly present at early times, though somewhat 
diminished, and disappears more promptly than 
when haemolysates are studied directly At 60 days, 
represented by the next to the last 
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plane, there are two peaks, one at 
0 5 and the other at 85 per cent 
haemolysis It should be pointed 
out that neither of these peaks 
coincides with those at the extreme 
ends amociated with young cells 

The last plane shows the averaged 
distribution of activity of the two 
enzymes for ten experiments This 
distribution is, of course, indepen- 
dent of the interval after injection 
of any radioactive markers Highest 
glutamic oxaloaeetio transaminase 
activity is present in the most 
resiBtant 20 per cent of erythrocytes, 
at the right, and in the most fragile 
1 per cent at the left Lactic dehydro - 
genase is most active in the most 
fragile 1 per cent at the left In the 
resistant fraction on the right it is 
enriched to a value of 1 76, some- 
what less than the enrichment found 
for glutamic oxaloacetic trans- 
aminase m this area Thus the 
peaks of enzyme activity at the two 
extremes correspond to the distri- 
bution of younger red blood cells 
depicted in the front planes A 
similar correlation between enzyme 
and radioactivity marking young 
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PHYSIOLOGY 

Responses to Localized Distension of the 
Oesophagus in Decerebrate Sheep 

The reflex nature of contractions of the oesophagus 
stimulated by oesophageal stretch has been described 
in a number of species. In our experiments in addition 
to the oesophageal responses to distension of itself the 
effects on parotid salivary secretion, reticulum and 
rumen movements have been examined in decerebrate 
preparations of sheep The distension was delivered 
and the responses to it recorded from balloons intro 
duced through the mouth or through an incision in the 
mid cervical oesophagus into the lower cervical or 
thoracic regions of the oesophagus In throe expen 
ments on preparations anaesthetized with pen to 
barbitone sodium- after dece rob ration the thorax was 
opened and tho responses of the thoracic oesophagus 
observed directly Tne effects of oesophageal distension 
on the reticulum, rumen and sab vary responses were 
judged by its modification of previously established 
reflex responses of theso structures. 1 £ 

Tho balloons used were 2-3 cm long and were 
distended to diameters up to 2-3 cm with air When 
retained in the eamo position moderate distension of 
such a balloon ovoked a aeries of contractions of the 
oesophagus Theso increased in frequency up to 
degrees of distension beyond which oesophageal 
contractions were not observed If the balloon was 
left free to move it was delivered, after its distension, 
by a series of contractions mto the reticulo rumen 
Tho contractions were not accompanied by bucca 
pharyngeal or upper cervical oesophageal movements 
of swallowing The responses of tho oesophagus to 
distension of itself were not observed after tbe 
intravenous administration of d tubocurarine chloride 
(0 1 ragra /kgm ), decoraethomum lodldo (0 5-0 75 
mgm /kgm ) or after the vagus nerves were cut in the 
neck They persisted after the administration of 
atropmo sulphate (1 mgm /kgm ) Contractions of the 
oesophagus evoked by stimulation of the peripheral 
end of a vagus nerve out m the neck similarly persisted 
after the administration of atropine but were not 
obtained after d tubocurarine or docamothomum had 
been given Stnatod muscle was identified in the 
rcgiona of the oesophagus the responses of which were 
studied 

Tho effects of oesophageal distension on parotid 
oalrvary sooretion reticulum and rumen contractions 
varied according to its degree and the region stimu 
la tod Moderate distension, particularly of tho first 
2-3 cm and of the last 2-3 cm , of the thoracic 
oesophagus was frequently followed by increased 
parotid salivary secretion and by the initiation, or if 
already present, by an increase in the frequency, of 
reticulum and rumon contractions Greater degrees of 
distension inhibited previously established parotid 
salivary reticulum and rumen responses Tho most 
efficacious stimulus was tho distension of a balloon 
in the lowor part of the cervical oesophagus when it 
was loft free to be mov ed by the oesophageal oontrac 
tions into tho stomach With balloons hold in tho on© 
position the greatest effects were obtained from 
distension of the last 2-3 cm of tho thoracio oeso 
phagus, similar but weaker responses wore evoked 
from stimulation of first 2-3 cm of tho thoracio 
oesophagus The effects were obtained after oeeo 
phageal contractions wore annulled with d tubo 
curanno Less regularly similar but weaker responses 


were evoked from intermediate regions of the thoracic 
oesophagus and from tho lower 2-3 cm of tho cervical 
oesophagus 

Reticulum stretch alone or combined with that of tho 
reticulo rumennl orifice modified tho oesophageal con 
tractions stimulated by distension of itself Tho 
effects varied from an absoluto inhibition to a tern 
porary cessation of oesophageal contractions during 
each contraction of the reticulum and rumen stimu 
la ted by stretch of the reticulum and reticulo rumenal 
orifice In four experiments distension of a balloon in 
tho reticulum led to an increased frequency of tho 
contractions of the most caudal regions of the 
thoracio oesophagus 

These results suggest that the two functionally 
distinot regions of the thoracio oesophagus charac 
tensed as BphinoterB by Dougherty and Meredith* 
from cine flu orogrnphio observations may be particu 
larly significant from a sensory pomt of view, and also 
add to the evidence winch suggests that the activity 
of the oesophagus in ruminants may be modified by 
conditions or aotivity in the stomach 4 6 

This work was undertaken during the tenure by one 
of um (AJF S ) of a Guggenheim Fellowship 
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Curative Effect of Selenium Upon the Incisor 
Teeth of Rats deficient In Vitamin E 


The original description of tbe proteotivo action of 
selenium against tho exudative diathesis in chicks on 
torula yeest diets was given by Schwarz tl a2 1 
Following this significant finding, a good deal of 
rese a rch has boon done on the possible vitamin E 
properties of this element and Schwarz ei al *8 findings 
were confirmed 2 Selenium was also found to be pro 
teotive against liver necrogemo diots in rata 3 * It 
did not reverse the dialunc acid haomolysifl test 4 and 
was ineffective in preventing resorption gestation m 
rats* or in averting muscular dystrophy in rabbits, on 
vitamin E free diets* Tbosolemum was usually given 
as sodium selenite or solenato, selenious acid, or 
selenocystine The levels used in the diets varied 
from 0 I to 10 p p m. selenium. 

A charac tenstio degeneration of the enomol organ 
and whitening of the normally orange-coloured incisor 
teeth of the rat occur m vitamin E deficiency 
A tor-man t has recently reported that sodium selcnito 
mahvernecrogenicdietatalevelofOppmi eolomum 
and fed to weaning rats did not protect tho incisor 
tooth against depigmentation, though it a\ ertod Hvor 


ocrosis , 

I haw conducted experiments which snow 
jlonium hna o protective net Ion «P“] dilTbrod 
rgnn and tooth pigment, hut m, method. u 
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from those of Aterman Kata weighing 60-60 gm 
were put on to the diet previously employed* which 
consisted of 77 6 per cent potato starch, 20 per cent 
dried brewer’s yeast, and 2 5 per cent cod liver oil 
On this diet marked histological changes m the 
incisal enamel organ and whitening of the teeth occur 
in 30 days and these changes are completely averted 
by a-tocopherol administration Animals kept on this 
diet for as long as 120 days show consistently marked 
enamel organ degeneration and white teeth’ 

44 rats were put on this diet for 40 days, by which 
time all their upper incisor teeth were white Six were 
then killed and the enamel organs examined histo- 
logically All enamel organs showed extensive degener- 
ation and m all but one the ameloblasts were iron- 
free This loss of iron occurs m vitamin E deficiency’, 
and its reappearance is the earliest sign of recovery 
after a-tocopherol administration 18 rats were dosed 
with 3 mgm of a-tocopherol daily (‘Ephynal’, Rocho) 
and 6 were killed 40, 60 or 80 days later These all 
showed the reappearance of iron-staining granules in 
the ameloblasts and the recovery of the enamel organ 
as described’ At forty days all teeth were yellow at 
the gingival margin and they were uniformly orange 
by 80 days Of the remaining 18 rats, 9 were put on 
to the basal diet to which sodium selenite had been 
added to a level of 0 3 p p m selemum, and 9 on to the 
basal diet plus sodium selenite at a level of 0 9 p p m 
selemum The ammals on 0 3 p p m selenium grew 
as well as the vitamm-dosed ammals, but 0 9 p p m 
selenium retarded growth to some extent 0 3 p p m 
selemum was not as effective as 0 9 p p m for tooth 
recovery 3 animals on the 0 3 p p m diet had after 
40 days teeth either completely yellow or yellow on the 
upper half, and their enamel organs were recovering 
and had iron containing granules This curative 
action of selenium was not kept up, and at 60 days 
the teeth were mottled yellow and the enamel organs 
had degenerated and by 80 days all teeth were white 
On the 0 9 p p m level of selemum, 6 rats at 40 days 
had recovered their mcisal orange pigment m whole 
or m part At 60 days 3 more rats showed pigment 
being replaced and at 90 days only 1 of the 3 remaining 
rats had white teeth All the animals with pigment 
recovery had regenerating enamel organs and iron 
containing granules in their ameloblasts 

It thus appears that while not as uniformly effective 
as a-tocopherol, selemum does have a significant role 
m curing the effects of vitamin E deficiency m the rat 
incisor tooth Possibly the requisite level for this 
increases with age 
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Subcutaneous Absorption of Urethane in 
Dehydrated and Fasted Mice 

The absorption of the non-olectrolyto urothano 
from subcutaneously injected solutions is depressed 
m mice treated with oestrogenic hormones m pharma- 
cological doses' This is possibly duo to the higher 
amount of connective tissue ground substance found 
in such animals a hen compared with controls Both 
the hoxosamme content and the concentration of 
water m the connective tissue is mcreaso following 
treatment with cestrogen To elucidate the influence 
of alterations in the content of hexosnmino and the 
concentration of water on tho absorption from sub- 
cutaneously injected solutions of a non-electrolyte, 
the following experiments aero earned out 

Absorption experiments wore performed on mice 
(7-8 weeks) by injecting 0 30 ml./25 gm of a 10 
per cent w/v urethane solution subcutaneously into 
tho skm on tho bnck Tho absorption timo was 
expressed as the time m seconds from tho subcutan- 
eous injection until tho animals could ho laid on the 
side without resistance (light amcsthesia) Experi- 
ments were performed on controls nnd on two groups 
of pretreatod animals One group was fasted and 
another group was dehydrated A full description 
of the dietary regimen used will bo given by one of 
us 2 Hvidborg found that tho fasting method used 
here was followed by a 7 3 per cent reduction in the 
content of lioxosnmino m tho subcutaneous con- 
nective tissue, while tho water content was lowered 
by 12 6 per cent The method of dehydration gave 
a similar reduction in tho amount of connective 
tissue hoxosammo (7 6 per cent), wdnle tho water 
content was reduced by about 33 per cent Tho 
amount of water and lioxosamino is calculated on 
tho basis of tho dry fat-free tissues 

In tho present experiments wo found tho absorp 
tion to bo accelerated to tho same degreo in both 
fasted and dehydrated mico compared to the figures 
found for normally fed controls (Table 1) When 
hyaluromdaso was added to tho injected solution of 
urethane (600 i u /ml ) the absorption of tho drug 
was enhanced to a statistically highly significant 
degree m all three groups of experimental animals 
(Table 2) When the absorption times m tho three 
groups in Table 2 are compared, a nearly equnl rate 
of absorption is found in all groups The absorption 
time in the fasted mice with hyaluromdaso is not 
statistically different from tho controls In the 
dehydrated group (Table 2) there is slight enhance- 
ment of tho absorption w’hon compared to controls 
[P> 0 06), but no difference exists between the rate 
of absorption m dehydrated and fasted mico 

The conclusion must bo that both dehydration and 
fasting enhance tho subcutaneous absorption of 
urethane to a high degree w'hen compared to controls 
(Table 1) When hyaluromdaso is added to the 
injected solution this difference between the experi- 
mental groups and controls is eliminated (Tablo 2) 
Therefore we bohevo that the enhanced absorption 
is due to a reduction of the hyaluromc acid content 
m the connective tissue ground substance, w'hich 
showB itself by the above lowering m tho amount of 
bexosamme This seems to bo confirmed by the 
equal enhancement of tho absorption in dehydrated 
and fasted mice (Table 1) m which the amount of 
hexo8amme is reduced to the same degree A possible 
influence of the water content of the connective tissue 
on the subcutaneous absorption of urethane is not 
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likely because of the great differences in tho con 
ccntrationa of water in tho conncotive tissue from 
dehydrated and fasted mice while tho rate of ab 
sorption is equal in both groups 

T«blo l Ttxe (bec ) no* Tin: ixjectiox of a 10 rrp. cext Tmrrnijni 
soitmoT bubcutahiousit to male kick (o SO mL/25 gm ) uettl 
THE AJTtXALS OOULD BE LAID 05 THE SIDE WITHOUT XMI6TAKCE 



No of 


Stand* rd 


Fm- 

experi- 

STe*a 

error of 

P 

trwtrocnt 

ment* 


mean 


Control* 

20 

1110 

±75 



Fab ted 

15 

560 

±81 

<0-001 

Dch>-d rated 

10 

630 

±64 

<0-001 


Tmble 3 . — Time (sec ) feom the ixjktiot or a 10 fee cest ueethaite 
EOLUnOT CONTAiraO 500 l.U. HTALUEOXTOABE/KL 9UHCCTAHX0UHLT 
TO KALE IPCE (0 50 ml /25 pm.) UimL THE AKIKALS COULD BB LAID 
OK TUB BIDE WITHOUT BE3UJTA5CE 



No of 


Standard 


Pro- 

expert 

Mean 

error or 

P 

tre* Invent 

ment* 


mean 


Control* 


435* 

±31 

_ 

Failed 

16 

soot 

3 50* 

±33 

>0 1 

Debj-dratod 

17 

±53 

>0-03 


*31gnlQcanl different from tlw eorre*pondbiR flforai In Table 1 accor 
ding to P <0-001 

tWIffnlOcant different from UiecorrespoiMlioR figures In Table 1 aecor 
ding to P <0-005 


Dohydrnted and fasted animals are in conditions 
of stress Cortisone given m pharmacological doses 
to mice is followed by on enhanced absorption of 
urethano* while tho concentration of hoxosamme in 
the connective tissuo is unaltered nhon compared 
to controls* However, it is not likely that the 
enhanced absorption in dehydrated and fasted mioo 
is duo to a rise in tho production of adronooorti 
ooe toroids Tho absorption-enhancing effect of 
co rt mono is still pronoun cd when experiments are 
performed with solutions containing hyaluronidase, 
while dehydrated and fasted animals absorb ure- 
thane os normal animals when the injected solutions 
contain hyaluronidase Whilo the explanation ol 
the obeorption-enhancmg offoot of cortosono is 
possibly a reduced self-doprcssion of the subcutaneous 
absorption*,*, the enliancod absorption m dehydrated 
and fasted animals is more likely produced by the 
above alterations in the amount of connective tissue 
ground substance The concentration of water in 
the connective tissuo seems of less or no importance 
for the rate of subcutaneous absorption of a non 
electrolyte such as urethane 

Eioill Hvidbkhq 
Jens Scnou 

Department of Pharmacology, 

20, Julinno Manes Voj 
Umvorsity of Copenlingen 


i IlWdbere, E «od J Scboo Jrtar^rwtoc^ ToxfnL, 18, 207 (1050) 
i ir T klIfcrc E-, Aria Pharmacol Toxicol (In the pro**) 
j a. A Schmidt «nd J Bchou \Oa I harmar* Toxic* 

‘ Schmidt' a“ 7 U TOM, 11, »0 (1058) 

5 Bchou J Nsfurr. 182, 8S4 (1W8) 

« tkbon J Ada Pharmacol Toxicol., IS 43 (1058) 


fn Vitro Study of the Anthelminthic Property 

of Artemesla monosperma grown in Egypt 

The uunoufl species of tho genus Artemesia have 
been subjootod to pliarmacological investigation for 
tho purposo of ascertaining their useful application as 
thorapoutio agents Ab there was no mention in tho 
literature to tho physiological Activity of tho santonin 
free, Artemesia monosperma, Del \ it urns deemed of 
interest to investigate this common Egyptian desert 


plant for any possible onthelm inti tie properties It 
was decided that investigations should be made in 
vitro to determine the offsets of some preparations of 
the plant on both A sea ns and the intestine and to 
show whether it possesses a verraioidai or vermifugal 
property 

Aecans leontna and strips of tho small intestine 
were carefully taken from freshly killed but infected 
do^s and kept m Tyrodo s solution The intestinal 
strips, each about 1 in long, were suspended m 
oxygenated Tyrode’s solution at a constant tempera 
turn of 38°0 using a glass jar bath with an inner 
vessel of 60 ml capacity Tho same technique was 
also applied to the Ascaris using either the whole 
worm or its upper part After recording the normal 
movements of the intestine and Ascans on a smoked 
drum paper, the effect of different doses of alcoholic 
and watery extracts of Artemesia monosperma was 
tested by tho addition of their solutions to the organ 
bath 

The results obtained showed that both extracts 
produced inhibition of the intestinal motilitj and 
stimulation of the movements of tho paraaite Tho 
effect bocame obvious and more pronounced os the 
concentration of these preparations was increased 
When comparison was mode between the offeotive 
doaoe of these two extracts it was noticed that the 
watery extract was more potent than the alcoholic 
extract 

Thus it is concluded that although the drug would 
appear to be non lethal to the Ascands, it is obnoxious 
to thorn and stimulates the musculature causing excos 
si vo and acute movements. Such movements may 
relinquish their hold on the intestinal mucosa so that 
they ore easily expelled bj n subsequent purgative 
Moreover, the inhibition of the intestinal motility 
demands the administration of a purgative, and thus 
helps the expulsion of the already over-etimulatod 
moving parasites from the intestines 

From this investigation it seems possible that 
Artemesia monosperma possesses highly anthelmintic 
properties It is recommended thorefore, to be given 
m the form of a watery extract followed after an 
interval of an hour by n purge which will expel tho 
exoitod parasites from the intestines 

A Siiatiak 
Z F Aitmed 
F Abdel Uoneim 

Pharmacology and Drug Research Unit 
National Research Centro, 

Dokki Egypt 

1 F«hmr I. R-, Ahmed, ZL F., tod Abdel Uoneim F (In the prow) 


Potassium and Lactose In Milk in Relation to 
the Physiology of Milk Secretion 

In a previous communication * wo reported tho 
interrelationships of the concentration of sodium 
potassium lactose and water in samples of milk taken 
at intervals over a period of three months from short- 
horn cows in mid lactation It was shown that tho 
water of milk can bo represented as a two-phase 
system in one phase referred to as the sodium lactose 
phase potassium is absent and sodium and lactose 
vary inversely, in the other, referred to ns tho sodium 
potassium phase lactose is absent and sodium and 
potassium van inversely Tho relative proportion* 

of tho two phases wore coIouI “*5iJ? dJSure trim 
about 2 5 1 0 but it was not poeeiblo (o dedu 



648 


NATURE 


VO!_ 1 64 



Fig 1 Tho relationship between the lactose and potassium 
contents of the milks of helfera In early or mid-lactation and free 
from infections of the udder The line Is 8 93-0 019lz, (P 
<0 001), standard error of estimate, ±0 10 

information then available ■whether, and to what 
extent, the relative proportions of the two phases 
varied from animal to ammal, or within the milk of 
an individual animal from time to time 

In continuation of these experimental studies, 
analyses are now being made of samples of the milk 
of six Friesian heifers at frequent intervals throughout 
their whole lactation A feature of the results has been 
the constancy of the potassium content of the milk of 
the individual animals throughout tho first 4-6 months 
of lactation, even during the period of transition from 
colostrum to normal milk when the changes m other 
constituents were large The mean potassium content 
(mgm / 100 gm ), with its standard error, for the milk 
of each of the six heifers, based on analyses of samples 
of milk collected on twenty separate occasions 
throughout the first four months of lactation, was 
166 3±0 9, 157 8±14, 169 6 ±0 8, 163 7±1 3, 

168 8±1 2 and 174 9±1 3 Thus, the potassium con- 
tent of milk appears to bo individually characteristic 
in healthy heifers during the period of full lactation 
The lactose contents of the milks showed marked 
increases during the first two to three weeks of lacta- 
tion, hut in the succeeding throe to four months tho 
values for each ammal shewed a constancy similar to 
that observed with potassium 

Analyses of the milk of a large number of other 
healthy heifers m mid-lactation have given potassium 
contents ranging from 140 to 200 mgm /10(T~gm of 
milk and a close inverse relationship between the 
ypotassium and lactose contents of the milks has been 
found (Fig 1) Previous studies 2 . 2 of variations in the 
potassium and lactose contents of milk- have been 
based on analyses of milk samples obtained from 
animals varying widely m age and stage of lactation, 
or on compansdns of the composition of the milk 
from tho separate quarters of the udder of cows 
infected with mastitis the data showed a direct 
relationship between the concentrations of potassium 
and lactose m milk With increasing age, advanced 
lactation and infections of the udder, the potassium 
and lactose contents of mDk decrease and the content 
of sodium increases, due, it is thought, to a dilution 
of milk with a transudate of blood plasma 2 In these 
earlier studies, variations m composition arising as a 
result of this dilution have been of such a magnitude 
that the inverse relationship between potassium and 
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lactose now observed has been masked 

Tho present observations with healthy heifers m 
mid-lactation, showing tho constancy of potassium 
and lactose concentrations in the milk of individual 
animals and tho inverse relationship between the 
values for potassium and lactose obtained with 
different animals, suggest that the ratio of tho two 
hypothetical water phases m milk is fairly constant 
for an individual ammal, but vanes considerably from 
ammal to ammal 

The concept of tho water of milk arising in two 
ways is now seen to be consistent -with the mechanism* 
for the formation of milk within tho colls that line 
the alveoli of tho udder The sodium-potassium phaso 
corresponds to typical intracellular fluid and the 
sodium-lactose phase would arise by tho synthesis 
within the cell of lactose, together with proteins and 
fat, coupled with tho movement of water into the cell 
to maintain osmotic oquilibnum The way in which 
tho coll contents are expelled into tho lumina of the 
alveolus has yet to he established, but it is reasonable 
to suppose that at tho moment of expulsion tho ratio 
of intracellular to secrotory fluid will ho fairly constant 
in any individual animal, and yet vary from animal to 
ammal, an explanation of tho constancy of the 
potassium content of the milk of an individual animal 
and of its variation between animals is thus afforded. 

The fuller implications of these observations, which 
include tho probability that tho rate of synthesis of 
lactose may determine the rato of milk seorotion, will 
be discussed elsewhere 

We wish to thank Dr S J Rowland for his interest 
m this work and for Ins helpful advice and critioism 

J A F Rook 
Marian Wood 

ChomiBtry Department, 

National Institute for Rosenroh m Dairying, 
Shinfiold, noar Reading 

1 Rook, J A- F , and Wood, M , Nature, 181, 1284 (1958) 

2 Barry, J M., and Rowland, S J , Biochem , J 64, 676 (1853) 

2 Black, A , and Voris h,J agne Pet , 48, 1025 (1934) 

* Richardson, K C„ Bnt Med Bull , 6, 1099 (1947) 

BIOLOGY 

A New Technique for Isolating and Cloning 
Cells of Higher Plants 

It has recently been shown by several authors 1-5 
that plant tissue cultures grown in liquid modia are 
composed of a population of single cells and small cell 
clusters Such cultures represent an excellent source 
of large numbers of smgle cells and would bo very 
useful for several types of experiments if tho single 
cells could easily be isolated and grown 

Studies m this direction wore made with callus 
tissue cultures of Nicotuma tabacum L var Sarnsun 
and Phaseolus vulgaris L var Early Golden Cluster 
The tissues were grown in 250-ml Erlenmeyor flasks 
on a shaker (120 r p m ) m 100 ml of White’s medium 5 
supplemented with 7 per cent coconut milk and 
0 6 ppm 2,4-dichlorphenoxyacotic acid It v?a3 r 
found that it was possible to obtain suspensions of 
uninjured cells by successive filtration of the freely 
suspended content of the shaker flasks through fine 
gauze (width of mesh, 0 3 and 0 1 mm ) under sterile 
conditions More than 90 per cent of tho cells present 
m the filtrate consisted of single cells The remainder 
was composed of cells that hod divided into two 
daughter cells just prior to filtration or of two small 
cells which were attached to each other 
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To isolate the single cells from the suspensions the 
following plating method was used The filtrated cell 
suspensions were mixed with molted White a agar 
medium (0 0 per cent), supplemented as indicated 
above, and plated in Petri dishes or they were plated 
on tho top of an agar layer in tho dishes The dishes 
wore sealed with rubber bands to prevent desiccation 
and infection They were maintained at a constant 
temperature of 22*0 m diffuse light By making 
the agar layer about 1 mm thlok tho cells could 




easily be observed through the bottom of tho dishes 
at low magnification ( X 100) with an inverted 
microeoop© 

Microsoopic examination showed that cells of 
N f abaci cm and P vulgana isolated in this way were 
alive that they exhibited on active protoplasmic 
streaming, and that tho first cell divisions occurred 
2-4 days after plating Within 4 weeks about 20 per 
cent of the single cells had established small tissue 
donee which could bo isolated and grown furthor By 
moans of continuous observation, cell divisions and 
the development of cell dusters from single cells 
could be followed Pig 1 shows, for example, some 
stages in tho development of a cell duster from a 
thread like tobacco cell. As can be soon from Fig 1, 
the cell cluster was built up by repeated divisions 
and growth of the original coll 

Tho results of tho experiments presented above 
demonstrate that it is possiblo to grow tissue clones 
from isolated single plant colls without the presence 
of a 'nurse tissue’ The described techmquo has the 
furthor advantage of a greater technical simplicity 
compared with the nureo tissuo mothod used by Muir 
Hildobrandt and RikorV for the growth of elnglo cell 
clones, and the arrangement used by Torroy* for tho 
cultivation and microscopic examination of isolated 
colls Pull dotails of tins report will be published 
elsewhere 


This work was supported in part by Unitod States 
Public Health Sorvice Research Grant No E 1537 
Ludwig Beugmann* 

Rockefeller Institute, 

New York 21, 

New York 
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Diffusion of a New Habit among Greenfinches 

Many readers of Nature have taken part m a 
co-operative study of an apparently new feeding 
habit 1 , about which there are now some fairly clear 
cut conclusions Two or more greenfinches (Ghlorvt 
chlons L ) will fly some distance to tho garden shrub 
Daphne mezertum L , usually m Juno, to devour 
every one of its hundreds of large seeds in a strikingly 
avid and fearloes manner Green and immature fruits 
are preferred, when the atone of those drupe fruits is 
not quite bo hard Once a garden hoe boon visited 
in this way, there is a 95 per cent chance that it will 
continue to he visitod regularly and without inter 
mission 

Bushes m urban gardens ore more eubjoct to this 
despoliation than thoee in rural gardens (P < 0 01) 
In the south of England the phenomenon is of much 
more recent occurrence than further north (P < 0 01) 
Indeed, it Booms not unlikely that tho habit may have 
originated in some Pennine industrial settlement in 
the eighteenth or early nineteenth century At any 
rate, according to present data by ID 00 the habit 
extended only from Selkirk to south Lancashire By 
1930 it extended from Perth to London. And by 
1956 its distribution had increased to as far as Inver 
ness in tho north, to Deal in Kent, to Ashburton in 
Devon, ns well as to Dublin and Belfast Since 1925 
the number of gardens affected has apparently been 
doubling ov erj six years The two vice counties 
where tho incidence is at presont greatoet ore the 
London onos of Middlesex and south Essex. 

Dcspito extensive inquiries, only negative reports 
have been received from continental Europe Tho 
habit seems to have originated in this off shore island, 
and— rather like tho melanism in somo moths— it 
may be an indirect consoquonco of industrial develop 
mont and urbanization In view of its apparent 
absence from tho Continent, and of tho fairly slow 
and orderly spread of this linbit m tho British laics, 
the hypothesis arises that tho increase may bo B0I0I3 
due to cultural diffusion, following a discovery bj a 
srnglo greenfinch, some one to two centuries ago 
Tho possibility is not inconsistent with the goncral 
biology of tho groonflnoh‘, though it can in no way 
bo regarded as proved Certainly tho overwhelmingly 
groat or number of fresh despoliations to-day will bo 
due to diffusion rather than to independent dls 
co very 1 Calculations suggoet that tho : 
already hove boon carried from Bntaii 
land In several gardens, in Franco 
Daphne bushes mm bo being ■trippoo 


low habit may 
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first reports of this arrival, perhaps in. the 1900’s, 
■will be of interest 

Curiously enough, an exactly similar habit of 
despoliation lias now been reported from New Zea- 
land*, where both species havo been introduced 
Retrospective inquiry may bo able to suggest whether 
perhaps some north British settler helped to mtroduco 
the habit as well 

Max Pettersson 


Brunei College of Technology, London, W 3 

2 Pettersson, II L It , Nature, 177, 709 (1950) 

* Boyd A W , Bnl Birds, 24 329 (1930) Wltherby, H T , cl a! , 

The Handbook of British Birds ’ (London, 1940) 

* Fisher, J , and Hinde, R A , Bnl Bird*, 42, 347 (1949) 
•Sutherland, E , Otago Daily Timet (Feb 0, 1953) 


An Unusual Breeding Habitat of the Linnet 

Contrary to the normal habits of the linnet 
(Acanthis cannabma) this species has been found 
nesting annually in clumps of rushes (J uncus ejjusus) 
on a hill pasture in north-east Cheshire, grid reference 
SJ 956925 The rush sites are apparently chosen in 
preference to more normal sites of w Inch there is no 
shortage The habit has so far not been observed 
elsewhere m the district and would appear to bo 
unusual anywhere 

The pasture is situated on a foothill of the Pennines 
and faces north-west, sloping from 700 to 800 ft above 
soa-lev el About 12 acres m area, it provides rough 
grazing for cattle It is very wet in parts with much 
rush On the drier parts are scattered clumps of 
gorse and there are se\ oral hawthorn trees at the 
lower end The surrounding land consists mainly of 
pasture together -with some meadow and arablo land 
The linnet is a common breeding bird in the 
district, nesting usually m gorse but also m low, thin 
hedges of hawthorn and holly, particularly those 
bordering lanes 

The nests m the rush beds are usually placed near 
to the top of a clump of rushes, although, m 1954, one 
nest was placed m a small tuft of grass on very wet 
ground The nests are typical of the linnet except 
that dried rush stems are used in the base material 
The first nest was found in 1952 It was deserted 
and contamed two eggs of linnet and one of cuckoo 
(Guculus canorus) The pasture was next visited m 
1 954 when more nests were discovered built m clumps 
of rushes Nests have been found each year since 
There is no lack of more normal sites even on the 
pasture itself, and the rush sites are apparently chosen 
m preference to these 

This year (1959) the first two pairs to breed nested 
m rushes These were followed by three pairs which 
nested m gorse and a sixth pair which also nested in a 
clump of rushes Both reed bunting ( Embenza 
schocmclus) and snipe (Capella galhnago) nest in close 
association with the linnets The nest and eggs of the 
linnet are very conspicuous m this unusual habitat, 
whereas those of the reed bunting, m their natural 
habitat, are well camouflaged 

Wlido the linnet is known to nest in sea purslane 
and other tall maritime plants on salt marshes 1 , and 
in marram grass on the Norfolk coast 1 , the rush sites 
do not appear to have been described before In the 
Orkney Islands, the linnet has been found breeding 
on the ground m cultivated districts, in tall heather, 
and occasionally m reedy marshes 1 

N W Okford 

Royal Technical College, Salford, Lancs 

1 Burton, J , (private communication) 

• Bannermnn, D A., "The Birds of tho British IbIcs vol I (Ollvor nnd 

Boyd, 1953) 

• Lack, D , Ibn, 6 (1942) 
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HISTOLOGY 


Histochemical Study of Monoamine Oxidase 
in the Developing Rat Brain 

The activity of monoamine oxidase was bio 
chomically determined in various portions of tho 
brain 1 - 2 and tho strongest activity was reported to 
occur m the hypothalamus Shimizu, Morikawa and 
Okada 3 recently reported tho exact histochemical 
distribution of this enzyme in tho brain of adult 
rodents using the tryptamino-totrazolium method 4 
According to our observation, tho enzymo action 
occurred not only m the hypothalamus, interpedun- 
cular nucleus, habenular nucleus and tractus retro- 
flexus of Moyncrt as other investigators 4 - 5 stated, but 
also most strongly in tho locus coerulous and 
moderately in tho dorsal nucleus of the vagus nerve, 
midlino nuclear group of tho thalamus, nucleus of tho 
braclnum conjunctivum, central groy matter, nucleus 
ambiguus and area postroma From the histo- 
chemical result it is assumed that monoamino oxidase 
may bo involved in tho metabolism of tho visceral 
regions of tho brain rathor than in tho exclusive 
participation m tho function of ndrenorgic neurons 

The present study was concerned until tho develop 
mental changes of monoamine oxidnso m tho rat 
brain using histochemical means Fresh frozen 
sections were obtained from the brain of rats at 
varying ages, foetal ages of 15 nnd 20 days, ncwlv 
bom, 1, 3, 5, 7, 10, 14, 21 dnys, 1 nnd 2 months after 
birth, and adult Tho sections were stained by tho 
tryptamine-totrnzolium method of Glonncr, Burtnor 
and Brown 4 As tctrnzohum INT (2-p-iodoplionyl-3 p 
rutrophenyl-5-phenyl tctrnzohum clilorido) v\ ns mainly 
used but mtro-bluo tetrnzohum was also occasionally 
used 

At tho foetal ago of 15 dnys the enzymo action of the 
brain was almost negativo except for definite regions 
of the pons, which reacted fnmtly nnd probably 
corresponded to the locus coerulous and its continua- 
tion On the foetal 20th day moderate to strong action 
occurred in tho locus cooruleus (Fig 1), and a faint 
staining was present in the habenula, periventricular 
groy of the hypothalamus and nucleus ambiguus In 
the newly bom rat a slight initial action appeared in 
vvliolo portions of the brain excepting tho above- 
mentioned regions The locus cooruleus nnd nucleus 
ambiguus nearly reached the adult lovel of the 
enzyme activity directly after birth, tho former 
show-ing unusually intense reaction (Fig 3) nnd tho 
latter a moderate ono (Fig 2) 1-5 days after birth the 
enzyme activity was generally similar to that of tho 
newly bom rat or slightly increased From the 7tli to 
10th postnatal days activity m most regions began to 
increase in intensity and extent, and about 3 weeks 
after birth the enzyme activity of each region attained 
respective adult level In the adult brain tho most 
intense action was observed in the locus coerulous, and 
moderate to intense action was encountered in the 
following regions the subfornical organ, supraoptic 
crest, habenula, midlino nuclear group of the thalamus, 
periventricular grey and medial nucleus of tho hypo- 
thalamus, tractus rotroflexus of Meynert, inter- 
peduncular nucleus, nucleus of the brachium con- 
junctivum, dorsal nucleus of the vagus nerve, nucleus 
ambiguus, inferior olivary nucleus, area postroma 
and ependymal layer of tho lateral, 3rd and 4th 
cerebral ventricles The enzymo action remained weak 
or negative throughout the development m the neo- 
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¥tg4 1—4 llktochcmlc&l dht libation of monoamine oxidxw la tl» 
developing rat brain Fresh frozrn aertlora »cre Incubated la the 
fol lowing mi rture for *0 min «t 3< C 25 mpm. tryptamlno hydro- 
chloride, 4 gin »odlum»uIph»te 0 mam 1ST (lice 1-3) or nltro-Hue 
tetrwxoUam (Flff 4) 5 ml 0 1 M phcnidutc buffer pll "A, la ml 
dHtllkd vntrr 

ilf 1 Pom at fajtal atw of 2ll day* Showina a modcratrl) atronB 
■rtkai of tl» loot* coerukiM (arrow) ( x (J) 

FIb 2 Medulla oblortuat* directly aflcr birth Moderate •talnlnR 
fa observed in tb« nurletn amblgma {arrow) ( x 6) 

Jig 3 Pom directly after birth Jntrn*c (tabling is wen In the 
loan rtjemkm of both iWm Ependymal inyer fa »llRhtly positive 
J/«) 

FRt 4 Ixxrti* cocmlctn at au. of 2 week* Several atrongiy positive 
nerve cell bodka ( per dear j la) (arrow*) and I rr ocular and coarrc 
fortnaran partlckn between them (nmropD*) ( < 200 ) 

cortex, striatum, thalamic nuclei (excepting tho 
habenula and midhne nucloar group) mamillarj bodv 
subthalamio nucleus substantia mgra red nucleus and 
nuclei of the somatic cranial nerves In tho sections 
treated by the tryptomino INT mothod, the formozon 
crystals were so large and irregular that exact locoliza 
tion of the enzyme action could not generally be 
determined If nitro blue totrnzolium was emplojod 
as hydrogen acceptor, it boenmo clear that tho forma 
tan granules ooourrod not onl\ m the ponkarjon but 
also in the neuropil (Fig 4) But it was undecided 
whether the coarse form a ran granules within the 
neuropil are duo to tho true enzyme action in the same 
localities or diffusion from the stronglj reactive 
perikaryon 

Ver> little work has been done on the development 
of amine oxidase during growth Biochemical stud} 
by Birkhftuser 1 has shown that monoamine oxidaso 
of tho thalamus, caudate nucleus and cortex is 
evidently less reaotive in the small children than the 
adults According to Epps* tho kidnej cortex and 
medulla were poor m nnuno oxidase in the newl} born 
child, but showed an increase of activity until the 
child was 3 roontlm old when tho mean activity 
remained constant Epps found no variation of 
activity with ago in tho liver and mucosa of tho ileum 
From our observation it been mo apparent that each 
region of tho brain does not nlwajs follow the same 
developmental pattern in tho mako up of monoamine 
oxidase Tho locus cocruleus and nucloua nmbiguus 
showed the characteristic pattern different from other 
portions of tho brain Namelv tho locus coeruleus 
demonstrated an intense action (nucleus nmbiguus 
a faint action) already in tho Into fcotal life, attained 
maximal intensity in tho newborn and maintained 
nearly unchanged level of activity throughout po9t 
natal development up to tho adult The remaining 
portions of the brain w ere negativ o or slightly poeitiv e 
for tho omyrne activity in the lato footnl or new 


bom life, began to increase thoir actmtv from 7th to 
10th dnj and reached adult activity in 3 weeks after 
birth 


Xobio Shimizu 
Nooaarj Mortkavva 
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Osahn Unnereit} Medical School 
Osoka^hi, 

Japan 
Jul> 24 
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A Dense Laminar Structure Found In 
Conjunction with Ceil Membranes in the 
Anterior Pituitary Gland 

Keckntt.v it has been shown that tho cell membrane 
m many different types of tissue colls is a triple 
layered structure ~ 75 A across and consisting of tw o 
dense Inyera ~ 20 A wide separated by a somew hat 
wider less-dense Bpaco Robertson 1 has suggested that 
this 75 A unit represents ono bimolecular leaflet of 
lipid the polar surfaces of win cl i may bo cov ered by 
non lipid material In view of this work it was 
thought interesting to report tho occurrence of 
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Fig 2 Three dense lamlruir bodies hind close together on tno 
adjacent cell membranes ( y c 570,0011) 


phospholipid-like material in close conjunction with 
cell membranes 

The material used in this study, small blocks of 
tissue from the anterior pituitary of the mouse, was 
fixed m buffered isotonic osmium tetroxide and 
additionally stained by soaking in a saturated solution 
of phosphotungstic acid in absolute alcohol for 12 hi , 
after dehydration in an alcohol senes The tissue 
was embedded, after preliminary soakings foi up to 
tw o w eeks, in ‘Araldite’ Sections were cut on a Huxlev 
ultramicrotome and collected on 200-mesh copper 
grids w'hich had not been coated with a supporting 
film Such sections when carefully cured in the 
electron beam are entirely stable for high-resolution 
microscopy Examination of specimens without a 
supporting film gives a considerable increase m both 
contrast and resolution Although the sections used 
in this study were measured m an interference micro- 
scope to be about 1000-1200 A thick, the resolution 
obtained was better than 30 A Sections were 
exammed and photographed m a Metropolitan- 
Vickers E M 6 electron microscope 

In survey micrographs of anterior pituitary tissue 
the plasma membrane of each cell can be seen to be 
‘dotted’ -with very small, distinct, electron dense 
bodies, which at instrumental magnifications of 36,000 
or higher can be resolved into periodic structures con- 


sisting of numerous dense lines ~ 20 A w ldo separated 
by somewhat wider clearei spaces Tho mean repeat 
distance in these structures is ~ 40 A nnd this is 
constant m all the bodies so far examined Frequently 
a ~ 75 A wide unit of tho laminar body, consisting of 
tw o dense lines bounding a lighter zono, may be seen to 
rim directly into the plasma membrane upon which the 
laminar body lies 

Stoeckenms 2 has recently published micrographs of 
myelin figures obtained from solutions of phospholipid 
spread on water, nnd a comparison indicates that these 
dense laminar bodies and m i itro m\ elm figures are 
lemnrkablj similar both m appearance nnd in the 
~ 40 A repent distanco 

It seems possible therefore that these dense laminar 
bodies may repiesont accumulations of phospholipid 
R ing in close conjunction with cell membranes nnd 
this assumption is consistent with the current belief 
that phospholipid is a major constituent of cell 
membranes 

My thanks are duo to Mis A Cosslett foi her kind 
interest nnd help in cutting the sections nnd measuring 
their thickness, and to Dr D B Cater for his advice 
and encouingement 

Bvrbaka G Bvrnfs 

Cavendish Lnborator\ nnd 
Department of Pathologv , 

Cambridge, 

.Tub 24 

1 ltolx'rtcon, J 1) 1 i(rlirm V S ymp 16, J (MXiD) 

• Stoukrnln* W , > Ihnphy * anil Jhotltrm Cyl A , 5 401 (1050) 

PATHOLOGY 

Infectivity of Polio Virus Ribonucleic Acid for 
Embryonated Eggs and Unsusceptible Cell 
Lines 

The isolation of ribonucloic acid from \nrious 
viruses grown in animals or in tissuo uiltiuc sj stems 
has beon reported recently These preparations liavo 
been shown to be infectious for susceptible cell mono 
layers 1 - 6 

In the course of experiments with n ribonucleic acid 
preparation extracted from polio virus, wo hn\e in- 
vestigated the possibility of adapting polio virus type 
I to tho chick by inoculating infectious ribonucleic 
acid into embryonated oggs Our aim was supported 
by the idea that, numerous specific jiropei ties of 5 inis 
bomg linked to tho protein component, it could bo 
possible that, by losing its protein coat tho infectious 
particle would also lose its specificity for certain cells 
and be able to invade colls unsusceptible to polio 
v irus The progeny of such infectious units might 
eventually exhibit new properties ns to its virus coll 
relationship 

Ribonucleic acid used in our exponments was 
prepared by the technique of Gioror and Schramm*, 
from polio virus type I (Mahoney strain) grown on 
monkey kidney cells This virus strain was selected 
for its lack of infectivity for the chick The infectious 
activity of the ribonucleic acid prejiarations was 
tested on monkey kidney cell monolayers using the 
plaque technique of Dulbecco 7 The avorngo yield of 
infectious ribonucleic acid was about 0 01 per cent 
of the treated polio virus titre We confirmed tho 
observations of others 5 -* that an optimum infectious 
titre is obtained when ribonucleic acid is used m 
1 0 M sodium chloride 
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Table 1 Ixrecnvm or niBOTCcLEK' acid (RN V) I RErjjuTtox dei-ore Itocilatiot if Eoo {PLiQnc fobhpto trxrw per ml.) 

RNA R\ \ with JVNAV 

73 80 103 116 07 Its 0 0 0 0 0 0 


IXrECTtTTTT OF ALLA1TOMC FtllM RECOVERED AT DIFFERENT TIMES AFTER IXOCULATIOX OF RlUOXCCLEIC ACID (0 tML IfOClLFM)* 
Time of of plaqoc form In? units prr ml 

(hr) AJbmtole fluid atom* Allnntolo fluid 4- RNA*^ 
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24 
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81 
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21 
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10 
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C — Confluent arm (more than 250) 

* Inoculation Into 40 embryonated cw» *t tltf eighth da> of lncuh«t!on 8 taranler are lwrvr*ted at eaeh time PUqao-formlaff unit count* axe 

nuwlwrfd after 4 ua)'! 


the salmo nets by inhibiting the activitv of cellular 
nbonuclenso 1 

In the first sories of experiments ribonucleic ncitl 
(0 2 ml ) was inoculated into tho allantoic cavntv of 
embryonated eggs at the eightli day of incubation 
These oggs wore kopt at 37°C , and samples of allan 
toio fluid were liorvcsted at different tunes The 
infectious activity of these samples was tested on 
monkey kidnoy coll monolayers 

Table 1 summarizes tho results of a typical expen 
ment Most of tho allantoic fluid samples are mfoc 
tious for the tissuo culture system Tlio y leld of these 
samples exhibits a largo variation maximum plaque 
forming units being observed 12-24 hours after mocu 
lntion 

The mam point is that the infectious activity of 
this material is not inhibited by nbomiclease Fur 
thermerro it shows a much higher thermostability than 
ribonucleic acid preparations 

A standard preparation of nbonucleio acid loses nil 
its mfectivity nftor 0 hr at 37°C For these reasons, 
we believe that tho allantoio fluid samples contain 
whole polio virus This opinion is sustained by the 
fact that attempts to produce passively coated ribo 
nucleic acid, by mixing nbonuoleic acid preparations 
with BSA serum albumin or normal allantoic fluid 
in vitro , did not succeed in protecting ribonuoleio 
noid mfectiv lty against nbonuefoaso and temperature 

Another important point is that tho av era go number 
of plaque forming units observed is consistently 
higher than the plaque forming unit titro of the mocu 
lated ribonucleic acid preparation In the reported 
experiments 0 2 ml ribonuoleio acid is inoculated 
into a total volume of allantoio fluid of about 0 ml 
This dilution factor of 1 30 implies that normally the 
allantoio fluid samples should not contain more than 
3 or 4 plaque forming units/ml Tho fact that vvo 
found consistently a higher number of plaquos about 
20-80 times more can be explained in two ways 

(1) If tho ribonuoleio acid preparations contain 
more infectious units than we actually observe in 
our tissue culture system it could bo possible that 
those units lmv o acquired a particular protection from 
the chick embryo fluids so tluit more infectious 
ribonucleic acid is found in the allantoio fluid samples 
This hypothesis has not been confirmed by tn i»i/re 
assays Tho combination of ribonucleic acid and 
normal nllanloic fluid foiled to maintain tho mfectiv ity 
of nbonucloio acid This failure is probably duo to 
tho presence of ribonuoleaso in allantoio fluid 

(2) That some ribonucleic aoid particles are nblo to 
Invade and to replica to into cells which normally are 
not susceptible to polio virus The now particles 


emerging from the infected cells aftor multiplication, 
are whole polio virus and therefore are not mfeotious 
any more for the chick embrv o cel! sy'Stem In con 
elusion this hypothesis would suggest a one cycle 
multiplication performed by a certain number of 
ribonucleic acid particles, tho other ones being 
inactivated either by enzyme or h\ heat This 
hypothesis would account at tho same time for the 
increase and for the variation in the number of 
plaque forming units observed in our experiments 7 
In further series of experiments wo have demon 
strated that polio virus present m allantoio fliud 
samples is not infectious for the chick so that our 
original aim of adapting pnhb virus to the chick bv 
this method did not materialize 

An important question is raisod by our results with 
the fact that ribonucleic acid would be able to replicate 
in unsusceptible oollfl The question is to what extent 
the cell susceptibility to a particular virus is dopondent 
upon the reaction between the specific viral protein 
and the corresponding cellular receptors Tins could 
be investigated by a systematic studv of the com 
pa rati vo susceptibility of different cell lines to viruses 
and their nbonucleio acid preparations 

Preliminary' experiments m this field have demon 
stratod that this ono cvclo multiplication of polio 
vims nbonucleio acid did not happen in a continuous 
cell line ( DElJi ) from a rat tumour* Those results 
indicate that infectious nbonuoleic aoid is not able to 
produce polio \ mis in any type of cell 

As a goneral conclusion it appears that infectious 
ribonucleic acid does not require the presence of a 
special cellular nffinity to invade cells and, therefore 
is able to jwrform a replication of vims in cortam 
unsusceptible cells But vmis-cell relationship also 
depends on tho available nucleic material present in a 
particular cell 

P De Somer 
A pRiNzrc 
E ScnoxNE 

Laboratory of \ irologv 
University of Louvain, 

Belgium 
May IP 
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Within the nucleus the highest specific activity is 
restricted to certain chromosomal sites (Fig 1) 
All these sites correspond to those found to bo rich 
m ribonucleic acid by the metachromasy after 
staunng with toluidine blue Some, but not all, of 
the highly labelled bands appear puffed in the 
morphological sense, so that even verj fine ribonu- 
cleic acid bands may show a high uridine incorpora- 
tion Acti\ lties found m different bands of the same 
chromosome cover a vide range The pattern of 
incorporation does not vary appreciably from nucleus 
to nucleus within one preparation (except the ‘special’ 
cells mentioned above, and except when deoxyribo- 
nucleic acid replication occurs) The differences 
between mdiv iduals, however, appear to be con- 
siderable Two of the three large ‘Balbiam-nngs’ 
of the 4th salivary gland chromosomo of Clnro- 
nomua tentans regularly show intense labelling, even 
if only 15 mm have passed after injection of the 
undine The highest actiMties were observed in 
the nucleoli, but the incorporation of the undine 
does not occur throughout the nucleolus ns a whole 



Fie 1 Salivarv eland chromosome 1 or Chironomut lentan* 40 rain 
after injection of uridine labelled with tritium Into 4tli instar 
larva Preparation focus and photographic laser focus 
Flp.2. Xucleolar labelling b} uridine-labelled with tritium spreading 
out from the 2nd chromosome organizer region 60 min after 
injection of the uridine 

It appears at first in the neighbourhood of the two 
nucleolar organizers, located in the 2nd and 3rd 


chromosomes, respectively (Fig 2) As incorporation 
time progresses, larger areas around the two synthe 
sizing regions become labelled This way of uptake 
of the radioactive material may provide a measure 
for the rate of synthesis Its speed varies in different 
larvie In some animals the nucleoli are found to be 
completely labelled after 40 min , m others only after 

0 hr The differences seem partly to be due to sudden 
changes in temperature 

The experiments permit the following conclusion 
The nucleolar ribonucleic acid is symtliesized at tho 
nucleolar organizers only Synthesis of ribonu- 
cleic ncid proceeds continuously', and with respect 
to its own ribonucleic acid tho nucleoluB represents 
nothing but a ‘station of transit’ Many' other sites 
of the chromosomes are also in\ oh ed in synthesis of 
ribonucleic acid, the bulk of the ribonucleic acid 
being produced bv a few verv active loci This 
latter observation confirms earlier interpretations of 
the phenomenon of differential puffing m dipteran 
giant chromosomes 4 According to these earlier 
hypotheses the functional differentiation of cells 
consists in the development of specific patterns of 
genic activity 

Finallv, ribonucleic acid synthesizing structures 
sho.v no nctnity after short application (up to 2 hr ) 
of radiorctive amino-acids (g]y'cme- 1 ' , C, tiyptophnn- 
3 H, methionm- 35 S) Protein synthesis seems not to 
be correlated with synthesis of ribonucloic acid The 
connexion between synthesis of dcoxryibonucleic 
acid and protein in clnronomid salivary glands 
is subject to further m\ estigations 

G PRLLIXG 

Max Planck Institut Pur Biologie, 

Abteilung W Beennann, 

Spemannstr 34, 

Tubingen 
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Cytochemical Study of 
Mitochondrial Structure 

A characteristic morphological pattern of organi- 
zation of mitochondrial structure has been repeatedly 
described bj Palade 1 , Sjostrand 2 , Rhodm 3 and -various 
other workers using electron microscope studies, 
according to which each mitochondria consists of a 
limiting membrane, cnstie and tho mitochondrial 
matrix with gianules or particles m it During tho 
cy tochemical study of the oocj tes of the various fresh 
water fishes, I 4 - 5 have defined a cytochemical pattern 
of mitochondrial structure Tho mitochondria of tho 
fish oocytes are granular filaments with uniform 
thread like contour Such a structure is revealed both 
vitally' under phase contrast microscope® and cyto 
chemically' in the tissue prepared according to Baker’s 7 
lipid preserving formaklelij do calcium fixative A 
similar structure is seen m tho tissuo fixed in osmium 
solution or osmium-containing fixatives, that is, 
Champy’s and Levitsky's (Flemming- wifchout-acetic) 
fluids However, their filamentous structure is com- 
pletely destroyed in fat solvents or fixatives con- 
sisting fat solvents and strong acids, for example, Bourn 
and Camoy'’s fluid, after which treatment their fine 
granules are observed to be randomly scattered m the 
cytoplasm The mitochondrial filaments are coloured 
deep blue m Sudan black B but this deep coloration is 
confined more rigidly at the periphery and at the 
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interspaces between the fine granules of mitochondrial 
filaments The granules in the mitochondria remain 
distinct by their feeble coloration In Sudan blade B 
Tho peripheral eudanophil material is posit i\o to 
Baker’s 7 acid hicmattn technique revealing phospho 
Jipifls, but is completely negative to all other lipid 
tests Its oxcluaiv o lipid nature is further revealed by 
its negntivo reactions to Mania’s 9 mercunc bromo 
phenol blue test for protoins and by periodic ncid 
hchiff tochniquo for carbohydrates JTho granular 
component of mitochondria consist of abundant 
proteins, and m addition show some Iipo-proteins 
novenled by Pearsc’s* extractive tcclinfquo Thus tho 
mitochondria structure consists of a basal phospho 
lipid sheath, in which numerous protein granules are 
embedded 

Tho above structure of mitochondria revealed by 
cy toe hem i cal data can be correlated with the stnic 
tural pattern concluded by electron microscopy, 
which seems to be an linage study of the structure 
produced by a definite arrangement of phospholipid 
molecules of the basal sheath under the influence of the 
fixativo containing osmium tetroxide The various 
membranes observod in the electron micrographs of 
different workers may r bo formed due to the tendency 
of phospholipid molecules to armngo themselves m 
bimolecular mombrancs under tho effect of phospho 
lipiil/watcr complex, and osmium metal Schmidt 10 
behoves ono end of tho phosphohpia molecule is 
hvdrophfl while the other is hydrophobe and the 
hydrophobe ends of two moleculee nssoaato with one 
another whorcas the hydrophil ends associate with 
w a ter Tho membranes seem to be formed in the basal 
sheath by tho arrangement of these phospholipid 
bimolccrtles whioh come to he in lateral association 
with each other due to mtermolecular forces (Fig 1) 
Ab suggested by Baker 11 tho binding of the bimoleculcs 
is further strengthened and they are pulled more nearly 
parallel with ono another due to the chelation of os 
mium at the unsaturatod links of fatty acid chains 
which are very common in naturally occurring phos 
phohpids According to Criegeo ,tt such chelation of 
osmium occurs due to oxidative effect of osmium 
tetroxide on fatty acid chains Tho binding of phos 
pholipid bimoleculcs into defimto membranes by 
intonnolecular forces and by osmication seem to bo 

r ibly noticeable onlv in tho ultrathin sections used 
electron microscopy The parallel or double 
membrane system noticed in tho electron micrograplis 
may be formed by tw o osmiophil layers with a narrow 
omruophobo layer in between Tho calcium also 
strengthens molecular binding due to which tho true 
filamentous form of mitochondria remains intact in 
formaldehy de*calonim flxntive Howover, the fila 
mcntoiiB structure of these inclusions is destroyed in 
acids and fnt solvents due to the dissolving out of tlio 
basal phospholipid sheath 

Tho crista* of Pnlade 1 which are nothing but 
osmiophil phospholipid material of basal shcatli m the 
interspaces between tho protom granules, have also 
tho tendency to form molecular membranes observed 
in tho electron micrograplis However tho form of 
eristic’ may bo varying in relation with tho sire, 
density and arrangement of tho protom granules in the 
basal sheath Tlio granular component of mito- 
chondria had boon described by various authors under 
different names ns large microsomes, small mito 
chondria, submicroscopic granules etc duo to their 
v ary ing appearance though some of them interpreted 
thorn os artefacts These granules are speculated to bo 
tlio tmo functional units of mitochondria controlling 
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He 1 A hnotbrtkal Dla*tratkm of the arrancrmtnt of pho* 
iiltoilpM bimoirrvhr* forming morale aon («) and cshtir (c) la (ho 
u**al sheath (ba ) of the mitochondria containing protein granule* 

( PS ) 

tho enzymatic activity, and may be constantly 
changing under tlioir important functional process 
Howover some enzymatic activity is likely to be 
noticed in phospholipid basal sheath because of the 
diffusion of enzymes through it 

This work was carried out in Punjab University 
Laboratories, India 

C H Chopra* 
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Durham, U 8A. 
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GENETICS 

Fertility Factor in Salmonella typhlmurlum 

Iv crosses between Salmonella typhimunum strain 
LT 7 and Escherichia col i strain A 12 Hfr it was 
found that recombination occurred only when tlio 
Salmonella strain earned a mutator factor, presum 
ably 1 a mutator geno (wild) Earlier studies lind 
shown tiiat tlio main offcct of wild is to increase tho 
rate of spontaneous mutation of virtually all genes 
with which it was tested* 

Hybrids from the experiment S typhimunum mat x 
E coli HfrCS 101 were crossed with E coh JJfrOS 
101 Frequency of recombination in tho hv bnd XE 
coh experiment was 1CH to 10* 4 , that is 10* to 10* 
times higher than tho frequenov in the S typhimunum 
xE coh cross Two explanations of tins phenomenon 
were considered and tested (1) that the greater 
fertility of tho by bnd was duo to the presence of 
chromosomal or aydoplosmio matenal domed from 
the E coh parent (2) that It resulted from mutation 
of a fertility factor in tlio S typhimunum parent 
either chromosomal or cytoplasmic stimulated b\ the 
wud gene 

The following test was designed to detormino 
whether it was posaiblo to obtain n highly fertdo 6 
typhimunum strain that had novor been in contact 
with E coh ft result whioh would favour explanation 
(2) S typhimunum having tho genetic 
pro 4 214 mu, ww pln«-d (In 0 I ml 
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mg about 200 cells) on nutrient agar plates After 24- 
hour mcubation at 37 °C , the colonies present on 
these plates were replica -plated on minimal-lactose 
proline medium which had just been spread with 0 1 
ml of an overnight broth culture (about 2 V 10 3 cells) 
of E coh HfrCS-101 The selection markers in this 
test were met (metluo nine requirement) m CVS- 101 
and lac- (inability to utilize lactose) m the Salmonella, 
and both these markers are so stable that no spon- 
taneous reiertants were observed After 4S-hour 
mcubation at 37°C , samples were taken fiom colonics 
on the original nutrient agar plates which shoved lac" 
recombinants on the printed plates Cultures grown 
from single colonies derived from these samples were 
tested for fertilitt The tests shoved that mam of 
the original colonies, grown vithoutam contact with 
E coh, possessed high fertility The cells dented 
from them recombmed at frequencies betvecn 10-* 
and lO 5 vitli all Hfi strains tested (C.S-101 C 3 H l , 
and P4Y C ), and shoved recombination also with the 
non -Hfr strain iv-12 F" RT-1S (met) until fiequencies 
between 10~" and 10 -8 The last -mentioned Strain vas 
obtained from Prof P Fredericq, and strain P4.Y 0 
was kmdly supphed by Dr F Jacob 

These results mdieate that a population of S typln- 
muriurn mut is a mixture of fertile and infertile cells 
(about 1 100), and that only the former recombine v ith 
E coh Hfr Since attempts to obtain a fertile strain 
from 7 mil" bacteria vere not successful, it appears 
probable that the mut gene mcreases the frequency of 
changes from the infertile to the fertile condition 
As mentioned above, recombination occurred m 
experiments with the fertile strain of Salmonella and 
an F + strain of E coh, although at lover frequencies 
Therefore, it is possible that the fertile strain of 
Salmonella is F- whereas the original stram is F", and 
that the percentage of change from F* to P- is 
increased by the presence of the mutator factor 

T Miyake 

Carnegie Institution of Waslungton, 

Department of Genetics, 

Cold Spring Harbor, New York 
June 15 

1 Mlvake, T and Demerec 51 Mature 183,1580 (1959) 

1 Demerec, 51 Lahr, E L, Miyake, T, Goldman I, Italldndcr, E, 
Banlc S , Hasliimoto K , Glanvflle, E V , and Gross, J D , 
Camegit Inst Wash lr 1)1, 67, 390 (195S) 

3 Cavalli 1, L Soil isl sierotap mi tan , 29, (1950) 

4 Hayes, W , Cold Spring Harbor Symposia Quant Bio! , 18, 75 (1953) 

Induced Mutations of X-Ray Irradiations in 
Culex fatigans Wied (1828) 

To explore the possibility of lmkmg a visible 
morphological character with the resistant gene for 
the study of population genetics of resistance of 
insects to insecticide 1 , mutations vere mduced in 
C fatigans by exposing them to X-rays 

Normal laboratory -bred C fatigans pupae were 
allowed to hatch individually m 3yl m specimen 
tubes The mosquitoes on hatching were fed on 
10 per cent glucose solution for 48 hr 108 female and 
74 males were irradiated with a total dose of 4150 r 
(kV , 150, m amp , 15, fod , 40 cm , filter, ml) during 
60-mrn exposure 32 and 48 per cent mortality 
occurred among the irradiated male and female 
mosquitoes respectively within 24 hr after exposure 
The surviving mosquitos were allowed to mate, and 
the females were afterwards fed on a bird 25 egg 
rafts were obtained of which 23 hatched out 
Out of a total of 3251 eggs, 20551arvse were obtained 
(174 eggs were embryonated but did not hatch and 
1022 eggs were unembryonated) The total number of 
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Tig I Mile ind formic C fallen rut a, both pings closed (normal) 

(> one wing spread (right or left), r, both wings spread 

adults thus obtained vere 1450 These vere cnreftilly 
examined for any morphological nborrations The 
following vere noticed 

(1) 7 female and 4 male mosquitoes villi wings 
intact but incapable of flight 

(2) 3 female and 4 male mosquitoes with short 
wings 

(3) Ono single female with an additional branch 
to long wing \cin No 4 

(4) A single male with both vmgs spread out 
Efforts to rear the mosquitoes with the first three 

mutations failed 

A single male with the spread wing (spiv) aber- 
ration liovever, vas successfully mated vith 4 
normal females in n glass jar G y 3 in The females 
vere afterwards fed on a bird Threo eggs rafts 
were obtained, out of which onl\ one hatched 
to produce 72 Inna; (a high mortality among the 
embryonated eggs vas recorded) Those vere reared 
m the laboratory to obtain the Fi generation 31 
females and 19 males hatched out, of which 5 females 
and 4 male mosquitoes had one wing spread out 
( + /apw) These vere inbred to obtain the P, 
generation Details of the F. adults hatched are 
given in Table 1 

Total Xo Xo with Xo with one wing spread Xo with 
of both wings out both wlngi 

mosquitoes spread out Itlglit wing Left wing closed 

batched (»pir/»pir) spread out spread out ( + / + ) 

( + /»;> in) (»/>!<•/+) Xormn! 

F 51 F 51 r 5t F 51 V M 

32 74 10 59 5 9 4 7 3 4 

Male and females of the F. generation with both 
the wings spread out ( spw/spw — phenotypes) were 
mbred 13 egg rafts were obtained Out of a total 
1695 eggs 415 larvre hatched A total numbor 295 
adults were thus obtained 89 mosquitoes had both 
wings spread out, 100 had only one wing spread out, 
and 106 had both tho vmgs closed 

‘Spread-wing’ is a non sox-hnked mutation control- 
led by a single gene, most Iikeh r neutral and with 
high penetrance As is evident from Fig 1, this 
mutant character is easily detectable with the naked 
eye The only other known mutations m this species 
are micro-mutations as described above and by 
Kitzmiller 5 

R Pal 

B S Krishnamttrthy 

Malaria Institute of India, 

P O Box 1492 
Delhi 


’ = tt " dPa ' 5, • J Mai 12. Xo 4 (in the press) 

2 Kitzmiller, J S bxp Parasit 7, Iso 4 439 (1948) 
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MASS MEDIA OF COMMUNICATION AND SCIENTIFIC DEVELOPMENTS 


F T his Bede Lecture “Tho Two Cultures and the 
Scientific Revolution”, Sir Charles Snow pointed 
ont that a knowledge of science among tho public 
was one of four essential conditions if Britain was 
to meet the challenge of the scientific revolution and, 
by seizing tho opportunities that revolution offers, 
avoid a steep decline m our standard of living This 
knowledge was necessary not only for politicians and 
administrators but also for tho whole community 
who should know enough scion eo to have a sense of 
what the scientists are doing This involves, as Sir 
John Cockcroft has pointed out, a definite effort to 
remove tho language barrier between the public and 
the scientist, which mokes it difficult even for those 
who or© aware that science affects the life of the 
community to understand how science works and its 
implications for tho community Sir John thought 
that in the everyday business of administration 
scientists had mostly succeeded in their effort to 
explain their work m plain language to politicians 
Civil servants, diplomats and business men but 
this is only a part of the problem of communication 
It is no less important that science should bo better 
understood by the man in the street 

This is in part a problom of formal education. 
Increasingly it is also a matter of using effectively 
the ways of communication at our disposal, and 
this means especially the mass media of the popular 
Press, sound broadcasting and television Only if 
wide and effective use is made of these media can 
we hope to keep the public sufficiently informed 
about scientific and technical advances for such dis 
cove ri os to bo put to either personal or public use, 
and, no less important, for the possibilities of abuse 
to be eliminated or minimized Nor is this entirely a 
matter of appropriate techniques or of the standard 
of pubho education We need to know much moro 
about the way in which scientific information reaches 
tho public and how much of it really penetrates 
to tho pubho consciousness , and about tho general 
attitudes, or even prejudices, regarding science and 
scientists which certain!} exist in the minds of tho 
pubho 

These questions hove been oxaminod in a sence of 
survoys sponsored by tho National Association of 
Science Writers, Inc of the Unitod States (Five Long 
\ iow Road, Port Washington, NY), and although 
tho reports relate stnctlj to the Unitod States, 
their findings and conclusions are unlikely to bo 
entirolj Invalid in Britain Tho surveys point to 
obstacles which exist no less in Britain than in the 
United States and they suggest ways in which com 
murucation could bo improved here also, and dangers 
which threaten in differing degree rather than m 
differing kind Moreover, while a similar survey m 
Britain might not establish tho existence of a large 
reservoir of interest in science reporting, with readers 
listeners and viewers prepared to surrender other 
news and entertainment features to become better 


informed about scienoe, it might well disclose the 
existence of sufficient interest to halt the present 
lowering of standards Indeed, failure to do eo 
would provide a damning indictment of our educa 
tional system and point to an early dee! mo to a 
third or fourth rate power 

The first of these reports Science, the News and 
tho Public describee a somplo survey of 1 919 
American adults selected to represent a cross section 
of the pubho conducted by the Survey Research 
Center, University of Michigan and also sponsored 
by New York University, to ascertain who get 
what scienoe news whore they get it and what they 
think about it The second report ‘Tho Public 
Impact of Science m the Mass Media describes a 
nation wade survey conducted by the same Conter 
and supported by a grant from the Rookefeller 
Foundation with tho speciflo objeotives of osoor 
taming the size and composition of the major mass 
media audiences, how science news fits into the nows 
reading pattoms of the newspaper audience, and tho 
conceptions and attitudes of the publio relating to 
science and scientists determining the size and 
characteristics of the science audiences of the media 
describing tho content of science nows which lias been 
read, heard and seen obtaining the science audiences’ 
evaluation of tho way in which science news is 
presented analysing the social and psychological 
factors that affect the consumption of science news , 
examining the effoot of differential wording of science 
news items on tho level of reader interest and 
estimating the distribution of science information 
among the publio This survey was based on a pilot 
study m 1955 of a non random sample of 200 
respondents The third report, Satellites Science 
and the Publio describing a national survey of tho 
impaot on the pubho of early satellite launchings, is 
a follow up of tho mam survey It was conducted a 
} oar later, and it is focused on the changes revealed 
in tho answers to questions regarding tho Earth 
satellites put before and after the launching of the 
first satollito 

The first report provides evidence that in the 
United States the mass media could reasonably 
increase the present cover of scientific dev elopments, 
and it w orguod that, with increasing numbers of 
students in high school and college, many of whom 
will he studying ecienco, there should bo a great 
expansion in the demand for sclcnco coverage in the 
channels of popular communication Much of the 
information in the mass media does reaoh tho public 
mind, and on the evidence of this survoj on impres 
sive amount of this science information is retained 


[he report once again directs attention to tho room 
or improvement m the popular reporting of sciontiflo 
lovolopments, but beyond the observation that 
o porters and script writers, giv on more training and 

une in assignments uould bo oblo I’^^.nTon 
[etoils grater background better tntcnnvtnttan 
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and, possibly, higher accuracy, the report does not 
pursue this important theme It is conceded that 
such changes might help to correct present dis- 
tortions in the public image of science and scientists 
and promote the idea that they are part of, not 
divorced from, contemporary living , but the con- 
clusion stands that science is not constantly covered 
m the United States and that Americans lack in- 
formation on which to decide intelligently public 
matters involving science, scientists, and possibly 
their own existence 

These conclusions are substantially supported by 
the larger study Available evidence suggests that 
even allowing for a possible boom m science news 
stimulated by the launching of Earth satellites, the 
mass media are transmitting only a microscopic part 
of the supply of scientific information potentially 
available Smce 76 per cent of the sample could 
recall one or more science items they had read or 
seen recently, 64 per cent recalling at least one item 
from the newspapers, 34 per cent from magazines, 
13 per cent from radio and 41 per cent from tele- 
vision, it would seem that the demand has been 
greatly under-estimated 

In the United States the mass media together cover 
all but 1 per cent of the private dwelling units of the 
country and at least a quarter or a third of every 
social category uses three media Papers appear to 
be the primary source of general views, and whilo the 
greatest change in the media used during the past 
decade has been the rapid spread of television, the 
written media have held their audiences well The 
combmed science audience appears to mclude three 
out of four adults, and newspapers are the most 
important source of science nows and radio the least 
Papers, magazines and television are mutually supple- 
mentary as sources of science news, but radio is weak 
both as a primary and secondary source Newspapers 
appear to take a key role in transmitting both science 
and medical news to this large science audience and 
there is generally a positive reaction towards science 
as it is presented m the mass media 

The report then analyses m a separate chapter 
more particularly the newspaper audience, the 
magazme, radio and television audiences being con- 
sidered in a following chapter While it is clear that 
science news is not read solely by the intellectual 
Hite, the survey suggests that reading of non- 
medical science news is associated with a cosmo- 
politan and rather intellectual orientation towards 
news content, while medical news tends to be read 
by those with a more personalized local point of 
view Education and income-levels are reflected in 
science reading of both types and also m the extent 
to which actual news items are recalled Even m the 
social categories least prone to read science news, a 
sizeable minority is reached by the presentation of 
science in the Press 

As regards magazines, the survey points to a rela- 
tively ilxte audience compared with the other media, 
and in general magazme readers of science m the 
United States appear to be highly satisfied with the 
way their medium presents science The newspaper is 
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the most important supplementary medium for those 
readers The radio audience of science, howover, 
appears to be scanty, and although the audience 13 
spread very evenly through the population, the com 
pleteness and accuracy of science nows on the radio 
receive adverse comment Again, the newspapers 
provide much supplementary information for tins 
group Television has not yet challenged the lead of 
the newspaper, and its potentialities for the trans 
mission of science news are regarded as largely 
unexplored, but there is evidence in this report that 
a good deal of care will be required m developing this 
field if science information is to be presented without 
exaggeration and distortion 

Subsequent chapters consider briefly the forms 
and channels in which science nows is presented m 
relation to effective presentation, but the data aro 
too scanty for more than tentative evaluations of 
presentation to be made The ovidenco indicates 
that additional interest is more readily stimulated 
the more a person is already interested m science, 
but nevertheless more vivid or stimulating presenta- 
tion docs affect those who aro not already interested 
or trained m science Education m science is, how- 
ever, important ns providing both the necessary 
background and a sensitivity to scientific topics 
The evidence presented m this report fully supports 
the argument that sufficient general science should 
be a part of the education of every citizen to enable 
him or her to understand how science works, what it 
is about and something of its meaning m tlio world 
to-day 

This factor can obviously determine attention or 
indifference to science nows and tlio report seeks to 
analyse those motives Most of those interviewed 
were willing to havo other news cut to get more 
science news m the papers, but tho reasons for interest 
m science most cited wero fairly broad, and onenta 
tion to science seemed to servo the broader functions 
of making sense of the world and helping to manage 
one’s relations to it This, of course, indicates tlio 
importance of presen ting science m its context and 
not presenting pieces of information or facts in 
isolation 

Einally, the survey examines tho current attitudes 
to science and the world which go so far to determine 
the pubhc understanding or misunderstanding of 
science as it is presented to them to-day TVhen 
asked to strike a balance of the effects of soienco on 
the world the pubhc overwhelmingly stresses the 
good effects These are seen primarily os improve 
ments m health, standard of living and technological 
advance, and the direct ill-effects on the world are 
seen almost entirely m terms of the destructive 
potential of nuclear energy Concern about the 
detrimental effects of science on the social order and 
tho deviating traits of scientists was an underlying 
theme, and the report, besides noting that people 
who are highly concerned about such issues are 
likely to advocate limiting scientific research, points 
out that in times of crisis these ambivalent atti- 
tudes could lead to a more negative picture of 
science 
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Tho report on the survey of the public irapaot of 
early satellite launclungs shows that almost half the 
adult population of the United States became aware 
of tho eatelhtee m a Bingle year 00 per cent had 
hoard of the satellites by mid 1058 compared with 
less than 50 per cent a year earlier Le«s than one 
third of those aware of the satelhtes thought of them 
as having primarily an immediate scientific purpose , 
about ono fourth knew of no purpose Both aware 
ness of tho satellites and of their scientific purpose 
was related to tho education, income and number of 
media used by tho person and the evaluation of 
science and scientists was o\ erwhelmingl} favourable 
in both these comparative aur\ oys Within the 
newspaper audienco there was a moderate mcroaso 
in readership of scienco 

The comparath e survey prov ides further e\ idcnco 
that awareness of a scientific event or finding can be 
stimulated in all strata of the public if enough news 
concerning the ovent can bo made av ailable to the 
audience, and that it is probable the public reaction 
to a scientific event ib largely determined by a desire 
to understand and master tho world as seen by the 
individual Increase of interest m a particular area 
of scionoe duo to a major break through in knowledge 
or aohiovomont is unlikely to stimulate interest in 
other sciontifio areas unless tho public soes dofimto 
links between tho areas Tho pattern of public 
reactions to science and scientists is a complex and 
porvftfln o phonoraonon, and tho generally favourable 
attitude to soionoe and scientists is regard od as more 
stable than tho public’s notions of the boundaries of 
scientific endea\our Scienco and scientific events 
however, do nob opera to in a vacuum and some 
ospoots of the pubho’a evaluation of aoionce are liable 
to change It seems Ukol> that tho pubho is lees 
concerned with what science is than with what it 
accomplishes 

These generalizations are scarcely now to the scion 
title writer and are indeed part of tho ov ary day tech 
niquo of communication On the actual teolimquo of 
communication, howovor, thceo ro ports throw little 
light Thoy ore of interest to British rooders rnthor for 
the attention they direct to certain dangers as well 
as to trends and objectives in the uso of mass media 
and perhaps especially to the fundamental importance 
of education They underlino indeed tho importance 
of tho investigation of tho educational potentialities 
of tho mass media on which Mr J Tronaraan lias 
boon engaged for the past throo years -with the 
support of tho Nuffield Foundation and provide 
substantial ovidonoe that effective use cannot bo 
mado of tho mass media, and perhaps especially of 
television, if our educational system is defectno 
Short com mgs thoro will not be remedied by tho 
mass modia 

Indeed, if ono generalization is to be drawn from 
these reports, it is that tho mass media are unlikeU 
to provo a roliablo motliod of increasing the public 
understanding of science unless tho moss audienco 
has itself already been prepared by its general formal 
education to understand wlrnt science is about 
and tho place it takes in tho world to-day Without 


this the dangers of abuse, particularly of broad 
casting and television, to wliioh renewed attention 
was directed in the debate m tho House of Lords on 
June 3, and b} Mr H Carleton Greene, the recently 
appointed director general of the British Broad 
casting Corporation, in an address* to German 
business men on April 18, and by Dr M Conran in 
lus article on the Third Programme, will remain 
formidable There is bttlo in tho American Biirvev 
to suggest that Field Marshal Smuts was unduly pcssi 
mist ic in regarding the disappearance of the sturdy 
indepondont minded, freedom loving individual and 
his replacement by a servile, standardized, mass 
mental it} as the greatest human menace of our time 
Indeed, it is almost inherently impossible for the mass 
media themselves to check this process Lord James 
of Rusholme m the Lords debate remarked that one 
cannot use all the techniques of mass persuasion 
appeal consistently to the facilo the unontical and 
tho escapist, and still talk of freedom 

Tho debate in tho Houso of Lords did not resolvo 
this issue It focused attention rather upon tho 
question of pubho responsibility, and strong support 
was forthcoming for the view that television as well 
as sound broadcasting should be mado entirol} 
responsive to the publio interest and whether in the 
pubho or in tho private sector subject to impartial 
review Lord James was forthright on the importance 
of this sense of pubho responsibility and of telov ision 
and broadcasting being indopondonfc of any political 
or commercial pro«sure, so that new facilities could 
be freelv used and in new ways if wo are to foster 
on educated democracy os critical, ns know lodgcablo 
and ns free as we can make it 
There was little support in tho debnte for furthor 
extension of tolovision programmes but somo for 
the improvement of programmes and for technical 
research Lord Hailsham Boomed to stand alone in 
his reply for the Government in professing satisfaction 
with the present position and no concern about tho 
possibility of abuse or debasement of standards 
This was Mr Carleton Greene s mam concern how 
ever, and arguing that radio and television are too 
powerful in the potential long term effects for their 
control to bo entrusted to either politicians or business 
men, ho points out that once tho fairness and im 
partiaht} of a broadcasting s}stem boeomo suspect 
its authority os a source of information is dcstrov cd 
He quotes Amorican experience to show how liable 
tins is to happen in commercial television and he 
suggests further that available evidence points to the 
conclusion that commercinll} controlled broadcasting 
tends, in tho long run to undermine tho intelligence, 
at an> rate, of its constant listeners and vie wore, and 
makes it more difficult for them to appreciate pro 
grammes which demand some thought and npplica 
lion. It makes them passive rather than activo 
This can be particularly serious for children and 
the possibility is the more disturbing m that the 
American survey confirms so strongly tho determining 
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influence of early education brought out in Mr 
Trenaman’s study The most powerful influence in 
effective communication is the full-time education 
received m childhood and early youth , and alike in 
resisting the detrimental or anti-social influences of 
broadcasting or m realizing tlio potentialities of these 
new media for adult education this is the docisive 
factor It far outweighs the importance of technical 
improvements in the use of television or sound 
broadcastmg foi educational purposes, and though 
Mr Greene’s address at first sight seems to bear only 
indirectly on the American inquiry, it should be clear 
that any attempt to improve the use of the mass 
media to disseminate scientific information and 
advance the public understanding of science could 
w ell fail if it did not take account of this factor, and 
if it ignored the consequences of political and sec- 
tional pressure debasing the media 

Mr Greene does not ignore tho beneficial results 
which a public service broadcastmg system can bring 
and he points out that BBC television has, contrary 
to expectation, had in England a favourable effect 
on reading habits rather than otherwise Tho uso of 
radio and television in schools, however, is quite a 
separate issue What needs to be emphasized first is 
the crucial importance of an adequate system of 
education m the schools if the lev el of public under- 
standing of science is to be raised That comes first, 
and no improvements m the techniques of presenta- 
tion and of usmg the mass media can compensate 
for shortcomings there Further, with tho realization 
of the opportunities which television and also sound 
broadcastmg should increasingly offer, if wisely used, 
for communicating scientific information, thoro should 
be a keen appreciation of the irreparable damage that 
can be done both to the reputation and effectiveness 
of the medium and to public intelligence if these 
media are rashly and irresponsibly used 

EGYPT AND GREECE IN MEDICAL 
HISTORY 

Ancient Egyptian and Cnidian Medicine 
The Relationship of Their Aetiological Concepts of 
Disease By Robert O Steuer and .J B do C M 
Saunders Pp xn-f-90 (Berkeley and Los Angeles 
University of California Press , London Cambridge 
University Press, 1959 ) 22s M not 

T BIE authors of this interesting and constructive, 
though highly specialized, book mtroduce the 
problem which they seek to expound by the state 
ment that “throughout the history of medicme tho 
physician has searched for a theory of disease through 
which he might organize a diversity of data and thus 
justify his practice by establishing a scientific sys- 
tem” This is an elaborate way of saying that for 
centuries doctors have been looking for an easy way 
of practising by rule-of-thumb Even in ancient 
Egypt this search had begun, although many medical 
historians have regarded the contribution of Egypt 
to modem medicme as negligible, because it was 
rnagico religious, and entirely devoid of any rational 
approach The recent re-oxammation of the existing 
medical papyri has placed Egyptian medicme m 


quite a different catogoiy, and has confirmed tho 
view, previously advanced with little supporting 
evidonco, that, tho Greeks, acknowledged to be the 
first to hose their medical practice upon observation 
rather than upon theory, drew many of their ideas 
from tho Egyptians The first to profit from tho 
Egyptian impact was the pro-Hippocratic School of 
Cnidos (on the mainland opposite tho island of Cos) 
Cnidian medicme, however, was apt to confuse 
symptoms with diseases, and it was not until Hippo- 
crates of Cos insisted upon tho need for observation, 
and upon tho importance of prognosis rather than 
diagnosis, that the great era of Greek medicine 
was inaugurated 

Tho present w ork deals w ith tho link betw een Egypt 
and Cnidos Both were preoccupied with tho idea of 
putrefaction ns a cause of disease, and with the 
means of preventing it Tho prevention of corruption 
had been carried to a fino art bv those who embalmed 
the human body after death, and this process of 
mummification was based upon the principle which 
was followed also bv those who sought to heal the 
living body by getting rid of putrefaction within it 
It was allegod that disease was caused by the vwtcria 
pccccms in the fiecnl content of the bowel It logically 
followed that treatment must consist of eliminating 
tho noxious agent or putrefyung matter bv purgatives 
or encmata 

The writers of tho book imdor review givo manv 
examples of this etiological concept, culled from 
various papyri, especially' the “Papyrus Anonymous 
Londinensis”, besides a number of Greek writings 
Although the Cnidian notions appear to have been 
supplanted by tho idea of tho humours, favoured bv 
Hippocrates and the Conn School, the two opinions 
were to somo extent united when it was admitted that 
oven tho humours might bo corrupt or putrefymg 
This idea paved the way' for tho doctrmo of tho 
ethereal ‘miasma’ as a cause of disease, an idea which 
held tho field for centuries m v nnous guises until at 
length tho pathogenic nature of bacteria wns demon- 
strated The relationship between tho ideas of Egypt 
and those of Greeco is a significant chapter in the 
history' of medicme, and Dr Steuer and Prof Saunders 
are to bo congratulated on thoir careful and well- 
documented study of the putrofactiv o principle m 
ancient writings Besides tho 55 pages of text, there 
mo an appendix expounding tho viows of Galon on the 
matter, and another, suggesting that air-bomo disease 
may have beon envisaged even m ancient Egypt 
There are twolvo pages of informative notes and a 
bibhogmpliv, ns well as an adequate index 

Douglas Guthrie 

THE MOVING FRONT OF 
CARBOHYDRATES 

Advances in Carbohydrate Chemistry, Vol 13 
Editod bv Melville L Wolfrom m association with R 
Stuart Tipson Pp xi + 387 (Now York Academic 
Press, Inc , London Academic Books, Ltd , 1958 ) 
88s 

V OL 13 of “Advaneos in Carbohydrate Chomistiy 
presents ten roviews on specialized topics of 
carbohydrate chemistry Trends of presont-day' 
sugar chemistry are reflected m the titles of some 
contributions and are mtorwov on m tho text of otliors 
Interest m ammo -sugars has grown considerably' over 
the past two decades with the recognition that 
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biologically active mucopolysacchandce and mnco 
proteins such m liepnnn, blood group specific sub 
stances, virus hxcmagglutmin inhibitors and gormdo 
tropins contained N substituted 2 -amino- 2 dooxy 
sugars Furthermore, malic acids containing as 
nucleus an amino sugar, have established themselves 
as regular components of mucoprotoina and so mo 
mucolipids of animal origin and as constituents of 
tho membrane of certain bacteria Interest in the 
impact of alkali on simple sugars, oligosaccharides 
and polysaccharides lias been revived by the discovery 
of enzymes catalysing aldose - ketoso isomorizations, 
by tho realization that the glycosides of (1 hydroxy 
oldehydoe and (5 hydroxykotonoe ore sensitive to 
alkalis and by the recognition that the products of 
alkali degradation of polysacchondoe afford valuable 
information as to tlio links go of the constituent unite 
Finally, tho problom of tho conformation of tho in 
dividual sugars enters into nearly Ovary discussion 
on tho reactivity of tho oarbollydrate concomod 
Tho topic of sugar ring conformational analysis 
attended to in previous volumes is extondod by 
F Shafizadeh to the formation and cleavage of the 
oxygen ring in sugars Bhafixadoh discusses various 
aspects of tlie interconvorsion of tho cyclic forms and 
acyclic forms of a sugar Tho induotno offeot of tho 
hydroxyl groups ou tho reactive function and the 
stone offects are well exemplified Tho nitrons acid 
deamination of ammo sugars provides further proof 
of tho profound effect the naturo of the adjacent 
group and the configuration and conformation of the 
molecule have on the reaction A oonoiso summary 
of tho preparation and physical properties of the 
motkyl ethers of D and L-glucosamino d galnctos 
amine, D-allosamine and d altroeamino is provided 
by R W Jeanloz, who has mado many contributions 
to this field The availability of those ethers renders 
it posmblo to apply tho metliylation procodure of 
structural analysis to oligo and poly saccharides 
containing amino -sugars 

In tho chapter on sialic acids, F ZiUiken and 
M W Whitohouso give a useful account of the 
composition, structure determination and distribu 
tion of the various malic acids (N-acylated neuraminic 
acids) Tho presentation would ha\ e gained in appeal 
if tho authors had stress od tho urnquo arrange 
inont of the functional groups in neuraminic acid 
(the common parent compound) and interpreted the 
remarkable properties of this group of substances on 
tho basis or this arrangoment With rogard to tho 
linkage of sialic acid in animal mucoprotelns it is 
safe to say that tho acid is invariably found os a 
terminal unit , it seems improbable that it servos os 
a chemical bridge botwoen polypop tides and poly 
saccharides (p 238) There is no evidence that 
the influenza virus particlo has any other enzymic 
activity than that of an a neuraminidase (soo p 200) 
Perhaps I may bo allowed to point oat that the 
molecular structure of nournimnic acid proposed in 
1955 was conceived not ‘‘O much on Rpoculation as 
on tho hard facts that N aootvlnoirnunimo acid was 
convertible under nuldoet alkaline conditions to 
pyrrole 2 -carboxylic acid and that the same pyrrol o 
was obtained by aldol condensation of n-glucoeamino 
with pyruvic acid Theso findings (Nature, 176, 881 
1955) loft no doubt on tho position in neuraminic 
acid of tho kov functional groups and favoured BIlx 8 
(1955) ratlior than Zilliken’s (1955) empirical formula 
of N-acotylnouraminio acid 

Tho Lobry do Bruyn-van E kens torn t runs Forma 
tion of sugars in all its aspects and side-reactions 


(formation of dooxyosonoe) is very logically presented 
b} J 0 Speck Tho accumulated results show that 
those transformations proceed by an onolization typo 
of mechanism and that a common intermediate is 
formed in tho aldose — ketoso isomerization and the 
3 deoxyosone production The alkaline degradation 
of polysaccharides also begins at the reducing ond 
of the moloculo with enolization and proceeds stop 
wiso through the anhydroglycoeo chain In euch a 
peeling process tho reducing end group is liberated 
from tho chain by elimination of the rest- of tho 
chain as a glycoxy amon The released end group 
forms an a di car bony I structure which is rearranged by 
a Cannizzaro type of reaction to yield sac ah annates 
R L 'Whistler and J N BeMfllor have cogently 
summarized this field Tho reaction schemes clearly 
indicate the dependence of tho typo of saccharinate 
formed (ordinary, mota or iso-eacchannate) on the 
structure of tho glycosyl mute of the polysaccharide 
Incidentally, treatment of unsubstitutcd N ncotvl- 
d glucosamine by mild alkali results in the formation 
of d( + ) 6-dihydroxyothy] 3 ocetamido furon, and not 
in that of glucoxozobne (p 305) The hfo work of 
J W E Glattfeld on four-carbon eocchanmo acids 
is roviowod bv J D Crum 

The story by G V Caesar of starch mtrato tho 
oldost known and industrially tho most important 
staroh derivative roads like a ‘thriller’ I Goodman 
reports on glyoosy 1 ureides and L Stoloff contributes 
a chapter on polysaochorlde hydrocolloids of com 
morce The important formazon reaction with its 
implications for tho structure of sugar phonylhydm 
zones and phenykwazones and with its use ns a tool 
for elucidating the structure of polysaccharides is 
comprehensively described by L Mestcr 
It seems most appropriate that the opening ohaptor 
is dedicated to the memory of Carl Nouborg who has 
made outstanding contributions to many of tho topics 
discussed in this excellent volume 

Alfred Gotts chalk 


PRELUDE TO SPACE RESEARCH 


Vistas in Astronautics 

First Annual Air Force Office of Scientific Research 
Astronautics Symposium (Co sponsored with Con 
vmr Division, General Dynamics Corporation) 
Edited by Morton Alporm and Marvin Stern (Inter 
national Sonoe of Monogrnplis on Aeronautical 
Sciences and Space Flight Division 7 Astronautics 
Division, Vol 1 ) Pp xxi + 330 (London and New 
York Porgamon Press, 1958 ) 105j net 


F I February 1957 satellites and space exploration 
were things of tho future and tho organizers of 
the Astronautics Symposium hold in that month at 
San Diego wore at pains to socuro serious papers on 
tho Bubjoct from recognized scientists rather than to 
encourage speculative contributions Consequent 1\ 
tho title of this book wluoh pro\ Ides a record of tho 
papers road at tho Symposium, is slightly misleading 
most of tho papers remain oortlrixnmd (if wo stretch 
tins phrase to include satollito orbits) , only a few 
flutter off into tho doptlis of spaco 

Tho book is divided into six poettona of roughly 
equal length The first entitled Re-entry includes 
nn excellent paper by C Gazloy describing the 
deceleration and heating of ft body entering n pM 


ary atmosphere from space 


and smerol contribution" 


on tho aerodynamic* of rt -entering 
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Part 2, on “Tracking and Communication”, includes 
a dotaded description of tho ‘Microloek’ radio instru- 
mentation system for satellites The tlurd section, on 
tho environment of a space vehicle, has sevoral expert 
surveys of particular topics, such as F L Whipple's 
paper on the “Meteoric Risk to Space Vehiclos” 
and H V Nehor’s terse 14 pages on cosmic rays 
In Pait 4 the possible propulsion systems for spaco 
travel are fully discussed Part 5 is devoted to orbits, 
and mcludes a 39-page paper by H Obortli, on “A 
Precise Attitude Control for Artificial Satellites” 
Part 6 is entitled “Human Factors”, and covers 
space medicine and legal problems 

The individual papers m the volume differ greatly 
m their length, tone, technicality and worth Tho 
book can be recommended for its many good technical 
papers, most of which have stood the tost of timo 
well , but there are a few half-pago contributions 
winch scarcely deserve permanent reproduction m 
book form, and tho frontispiece, a full-pago photo- 
graph of the brigadier-general commanding the Air 
Force Office of Scientific Research, seems rather out 
of place m a technical book D G Ktxg-Hele 


EXPLOSIONS IN SOLIDS 

Fast Reactions in Solids 

By F P Bowden and A D Yoffe Pp ix + 164 
(London Butterworths Scientific Publications , 
New York Academic Press, Inc , 1958 ) 40s , 

7 dollars 

T HIS book is a sequel to the authors’ earlier (1962) 
monograph “The Initiation and Growth of Ex- 
plosion m Liquids and Solids” It doals with sub- 
sequent work on the same problems and moro par- 
ticularly with the mechanism by w Inch a crystalline 
explosive decomposes when subjected to heat, light 
shock or nuclear radiation Like its predecessor, tho 
book does not attempt to give a comprehensive treat- 
ment of the whole field but rathor to focus attention 
on salient developments m tho study of oxplosn es 
and especially on those areas to wluch tho work of 
the authors and their colleagues has contributed In 
this it is most successful and it is a stimulating and 
attractive volume 

Chapter 1 is a brief (4 pages) introduction and 
sketches tho plan of the book Chapter 2, which 
gives an account (13 pages) of tho slow decomposition 
of crystals, is based mainly on silver azide Chapter 3 
is longer (26 pages) and more diversified Under the 
general title of thermal explosions it gathers a varied, 
though not always clearly organized and interrelated, 
collection of theory, simple calculation and experi- 
ment It is an important chapter to the remaindor 
of the book, for tho ideas of thermal oxplosion theory 
outlined here are repeatedly applied m this and 
subsequent chapters The importance of a molten 
zone to reaction propagation is also introduced In 
Chapter 4, the structure and stability of the inorganic 
azides are reviewed (12 pages) m terms of electron 
sharing between the metal atom and the azide group , 
this concept is one of the important new points of 
view this book adopts Chapter 6 (31 pages) on 
initiation of explosion by shock is closest in theme 
to the previous monograph An account is given of 
recent work on initiation by impact, flying particles 
and shock waves, by friction and by ultrasonic 
vibration. Mechanical initiation is thermal in origin , 
but ‘mechanical’ factors such as the disintegration 
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of liquids and solids play a pait Chapter 0 (26 pages) 
loachos a basically similar conclusion about initiation 
of explosion bv flash photolysis Tho azides aro again 
tho prmcipal subjoct and tho concepts of Chapters 3 
and 4 aro applied in interpretation Decomposition 
and ignition by nuclear particles and high-onorgy 
radiations are doalt wutli in Chapter 7 (11 pages) 
High energy particles provido a convenient mothod 
of mtroducmg largo amounts of energy into molo 
cularly small regions of tho crystals, and tho experi- 
mental ovidonco so far is that the activation of a 
small number of adjacont moloculcs may not bo 
enough to causo oxplosion In Chapter 8 (7 pages) 
the mysterious, spontaneous explosions which occur 
during crystallization of lead and morcurous azido 
aro doscubed and discussed The first part (7 pages) 
of Chapter 9 on tho fast growth of oxplosion deals 
w ltli thin films and tho deflagrations and “low velocity 
detonations” which occur Tho second part (9 pages), 
which contains sorno very striking photographic 
records, discussos small single crystals undergoing 
oxplosivo decomposition 

This is tho arrangement of tho text Each chapter 
after the first has its own ‘conclusion’ summarizing 
m broad generality tho trends tho authors feel 
significant and it. is often helpful to road these before 
their chapters Perhaps tho render would liavo boon 
holpod still moro had tho principal subdivisions of 
the chapters been listed w ith tho contents The text 
is profacod by a useful list of names nnd formula; of 
most of the explosives discussed and followed by a 
set of eight appondixes which aro up-to date short 
tables of various properties Thoro are good author 
and subject mdoxes 

It is not tho duty of a monograph of this nature 
which concentrates on recont work m a changing 
fiold to supply an oxtonsivo background , tho appear 
anco last year of M A. Cook’s formidable “Soionce 
of High Explosives” helps to meet this need This 
book ib modern and rohablo nnd tho fow orrors other 
than trivial misprints that exist, such ns tho apparent 
application of lo Chntolior’s principle to a non- 
equilibrium process, tho occasional use of ‘inorganic 
compound’ whore ‘ionic solid’ is intondod and of tho 
erroneous Cu.(Nj), and Au.(N,)., may anso fiom 
compression and from pioduction of such an up to- 
date monograph Abovo all, tho oxponmontal work 
from tho authors’ laboratory has a lucid quality wluch 
pormits it to spoalc for itsolf without laborious argu- 
ment Perhaps ‘photogomc’ is nn aptor word to do 
groater justico to tho brilliant photograplis wluch 
havo boen obtained nnd which so admirably illustrate 
tho text Peter Gra\ 


APPLICATIONS OF STATISTICS IN 
PHYSICS 

Statistical Physics 

By L D Landau and E M Lifshitz (Courso of 
Theoretical Physics, Yol 6 ) Translated from tho 
Russian by E Peierls and R F Peiorle Pp x-i 
484 (London Pergamon Press, Ltd , 1968 ) 

80s net 

I N abandoning tho general practice of considering 
classical statistics, quantum statistics and thermo- 
dynamics as virtually separate subjects, tho authors 
have produced a book m w r hich the three havo boon 
combined with considerable success Although no 
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concessions have been made to the mathematically 
undor privileged, the importance and significance of 
tho underlying physical principles liavo not been 
neglected so that the honours degree student, irreepoc 
tive of his mathematical attammont, will find much to 
stimulate his interest in, and to olonfy his ideas on, 
this the most fundamental brnnoh of physics 

Tho initial ohapters are devoted to the establish 
ment of general principles by first laying tho statistical 
foundations, then deriving the principal thermo 
dynamic quantities and relations associated with tho 
mocroscopio state and finally obtaining the standard 
distribution functions, both classical and quantum 
Thon follow admirable comprehensive treatments of 
particular applications to closed systems m thermo 
dynamio equilibrium, somo examples of which are 
perfect and real gases, condensed bodies, solutions, 
chemical reactions fluctuations and surface pheno 
mena A chapter on tho symmetry of macroscopic 
bodies could well bo omitted ns the treatment is too 
condensed for all but professional crystallographors 
and for them it is unnecessary 

There are some weaknesses in the general presents 
tion The style is occasionally laboured and an 
improvement in the continuity could bo effected by 
inoludmg in tho text the material added in numerous 
footnotes Further it is surely unnecessary to denvo 
first a dimensionless expression for entropy into which 
later must be inserted Boltzmann e oonstant Again 
after the excellent exposition of the basic statistical 
principles it is surprising tliat reference should bo 
mode to both tho specific boat and the Gibbs free 
energy per molecule Finally the authors depart in 
ae\oral instances from the conventional in their use 
of thermodynamio terms in particular by adia 
bntio they always mean ‘reversible adiabatic’ 

H Stkkflk 


THE GREAT LAKES 

Geology of the Great Lakes 
By Prof Jack L Hough Pp xvm + 313 (XJrbana, 
111 University of Illinois Press, 1058 ) 8 50 dollars 
TT'ORTY FOUR years have passed since Leverett 
Jy and Taylor published their classic work on tho 
history of the Great Lakes During much of the last 
twenty seven of these Prof Hough has been engnged 
on studies of the vnriouB aspects of this great group 
of inland waters There has been a growing need 
for a summary of tho largo amount of work that has 
been accomplished m the interval 

Tho book is divided into two parts Tho first deals 
with tho topography and hydrology of the present 
lakes and tho deposits on their floors, as well as tho 
pre glacial and glaoml history of the region in general 
terms Tho lot tor is inevitably a simple outline which 
forms tho basis for tho more important second part 
of the book 

Part 2, comprising rather more tlian half tho book, 
deals with tho history of the stages of ovolution of tho 
lakes as bodies of open water fluctuating in extent 
v Ith ohanges in tho position of tho oscillating front 
of tho ice shoot to the north Tho sorios of outlots 
of tho lakes to tho Mississippi, to tho Mohawk and 
Hudson valloy, to Lake Eno and the St Lawrence, 
and to tho St Lawrence via tho north east comer 
of Lnko Huron and tho Ottawa River came into action 
repeatedly Tho story now unfolded is substantially 
more complicated than the account of Loverett and 


laylor, and the work is very much better docu 
men ted, in consequence of the research by many 
workers, including substantial contributions from the 
author himself This applies particularly to revised 
and more detailed correlation of events over the vast 
area involved 

Particularly noteworthy parts of the book are the 
detailed but concise critical assessments of the 
ovid once on which correlation is based, a valuable 
correlation chart based w ith an absolute dating scale 
on carbon 14 measurements, and among the many 
text figures 23 diagrams, summaries of the successive 
stages m the fluctuation of tho extent and outlets of 
the lakes throughout late and post-glacial time The 
largo scale southerly tilt of tho area consequent on the 
isostatic rise as a result of tho progressive de glocia 
tion of the area introduces complications m tho 
history in the correlation of shore lines and this is 
accentuated by the erosion of considerable lengths of 
tho old beaches during later stages of the history of 
tho lakes 

The author is to be congratulated on a major contn 
bution to late glacial geology of the region The text 
figures are clearly produced and there is an excellent 
bibliography 8 E Hotxi Ml worth 


ANTING 

Phoenix Re-born 

By Dr Maurice Burton Pp 224-f 10 plates (Lon 
don Hutchinson and Co (Publishers) Ltd , 1050 ) 
25s net 

F OR many years anting in birds has hold consider 
able fascination for students of bird behaviour 
8o, too has the myth of the Phcenix and when 
Maurice Burton saw a tame rook disporting himself 
on a heap of burning straw it led to an association of 
ideas wliioh was ultimately responsible for tho produo 
tion of this book After thorough exploration of tho 
Phoenix legend, Burton earned out expenments with 
his tame rooks and a pet jay to dot ermine their 
reactions to certain substances and to heat Ho 
also examined the literature to see whether records 
of bird and other animal bohaviour might reveal 
anting incidents which had been unidentified. 
Eventually Burton reached certain conclusions which 
show a clear connexion between Horodotus s account 
of tho Phcenix and the anting of birds 

One thing is common to nil the substances which 
cause tho anting posture this is heat or the imprea 
sion of heat In this remarkable book Burton com 
pares tho reaction of birds to different substances 
examines the theories of anting and comes to tho 
conclusion that anting must be regardod ns a posture 
adopted in moments of unusually intense excitement 
This may be stimulated nutochothcmously or tlirough 
tho agoncy of an external stimulus producing heat 
or tho impression of heat m tho mouth Ant batliing 
and thermophfly are also shown to be closely related 
to anting proper and all these are related to such 
habits as tho self anointing of liodgohogs, tho effects 
of catmmt and other odorants on cami\ ores ns well 
as numerous idiosyncrasies of behaviour among 
individual birds and mammals not excluding man 
himself 

Tho charm of tho book hesnot onl\ in tho omcrgcnco 
of a now theory to on old puxzlo tho fk 
stamps "Phoenix re bom as an o V -Jri k a 
of outstanding interest 
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Introduction to Functional Analysis 
By Prof. Angus E Taylor Pp xvi-f 423 (New 
York . John Wiley and Sons, Inc , London Chap- 
man and Hall, Ltd , 1958 ) 100a net 

L INEAR functional analysis arose partly from 
Hilbert’s theory of space of on infinity of dimen- 
sions and its axiomatic formulation by John von 
Neumann, and partly from Banach’s development of 
Frdchet’s work on abstract spaces Good recent 
books mclude those by Zaanen and by Ries7 and 
Nagy Prof Taylor’s introduction will not displace 
these books, but can serve as a useful survey of basic 
methods In lecture form, the material has been 
tried out on several graduate courses m the United 
States, and hence is particularly helpful in the early 
chapters In the first, the algebraic formulation is 
kept clear of topology , linear spaces, operators and 
functionals are defined and illustrated by a wealth of 
examples of each type, so that the novice is gently 
helped to surmount his initial difficulty of forming 
some concrete idea of these abstract concepts The 
second chapter is a reference section on topology , 
then m the third, the linear space and the topological 
space are related to provide the concept of the linear 
topological space, agam with many carefully detailed 
instances of such spaces The reader who studies 
these three chapters closely will bo rewarded with a 
firm grasp of fundamentals and should then cope 
readily with the somowhat increased pace of the 
later chapters giving the general theory of linear 
operators, spectral analysis and tho standard results 
for self-adjomt, normal and unitary operators Tho 
old-fashioned analyst will be pleased to see contour 
integration employed in the spectral theory, a method 
much emphasized in some of Taylor’s own papers 
The final chapter, on integration and linear func- 
tionals, is intentionally only a sign -post to further 
readmg m this field The book should be particularly 
valuable to those who need to get some knowledge 
of the unifying and co-ordinating power of this 
potent theory without having to make a speciahst’s 
study of it T A A Broapbent 

The Birds of the Palearctic Fauna 
A Systematic Reference Order Passeriformes By 
Dr Charles Vaiine Pp xn + 762 (London 

H F and G Witherby, Ltd , 1959 ) 105s 

I T has been claimed that birds are systematically 
better known than any other class of animals, 
but even for the relatively familiar Palrearctic region 
a new ‘base-line’ has become desirable This is hero 
provided m respect of tho passerine birds — a second 
volume is now bemg prepared to cover tho rest — m 
succession to the corresponding part of Hartert’s 
“Die Vogel der palaarktischen rauna” of 1908-32 
Unlike Hartert, the present author does not give 
descriptions of species, but only the mam points 
distinguishing one sub specific form from another , 
synonymies are brought up to date rather than 
repeated in full English names aro given for all 
species, with the French and German equivalents 
where these exist 

Tho present less-rigid outlook on lntraspecific 
systematics is reflected m the emphasis placed on the 
‘clinal’ nature of much of the geographical variation, 
and previously described races which the author 
regards as mere stages ou a cline or as otherwise 
unsatisfactory are relegated to the synonymy , races 
which the author accepts are graded as “well” and 
“moderately well” differentiated but are otherwise 
given identical treatment Of special value are the 


detailed accounts of the ranges of all forms, and 
these are usefully roinforced by information about 
tho habitat of each species There are also brief 
indications of oxtra-limital distribution and of the 
oxistenco of oxtra-hmital races, the latter being 
mentioned by namo when not too numorous There 
aro doubtless some pomts on which other exports 
may differ, but tho volume can bo welcomed ns an 
up-to-date authoritative work of reference on tho 
systematics and zoogeography of the palrearctic 
pa iserino avifauna Landsborottgh Thomson 

The Open Sea — Its Natural History 
Part 2 Fish and Fisheries, w ltli Chapters on Whales, 
Turtles and AnimaLs of the Sea Floor By Sir Ahster 
Hardy (Tho New Naturalist a Survey of British 
Natural History ) Pp xiv-f-3224 48 plates (London 
William Collins, Sons and Co , Ltd , 1959 ) 30.? not 

T HOSE who enjoyed Sir Alister Hardy’s first book 
on “Tho Open Sea” will also enjoy his second, 
for it has tho same virtues it is written wuth m 
foctious enthusiasm and with a wide knowledge of 
fish and fishermen Ho has sailed m both tho old 
and the new Discoicry, m trawders on fishing trips 
and in fisheries research \ essols of many lands, so that 
ho brings a vivid sense of actuality into Ins writing 
Beginning with a brief rdsmnd of tho fundamentals 
of life m tho sea, the author goes on to describo what 
a fish is and how it lives and movos Then follow 
chapters on particular fish and fisheries Tho homng 
is given pndo of place with a short account of its 
history and of tho research work on it right up to 
the present clay After two chapters on tlio bottom 
fauna, wo return to fishing with descriptions of 
different types of gear and chapters on plaice, 
elasmobranchs and gadoids Tho ovor-fislnng problem 
is not neglected, and indeed in many places through- 
out tho book the author shows how the knowledge 
we already have could bo applied to improve or 
increase tho fisheries Ho ends with tho plea that the 
division of tho North Sea into northern nnd southern 
spheres of research should bo abandoned in favour 
of a um ted effort covering the whole area 

There aro chapters also on the animals of tho ocean 
floor, on parasites, particular!! of fisli, on reptiles (not 
omitting the sea-sorpent) and on marmo mammals 
No attempt bus been made to cover tho systematics 
or physiology of fish Tins is a natural lustory of the 
creatures living m tho opon seas around Britain and 
thero can bo few who will road it without learning 
something now and interesting 

Mention must be mado of the oxcellont illustrations 
Many of tho plates are reproductions of tho author s 
own delightful water colours The photographs, 
many by Dr D P Wilson, are outstanding and 
include some wonderful shots of whales nnd courting 
fisli 8 M Marshall 

Flora of Peru 

By Bogors McYaugli (Field Museum of Natural 
History Botanical Series, Vol 13, Part 4, No 2 ) 
Pp n-r5G9— 818 (Chicago Field Museum of Natural 
History, 1958 ) 3 75 dollars 

T HIS part continues tho Flora of Peru w ith tbe 
account of tbe difficult family, Myrtacoae, con- 
tributed by Prof Rogers McVaugh, of the University 
of Michigan The bulk of the species belongs to two 
large genera, Myrcta and Eugenia Tho author is to 
be congratulated on his carefully prepared keys and 
long specific descriptions There are no illustrations 
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SPECTROSCOPIC IDENTIFICATION OF ALPHA-EMITTING NUCLIDES 
IN BIOLOGICAL MATERIAL 


By Prof W V MAYNEORD, C B E , and C R HILL 

Ptiyila Department, Institute of Cancer Research Royal Cancer Hospital 
London S WJ 


I N connexion with a programme aimed at the 
identification and measurement of the radio 
activity of the human body and its environment 1-4 , 
an attempt has recently been mndo to undertake 
spectral analysis of the alpha activity of normal 
biological materials The moat satisfactory general 
method of analysing alpha activity la to measure the 
auto of the individual pulses due to eleotrons which 
are produced when the alpha particles are made to 
spend their full energy on ionizing a free electron gas. 
In the past, attention lias been directed largoly to 
materials having modorotely high specific activity 
and the gndded parallel plate ionisation chamber has 
been the instrument most commonly used 1-1 This 
type of chamber is not, however suitable for the 
analysis of materials of very low activity for which 
a largo source area and a low background counting 
mto are essential In order to provide a large source 
area Lonati tt al have designed an instrument m 
which the source material is spread on a large metal 
sheet, which is afterwards rolled to form the outer 
member of a cylindrical electrode system, a grid being 
situated between the emitter and collector* The 
background counting rate of their instrument is still 
appreciable and due in part at least, to the largo 
areas of metal surface exposed to the counting 
volume, and to contamination on the grid wires Tho 
uso of a cylindrical or spherical arrangement can, 
however largoly obviate the need for a grid m over 
coming line broadening duo to positive ion effect 1 * 
and has boon exploited successfully by Ghiorso in an 
oarly instrument 11 If, in a gridless chamber, tho 
sensitive volume is surrounded by material having 
very low alpha, emission the background oounting 
rate corresponding to alpha particle enorgies may be 
made very small Such an instrument has been built 
by us at the Institute of Cancer Research Royal 
Cancor Hospital and has proved to be capable of 
analysing the alpha activity of a wide range of 
normal biological materials 

Description and Performance of the 
Instrument 

The instrument consists essentially of two con 
centric cylindrical electrodes of length 53 cm and 
radii 15 and 0 2 cm , respectively Tho material to 
bo analysed is mounted on the motallirod surface of 
a sheet of aluminized cellulose acetate, lining the 
innor surface of tho outor electrode, and a potential 
of minus 3 kV applied relative to the inner collecting 
electrode Tho electrode system is enclosed in a 
vacuum tight steel tank containing a mixture of 
90 per cent argon and 10 per cent methane at atmo 
spheric pressure Under those conditions the thoor 
etical spectral lino width due to positive ion effect is 
210 keV at 5 6 MeV Tho lme width obtained In 


practice is rather greater as a result of contributions 
from amplifier noise and self absorption m the un 
collimated source As a result of mounting the source 
on aluminized cellulose acetate film (which itself has 
a surface emission of about 3 alpha particles per hr 
per 1,000 cm * compared to stainless steel 100 brass 
100, nluminium 150) and of the relatively small area 
of other surfaces exposed to the counting volume, 
the background counting rate due to surface emission 
is only 20 counts per hr in the energy rango 4-9 MeV 
and for a useful souroe area of 4,000 cm * Duo, 
however, to the presence of radon, originating, it is 
believed mainly from the surface of the pressure 
vessel (which wras originally built for another purpose 
and is impossible to clean satisfactorily), the actual 
background is somewhat higher than the above 
figure Bv continuously circulating the chamber gas 
over chnrooal cooled m a solid carbon dioxide- 
alcohol bath the radon background which appears 
as a three line spectrum of radon radium A and 
radium 0 is maintained constant at 70 counts per 
hr giving a total background of 90 counts per hr 

Tho ionization chamber is used with EKCO 1040 B 
head and mam amplifiers and a ODO 100-channel 
pulse hefght analyser This combination provides 
good stability of recording and when purity of the 
chamber gas is maintained by continuously* flowing 
over calcium turnings at 350° C overall drift can bo 
kept within 100 keV ovor a period of several davs 

Preparation of Sources 

The sources which normally consist of a partialh 
insoluble aah of uncertain chemical composition, are 
prepared by grinding (by hand or In a boll mill) 
followed by spraying in the form of a suspension in 
water on to the cellulose aeetato sheet, proviou*l\ 
wottod with dilute Teepol’ solution A thin layor of 
sodium silicato solution is usually sprayed on top of 
the film eo formed (0 03 mgm./cm * sodium silicate) 
to act as an adhesive 1 * By this process it is possible 
to prepare sources which undor a raicroscopo appear 
to consist mainly of particles of about one micron 
diameter spread with good uniformity 


Results 

As illustrations of tho uso of this technique spectra 
obtained with our equipment are shown m Figs 1-4 
A popular breakfast cereal, stated to contain 
“100 per cent whole wheat’ and having a total specific 
alpha activity of 32 x 10 -1 * c porgm of ash (Fig 1) 
evidently contains two long lived alpha -emitters, 
radium 220 and thorium 228 (RdTh), and their 
daughters Most of the radon 222 escapes from the 
thm source and is removed from tho *v*fem bj £ 
radon trap, bo Hint it and ita dnughlnr. do not opr— 
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1 A breakfast food. ‘100 percent whole wheat ' Counting 
time 24 hr 



Alpha-particle energy (MeV ) 

Fig. 2. Grass ash Total specific alpha-activity 0 4 x 10~" c /gm 
Counting time 36 hr 


from the spectrum to be in equilibrium with radium- 
226 Uranium-238 and thonum-232 are absent and 
the thorium-228 must therefore be presumed to 
ongmato from radium-228 (MsTh 1) rather than by 
metabolic uptake of the element thorium A similar 
spectrum, but showing relatively higher radium-226, 
has been obtained for Brazil nuts, which are known 
to have very high alpha-activity 3 , these results 
have been published elsewhere*. 

Measurements have been made m these laboratories 
of the total alpha-activities of grass samples taken 
from various localities 13 , and values found m Great 
Britain have ranged from 1 0 to 170 y 10 -13 c per 
gm of ash Spectra of the form shown m Fig 2 
have been obtained from all the grass samples that 
we have analysed so far, which have been collected 
from several different parts of the country It will he 
seen that this spectrum is of different form from that 
of Fig 1, most of the activity bemg concentrated m a 
small energy-range While it is not possible from 
our spectral evidence alone to decide with confidence 
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whether the nuclide concerned is polomum-210 
(5 30 MeV ) or plutonium -230 (5 14 MeV.), evidence 
from chemical analysis and from the build-up of 
activity with time, after ashing at 500° C , has estab- 
lished that the nuclide is, m fact, polomum-210 in 
the presence of lead-210 (KaD) From this spectrum 
we conclude that polomum-210 accounts for some 90 
per cent of the total alpha-activity of the grass ash 
In view of the known tendency for the kidney of 
several species to take up polonium 1415 , wo have 
examined the kidney of a sheep that had been 
grazed m tho district from which the grass sample 


tv«* 

mn OUT!) 



Fig 3 Sheep’s kidney Total specific alpha-aetlvitv 6-QylO~ u 
c /gm ash Counting time 48 hr 



Alpha-particle energy (MeV ) 

Fig 4 Bone or a worker exposed to the Ingestion of radium and 
meiothorinra Total specific alpha activity 214 xlO -1 ' c /gm ash 
Counting time 24 hr 
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of Fig 3 was obtained The total specific alpha 
actiwty was 6 0 x 10 -1 * c per gm of ash (ash 
content of wet kidney 1 1 per cent) and the spectrum 
(Fig 3) shows that about half the total is due to 
thonum 328 and its daughters, an observation con 
firmed b> an independent raothod of estimating 
thorium senes nuclides 1 In addition, thoro is a 
single lino of the same energy as that appearing in 
the grass, presumably again polonium 210 The 
presence m fho kidney of thorium 228 is interesting 
m view of tbo absence of thonum 232 and radium 220, 
although the latter is clearly present in a spoctrum 
taken of the bone of the same animal The oxplona 
tion would appear to be that radium, but not thonum, 
is absorbed by the sheep from its environment and 
that thonum 228 originates within the sheep by decay 
of radium 228, being afterwards transported and 
fixed m the kidnoy 

The spectroscopy of normal human bono is beyond 
the capacity of our present equipment, but inter 
eating results may easily bo obtained for the bone of 
those having radium burdens of the order of one- 
tenth of the maximum permissible level Fig 4 
allows the spectrum of the bone of a worker who hod 
been opposed to tho ingestion of both radium 226 
and radium 228 and whoso body burden of the former 
isotope was estimated 1 at 5 9 x 10~* o Tho presence 
of radium 230 and of radium 238 with Its daughters 
is clearly demonstrated 

Potentialities of the Method 

It seems clear that this typo of alpha ray analysis 
will pro\e of great valuo in the study of the radio- 
activity of biological materials AVo are therefore 
constructing equipment that should be capable of 


analysing, with improved resolution, the ash of most 
living tissues 


We are greatly indebted to our colleague, Dr R C 
Turner, with whom we have had many fruitful die 
missions concerning the interpretation of theso 
spectra Our thanks are due to Mr J O Crookall 
for the chemical evidence concerning polonium and 
to Mr 8 P Newbery for invaluable help with tho 
electronic equipment We are also indebted to Dr 
TJ Face him and his colleagues of C.I.S.K Milan, 
who kindly analysed a number of samples for us in 
their gndded parallel plate chamber before our own 
instrument was completed 
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THE OHIO STATE UNIVERSITY 360-FT RADIO TELESCOPE 

By Prof JOHN D KRAUS 

Ohio Sate University 


F OR some years mapping of the radio sky has been 
a principal activity at the Ohio State Univorsity 
Radio Observatory Since it was anticipated that 
this would also bo the case if a larger telescope 
became available consideration was given some 
years ago to a telescope design especially suited for 
mapping work whioh would provide tho largest 
possible aperture per unit cost consistent with large 
sky coverage Tho design ovolvod consists of a fixed 
standing parabola with a flat reflector which can be 
tilted to deflect the celestial radiation mto it The 
general arrangement is shown in Fig 1 Since the 
parabola is fixod and supported directly from tho 
ground a minimum of structure Is required Tho 
only moving part is the flat reflector, which ia pivoted 
at ground level and is required to move through 
only one half of the range of declination covered 
Although primarily a meridian transit instrument, 
east-west movement of tho food antenna can provide 
a small measure of tracking in hour angle This is 
not essential, however, in most mapping work 

Scale Model 

Experimental work on the design began m 1053 
when Robert T Nash constructed a scale modol of 


the telescope as part of his thesis work toward a 
master 8 degree at tho Ohio State Umvoraity Tho 
parabola of the scale model measured 12 ft in 
horizontal length while the wave length of operation 
was 1 25 cm By scaling both the physical size and 
tho wave length in this manner, antenna patterns 
can be measured that will duplicate those of tho full 
sire systom 1 Specifically, the system duplicated ia a 
telescope with a parabola 2 000 ft by 200 ft operating 
at 3 metros wave length or a teloscopo with a para 
bola 700 ft- b> 70 ft operating at a wave length of 
70 cm A photograph of tho modol is shown m 
Fig 2 

Antenna patterns measured by Nash agreed closely 
with calculated value* 1 ' 1 In fact, the performance 
of the model was so satisfactory that Nash used it 
as on actual radio telescope for many observations of 
the Sun and Moon at a wave length of 1 25 cm 4 


Construction of the Full-Size Unit 
In 1954 a request was mado to the United State* 
National Science Foundation for funds to construct 
i standing parabola radio tolewcopo with « ^ 

•efloctor of adjustable tilt, tho 
120 ft long by 70 ft high 77.o minimum 
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length of operation was to be about 70 cm and the 
dimensions wore deemed sufficient to provide a 
significant full-scale test of the design In 1956 
a grant was received from the National Science 
Foundation for half the amount requested for a 
parabola 720 ft by 70 ft As a result, the plans were 
modified to build the central half of the telescope so 
that the parabola would be 360 ft long by 70 ft 
high and the flat reflector of adjustable tilt also 
360 ft long with the possibility that outer sections 
might be added at some future date At the sugges- 
tion of the Badio Astronomy Panel of the National 
Science Foundation, the original plans were also 
modified to make the telescope operate at the hydro- 
gen line (21 cm wave-length) To maintain surface 
tolerances at this wave-length required a structure 
with several times as much steel ns m the original 
design, with a correspond mg increase in cost Two 
subsequent grants by the National Science Founda- 
tion m 1957 and 1958 have brought 
the total funds provided for the 
construction of the telescope close 
to 250,000 dollars 

A sketch of the final design of 
the telescope is shown in Fig 3 
This sketch is substantially correct, 
the mam discrepancy being that 
the actual system for elexating the 
flat reflector uses a wmch arrange- 
ment instead of a hydraulic cylin- 
der as suggested m the sketch 
The Ohio Wesleyan University 
provided a 20-acre site for the 
radio telescope situated about 4 
miles from Delaware, Ohio, and 
near the Perkins (optical) Observa- 
tory The new radio observatory 
location is known as the Ohio 
State-Ohio Wesleyan Radio Ob- 
servatory 

Construction on the telescope 
began in 1966 with work on the 
parabolic reflectoi The mech- 
anical design of the structure has 
been the responsibility of Robert 
T Nash and the construction also 
has been carried out under his 
supervision The construction crew 


has consisted of about ton mon, most of whom 
havo boon Ohio Stato Univorsity students who 
havo worked on tho tolescopo on a part-time 
basis Tho parabola was completed in 1958 and 
work started on tho flat rofloctor A view of the 
completed parabola is shown in Fig 4 At the 
timo of wTitmg (July) tho foundations for tho flat 
loflector aro mostly in place and sub-assombhes 
of tho stool structure nearly comploted One sec 
tion of tho flat reflector has been assembled and 
preliminary tests of tho hoisting and locking system 
carried out 

Specifications 

Tho parabola (360 ft X 70 ft ) is a section of a 
paraboloid of revolution with axis coincident with 
the ground piano and passmg through tho prime 
focus Tho focal distance is 420 ft The aperture nrea 
is 25,200 sq ft or about 0 0 acre This area is equal 
to that of a circular aperture parabolic dish antenna 
nearlv ISO ft in dinmeter Tho reflecting surface of 
the parabola consists of vortical copper-clad steel 
wires 0 081 m in dmmotor spaced 1 m between 
centres The entire wuro supporting structure of the 
parabola is hung from tho main parabola framework 
by adjustable brnckots m order to facilitate adjust- 
ments of tho parabola surface if inquired The ulti- 
mate surface deviation of tho parabola is expected 
to be less than 4 m 

The flat rofiectoi is constructed in mo\nblo units 
20 ft wade (east-west) b> 100 ft long m the slant 
direction Under normal loading conditions tho 
maximum deflexion of this structure from a flat 
surface is expected to be of tho order of £ m Such 
movable units aro to bo mounted with a 40 ft sjiacmg 
between centres Each unit is to bo equipped with 
an individual 3 lip electric winch and fast -act mg 
pneumatically operated brake and lock The winch 
elevates or lowers the flat reflector unit so that the 
decimation may bo changed at a rate of about 
5 ° per min Tw enty-foot beams hinged on each end 



Photo Depl of Photography, Ohio State VniternW 


F!g 2 Photograph of scale model built to teat the design The standing parabola Is at 
the right and the flat sheet reflector at tho loft, with tho horn feed antenna at tho prime 
focus Just to the right of tho base of the flat-sheet refleotor 
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Photo t Dept, oj Photofrtphy Ohio StaJ* Unfnrrilt 


Fig 3 Sketch or the sUmllng parabola radio teletcope with reflector being 

bailt at the Ohio State University The central eectlon of the teletcope shown In heavy 
line* I* the part now under eomt ruction with the end *ectlon* In pluntom riew 
showing poolble future addition* 


Accordingly, a multiple feed can 
lie employed -without objectionable 
blocking of the aperture to provide 
simultaneous operation over a wide 
range of wave lengths It may 
even bo possible by means of a 
multiple feed to const ruot a rudi 
mentary radio camera having as 
many picture elements as primary 
feed antennae 

The fact that the feed point is at 
ground level completely eliminates 
the problem of supporting the feed 
antenna and maintaining its align 
ment, a problem present in all 
steerable telescopes Furthermore 
there is almost no limitation to the 
weight and complexity of the equip 
ment placed at the feed point so 
that feed cablo losses are eliminated 
and low noise amplifiers of the 
maser and parametric type can be 
used to best advantage 

At tho highest frequence of 
operation (15 cm wave length) the 
half power beam widths of the 
telescope antenna will be 0 1° in 


v ill bridge the spaco between movable units The 
actual reflecting surface w ill consist of the same type 
of wire with the same spacing as used m the parabola 
Although each movable unit of the flat reflector is 
lt^lf rigid, the flat reflector as a whole is non rigid 
since the hinged connecting beams permit each unit 
to be moved a couple of degrees independently of the 
adjacent units The surface of tho flat refleotor will 
be monitored with an optical telescope placed at a 
point on the axis of rotation (along the base of the 
flat reflector) west of the roflootor, and units adjusted 


nght ascension by 0 5° in de 
clinntion (Initially the beam width in right 
ascension at 10 cm will be twice this value alnco 
only tho contral 180 ft of the parabola has a 
reflecting wire spacing of 1 in and onl> this portion 
will be useful at 15 cm The outer portions have a 
wiro spacing of 3 in and at longer wave lengths the 
entire parabola can bo used Howev er initially only 
the contral 200 ft of the flat reflector will be com 
pleted These modifications which were necessitated 
b} a lack of funds will somewhat hamper initial 


individual!} until the desired declination of all units 
is attained 

The steel in tho parabola and flat reflector has a total 
weight of about 300 tons while tho concrete in oil the 
foundations totals about 1 200 tons The horizontal 
ground plane between the parabola and the flat 
reflector will consist of thin aluminium sheet a few 
thousandths of an inch in thickness on flat Pol} 
foam slabs floated on the surface of a water filled 
pond It is anticipated that the surface of this 
ground plane can be maintained flat to less than 


i in 

The antenna feed system at tho prune focus will be 
situated on a peninsula covered with conducting sheet 
whioh extends Bouth from the base of the flat reflector 


into tho pond At tho higher frequencies horn 
antennas will be used as was done with the scale 


model (see Fig 2), while corner reflectors will bo 
used at low or frequencies It is planned to operate 
the telescope at wave-lengths from 16 cm to 15 
metres, a rango of 100 to 1 The polarization ia verti 
cal Tho presence of the horizontal ground plane 
■which act 8 as an electrical image piano reduces tho 
required height of tho feed antenna to ono fourth of 
tho value which would be needed if no ground plane 
wore presont Chvmg to the large horizontal dimen 
sion of tho standing parabola tho required horizontal 
dimension of the feed antenna is also small As a 
result, tho aperture blocking or area of obstruction 
presented b} a single feed antenna is very small 
amounting in a typical case to only about one tenth 
of one per cent of tho aperture of tho parabola 
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cosmic radiation, against which the steel scieen has 
no effect, is cancelled out by a ring of Geiger counters 
surrounding the sample counter and connected in 
anti-comcidence Other screening precautions which 
have been shown to be advisable and which are 
incorporated in the equipment at the Laboratory 
include a mercury shield, which reduces the back- 
ground due to traces of radioactivity m the steel 
screen, and a layer of paraffin wax mixed with boric 
acid which reduces the component due to neutrons 
which are m turn induced m the screen by the action 
of the corpuscular component of cosmic radiation 
Tins neutron flux will also be monitored continuously 
Smce accurate measurement of theso very low dis- 
integration-rates necessarily takes a long time, great 
emphasis has been placed on the reliable operation of 
the associated electronic equipment The instru- 
mentation at the National Physical Laboratory is 
based on the use, wherever possible, of high-stability 
circuits as used m computers, and of transistors 
instead of thermionic valves The equipment includes 
a comprehensive system for automatic recording, 
and a mass spectrometer has also been purchased in 
order that corrections can be applied for isotopic 
fractionation effects The equipment is nearing 
completion and should be in operation in the near 
future 

Dr H Godwin described how the method is bemg 
used m the Cambridge Sub-department of Quaternary 
Research to give an absolute time-scale to tho history 
of events during the Late Quaternary period, that is, 
the past 35,000 years or so The apparatus, designed 
and built by Di E H Willis, consists of a propor- 
tional gas counter of about 2-litres volume It is 
shielded by 7 tons of zinc and lead and an anti- 
coincidence array of Geiger tubes It has a net con- 
temporary count-rate of 28 counts per min and a 
steady background of 20 7 The equipment was 
acquired as a result of the generosity of the Nuffield 
Foundation, but is now maintained by the University 
of Cambridge 

The oldest sample dated so far was from tho 
Arctic Plant Bed from the Lea Valley This gives a 
date of 26,000 B c for the time when the mammoth 
was still alive in Britain A date from a later horizon 
in the valley of the Colne, a tributary of the Lea, 
shows that the full Glacial Period must have per- 
sisted untd c 11,600 b o After the glaciation, there 
came a period of climatic oscillation, the so-called 
Allerod Period The effects of this change can be 
lecognized m deposits at numerous sites throughout 
the British Isles Carbon datmg on material from 
such sites shows that there was a temporary mild 
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period between 10,000 and 8,800 b c , followed bj a 
return of cold for about 500 years These British 
dates aro in oxcollent agreement with dates from 
north-west Europo /Vs a result, British ovonts are 
now r closely tied up with events at tho end of tho ico 
age in Europo 

Following tho Allorod oscillation camo tlio 
climatic improvement of tho Post Glacial Period In 
the past, pollen analysis has provided a relativo 
time-scalo for this period smeo tho characteristic 
changes in forest composition havo permitted tho 
establishment of a soquoneo of pollen zones applic 
able, with caro, to tho wholo of tho British Isles A 
series of twelve datings from a sito in Cumberland 
gives a very consistent series of dates for the suc- 
cessive pollen zones It remains to be seen how far 
theso pollen boundaries aro truly synchronous across 
tho British Islos or Western Europe 

Tho increased tompornturo at the end of the last 
glaciation causod melting of tho ico sheets and a 
iapid rise in ocean-lovol Ono effect of this was tho 
flooding of tho North Sea and tho isolation of 
Britain from tho European mainland Dates measured 
m Cambridge on submerged peat -beds from around 
tho const of Britain, together with those made at 
other laboratories, show that a rapid eustatic rise of 
sea-level was in progress botween 12,000 and 4,000 
b c and tlint tho level roso by moro than 200 ft 

In tho derelict raised bogs of Somerset, several 
prehistoric wooden trackways ha\o been recorded 
and excavated They appear to have been built in 
the late Bronzo Age at a tune when increasing wet- 
ness of climate induced flooding of bogs and \ allej s 
and causod Bronzo Ago man to construct theso 
wooden causeways Radiocarbon datmg of seven 
such structures m Somerset and three others in 
Lancashire, Cambridgeshire and Lincolnshire show 
that tlioy woro built in tho poriod 500-900 b c 

Tho picture which omergod from tins discussion is 
a very hopeful ono for tho futuro of radiocarbon 
dating m Britain Although tho method has certain 
limitations, tho work described by Dr Godwin 
illustrates its great vnluo ns a tool for establishing 
an absolute chronological framework to prehistoric 
events, and tho ncw r s that Britain’s present limited 
capacity for radiocarbon dating is to bo augmented 
by the considerable resources of tho National Physical 
Laboratory will be welcomed m many quarters 
The dates mentioned in tho discussion appear in a 
paper m the American Journal of Science Radio- 
carbon Supplement, Vol 1 (1959), tho new inter- 
national organ for tho publication of radiocarbon 
dates Harold Barker 


MECHANISM OF HORMONE ACTION 

By Prof AARON B LERNER 

Section of Dermatology, Department of Medicine, Yale University School of Medicine, New Haven, Conn 


C ELLS have specific functions, for example, 
adrenal cortical cells produce hydrocortisone, 
nerve cells form noradrenaline, melanocytes make 
melanin During their early development cells have 
m common the capacity to produce substances such 
as glycogen and protein The formation of all these 
end-products depends upon the reaction of specific 
enzymes with their substrates Such enzymically 


catalysed syntheses usually occur m soluble extracts 
and homogenates which do not contain intact cells 
The formation of cellular end-products also is con- 
trolled by hormones that require a high degree of 
cellular organization in order to function Although 
the synthesis of a cell’s products is regulated by both 
enzymic and hormonal reactions, these reactions are 
not related directly to one another The hormones 



No 4C0- 


NATURE 


075 


-> August 29, 1959 



Pitt. 1 Tltc pjjtment granule* Id a frogs melanocyte can be dl»r*r*ed throufhoat the 
cell ft* *Uawn above (.axe 320 b x e 7t0) by keeping the cell In *o hit Ion* of either 
low oamotlc activity low pH or relatively high potassium and low *odIum Ion eoocen 
t ration a and fi~ melanocyte-itimulntlng hormone and adrenocortlectrophlc hormone 
mnd caffe l ru* a ho caused dUpemltm of granule*. While the*e physical and ehemfral factor* 
produce the *ame end effect namelr dhperalon of granule* within the cell they do *o 
through different mechanism* (*«e Pics j and 4) At x 720 magnification the melanin 
grannie* are #een caally 


react with the intact coll to mitiato a series of 
reactions, none of -which need be onzymto that 
result in a re-location of enxymically octivo particles 
Afterwards the enzymic reactions concerned with 
the formation of various cell pro 
ducts also are affected The 
nature of the first reaction of the 
hormone with the cell is still 
unknown It may involve 
specific interaction botween the 
hormone, cytoplasmic structural 
proteins, ions and water to chango 
the colloidal state of parts of the 
cell 

In this article I wish to show 
that tho melanin pigment forming 
cell, tho molanocyto must be 
intact if hormone* nro to affect 
the rate of mol an in synthesis 
Jnltiall> hormones do not affect 
tho tyrosinase -catalysed conversion 
of tyrosino to melanin Instead 
tho> produce a change in tho 
location of onzymicalJy nctivo par 
tides which is followed by a 
change In tho rate of enzymic 
reactions forming molarun If 
hormones were addod to tissue 
extracts without intact cells no 
ofToct on melanin synthesis would 
Jx> obsorv ixl A similar mechanism 
inav npplv to tho action of hor 
monos on colls other tlian molano 
evtes 

W hat makes tho melanooytc a 
umqtio cell in whicli to studj tho 
action of hormones is tlmt it 
contains emy'rnia part lotos made 


dark by melanin. Hence these par 
tides are roadilj \ isiblo Of course 
it cannot be assumed that a hor 
mone like mlronooorticoirophio hor 
mono acts on tlio molano eyte in the 
same way as it does on the fibro 
blast Nevertheless the studies with 
melanocytes are reasonably clear 
cut and must be acknowledged 
Perhaps at a later dato techniques 
will bo made available to facihtato 
similar observations on other colls 
Melanocv tes resomblo nerve cells 
Embrvologicalh they are derived 
from tho noural crest Tlio pig 
mont melanin is made m tlie 
cytoplasm of tho molanocyto bj the 
reaction of tyrosine with oxygon 
and tyrosinase Ordinarily this re 
action occurs on oytoplasmlc par 
tides that contain not only tyros 
maso activity but that of other 
enzymes as woll For example tho 
tyros inaso particles from mouse 
melanoma also possess cytochrome 
oxidase and succinic deh 3 drogonaso 
activities The melanin formed is 
normally attaohed to theeo per 
tides — thus the part icles are visible 
Thoso particles are called melanin 
granules or pigment granules and 
are considered to be mitochondrial 
structures 1 

It is easy to show that some physical and chemical 
factors induce clumping of melanin granules about 
the centre of the cell while others cause dispersion of 
these granules in the cytoplasm awav from the centre 






m 


FI* 2 The plgmeDt cell above li the ume kind ft*th»t In Fig l exceyl Jhal the 

V humic grannie* *rc aggregated about the nueletiA Instead of illipcrwa ihraiclicKi t ine 

cell (axe 3E0 , b x e 720) The miter border* of the cell although not *hown m till* 

preparation are the **me a* In Fit 1 AmnTgatlnn of joftnnle* c*n be lodoeca by 

the cell in iohitlon* of either high wroofic activity hlch pH 

aod high aodlam Ion concentration Melatonin •urenallne mndreaMfiw 

hrdrocortl*ooe *erotonln and triiodothyronine a leo pr odnee 

A* in the e**e oT diipemlcm of pigment grannie* »kk| .1 tat r**> («"•* 

all of which prod ace the tame end remit but operate thronab 
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NORADRENALINE"! 
ADRENALINE 
SEROTONIN 


t block id by 
• rgotomlni 


Fig 3 a nnd /3-mcIanocL tc-Ellmulatlrg liormoiif and ndrciiocorllcotrojihlc lionnone can 
produce dispersion of pigment grannies In themclanocste This action can be rtrersed by 
the se\en compounds listed nbo\c The action of adrenaline, nomdrcnallrL and serotonin 
but not that of the other aggregating agents can be blocked b> ergotamlne 



CAFFEINE 



MELATONIN 
HYDROCORTISONE 
NORADRENALINE"] 

ADRENALINE f 
SEROTONIN ) 

Fig 4 Caffeine like a and ^-melanocyte stimulating hormones and ndrcrorortkotroplilc 
hormone, causes dispersion of granules In the melanocytes Howcmt this cfTlctb 
rc\erscd by melatonin, adrenaline noradrenaline and serotonin but not be trllodothv- 
ronlne, acetylcholine or hydrocortisone The action of adrenaline, noradrenaline and 
serotonin but not that of melatonin and hydrocortisone can be resersed b\ ergotamlne 
Melntonin and hydrocortisone are the only substances known that not only cause aggre 
gationofgranulcsln cells prey louBly darkened by a and A-melanocvto-sllmulatlng hormone, 
ndrcnocortlcotro r hlc liormono or caffeine but nlso cannot be blocked by irgotamine 
Howoyer, the action of nulatonln and hydrocortbore Is not the same Jlydrocorllfore 
acts for only a period of soy oral minutes nhcrcns nulatonln lias a prolonged adlon 


of the cell When hog melanocytes 
are placed in solutions of loy\ 
osmotic activity or low pH, tho 
granules disperse 2 A sumltu 
effect is achieved by changing tho 
cations in the solution from sodium 
to potassium A substance liko 
adenosino triphosphate, which may 
not even enter the cell, also causes 
dispersion of the granules Experi- 
ments with fiog and fish melano- 
cytes indicate that for the disper- 
sion effect to occur the cytoplasm 
changes from a gel to a sol and 
oxygon is utilized One of tho 
most surprising findings associated 
with this reversible dispersion re- 
action is tliat minute quantities 
of certain hormones can bring it 
about The molanocytc stimulat- 
ing hormones from hog pituitary 
gland, a- and (3-hormones, produce 
darkening m concentrations of 
1 x 10 -11 M and 2 x 10 _u M 
respectively’ 4 Hog adrenocor- 
ticotrophic hormono is effective 
at 3 x 10- 10 M These threo 
peptides have related ammo acid 
sequences m then structure 6 Other 
dispersing agents mcludo proges- 
terone, caffeine, marsihd and mesan- 
tom However, when compared 
with er- and (3-melanocyto-stimu- 
tatrng hormones and adrenocortico- 
trophic hormone, huge quantities 
are required Melanocyte stimu- 
lating hormone in high concen- 
trations has no effect on tho tyrosino-tyrosmaso 
reaction tn vitro 

Aggregation of pigment granules in fiog melano- 
cytes occurs m solutions of high osmotic activity oi 
lngh pH Replacing potassium by sodium ions m tho 
solution results m a similar effect Results of work 
on frog and fish mdicato that for the aggregation 
reaction to occur the cytoplasm must change from a 
sol to a gel Oxygen is not required Potent aggre- 
gating agents for frog melanocytes mcludo mclatomn, 
noradrenaline, adrenalme, acetylcholine, hydro- 
cortisone, triiodothyronine and serotonin 4 7 Tho 
molar concentrations of these hormones required for 
the reaction to occur are 5 x 10' 11 , 0 X 10~ 7 , 0 x 10~ 7 , 
4 x 10' 7 , 0 x 10 -7 , 8 x 10- 7 and 3 x 10' 6 , respectively’ 
What happens to the melanocyte w hen tho 
granules are kept m the dispersed or aggregated 
state ? In the case of melanocytes from hamster 
melanoma, injection of melanocyte-stimulating hor- 
mone into the animal results m an increase m melanin 
content of the tumour whereas injection of molatonm 
results m a decrease m melanin content 8 Also, 
injection of melatonin into frogs results m decreased 
melanin m the skm e Thus m this case, by dispersing 
tyrosinase, melanocyte stimulating hormone ™n 
bring about more melanin formation Melatonin, on 
the other hand, presumably by aggregating the 
tyrosinase containing particles, decreases the forma- 
tion of melanin In both cases the effect of the 
hormones on mela n i n formation is indirect, operating 
through their influence on tyrosinase location and 
activity The activity of the enzyme could well he 
related to its location within the cell As suggested 
earlier, the direct reaction between a hormone and 


tho melanocyte may nnolvc only a ielati\ oly specific 
reaction between hormone, cytoplasmic structural 
protoms, ions and -water to change tho colloidal state 
of parts of tho cell 10 This change m colloidal state 
eientually would affect t lie tyiosino tyrosinase 
reaction 

Tho question arises ns to w bother oi not the effect 
of hormones on the mmement of cy toplnsmic par- 
ticles is peculiar to melanocytes or occurs m other 
cells ns w oil In this regard it is of mtorest that 
ndrenocorticotrophic hormone, cortisone and hydro 
cortisone affect tho structure of mnsf cells 11 The 
latter become vacuolated, diminish m sizo and acquire 
irregular outlines Cy'toplasmic ginnules clump 
togotlier to form aggregates Cortisone and hydro- 
cortisone rnduco tho formation of cytoplasmic 
vacuoles m fibroblasts grown in tissue culture 
Hy r drocortisono also reduces the amount of collagen 
formed m cultures of fibroblasts 

What I want to omphnsize hero is that tho ex- 
periments with molonocydos ‘provo’ that tho intact 
cell is necessary for the action of a hormone, when 
action is used in the sonse of controlling the end 
function for which the coll is known, for example, 
melanin formation m the case of tho molanocy’to To 
change tho rate of melanin formation tho hormone 
exerts an mdiroct effect on tho tyrosmo-tvrosmnse 
reaction It is not possible to demonstrate a direct 
hormonal effect on this reaction Tins situation is 
somewhat analogous to some of the old problems of 
mathematics For years attempts had been made to 
trisect an angle or square a circle with only a pencil, 
straight edge and compass, or to find a formula to 
solve equations of tho 5th order However, m fairly 
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recent times it hos been shown clearly that these 
problems cannot be solved m a strict BCnse Only 
approximations aro possible In biology , unlike 
mathematics, clear cut proofs are hard to come by 
But tho experiments earned out bv many imosti 
gators suggest tho conclusion that it is essential for 
the coll or organized cell unit to bo intact in order 
that a hormone may exert its offect 

’(a) Woodi M W and Hurtlrr 3 C *Tlgment Pell Biology** 465 
( Vcndemtc Prwi N \ 1Q50) ( b ) ITodrateln I ibid 456 


* Lrrcer AH, and Tataduuhl Y “fitetnt Ptocttm In Hormone 

Research" 12 803 (1666) 

* Lerner A B »d< 1 Cue J D / Innii JDrrm 32 212 (ltbO) 

4 Lee T U and lerner A B J Bid Ckrm ESI W3 (1066) 


1 (a) Harri*. J I and Lerner A B baton 170 1840 (106“) ( b ) 
llarrl* J I Jtiorbnn J 71 451 (1059) 


•Lerner V B.Ctue.J D , TatnJuuhl Y Lee T H and Mori W 
J Amer Cfum Bor Bo 2687 (1058) 

I Wright M R. and Lerner A B (to be pobllibed) 

' Foater M Ticnient Cell Blolotry" 301 (Academic Tim N\ 
1060) 

' Foater M Takahuhl Y and Mori W (to be published) 

“ Kloti I M. Srtmre 128 816 (106S) 

II Aiboe-IIanien Q JAjrtia/ Her 38 440(1063) 


THE NUCLEAR-POWERED SHIP, SAVANNAH 


T HE marine ■world has become accustomed to 
tho real it> of nuclear powered ships through tho 
widely publicized performances of the American sub 
marines Nautilus and Skats and tho building of the 
Russian icebreaker Lttitn These aro specialist craft 
in which tho economics, con\eruences and safet} 
precautions pertinent to merchant el upping play no 
part To test tho possibilities of tho application of 
nuclear power to a \ osaol normal! > carrying passengers 
and a mixed cargo the nuclear powered ship Saxxtnnah, 
named after the first steamship to cross the Atlantic 
is now being built by the Now York Sliiphuildlng 
Corporation for the U S Atomic Energ} Commission 
and tho U 8 Department of Commerce She is 
spocificall} designed os a tost ship, to obtain m 
formation on practical construction and operating 
technology, though it Is realized tliat at the present 
stage the slnp is not on oconormo proposition 

Tho Savannah is of 22 000 tons displacement whon 
loaded, noorl} 000 ft in overall length and draws 
29 5 ft , aho lias a cargo capacit} of 10 000 tons 
comes 00 passongors, a crew of 110, can enudo at 21 
knots, and is expected to bo read} for unrestricted 
operation by summer 1900 Extemallv , tho design 
appears advanced and ploasingl} simple She has 
sweeping linos with a well raked stem and cruiser 
stem Tho superstructure incorporating tho bridgo 
and sheltered dooks is placed well oft, with four 
holds forward of tho bridge Passenger occommoda 
tion is com entionally luxurious, whilo cargo handling 
equipment is of the most advanced and fastest 
typo 

The propulsion plant normally develops 20 000 sdi p 
absorbed by a singlo screw The pressurized water 
roaotor tho tvpo used in tho Nautilus , is fuollod by 
uranium oxide with about 4 4 per cent enncliment of 
uranium 235, clod in stainless steel rods and cooled 
by light watoT at a pressure of 1,760 lb /eq in , heat 
being abstracted from the core b> a threo-nass flow 
arrangement Emphasis lias been placed on the 
necessity for a long lifetime of tho core, the design 
target bo mg 62 000 MW days or 3 J yr under normal 
operating conditions a largo low-denmt} core is 
therefore used, whflo tho uao of uranium 236 as a 
fertdo material is expected to extend tho lifo of the 
core through its conversion to plutonium Tho 
■variation of power output demanded from tho 
bridgo enn be mot by automatic operation of tho 
Ixiron - stainless stool control rods 

At normal load the inlet temperature of the 
primary coolant demineralized water flowing through 
two closed loops, is 494 7° F and tho outlet tom 
pomturo 621 3* F , tho coolant being circulated by 


four pumps and tho heat supplied b} tho reactor 
rejoctod to the secondary circuit steam generators 
The primary water is continually purified to romo\ o 
corrosion, fuel and fission products 

Tho heat rejected by the primary coolant is used 
to generate steam m the secondary circuit from two 
generators which suppl} dry saturated steam at 
490 lb /sq in to high and low pressure Do Laval 
turbines driving the mam shaft through a double 
reduction gear Two 1,600 kW steam turbmo 
generators provide power for auxiliary services and 
a low pressure heat exchanger provides steam for 
hotel Btrrv ices and space heating For emergency 
two 750 kW diesel driv en generators provide power 
for removal of reactor heat after shut-down and will 
suppl} essential sendees, including the tako home 
motor coupled to tho mam shaft 

The installation of nuoleor power plants m mor 
chant shipping presents gra\o problems of ensuring 
the complete safot} not only of both passengors and 
crow, but also of the inhabitants of tho ports of call 
It is not sufficient to guard against the hazard of a 
major explosion Comploto precautions must also ho 
taken against the possibiht} of irradiation caused by 
collision or by the sinking of tho ship in shallow 
water Safotv considerations have been olaborato on 
tho Satannah Tho design of the hull is such tliat 
the ship will remain nfloat with two of tlio olo\on 
mam compartments flooded this is not on abnormal 
requirement but in the Savannah elaborate collision 
bulkheads and collision mats ensure that a ramming 
Bhip would liavo to ponetrate 17 ft of stiffened ship 
structure before the containing vessel of tho reactor 
was affected Tho inner bottom below tho reactor is 
also strengthened by trons\ erso and longitudinal 
members to form an 'egg crate’ construction. It is 
estimated that tho reactor compartment is impure ions 
to any collision with all but 1 per cent of tho world s 
mercantile marmo tho likelihood of high-speed 
collision in harbour waters is considered negligible 
Tho chief radiation sources are the reactor core 
and tho primary coolant Tho reactor is skidded b} 
a lead-covered steel tank which surrounds tho reactor 
with an annular water space It is estimated that 
tho dose rato outside tho primary sluoldmg will not 
exceed 200 mr per hr 80 mm after shut down 
This rate is low enough to permit approach for 
inspection and maintenance Tho wholo of tlio 
primary system is further surrounded In a con 
taining vessel, designed to limit tho radiation m tho 
holds to /S r n yonr and to 0 6r a u>*J» 
spaces The containing xossel £*£ 1 ^ 

M ft, in diameter by CO 0 ft 
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prevent spread of radioactivity in the event of any 
lupture of the primal y system The lower half of 
this vessel is of concrete surrounded by water tanks, 
while the upper half is of lead slabs sunoundod bv 
polyethylene Should the ship sink m deop water, 
two of* the manholos w ill open automatically to 
equalize pressure and then close to prevent undue 
leakage of radiation pioducts Provision is also made 
in the case of shallow-water sinking to allow purging 
of the containing \essel or filling it with concroto 
The total weight of the containing vossel is about 
2,000 tons 

Waste liquids likely to be ladioactive aro fed to 
storage tanks and will not be dischai ged at sea except 
imder the conditions set forth by the Maritimo 
Administration and the Atomic Enoigy Commission 
Radioactive gases are diluted and discharged up the 
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iadio mast aftei bomg filtciod Purging of the air of 
tho containing vossel, of -which the argon is slightly 
radioactive, is carried out periodically at soa Cooling 
of such components ns primary circulating pumps is 
offected by fresh voter cooled by sea water in an 
intermediate circuit Tho sea -water doos not bocorno 
radioactive 

Apart fiom tho caio tnkon in tho design and con- 
struction of tho ship, ovtonsivo training m nucloar 
reactor theory and its marine application is being 
undortakon by tho candidates for tho posts m tho 
Savannah Tho longest courso taken by ongmeormg- 
officor candidates occupies fifteon months A shorter 
course lias also been arranged and is intended for 
candidates already possessing a scionco dogroo and 
includes seven obsoivois from Britain, Denmark, 
Holland and Japan F D Robikson 


OBITUARY 


Sir Alfred Egerton, F R S 

Alfbed Charles Glyx Egertox died suddenly 
on September 7 following a heart attack Ho was on 
holiday at the tune at his house at Mouans Sarteux 
in the south of France, with his wife and son Francis 
He was seventy-two, but was in full vigour , his 
sudden death comes as 'a great blow to all those in 
combustion science, in which Sir Alfred lias been tho 
acknowledged leader for many years He had also 
made many important contributions in engmoermg, 
and m scientific administration and education 

He was educated at Eton, -where he took tho 
science prize and founded the Collogo Scientific 
Society, and at University College, London, where ho 
gamed first-class honours m chemistry and was later 
president of the College Chemical and Physical 
Society He studied at Nancy and in Berlin with 
Prof W Nemst, and m Sir William Ramsay’s private 
laboratory as his last research student During 
1909-13, he was instructor at tho Royal Military 
College and, during the First World War, carried out 
lesearch on explosives and had his first contact with 
chemical engineering 

After theWar Egerton went to the Clarendon Laboia- 
tory at Oxford and carried out leseaiches on tho 
vapour pressures of metals at high tempera tiues 
and, m advance of his time, worked on the separation 
of zme isotopes He was appointed reader m thermo- 
dynamics m 1923 During a British Association 
meeting m Canada, Sir Harry Ricardo and Sir Hemy 
Tizard, with -whom his friendship was life-long, 
aroused his interest m combustion and m the role of 
the newly discovered ‘anti-knocks’ Ho applied his 
knowledge of physical chemistry to this problem of 
knock m internal combustion engines and put 
forward the view that break-down of unstable 
orgamc peroxides w-as responsible for ‘pre sensitizing’ 
the premature detonation His interest in combustion 
contmued throughout his life, and he and his research 
group published a steady stream of valuable papers 
on the role of peroxides m combustion, on poroxide 
analysis, on slow' combustion processes, on gaseous 
detonation, on limits of inflammability, on burning 
velocities, and on techniques for these studies, such 
as the use of absorption spectra and tho development 

if the flat-flame burner 


Egerton also carried out oi stimulated work in 
many fields of applied scionco Ho made measure- 
ments of the properties of that important working 
substance stoam, and stressed tbo \nluo of mothnno 
or natural gas as potentially the most efficient fuel 
for the intornal combustion ongino, and worked on 
the combustion, liquefaction and bulk handling of 
methane Tins led to an mtciest in hquofaction 
piobloms, and ho was active in founding tho Low 
Temperature Group of tho Physical Society, of which 
ho was first chairman m 1940 

Ho w-ns olocted to tho Royal Socioty in 1920, and 
m 1936 was appointed profossor of chemical tech- 
nology in tho Imperial College of Science and 
Technology (University of London), a position which 
ho held until his retirement in 1952 During his 
tenure of tho chair, ho started tho undorgraduato 
courso in cliomical ongmeoring and pioneered the 
development of this subject m Great Britain Tho 
Department, under his guulnnco, became a loading 
centre in both combustion rescaich and choinical 
ongmeoring 

Egerton was secretary (physical sciences) of tho 
Royal Socioty during 1938—48, during tho important 
War period, and he was also a member of tho 
Scientific Advisoiy Committee of tho War Cabinet 
during 1940-41 In 1942, ho spent somo timo in 
Washington in charge of the Bntisli Commonwonlth 
Scientific Offico, whore he did important work 
improving Anglo-American co operation His mom 
beiship of numeious committees gave him a tremen- 
dous breadth of knowledge of affairs and of people 
At vai ious times lio was chairman of tho following 
committees tho Heating and Ventilating Com 
mittco , the Fuels and Propulsion Committee, 
Admiralty Scientific Research Department , the 
Scientific Advisory Council, Ministry of Fuel and 
Power , the committeos reporting to the Government 
of India on the Indian Institute of Science, and on 
the sixteen Government of India laboratories , tho 
Scientific Advisory Committoo of tho British Council , 
the Combustion and Fuels Committee of tho Aero- 
nautical Research Councd , and the Royal Socioty 
Scientific Information Conference He bad boen 
director of tho Salters’ Institute of Industi ml Chemis- 
try and a manager of the Royal Institution He was 
president of tho British Soction of tho Combustion 
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Institute, editor of Combustion and Flame, and form 
erfy of Fuel Ho was activo in work on the dia 
nomination of scientific information (Science Abstracts 
Committee), on the use of scientific man power 
(Barlow Committee) and on tho us© of the world’s 
fuel and energy resources Hia educational interests 
are shown bj Ius active membership of tho go\eming 
bodies of Winchester CoIIego and of Charterhouse 
Last j oar, ho was responsible for tho successful 
organization of tho seventh International Combustion 
Symposium in Oxford His recent intense actnity 
had been on tho Government Committoo of Inquiry 
into tho Fishing Industry and in research into tho 
characteristics of smouldering for tho Tobacco 
Manufacturers Standing Committee His work was 
recognized by a knighthood in 1043 and a number of 
honoron degrees and medals, including the Rumford 
Medal of tho Roval Society in 1040 


In 1012 ho irmrnod the Hon Ruth Cnpps only 
daughter of tho first Baron Parmoor, sister of hie 
oloso friond at University College tho lato Sir Stafford 
Cnpps 

As a man wo remember his quiet unassuming 
manner his unfading smile of greeting his tireless 
work on lus many scient iflo interests, and his delight 
m his second career as a painter Somehow despite 
Ins many activities, he ahvaye lind timo to spare for 
evorvono Ho had the genius for bringing out tho 
best, m those with whom ho worked and took a father 
ly jntorest m the numerous research students ho 
sponsored, so many of them now in high positions in 
scionce and industry This keen personal interest in 
Ids students, colleagues, and indeed in all ho did was 
fully shared by lady Egerton His life and work are 
an ovampio to all those whom ho has influenced 

A G Qatdov 


NEWS and VI E WS 


Biochemistry at Birmingham Dr S V Perry 
The development of a Department of Biochemistry 
in the Um\ ormty of Birmingham arising as it does 
in part from tho former Department of Industrial 
Fermentation neods for guidance a man of scientific 
abihtj and vigorous powers of leadership The 
appointment of Dr 8 V Perry to bo professor of 
biochemistry has recently boon anno uncoil Dr 

Perry graduated with first-class honours in bio 
chemistry in tho University of Liverpool in 1030 
and was olected to tho Isaac Roberts research 
scholarship upon graduation Ail or tho Second 

World War he was elected a Rouse Ball resoarch 
student of Trinity College Cambridge and began Ins 
researches on muscle biochemistry in tho Department 
of Biochemistry Ho was elected a resoarch fellow 
ofTnnitj College Cambridge in 1047 and a Common 
wealth Fund Trov oiling Fellow m 1948, spending the 
v car 1948-49 m tho Department of Physiology of the 
Medical School of tho University of Rochester Now 
\OTk investigating the biochemical properties of 
skeletal muscle In 3050 he was appointed a lecturer 
in biochomistry in tho University of Cambndgo His 
researches havo boon largely concerned with bio 
chomical function in relation to intracellular mor 
phology with particular reference to tho munolo cell 
A studv of tho Intracellular components of striated 
rnusclo has been pursued in an investigation of the 
biochemistry of the coll in gcnoral, and of tho con 
Irnctilo process in particular These studies aro throw 
ing important light on the nature of tho association 
between rnusclo proteins and tho rolo of their inter 
action in muscular contraction Dr Pony has taken 
part by invitation in a number of international 
congresses concerned with the biochemistry of muscle 
and has published many articles on this subject m 
the Biochemical Journal and other scientific penodi 
cals 

Analytical Chemistry at Birmingham 

Prof Ronald Belcher 
The award of tho title of professor of analytical 
chemistry is a tribute to the work Dr Belcher 1ms 
done nt Birmingham in building up tho School of 
Analytical Chemist r\ , which is unique in Great 
Britain Tho honour comes at an appropriate time 
since ho is at present tho president of the Analytical 


Chemistry Section of tho International Union of 
Chemistry and a vice president of the Union Prof 
Belcher received his carlv education in Sheffield and 
gainod his first qualifications through tho Royal 
Institute of Chemistry After carrying out extensive 
researches since 1028 on coal at the Umversitv of 
Sheffield, ho became a locturer in chemistry in the 
University of Aberdeen m 1040, moving to Birmmg 
liam in 1048 Since tliat time a constant flaw of 
papers lias come from his group and no less than 
twenty eight higher degrees liavo boon awarded to 
graduates in analytical chemistry under Iub super 
vision With pupils end colloagues lie lias published 
more than 150 papers and ton woll known books all 
in tho flold of analytical chomlstry and to these and 
his many editorial and committee activities bo owes 
his world wide reputation He gamed tho Ph D and 
D Sc of tho Univ ormtv of Birrrungliam \\ ith tho 
vast extensions of tho Chemistry Department at 
Birmingham nearing completion, Prof Belcher and 
his colleagues will have grcatlv increased facilities 
for research and tho training of analysts at all lovols 


Mathematical Physics at Birmingham 

Prof G E Brown 
The titlo of professor of mathematical physics has 
been conferred on Dr G E Brown, at present reader 
in tho Department of Mathematical Physics Dr 
Brown, who is a citizen of the Unltod States studied 
in South Dakota Stato College at tho Universities of 
Iowa and Wisconsin, and after war servico became a 
graduftto studont at Yalo m 1047 and obtained Jus 
Ph D there in 1050 Ho was awarded tho D Se of 
tlio University of Birmingham in 1057 Ho went to 
Birmingham with a post doctoral award m 1050 was 
appoint od a research fellow m September 1050 and 
has been on tho teaching staff sinco 1054, except for 
a period of stud\ Icavo from January to Sopteml>er 
1958, wlucli was spent in tho Institute for Theoretical 
Physics in Copenhagen Ho has published numerous 
papers on different aspects of quantum theory pur 
ticularly on rolativistio electron theory including 
relativistic corrections in ntomic problems More 
rocontlv ho lui« done important work m nuclear 
theory including a series of papers w it i 
collaborators on tl.0 relation 
mnn, bod, problem and *bn np.tml 
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National Science Foundation 

Dr David D Keck 

The National Science Foundation has announcod 
that Dr David D Kock has resigned his position at 
the Now York Botanical Garden in ordor to remain 
permanently as programme diroctor for systematic 
biology at the Foundation’s Division of Biological 
and Medical Sciences The Systematic Biologv Pro- 
gramme recoivos research proposals and adnunistors 
more than three hundred active grants In 1950, 
Dr Keck joined the staff of tlio Non York Botan- 
ical Garden as head curator , he bocamo assistant 
dnector m 1956 and served as acting director in 
1958 From 1926 until 1950 he was on the staff of 
tlio Division of Plant Biology of the Carnegie Institu- 
tion of Washington, at Stanford, California Tlioro 
ho was a member of a resoarcli team concerned with 
pioneer work on the nature of plant spocios Ho is 
the author of many teclirucal papors and lias col- 
laborated with Philip A Munz m writing “A Cali- 
fornia Flora” that has just come from the Urmorsity 
of California Press 

Microbiological Research 

In a -written answer in the House of Commons on 
July 21, Mr H Nicholls, Parliamentary Socrotary to 
the Ministry of Works, stated that since the Council 
for Scientific and Industrial Research announcod last 
December its intention to encourage university- 
research in microbiology, ten applications had boon 
received for grants for rosoarch projects in micro- 
biology not previously supported by the Department 
of Scientific and Industrial Rosoarch and all those 
applications had boon approved 

Zenith Reactor 

A question was asked in the House of Lords on 
July 15 about the ‘Zenith’ low-power reactor mstallod 
at Wmfrith Heath mainly to further the work of the 
European Nuclear Energy Authority project for 
research on a high-tomporaturo gas-cooled reactor 
In reply, the Minister of Power, Lord Mills, said that 
the project would pay rent to the Atomic Energy 
Authority for the use of the reactor It was hopod 
that about half the professional staff would bo pro- 
vided from signatory countries other than the United 
Kingdom Of the total estimated cost of the projoct, 
£10 million would bo contributed by the participants, 
the United Kingdom supplying the balanco of £3 0 
million and would rotam ownership of the reactor 
and other equipment in Britain when tho project 
was terminated The work would bo carried out by 
the Atomic Energy Authority, but all participating 
countries had their say on various matters connected 
with the project 

Chief Inspector of Nuclear Installations 

In the course of the debate m the Houso of Com- 
mons on July 2, when the Nuclear Installations 
(Licensing and Insurance) Bill was given its thud 
leading, it was stated that the Minister of Power 
intended to appoint a chief inspector of nucloar 
installations who would be responsible for advising 
on the measures to be taken to carry out the Minister's 
rosponsibdities under the Act The appointment had 
been offered (pending the Royal Assent) to Major- 
General S W Joshn, who had accepted it Major- 
General Stanley William Joshn was educated at 
Hacknev Downs School, Royal Military Academy, 
Woolwich, and the University of Cambridge He 
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hold tho appointment of director of mochamcal 
cngmooimg at tho Wm Offico, until ho joinod tho 
Unitod Kingdom Atomic Energy Authority in 1954, 
and later bocamo doputy diroctor (porsonnol) of tlio 
Industrial Group As chief mspoctor, Major-Goneral 
Joshn wall bo tho bond of tho mspoctorato, and ono 
of his main tasks w ill bo to adviso on tho organization 
and build-up of tho inspectorate 

Exchanges between Soviet and U S Scientists 

The U S Nationnl Acadomy of Scioncos and tlio 
USSR Acadomy of Scioncos hn\ o announced tho 
signing of a two-} oar agrooment providing foi 
o\chnngo visits by roseareh scientists of each countrj 
for ponods up to ono year Under tho terms of tho 
agreement, each Acadomy named twonty fiolds of 
spociali7od scientific inquiry m winch its scientists 
wish to obsorvo or conduct rosoarch within tho host 
country In addition, tho ngreomont pi o\ ides that 
tho two Acadomios will orgnmzo joint symposia 
dealing with sciontific problems of current interest, 
assist each other in tho exchange of scientific in 
formation, and on a recipiocal basis oxchango 
invitations to impoitant sciontific moot mgs Implc 
montation of these precisions will substantially 
mcroaso tho oxchango of scientists botwoon tho two 
countries 

Colonial Development 

TnE annual report of tho Colonial Doc oloprnent 
Corpoiation for 1958 (London HM Stationery 
Office Pp v-fC9 4s 6 d not) and tho last over tho 
signature of Lord Roith, who was suecoodcd ns chair- 
man on March 31 by Sir Nuteombo Humo, records 77 
continuing projocts comparod with 76 tho previous 
yonr Four line o stopped, and of tho fir o now projects 
approved, ono, Federation Chomicnls, Ltd (Tnrudnd), 
for tho first timo associates Corporation monoy with 
Amoricnn technique nnd financo m a Colonial tom 
tory Much effort has boon spont m Nigoria m 
Booking to bring about jomt dovolopmont companies 
in partneislup with regional Go\ ommonts, and it is 
understood that tho Corporation’s viow that such 
companies liavo a particulm importance ns mstru 
ments tluough which Nigerians and tho Corpoiation 
can share responsibility in investigating nnd launch 
ing dovolopmont projoots will bo nccoptod Capital 
approved for now- projocts and for oxpnnsion and 
completion of oxistmg onos amounted to £3 million 
compared wuth £6 million m 1957, and gioss now 
expenditure was £0 million Tlio report claims that 
tho work of tho Corporation has increased Colonial 
production of rico, citrus, pineapples, bananas, palm 
oil, cocoa, coffoo, toa, margarine, flour, meat and 
fish, and also of gold, silvor, coppor, timber, cement, 
manila, hemp, wattlo oxtrnct, rubbor, hides, tobacco, 
fung oil, copra, oloctncity, houses, factonos, roads 
and bridges Besides assisting in the ci oat ion of such 
productive assots as liydio electric installations m 
Dominica, St Vincont, Rhodesia and Konya, miga 
tion canals m Siva/iland, roads and bridges in Ghana 
and Nigeria, nnd in making more than 500,000 acres 
of idle land productive, direct projocts of the Cor 
poration piovidod omployniont for more than 16,000 
workors 

Loid Roith claims, howevor, that much more could 
have been done, and w-hilo ho stressos the need for 
first-class management and for trustmg the Cor- 
poration to use its commercial judgmont in tho best 
interests of overseas development and thus of Great 
Britain itself, lie is strongly cntieal of its relations 
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with the Govommont and of consequent frustration 
and discouragement pos&Ebh duo t-o differences of 
interpretation of tho Overseas Rosourcos Dovolop 
mont Act Lord Roith suggests tliat a rapid review of 
the working of that Aot might bo helpful Ho com 
plains particularly of tho extent to which applications 
for projects nro hold up, apparently tlirougli disagree 
ment ns to the nature of the work tho Corporation 
should do and tho dogroo of control which tho 
Govommont Rhould oxoroiso o\or it Ho points out 
that tho restrictions imposed upon tho future activities 
of tho Corporation in tho omorgent territories will 
dony thorn the full uso of its unique facilities and 
managerial oxpenenco at tho critical transitional 
stage of their development , in spite of the obligation 
for onsurmg continuing development finance in 
such territories which the Government appeared to 
recognize at tho Montreal Conference 

Chinese Scientific Literature 
The Lending Library Unit of tho Department of 
Scientific and Industrial Research is now issuing a 
list of current periodicals received from China Tho 
first list (July 1059) gives tho titles of ono hundred 
periodicals winch are bo mg recoivod regularly, and 
these publications can bo borrowed from tlie Unit b) 
npprovod borrowers of tho Science Museum Library 
provided Soicnco Museum Librnrj loan requisition 
forms are used Twonty-ono of tho periodicals listed 
nro obtained by oxohange and special attention is 
directed to fifcienfto Sunca (in English) and to Science 
Record (in En g lish, French German and Russian) 
Tho periodicals hated are annotated according to the 
category of Tenders for whom they are mtenaod, and 
whether they inoludo contonte lists or abstracts in a 
Western European language This first issue also 
includes a note on the Chincso plionotio nlphnbot 

Mordell s ‘ Reflections” 

CA^rnRiDOE mathematicians hav e some times miti 
gated the austerity of their scholarship on retirement, 
and to this wiso relaxat ion wo owe Hardy s Apology , 
Littlewood s 'Miscellany and now Mordell s “Roflec 
tions * ( ‘Reflections of a Mathematician’ , by Prof 
L J Mordell Pp vii-f60 Montreal Canadian 
Mathematical Congress, Chemistry Building McGill 
Umvorsitv or Ecolo Polytecliniquo 2500 Guvard 
Avenue 1950 np ) In this collection of short, 
informal essavs the author is primarily interested 
in explaining tho point of viow of the professional 
mathematician to follow scholars who are not inafcho 
mntioians Ho is not concerned with applications, 
but with mathematics itaolf — what ft fs tho fascina 
tion of its cesthotics and its techniques, the difficulties 
and triumphs of croativo work not without some mild 
insinuation that the theory of numbers is the crown 
of mathematics Two of Ins points deserve emphasis 
The first is that tho three cardinal virtues for the 
voung mathematician nro faith hope and curiosity, 
and that tho greatest of these is curiosity Secondly, 
he stresses that the mathematician’s task is not 
ended whon he has solved his problom he is under 
nn obligation to his follow workers to prosont his 
results clearly and mtelhgiblv, and must not allow 
the economic demand for brovitv to result m obscur 
itv The selection of proewoh the right number of 
stope required to support tho argument, so tliat it 
filmll be neither tedious nor obscure is a matter to 
which tho voung mathematician should pay careful 
nttention Mordell m this eonnoxion quotos with 


approval Pol) a s adv ice * if 3 ou have two things to 
say, say them ono at a timo 

Museum of Applied Arts and Sciences, Sydney 
The Annual Report of tho Trustees of the Museum 
of Applied Arte and Sciences Sydnej, for 1957 
(Pp 20 Sydney Museum of Applied Arts and 
Sciences 1059) stresses tho great urgonc) of allocating 
a site for a now museum It points out that a modem 
science museum requires an extensive area and build 
mg not onlj to preserve and display its nationnl 
treasures m an appropriate mannor, but also to 
exhibit full sized engineering exhibits \\ ithin the 
limits of the resources of tho Museum provision 
was made to show tho advanco of science during the 
International Geophysical Year Als o b) means of 
films, diagrams and models visitors were presented 
with tho development of guided missiles and space 
satellites The results of research bv the staff in the 
field of essential oil are drawing increasing numbers of 
inquiries from all over tho world Since tho Museum 
deals principally with applied science it wns alwn) s 
nocessary to etriko a balance botwoen pure and applied 
research by the staff 


Further Botanical Collect ons 
The great tradition of travelling and collecting 
plants which, among others, wo associate particu 
lari) with tho namo of Linnaeus and hia followers and 
adherents is still very much alivo in Swodon A 
recont issue of tho Arktv fdr Botanil (4 part 1 , 
1059 , Kungl Svonska Vetonskaps — Akademion 
Stockholm) is of spocml interest in this connexion 
in that it contains mnnv now floristic records based 
on expeditions to places of snob uniquo interest as tho 
Juan Fernandez Islands. Several of tho contributions 
on Hepatic® (S Amoll) Mosses (E B Bertram) 
Uredmalcw (I Joratad), relate to materials cJncfl) col 
looted in the course of an expedition by tho eminent 
Swodish botanist, Dr 0 Skottsborg, and his wife dur 
mg 1954-55 to those islands Somo of tho records 
also relate to tho Falkland Islands and South America 
Tho ro is also on account of Annonacooobv von Rob F 
Fries based on specimens collected by Dr Eric 
Asp kind during his travels in Ecuodor in 1955 


The Ciba Foundation 1949-59 

The Ciba Foundation, founded in 1947 b) the 
Swiss firm Ciba, Ltd , of Baslo for tho promotion of 
international co-opomtion m medical and chemical 
research shows in its report for tho years 1940-59 a 
reinarkablo record of success Housed at 41 Portland 
Place London 1, in a building designed b> tho 
brothers Adam which was built In 1778 and is now 
scheduled ns a building of historical and architectural 
Intorost, tho Foundation, through its Trustees, 
Erocutivo Council and International Scientific Adv 1 
pot) Panel, has arranged numorous international con 
foroncos colloquia and discussion mootings on various 
subjects, as well as tho Ciba Foundation annual 
lectures and scientific film sessions (Tho Ciba Foundn 
tion for tho Promotion of International Co-operation 
in Modical and Chomical Research Ton Years 
Roport for 1940-1959 Pp 1-04 The Cilm 
Foundation 41 Portland Place London \\ 1) 
A feature of tho colloquia and conferences is 
that tho> are attended for three or four days b\ 
exports in various fields of work from various conn 
tries who are inv ited to take port tho num £ 
attending being kept low greet l m I ^ t » <-f * 
attached to free discussion oti«I 
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Table l Pertcusuxce or xats w tilted nasi: test dubdtg etjuxol utpoxicaticp? 


Exp 

Kite* 

Number of 
animal* 

A £8 of anl- 
mnb week* 

Performance In tort 

Bars different, 
P< 

Blood alcohol 
(mem °.) 

ir 

F 

M 

F 

M 

F 


M 

F 

I 

10 

16 

20 

14 

66-0*4 8 

74 7*6 1 

0-000 

202*11 

207*16 

II 

10 

10 

15 

11 

68 7*5-0 

68 7*6 3 

N8 

202*11 

106*14 

rn 

i+ 

14 

14 

14 

68 8*6-0 

76 7*6 1 

0 001 




14 

14 

18 

18 

64 2*6 0 

60 3 * 4 4 

0-01 

210*16 

206*14 


14 

14 

£2 

22 

62-0*1-8 

63 2*4 1 

N8 


Ss wr 2 t 1 0f * n M tUI vmjQ ® obtfdnvi Immediately before alcohol Injection 

111 C *»®SL?I lri S? 00 n ? Ia ' lflketlon It ylven Standard deviation b 

Indicated. In aerie* m tho *a me Individual* were leitcd at three different ace* The mean* from oil 6 te*U 
In one experimental run gave com parable results 


from the tail, immediately after tho final testing, for 
analysis according to the method of Newman and 
Newman 1 , modified to allow the use of approximately 
100 mgm of blood The results are shown in Table 1 
Tho performance of the animals indicates that tho 
tolerance of femnJos increases transiently when 
breeding maturity is reached It returns to the same 
lovol os that of the males In about 8 weeks 

Tho higher tolerance of the females la not due to 
differences in rate of alcohol oxidation since no 
significant difference in blood alcohol level was found 
Ijm 3 observed that a 1 per cent alcohol solution 
increased m vitro oxy gen consumption of unstlmu 
la ted corobml cortex and mid brain tissue from 
normal rats, whereas o\on a 0 £5 per cent solution 
depressed the oxygen consumption, of corresponding 
tissues from castrated animals Goldberg and 
Stortobecker 4 have reported an nnti narcotic effect of 
aistrone on alcohol intoxication m castrated female 
rabbits and conclude that the resistance of the 
central nervous system is related to the hormonal 
state Angolucci 4 lias demonstrated a sex difference 
m rats with respect to morphine toloranco, females 
being more resistant than males Female rats 
tolorato clilorpromazine hotter than do ranlo rats, 
and tho tolerance of males is reduced with advancing 
ago 6 

The presont observation has obvious rele\anco for 
the selection of animals for oxponments on tho effects 
of alcohol Whether a chan go m tho general response 
to stressors or some specifically nervous mechanism 
is involved cannot bo judged on basis of this material 
Hkntuk Wallohew 
Rescnreh Lnbomtonoe State Alcohol Monopoly, 
Helsinki, Finland Juno 3 


1 Areola A.. Sammnlldo L and WnDgmu H. Qnart J St»d Ale * 
J J and "Newman J1 W Stanford Mrd JlulL, 11, 09 


Jjjtr/, J.. AIIU tntd tbjrf Kioto E8 813 OWO) , _ 

4 Gold hem L, tml BtOftebecker T P Aeta PMtrtM Sand* 9 MO 

i*Anfrelucd L. A«/urf 181 (10*8) . 

• Holman Jl A. and Zairow il V., imtr J PMgtiol* 183, Mi 
<1£>58) 


a-Ketoglutaric Acid and Pyruvic Acid In 
Blood, Cerebrospinal Fluid and Urine 

Deteiuunations of a . kotoglutano acid and pyni 
vkj acid in blood, cerebrospinal fluid and unno have 
boon earned out using 2 4 dinit ropbenylhydraxono 
method i The koto acid hydrazoncs were separated, 
eithor by paper electrophoresis or by paper chromato 
graphv 

Tho electrophoretic sepamtion v\ as earned out m 
0 05 ilf sodium bimrb ona to at 400-420 A r /10-18 
m amp for 3 hr '^* rv «No 1 paper (20 v 20 

cm ) Tho + f separation* was per 


formed in n butanol ethanol 1 por cent ammonia 
mixture (0 13 v/v ) The amount of hydm/oncs 

applied at the start corresponded to 0 5 ml of blood 
or urine respectively or to 1 ml of cerebrospinal 
fluid After separation tho hydraxonu spots (both 
isomers in the case of pyruvic acid) were extracted 
with 1 N sodium carbonate and measured at 3^0 mg. 
on tho Zeiss spectrophotometer 

Higher value® of pyruvic acid in elect rophorotio 
separation (Table 1) are due to tho fact tlint togethor 
with pymvic acid other a koto acids (eventually 
nldohydio aoids) found in traces only in f hi bio 
logical material are determined and thoir hydmzones 
travel in the electnc field with tho same speed as 
hydmzone of pyruvic acid does As it was formerly 
shown m the case of pyruvic acid by drazonc approxt 
mately tho snmo mobility was observed for hvdmzono 
of glyoxyfio acid and pheny lpy ruvio acid (two 
isomers again) and for a hetoisocnproic ucid by 
Biserte and Dnssonville * Both hvdmxanes nun 
tioned above can be separated by chromatography 


Table l Valves or a ketooltttaiuo Acts Axn PTamir Arm ih 
BLOOD AJTD CERKBmomXAL FLUID AS DrrEKMIXEI) BY KLrXTKO- 
ruoRETio axd CHnoxATooiurmo Methods 



Tho 
n am- 
ber 
of 

ea*a 

Cl i ro tna t otrra p h 1 aril y 
rrism /I00 ml 

ETretroi Ixm-tindt) 
tnjrra./100 nil 


alphft-bcto- 1 pyravHs 
flutarlc 1 add 
•old 

alplia-Veto- 

Blatark 

add 

pjruvk 

odd 

Blood j 12 

0 15*0 07 | 0 41 ±n 11 

0 14*0-08 

0 W±0 H 

Ccrebro- i 
•plnal 1 
fluid j fl 

not exceed 

Jna 

0-01 | 0 48*0 12 

not rxrted 
Inc 

0-04 

0 64*0 14 


In unno of 10 patients confined to bed and Buffering 
from no motaboho dtsoaso 14 IT ±3 20 mgm. of 
a kotoglutano acid and 8 10 ±1 65 mgm of pyruvio 
acid were found on avemgo dunng 24 lir Five 
employees of this institute carrying out tliur normal 
duties exorotod 18 40±4 06 mgm of a kotoglutano 
acid and 11 00 ±\ 84 mgm of pyruvic acid in 24 hr 
Both physical and mental strain Increoso tho amount 
of a keto acids eliminated in the unno 

Patients confined to bed excreted maximum 
values of koto acids dunng tho afternoon or evening 
hours Women eliminated more a keto glutnno 
acid dunng tho mght than men 5 

E 7etlniclk 

Department of Medical Chemistry 

Masaryk University 

Brno Czechoslovakia May 3 
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Effects of Methylthiouracil or Thyroidectomy 
on Activation of Pituitary Acid Phosphatases 
in vitro by Whole Hypothalamic Extract 

In eakuer. experiments 1 it was shown that incu- 
bation of whole rat pituitanes in vitro m wholo 
aqueous hypothalamic extract increased pituitary' 
acid phosphatase activity In further experiments 2 - s 
evidence has been submitted in support of the view 
that a relationship exists between activation of 
pituitary acid phosphatases in vivo and formation of 
the thyreotrophic hormone and that the presumed 
hypothalamic humoral factor activating pituitary' 
acid phosphatases in vitro is related to thyroid- 
stimulatmg hormone secretion The present com- 
munication gives the results of experiments lmesti- 
gating the extent to which the influence of hypo- 
thalmic extract on acid phosphatases m the rat 
pituitary in vitro can be modified by previous ad- 
ministration of methylthiouracil to hypothalamus 
donor rats or by previous thyTOidectomv of these 
animals 

In the first experiment 40 fresh pituitanes from 
albino rats (descendants of the Wistar strain) were 
divided into five groups and incubated for one hour 
at 37 ±0 1° C m the following media (1) Krebs- 
Ringer phosphate with 300 mgm per cent glucose; 
(2) the same medium plus extract from 2/3 of one 
control rat hypothalamus/c c , (3) the same amount 
of hypothalamic extract, from rats to which 0 2 per 
Table 1 

1 2 3 4 5 

Group medium control hypotlinl hvpotlml livpotlnl 

only liypotlinl methyl ‘Thvreo- mctlijl 

thioundl Idfn thloitmdl 

+ Thvr- 
coldln 


No of pl- 
tultancs 

8 

8 

8 

8 

8 

Mean weight 
of pitnltarics 
(mgm > 

8 5 

8 2 

8 1 

7 1 

0 0 

mgm of hypo- 
thalamic tis- 
buc/c c incu- 
bations me- 
dium 

0 

100 

110 

05 

00 

Mean activity 
of add phos- 
phatase in 
thepltuitarics 
K.A U /gm 

1 50± 

0 102 

2 30 i 

0 078 

1 51± 

0 111 

2 40± 

0 214 

2 00-*- 
0 175 

Comparison of Individual groups in t test 2 3 
0 05-0 02 

= P>0 01, 2 5 <=P: 

Croup 

1 

medium 

only 

Table 

2 

control 
hy potlial 

o 

3 4 

hvpotlml hypotlinl 
thyrol- XIivtp 

dcct oidln 

5 

livpotlnl 
thvrol- 
dect -*- 
‘Thyre- 
oidin 

No of pltui- 
tarics 

8 

8 

8 

8 

8 

Mean weight 
of pitultarlra 
(mgm ) 

5 7 

5 2 

5 8 

5 4 

5 4 

Mgm ofhypo- 
thalnmlc tls- 
sue/cc incu- 
bations me- 
dium 

0 

100 

100 

05 

100 

Mean actlvitj 
of add phos- 
phatase In 
tho pituitaries 
KA U /gm 

1 95± 

0 138 

2 03± 

0 205 

2 11± 

0 270 

2 67-*- 
0 250 

2 00± 

0 121 


Comparison of groups Ko 2 and 3 in t tC3t=P=0 02 


cent methyltlnouracd was administered in food 10 
days before thoy wero lulled, (4) hypothalamic 
extract from rats to which 0 5 por cent dried thyroid 
(Thyreoidin’ SPOFA) was adnnmstorcd m food for 
a period of nine days before thoy wero killed, (C) 
hypotlinlamic extract from rats to which both motliy 1- 
thiouracil and dried thy’roid wero administered 
Tho results of biochemical determination of acid 
phosphatase activity’ in tho individual groups of 
pituitanes are guen in Tablo 1 

In tho second experiment 40 fresh rat pituitanes 
were ngam divided into five groups and incubated 
in tho following media (1) Krcbs-Ringer phosphate 
with 300 mgm per cent glucose, (2) extract of 2/3 
control rat hypothalamus/c c , (3) hypothalamic 

extract from rats subjected 12 day’s previously to 
thyToidectorm , (4) hypothalamic extract from rats 
to which 0 5 per cent dried thyroid wus administered 
m food for 12 dnys before they’ were killed, (5) 
hypothalamic eximet from rals subjected to both 
treatments (thvroidoctomv + 'Thyreoidin') Tho re- 
sults of tho determination of acid phosphatase 
actn ity are given m Tablo 2 

Tho results show that (1) incubation in control 
hypothalamic extract increases pituitary acid phos- 
phatase actmty’ in vitro, (2) prey ions administration 
of methylthiouracil to hypothalamus donor rats or 
previous thyroidectomy of these animals inhibits 
this increase, (3) tho administration of dried thyToid 
alone does not affect activity under tho given con- 
ditions, (4) the administration of dried thyroid 
counteracts the inhibition of actuation observed 
after methylthiouracil or thyroidectomy nlono In 
our yiow tho nbo\c findings are cy’idence of tho 
existence of n hypothalamic humoral factor ncti- 
\atmg simultaneously pituitary’ acid phosphatases 
and tin roul stimulating hormone secretion Tho 
decrease which occurs in tho concentration of this 
factor m the hypothalamus after methylthiouracil 
or thyToidectomy could be duo to its boing washed 
out to portal sy’stcm to increase thyroid-stimulating 
hormone secretion Tho administration of dned 
thy’roid caused no marked chango in tho actuating 
effect of hypothalamic extract, in other experiments 4 , 
however, more prolonged administration of dned 
thy’roid slightly’ enhanced its effect 

V SCHKEIHFK 

V Kviextova 

Third Medical Clinic 
Laboratory’ for Endocrinology’ and 
Metabolism, 

Charles University’, Praguo 

iChnrvnt.J Sdirrilicr.V find Kmcntova V Xatvre 182, 02(1058) 
i hchrdbcr, V and Xmcntovn y ]’)i;iku>I Jlohcmorlor On 
J Sciirclber, V and Kmcntova y , Acta Jtiolagica Iltiny 9, 285 (lflWl 
* Sdirdbcr, y and Kmcntova y , I ndulnnolagir 38, 00 
5 Sdirdbcr, y and Kmcntova, V , lotia Miologica 5, 272 (lOaP; 

Inhibition of Skeletal Formation in the 

Chick Embryo following Administration of 
Tetracycline 

It lias been bhovvn that tetrncy clines form complexes 
with metallic ions 1 ’ 2 , that they become incorporated 
into bones of y’oung mico 3 , and also that they’ are 
retamed in bones of several other species for a con- 
siderable period following administration 4-5 Wo have 
recently demonstrated 0 that tetrncy’chno inhibits 
skeletal formation in tho sand dollar (Echtnarachnnts 
parma) embryo Tho above observations prompted 
us to extend our previous studies and 
test tho effect of the administration of 
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tetraoyclino on dev eloping chick embryos with special 
reference to the formation of tho skeleton 

Our experiments consisted in brief of injecting 
totracvclmo (achromyam) into tho y olk-aac of embryos 
eight days old m amounts ranging from 0 1 to 2 6 
mgm The embryos worn examined two, four, six and 
eight days afterwards Tho presence of tetrocyclino 
was idon tided by its characteristic fluorescence in the 
presence of ultra violofc light 

Administration of 0 5 mgm per embryo is followed 
by rapid distribution of the drug throughout the 
ombry o 24 hr later the drug appears exclusively m 
the calcified portions of the skeleton (Fig 1) When 



Ftir 1 PlKrtoarapli of embryo Injected on the eighth d*j- with 
i Trrpm of tetracycline Wiled end phototjraphed In ultra rfotet Ujht 
*4 hr uter While* area In dl cate UnororhoT la air Ve too (xl) 


2 5 mgm of the compound was Injected, a pronounced 
retardation in o\eroll growth occurred which was 
e\ ident m embn os 10 12, 14 and 16 days old 

Microscopic examination of the fomurs of the 
treated embryos show so\ oral abnormal characteristics. 
They exhibit a marked bending tho number of 
trabeculio are reduced and the degree of mineralize, 
tarn is less tlmn half observed in normal bones In 
addition, tho periosteum is thickened the develop 
ment of the htcmopoietio elements is arrested and 
chondrogenems is retarded The not result of these 
smeral disorders m the growing structure load to the 
production of a atuntod malformed bone 

Our studies have showm uptake and retention of 
tetracycline bv tho growing bones of embryos a* 
previously described* * for young adult animals We 
liaio also demonstrated that administration of totra 
cyclmo to embryos results m marked inhibition and 
malformation of tho growing bones Inasmuch as 
tetracyclines arc frequently employed in clinical 
practice, the results wo Imvo reported may be 
important 

bull dotails of tho experiments performed will bo 
published olaowhero Tins study was supported (in 
part) by Grant No D-04'l ITS Public Health Service, 
N I.D It Tho totracvclmo used was generously 


supplied by Ledorle Division, American Oyanamid 
Co , Pearl River. NY 


Department of Histology, 
College of Dentistry, 
New York University, 
New York City, N Y 
July 23 
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Culture of Algae and other Micro-organisms 
in Deuterium oxide 

There can be no doubt that algae forced to grow 
autotrophically in high concentrations of donterium 
oxide ore confronted with a difficult situation 
Nevertheless, recent statements that modorato 
concentrations of deuterium oxide stop cell division 
in OhloreUa l , that the growth of Chlortlla is 
“extremely slow sporadic and unpredictable”* at 
high concentrations of deuterium oxide and that 
autotrophio growth of Ohlonlla is “inhibited com 
pletely in 90 per cent heavy water • must have only 
very limited validity It is in fact entirely feasible) 
to culture several species of nlgno autotrophically 
in flfl 6 per cent deuterium oxide and at a growth 
rate such that they become a practical source of fully 
d out era tod compounds 2 * 4 

Algao require a prolonged period for adaptation or 
acclimatization to deuterium oxido \Y e have observed 
that on adaptation time of at loast 200 hours is 
usually necessary boferro approcinblo growth occurs 
Such protracted adaptation periods appoar to ho far 
longer than those previously omployod and this may 
account Tar the failuro of earlier workers to obsorvo 
growth in deuterium oxido Algao from old water 
cultures appear to adapt faster than young cultures 
but the faotors involved In tho adaptation process aro 
stdl very obscure Once adaptation does occur 
subsequent transfers to deuterium oxido produce 
iramodiato growth Although morphological nbnor 
malitics are common during tho adaptation period, 
fully adapted organisms cultivated for long periods 
m deuterium oxido appear quite normal under tho 
microscope 

Three species of green algao have boon guccoeafufiy 
odaptod to growth in 00 C per cent doutonum oxido 
Cultures oT OhlortUa vulgaris and Chlortlla pyrcnoldosa 
wero obtamod from the lato Dr Robort Emoraon 
and Sctncdctmus obhquus from "Prof "H Gftfiron 
other cultures of tlicso organisms were obtamod from 
tlio Algae Collection of Indiana University For 
Sctncdtsinus obhqutts tho following nutrient 
solution is presently used (gm f) ) MgSO. (MS 
(NHJNO, 0 80 , NaHjTOi, 0 20 KHCO, 0 20 
Ca(NO,)» 4H,0, 0 40 NoCI 0 020 , FoS0 4 7H.O 
0 030 For Chlortlla rtdtfaris and OhlortUa jhwm» 
data a somewhat different nutrient has boon nup £*' 
(gm /l ) x KNOj 125 NaJU’O, I 00 , KlWO. 
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0 25 , jtfgS0 4 , 0 125 , FcS0 4 7H,0, 0 0054 , NaCl, 
2 00 Both media contain trace elements (in parts 
per million) B, 0 5, Mn, 0 25 , Zn, 0 05 , Cu, 
0 02 , Mo, 0 05 The addition of sodium clilorido is 
found to exorcise a markedly beneficial effoct on the 
growth rate of Ohlorella in deuterium oxido Cnrlion 
dioxide is fed as a mixture of 5 per cent carbon 
dioxide-95 per cent nitrogen The temperature is 
maintained at 20-28° C The algae arc continuously 
agitated m 200-ml flasks on a rotatory shaker, or are 
grown in large transparent plastic boxes Light of 
an intensity of about GOO ft -candles is supphod by a 
panel of fluorescent lamps 

Scenedesmus obliquus has shown the fastest growth 
under our culture conditions In ordinary water, 
we have observed a growth rate of 0 55 gm (dry 
weight) per litre per day The adapted Scenedesmus 
in deuterium oxide medium, under the same condi- 
tions, has a growth rate of 0 30 gm (dry w eight) por 
litre per day More recently, wo linvo grown Sccncdcs- 
mus on an 8-hfere scale in a ‘Lucite’ box , under theso 
conditions we have observed a growth rato of 0 22 gm 
(dry weight) per litre per day The algao w ore allowed 
to grow to a concentration of 8 gm (dry weight) per 
hire, at which time a portion was harvested A 
total of several hundred gm (dry weight) of algao 
has been obtained m this way 

Blue green algae can also grow m 99 0 por cent 
deuterium oxide Gleocapsa sp and Oscillalona sp 
have been adapted to growth in deuterium oxide 
on the nutrient solution used for Scenedesmus and 
under the other conditions given above Wo cousidor 
it probable on the basis of these observations that 
other classes of algae will also be adaptable to grow th 
in deuterium oxide 

We have also studied the offects of deuterium on the 
growth of the bacterium Escherichia colt, tile yeast 
Torulopsis utihs, and the protozoan Paramecium 
caudalum E cob is easily grown in 99 0 por cent 
deuterium oxide using either fully deutoruted acetate 
or fully deutorated glucoso (isolated from fullv 
deuterated algae 4 ) as tho carbon sourco T utilis 
(American Type Culture, Collection No 9950) lias 
been grown on fully deuterated glucoso , tho nutriont 
solution employed had the composition (gm /l ) 
(NH 4 ).HP0 4 , 10, KH 2 P0 4 , 0 5; CaCL, 0 2, 

MgS0 4 , 0 2 , NaCl, 0 2 , deuterated glucoso, 10 0, 
algae extract, 1 0 , and micronutrionts as above 
Although T ulihs ordinarily requires no 
bios factors for growth, in order to aclueve growth m 
99 6 per cent deuterium oxide wo have found it 
necessary to add an algae extract prepared from 
deuterated algao P caudalum has been cultured m 
lettuce infusion m GO per cent douterium oxide , 
daily additions of small amounts of fresh lettuco 
infusions increase the tolerance level to at least. 70 
per cent deuterium oxide During adaptation by 
serial subculture, monster forms of P caudalum 
were observed, but the organisms now maintained at 
60 per cent deuterium oxide are essentially normal m 
appearance, although they are somewhat smaller 
than usual 

We conclude that a variety of essentially fully 
deuterated organisms can be grown Wo have alroady 
isolated fully deuterated glucose 4 , and fully deuterated 
chlorophylls and carotenoids (following communica- 
tion) from deuterated algae and no doubt these and 
other organisms will serve as a source of many other 
fully deuterated compounds 

This communication is based on work performed 


undor tho auspices of tho U S Atomic Energy 
Commission 

Husky L CitESPr 
Svia'ia M Archer 
J osErii .J Katz 


Argonno National Laboratory , 

Lomont, Illinois 

1 Unrlics, A , Tolbert 3! H Lonlifrc-llolm K , and Oihin, JL 
Jiiochtm Jiiophin Acta, 28, 53 (1S5S) CvKln, >f , J Chttn Fd 
35, 4 .18 (105S) 

* Moses, l lIolm-IInnKii, O , nml Cnhln, Jf Jlioehm JSiophyt 

tc/a, 28, Gi (105S) 

•Walker, J It ami Svrclt, 3* J , Mature 183, 1ST (1050) 

* Chomor, \\ , sculh , X J , Crcspl, 31 3, , and Jvatr, J J , JJiochim 

Siophi/t Acta (In the prCM) 

* Eistcr, H C , Aatiirc, 181, 1111 (IMS) 


Choroplast Pigments of Deuterated 
Green Algae 

It has recently been found that green algae can bo 
succcssfulli grown m 99 G pci cent deuterium oxide 1 
Algao such ns Chlorclla litigant and Scenedesmus 
obliquus adapted to deuterium oxide thus pronde a 
sourco of highly deuterated organic compounds 
Since the organisms grow in deuterium oxide with 
carbon dioxide a 1 * the sole carbon source, tho cells 
must bo equipped for photo-wnthetic nctmty even 
though their organic matter is constructed with 
deuterium in place of hydrogen 

To ascertain whether possible modifications in tho 
indispensable, photosvnthetienlly -actn e pigments of 
tho deuterated organisms hav e occurred on adaptation 
wo have now isolated the chloroplust pigments of 
Chlorclla and Sccncdcsmus and have measured their 
visible and mfra-red absorption spectra To this 
end, tho pigments were extracted from freshly 
harvested algao with methanol plus petroleum ether 
and wore separated bv column chromatography' on 
powdered sugar The carotenoids were separated 
further bv chromatography on mngnesia-silica 
columns In all respects, the chromatographic 
procedures were those which have been applied to 
plant pigment studies generally 5 Tho only significant 
difference was that prccaut ions w ere t nken t o minumzo 
contamination of the separated pigments by' impuri- 
ties contaimng liyxlrogen from tho sugar columns 
Each pigment was also crvstalhzed from suitable 
solvents and dried m vacuum 

As shown by' tho colour nnd sequence of the zones 
m the chromatographic columns, nnd ns indicated by 
the spectra of tho pigments in the visible region, tho 
deuterated chloroplasts contained pigments corre- 
sponding to chlorophyll a, chloropliv 11 b , a carotene, 
0-carotenc, lutein (xanthophyll), zcnxanthm, viola- 
xantlun, and neoxanthin, and a xanthophyll character- 
istic of greon algao which is sorbed between v lolnxan- 
thm nnd neoxanthin on columns of sugar 5 No new 
bands were found in tho chromntograms from tho 
deuterated algae, and none of tho usual bands was 
absent Chloroplasts of the deuterated green nlgno 
thus have tho normal complement of pigments 

Tho absorption spectra of chlorophylls a nnd b 
from douterated algao and from ordmnrv spinach, for 
comparison, woro measured m tho visiblo region 
Wave-lengths and relative intensities of tho absorp- 
tion maxima are summarized m Table 1 No signifi- 
cant differences m either position or relative intensities 
of the absorption maxima are apparent in the 
chlorophylls from spinach and from tho deuterated 
algae Similar relationships were found among the 
spectra of the carotenoids Possible changes in the 
magnitude of the extinction coefficients remam to 
be ascertained 
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FJg 1 Infra redatxorpilcra rpeetra ofthln fllmaofchJarorhyfl a (A) 
and 0-<arotena (/?) 


Tho infra red absorption spectra of tho cldoroplast 
pigments were moosured with tliin films formed by 
melting a suitable amount of the compound on a 
potassium bromide plate Infra red spectra of 
ordinary pigments measured In this way agreed well 
with tlio respooti\o spootra, of chlorophylls* and 
a cn rote no 4 , d esc ri boil m tho literature Infra red 
spectra of doutomted chlorophj 11 a and p carotene 
are reproduced as A and B respoctnely in Fig 1 
In these spectra and in thoso of tlio other doutoratod 
pigments tho prominent C-H absorption at 2,000 
cm - 1 duo to C-H stretchmg vibrations is essentially 
absent and is replaced by the C— D absorption at 
2 100-2,200 cm- 1 As C-H impurities may bo intro 
ducod from the sugar columns and tho solvents, tho 
email amount of C-H absorption apparent in B in 
probably not significant In all of the doutcratod 
carotenoid spoctra bo for examined a characteristic 
two banded absorption occurs in tho 700-800 cm ' 
romon , no corresponding absorptions wore noted in 
the hydrogen prototypos Tlio band at 902 cm - 
characteristic of normal carotenoids is abaant in tho 
dentemted forma Wo conclude from tlio infra rod 
Hoootro that in tho pigments obtained from doutoratod 
Xno ©esontudly nil tho hydrogen positions aro 
occupied by deuterium, and the doutoratod pigments 
nro effective m photosynthesis 

j crrariBisox or Ausosmoir firranu or CaLORornrtxa 
VroTioH DIDTOUTSO Anus (Solvit, 

* JITTHXKOl) 

Rebitlre lntewlUw 

Absorption maxima (ny) of obiorptlon maxima 
m b Blue max./Rod max 

Bed BIoo Bed Blue a b 


Bplnseh 

peateralcu 

jtltfao 


MO 

oei 


433 047 

432 047 


472 

470 


1-00 

1-00 


2 33 
2-87 


Wo are indebted to Dr Winston M Manning for 
liolpful discussions and support of these investigations, 
and to Mrs Mary Thomas for measurement of tho 
spectra A fuller necount will be published olso 


where This communication Is based on work per 
formed under tho auspices of the XT S Atomic Fnergj 
Commission 

Harold H Strain 
Henri L Crespi 
J osErn J Katz 
A rgonne National Laboratory, 

Lomont, Illinois 


1 Cborney. W ScoHv N J Crwn! IT L. and Katr 3 J Biockeru 

• Strain IMT ^'CbloroplMt fluents and Ou^to^iJdoAnalrjIj" 
32nd Annual Pri«tt> Lecture* (l*enn»rU»nU State Univmltj* 


•WelS^l W ami Urines ton 1L J imtr CVw S« *78 21^ 
110331 Holt A 8 and Jacob* E- /Tan< 1 hyrioJ 30 353 

4 Landed K and Zechuvlilcr L. J Amtr Chtm *or 77 1(U" 
(1055) 

Complex Reaction in Hyoscvamus nlger 
upon Night Interruption v/lth Red Light 

In general, long-day plants form rosettes in short 
days (in white light), and flower stalks in long dajs 
Tho dopendenco on tho wavo length of radiation of 
this photoponodio reaction can bo do term mod in throo 
diffcront ways (a) by growing plants oxclushel} in 
light of narrow wa\o length bands, at high intensity 
(6) by extending short white days with a coloured light 
treatment, and (c) by interrupting the long night, in a 
short-day treatmont, with coloured light Most rwralts 
on tho spectral dopendenco of tho photopcrlodio 
reaction ba\ o boon ootained with tho night intorrup 
tion technique Tliese results appear rather clear-cut 
wliloh is tho mam reason why tho two other possible 
modes of approach have only been usod incidentally 
Moreover, the results obtninod from tho other motlioda 
were not taken too seriously If they disagreed v ith tho 
results of night interruption experiments 

In this communication, somo preliminary results nro 
presented which show that results obtained with Digit 
interruption may oven dovrato from tho wo U known 
scheme, thus warning against a too airoplo 

pretation . mill coloured 

Litcraturo on night tWetod 3’arkcr <i at 

m Hyoscyamus ingtr U very 
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reported on the spectral dependence without, bringing 
into account the red-antagonizing activity of near 
infra-red (that is, far red) radiation This gap was 
filled by Piringer el al 4 and by Downs 1 Stolwijk and 
Zeevaart 5 , from this laboratory, also reported red 
light to be most effective Admixture of near infra-red 
to the red radiation diminished its activity Stolwijk 
and Zeevaart required considerably higher light 
intensities than the previously mentioned authors 1 - 4 
to obtain an effect They suggested that the reason for 
this difference might be that the basic day-length they 
used was shorter than that apphed by Piringer el al 
and by Downs Stolw ljk and Zeevaart’s results were 
confirmed in this laboratory® Ono hour of red radia- 
tion ( ~ 1000 ergs/sec cm 2 ) was insufficient to causo 
stem formation within 70 days of treatment® It may 
be relevant that not only was tho day-length different 
from that apphed by the American authors, but also 
the light quality of the basic radiation period Sun- 
light was used by Downs 1 , whereas Stolwijk and 
Zeevaart 5 , and Wassink and Sytsema® used fluorescent 
light with a much weaker near mfra-red admixture 
In the following experiment a basic radiation period 
of 8 hours white fluorescent light of high intensity 
( ~ 20,000 ergs/ sec cm 2 ) was supplemented with 2 
hours of near mfra-red at low intensity ( ~ 1,000 ergs/ 
Bee cm 2 ) and applied as short-day treatment, instead 
of white light only Tho aim was to obtain a reaction 
more similar to the ono with sunlight Tho long night 
was interrupted around tho middlo with low intensity 
( ~ 1,000 ergs/sec cm 2 ) red light for 0, 1, 15, 30, 00, or 
120 minutes The numbers of days to the beginning of 
stem elongation (mean out of 4 plants ) are presented m 
Table 1 


Table 1 Stem elongation In llyoncymn us tuner, ns Influenced In short days 
(8 hours high Intonsltj fluorescent a hitc ( III supplemented u ith 2 hours' 
low Intensity near Infra red radiation (f) ) In combination with red (low 
Intensity) night interruptions of different durations High Intensity is 
about 20,000 ergs/scc cm.* , low Intensity Is 1,000 ergs/sec cm* Tempera 
turo about 20° C Tho experiment started on October 17, 1057, and was 


after 78 days 

Figures presented are 

averages of 4 plants each 

Bndlntlon treatment 

Bars to loginning 
d stem elongation 

Basie 

X'Jgbt Interruption 
(min., red light) 


8 IF + 2 t 

120 

41 

8 11' -f 2 t 

00 

65 

B 11 + 2 1 

10 

>78 

8 H + 2 i 

15 

>78 

8 ir + 2 1 

1 

>78 

s ir + 2 1 

0 

50 


Night interruption with low- in tensity red light fo r 
tv o or even one hour produces tho long-day reaction 
Shorter interruptions are ineffective 

However, this description of the results is too simple 
because the group without any red night interruption 
also reacted as if it had received a long-day treatment 
(This result has been reported earlier 2 ) Wo must admit 
that very short night interruptions with red light 
suppress the long-day reaction, produced by this 
special short-day treatment, namely, 8 hours white 
fluorescent light plus 2 hours near mfra-red Longer 
interruptions are about neutral (1 hour), or aio some- 
what favourable for stem elongation (2 hours) Tlius, 
in this expei iment, the long day plant Hyoscyamus 
mger, treated with short days permitting stem forma- 
tion, could be kept vegetative with short red interrup- 
tions m the middle of a long night Obviously, near 
infra red supplemented to the basic white hght period 
within a short day had converted the long-day plant 
Hyoscyamus mger into a short-day one This was 
manifest directly 2 , and also with respect to its reaction 
upon short interruptions in the middle of the night 


This docs not hold for longer night interruptions which 
restoro tlio original behaviour 

P ,T A L de Lint 
L aboratory for Plant Physiological 
Research, Agricultural Uhivorsity, 

Wagonmgen, Nothorlnnds 


1 Downs, 1! J , Plant PUyttol , 31, 270 (1051) 

* Tint, 1> J A J, de, Mrdcdel 1 /indbomrlxrjctehnnl if eyeninjen, BS (10) 


(1958) 

* Farter, if V , Hendricks, S II , and llorthwlch, If A , Hot (7a:, III, 


4 FJrlngcr, A A , Downs, Tl J , Hendricks, S 1) nml Jlorthvlct, H A , 
Froc Tlpbtb ]nt Dot Congr , Paris, beet 11,12,121(1031) 

* Stolwijk, J A 2 , and /ecwinrt, J A I) , Proc Kon Ted Aknd a 
W ctenseh, Amsterdam C58, 180 (1055) 

•Unsslnk i, 0 ,nnd S\fnrmn, V , Mnlrdrl Jstnrlhoiurhojesrhod irayenf n 
pen, 58, (7), (10'*8) 


Isolation of 24-MethyIene-choIesterol from 
Honey Bees ( Apis mellifica L) 

In connexion w ith an attempt to isolate pheromone 1 
from the queens of the honov boo, Apis mellifica L , an 
oxammation was earned out on tho noutal portion of 
tho oxlract obtained bj perfusion of tho powdered 
whole-bodies of tho queens with othanol nnd tert - 
butanol By chromatographing the noiitral portion on 
alumina, or silica gel, a crvstnlhno substance, 
mp 138-145° C [a],, 25 = -310 ± 0° (c - 0 3D m 
chloroform), was obtained, which resombled chole- 
storol in behaviour nnd chemical properties The 
Liebcrmann-Burchard reaction gate tho samo colora- 
tion ns that- obtained with cholesterol and tho mixed 
melt mg pomt \\ ns tho same How o\ or, thcro w cro two 
bands (0 08g nnd 11 33g) in the mfra-red spectrum of 
the substance which are not found in tho spectrum of 
cholesterol and its derivatives Tho samo substance 
was isolated by similar menns from worker bees Tho 
constitution 1 for tho sterol was elucidated from tho 
following An Oppcnnucr oxidation using cjclo- 
hexanono nnd aluminium isopropylnto m toluene 
produced a conjugated unsnturated ketono; mp 
77-84° C , > m»x — 242 mp, Jog c — 4 0 calculated for 
CsalLtO, 396 0 Besides, the double bond of tho 
ap-unsaturalcd kotono function, a second doublo bond 
was present ns shown by titration with bromine 3 
(1 155rngm of substanco used, m 4 hr 0 934 mgm 
bromine which corresponds to 2 01 moles CcsILmO 
by calculation From tho absorption bands at 6 08p 
and 11 33p (pressed in potassium bromide) it was 
inferred that ono of the double bonds was present 4 
ns a methyleno group (C — CH 2 ) Similarly 26 per cent 
of tho thooroticnl yield of formaldehyde w ns formed on 
reaction with 10 moles of ozono Based on these 
properties wo have compared the fieo storol and tho 
O -acetyl -compound wifh 24-mothj leno cholesterol nnd 
its O-ncetyl-doriv at ive 5 (Table 1) 

Table 1 coiiruiisos or 24 Mctiii tnsr CiiotESTnnor, fpom niiTFiu nt 
Somers 


I rec sterol I 0 neotj 1 compound II 


Authentic 
samplo from 

Til p 

1 An CUCl, 

in p 

fa]p cnci. 

ojstors* 

uv 

-34 S° 

135° 

-44-1° 

From queen 

bees 

From worker 

138-145° 

-11 0 ± 0° 

131-130’ 

-42 4 ± 3° 

bees 

118-140° 

— 31 0 i. 2° 

110-134° 

-40 J5 ± 4° 


~ ui vj-acoi,yi-z4-mothylone-choleslerol was 

shown, by direct comparison, to be identical with tho 
0-aeetyl-denvative of tlio storol related from tho bees 
This comparison included mixed moltmg-pomts, infra- 
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red spectra in methylene diclilonde and in potassium 
bromide and examination m tho mass spectro 
meter 

The X ray powder diagram did not exclude tho 
positive identification For real proof however, it 
would havo been necessary to recrystnllize both 
samples under tho same conditions® but due to the 
scarcity of the substance this was not possible The 
percentage of I amounted to about 0 016 per cent m 
both tho workers and tho queens 



Ii? = H mp 143° (— 34 8° GhJ ) 
II H = Ac m p 135° (— 44 1° Of\f) 
The full report of this work will bo published m 
Helvetica ( himxca Ada We wish to acknowledge the 
support of the Centro National de la Recherche 
Scientihque Pans, and by Ciba Co , Basle We also 
wish to thank Prof S Bergstrom Stockholm, and 
Prof C Stonhngen Uppsala, for doing the mass 
8pcctroocopy Prof H Labliardt, Basle for preparing 
the \ rnv powder diagram Dr R Chauvin, Station de 


RADIOBIOLOGY 

Distribution of Radioactive Barium in 
- Eye Tissues 

The presence of high concentrations of barium in 
the pigmented tissues of tho ejo of many species is 
now well established 1 5 The observations on bannm 
140 reported here demonstrate that this radioactive 
isotope of the element is markedly concentrated in tho 
uveal tract of herbivores 

Pure bred Dutch rabbits about 10 weeks old were 
used Pairs of animals were injected intravenously 
with approximately 600 pc of on equilibrium mixture 
of pile-produced, earner free bon urn 140 and Ian 
thanum 140 and were killed by an intravenous 
injection of Nembutal at inten als of from 30 min to 
3 days from tho time of injection Tho eics ware 
removed and dissected immediately after death Tho 
left femur, left vastus muscle and a sample of heart 
blood wore also taken for analysis The tissues were 
digested with concentrated mtnc acid and after 
standing for 6 days to allow for equilibration between 
the bonum 140 and its lanthanum 140 daughter 
suitable aliquots of the resulting solutions were assaj od 
in a well typo scintillation counter The results, 
corrected for radionctivo decaj , ore given in Tablo I 


Table I Djrnummo* or Stahls JUxim abd or ijrmnsouBLr AtonranTMa* msirx no is thi Zra, Etc or JIibbtw 


Stiblo Barium Barium 140 (per cent doae/100 gm. wrt^rclght of (law) after 
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Recherches Apicolcs Bures but Y\ otto, Franoo for 
obtaining the bees M Flurj University of Basle for 
carrying out the bromine titration and Dr D R 
Idler, Vancouv er for sending us a sample of O acetyl 
24 methjlene-cholestorol 

M Babbler 
T Kf.iciiktein 
O Schindler 


Institute for Organic Chemist r\ , 
Univerait } of Basle 


E Ledfbcr 


Institut de Biologio PhyBico Clnmiquc, 
Paris 
Juno 8 


This table also shows the concentrations of stablo 
bonum in the tissues of tho pooled eves of sixteen 
similar rabbits dotormined by tho method described 
by Bowden and Stitch 3 

Tho oyes of two mature cows given approximately 
3 me barium 140/lantlianum 140 for another purpose 
have also been examined Theso animals were killed 
8 and 26 days after administration of the isotope Tho 
ejes togethor with tho loft femur and a piece of tho 
loft vastus rausclo, were romovod immediately after 
slaughter Tho tissues w ere treated as described abov o 
Tho distnbutlon of tho Lsotopo is shown in Tablo 2 

Taiifc ; nrmuBtmcnr or stable Intic* inum Sowncr a«ro n*ie 
ref 2 ), ajcd or JxnuTEXonLr AuxisirrarD luucii 140 it The 
Lym nr., or Cows 


> KarlKin, P and I D«cltrr 31 VnlunrOa -46 63 (10 9) K aril on, 1 
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* Merit re Ch >rey If Xeber 11 ctt^tela A and JfWcbtr K 

11 Hr Ckim \Ao 39 62 <1048) 

* (lorbach, O ifitrockimic, Jet* 31 320(1044) rfariat ircffc arid was 

rbeven In piaco of PCI, u tolraot for too hrominatlon 
« Bdlimy, L. J The Infra-red H|«*dra of Complex 3Ic4ccn)«“ p 44 
(London lfvri) reo aUo Uorfotd, B II , llrwrll, F ft, and 
JHIcrlrf l JL J CAcm Vr 293" (l(L»7) Soodbrtroer F and 
MerhooJam, It J Imrr Ckcm. Sor , 79 6029(193 ) WUlbtlm, 1L 
StclofT. U and Srilfut. II JIHr CAi* Aria 41 1350(1038) 

» Idkr l) Jl and Faceriund V II M J A*t*r CArm Sor 79 IDAS 
(19^~). IVrutnana W and JLhma. J P Llrilrt Ann 603 36(105"). 
•Idler II R. amllarriomj U II M., J 4avr CAm Are., 77 4143 
(1033). 1 ■trrrlond, U II il, and Idler D ll J Organic Chnrdjtry 
21 3 3(1036) 

t l „twi, J , Ur her V\ T and BaJtrr fi 1) Henry Ford iled Cull 6 
363 (lPi8) 
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together with, for the purpose of comparison, tho 
stable barium content of cow eye tissue as found by 
Sowden and Pine 2 

The uptake and retention of barium- 140 by tho 
different parts of the eye differed several-fold in both 
species All parts of the rabbit’s eye, except the lens 
and vitreous body, accumulated barium- 140 to a 
greater extent than tho vastus muscle, taken as a 
representative soft tissue The highest concentration 
of the isotope, m both rabbits and cows, was m the 
pigmented parts of the eye The concentration m tho 
choroid, on a uni t wet-weight basis, was greater than 
that m the femur, in the rabbit, by a factor of about 
1 5, and m the cow, by an order of magnitude 
Banum-140 remained at least as firmly fixed in tho 
uveal tract as m the femur but disappeared from other 
parts of the eye, except tho sclera, at approximately 
the same rate as from striated muscle The sclera 
occupied a position intermediate between that of tho 
pigmented tissues and the remainder of tho oyo 
The relative proportions of barium- 140 in tho 
different tissues after 3 days in the rabbit and after 8 
and 25 days m the cow were very similar to tho 
relative proportions of stable barium 

The high degree of accumulation of barium-140 in 
the choroid and iris of tho cow may bo of significance 
should it be found necessary to decide on a maximum 
permissible level for the isotopo in this species 

R J Gaunt: ri 

Radiobiological Laboratory, 

Agricultural Research Council Field Station, 

Compton, Berkshire 
May 19 

1 Gerlnch, W , nnd Utillcr, II Arlh palh -Inal , Motcow, 296, 083 (1030) 

' Sowden, L , nnd 1’Iric, A , lUochtm J , 70, 710 (195S) 

* Sowden, r , nnd Stitch, It , litodian J , 67, 101 (10j7) 

Effects of Irradiation of Nerve 
on Muscular Response 

The effects of gamma- and X-radiation on the 
excitability and conductivity of the sciatic nerve of 
the frog have been studied for doses up to 80,000r 
and an attempt made to correlate theso results with 
the muscular response Either the whole norvo or a 
short segment was irradiated Excitability and 
conduction velocity of the nerve and tho responso of 
the attached gastrocnemius muscle, wore recorded 
both during and after irradiation Observations 
were also made of the mechanical acti\ lty of tho 
nerves No stimulation of tho nerve by irradiation 
was observed, but complex and paradoxical effects 
on the excitability of non-irradiated segments wore 
found - 

Isolated sciatic nerve preparations from the 
common frog ( Rana piptens) were mounted on 
platinum electrodes in a humid ‘Plexiglas’ chamber 
similar to that employed by Chadakhian and Iur’evi 
The temperature was maintained at 18° — 20 °C 
Stimulation was produced by a ‘Tektronix’ waveform 
generator, using 30 — 40 second bursts of 0 1 msec 
pulses at 60/sec Stimulus strengths slightly above 
maximal were used Platinum wire electrodes were 
used for stimulating and recording the action poten- 
tials The nerves were stimulated during irradiation 
and for periods of several hours after irradiation 
Sciatic nerve-gastrocnemius muscle preparations 
were made after the method of Kirzon* Two nerve 
muscle preparation were placed m the two com- 
partments of a humid ‘Plexiglas’ chamber The 


nerve of each preparation was mounted on four pairs 
of platinum wiro electrodes for stimulation, one 
proximal and threo distal to an irradiated segment 
Stimulation was produced ns above, but using 30 — 10 
second bursts of 1 msec pulses Two differont levels 
of stimulation wero applied, threshold and maximal 
Muscular responses w ere registered on a conventional 
lcymograpli using an isotonic lover system 

For gamma-irradiation, a cobalt-00 ‘Telcthr rapy’ 
unit was used, and for X-irradiation, a conventional 
X-ray machine with an aluminium filter For 
irradiation of isolated sciatic nerve, 250 kVp at 20 
m amp wero used, at a dose-rnto of 7,000r/mm 
In tho ncrve-musclo experiments, irradiation was 
limited to a 7 -mm segment of the nerve by shielding 
tho rest of tho norvo, the control norvo nnd the musclo 
wuth 3 cm lead shielding For X-irrndiation, 50 
kVp at 20 m amp wero used, at a dose-rate of 
350-G00r /mm 

Nerve surface displacements were delected by a 
micro-intcrforcnco mot hod, similar to that of Knyush- 
in and Ls udkov skayn J 4 Deflection of an inter- 
ference fringe in tho light reflected from tho norvo 
surface prov ided a monsuro of surface mov ements 

In the isolated sciatic nerves, m non-irradiated 
controls, conduction velocities nvornged 28 5 ± 

2 msec Conduction velocities wero unaffected by 
radiation doses up to 10,000r , m agreement with 
tho results of Geratnor > <■ For doses up to 10,000r 
and 50,000r , the conduction velocity increased 5 
per cent and for doses between 50,000 and 80.000r 
it decreased 12 per cent nnd the amplitude of tho 
action potential dccrcnsed slightly In sciatic 
nerve-gastrocnemius muscle preparations, tho irra- 
diation with gamma- or X-ravs of llio whole norvo 
trunk, or of a small segment with closes up to 10,000r 
produced no muscular response, regardless of tho 
dose rate (20—7, OOOr /min ) 

Complicated nnd paradoxical effects oil tho excita- 
bility of tho non-irradiated segment of tho nervo 
wero found A decrease m threshold was produced 
by- doses ranging from l,500r to 20, OOOr and tho 
magnitude of this effect depended on tho doso rate, 
but it could bo more readilv dcteolcd when oinploymg 
doso rates ranging from 350 to OOOr / min Paradoxi- 
cally, tho snmo doso and dose-rato ranges that pro- 
duced n docreaso in threshold, produced a decreaso 
in tho muscular responso to a maximal stimulus 
The results for stimulation of tho norvo distal to tho 
irradiated segment are summarized m Fig 1 

Tho observation of Knyuslnn and Lyudkovskaya 3 4 
indicated tho occurronco of a compressional wave 
passing along tho nervo during stimulation Hill*'’ 
showed that changes durnig tho electrical activity 
of a norvo fibro wore accompanied by changes in 
optical density It is possiblo that tlioro is a cor- 
relation between theso phenomena Wo have been 
able to confirm tho Russian reports using nncro- 
mtorforence measurements and also to show that in 
nervo irradiated in the same doso range as above 
theso displacements wore intensified in tho distal 
segment of tho norvo 

Increased excitability in tho distal segmonts of 
irradiated nerves has been roported by Ixirzon 7 
On the basis of his results, Ixirzon has suggested a 
theory of ‘‘non-impulse offeols” m nerve, which may 
explain the results reported hero 

If wo assume that tho ‘displacement’ of tho surfaco 
during electrical stimulation, accompanied by density 
changes, represent actual transport of substances 
along tho nerve, then the increased displacements 
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during stimulation, both beforo and after irradiation 
Tho micro interferometer is being improved so tlint 
the surface movements eon bo analysed with accuracy 
A Portela 
D Bilan des 

Anatomy Department G H Bourne 

Marion Hines 

Physiology Department P Stewart 

Radiology Department B L Redd jun 

Emory University, 

AtJanto 22, 

Georgia 


■ tltaflaldilan L. V , and Itir fv R A Biefinta t. No 4 41" (10 j~) 

2 Kirion IT V ind PriteonUtor* 3f G„ Bloflxil* t. No fl, 686 (1957) 
» Jumuliln L. r., and Lyudkorikayi IL 0., Jk>H A Jot/ \awi 

s bSJ ,95 2 (10j4) 

4 Kaytuliin L. J’., ond Lyudkorckaya IL G T rvd (n-t* biol fiz 1 
40 (I05o) ' 

3 Gentrwr II D Ortli J 8 and E. 0 IUchey M Amtr J rkgtioi.. 

180 232(1055) 

4 Orntner, n 13 Amrr J PkmM^ 184, 333 (lOjfl) 

2 Klrcon 3L V„ and Pubennlkovo, JL U„ TerNl dokl konf Jlfokhim. 
flriko-khJm otnovl hkdog. dd*tvU radliUU, Reactor HUte 
UnlvenUty, (10 j“) Cited In ref 2 

* mu D K. J Pkytio]^ 111 301 (1050) 

* mil D K. J Pkyilol 103, -78 (1040) 



Fla. 1 Itwulti of itlnmltdon of the nerre dirial to the Irradiated 
eeament, A Miwde rtspouw* during and fodowlng Irradiation with 
500rJm. for £0 min., B nuucular mponaen during the following 
irradiation with W0r /min. for fl min. 

The lined *eflment» e and d represent the period of Irradiation. Abidww 
•howa the tlmo (min.) OrdJnatei »bow mnacuUr r«poo»ei exprtaaed 
in pererntaitra. 

1 Itorcnlar reaponaa for threahotd atlmoUtlon (without Irradiation) 

• nraamlar rcaponaa for maximum itlmulatlon (without Irradiation) 

3 muacular reeponae for threahold atlmolatlon (with Irradiation) 

4 muacular rapowe for maximum atlmuUUon (with Imullatlon) 


produced by stimulation which follows irradiation 
may represent an incrcaso in this t mnsport 

If wo further assiuno tlmt theeo transported sub 
stances includo the mediator for neuromuscular 
transmission then tho paradoxical results obtained 
hero could bo orplnined as boing duo to excessive 
accumulation of this modiator Such accumulation 
would bo expected to lead to increased response at 
low levels of stimulation and decreased response at 
maximal or saturation levels as actually oosorvod 
To tost this concept experiments aro bo mg designed 
which will use isotopically labolled ncotylcholine and 
K 42 to follow their displacements along tho norve 


Latent Period of X-Ray Induced Ageing 
a Study Based on Mortality Rate and 
Tumour Incidence 

The increase in nge-spemflo ol ironic mortality rate 
that occurs after a single wholo-body exposure to 
ionizing radiation has been common]} used os a para 
meter of ngemg 1 Whother or not tho increase occurs 
immediately or only after a latonfc ponod is not known 
owing to tho fact that experiments are customarily 
initiated with young animals for example, 60 to 
125-day-old mice The mortality rato is then so low 
that not oven a largo relative increase can be eigni 
flcantly established in groups of 50 animals 

We therefore designed an experiment to study this 
point Groups of BALBJc mice (70-80 males 101— 
116 fomales), made up from a einglo pool served ns 
controls or were irradiated at ago 435 clavs (405-400 
days) or at ago 635 days (505-500 days) Tho \ rav 
axposuro dose in soft tissue was 500 r (250 kV 
hvl 15 mm copper, 45 r /mm ) Tills dose was 
selected to avoid acuto killing The LD 50/30 was 
estimated to bo about 500 r Tho annuals were 
exposed and maintained as described previously 1 
At age 435 days, 500 r proved to bo tho LD 3/30 
for males and tho LD 1/30 for both sexes combined 
At ago 635 dnvs, 500 r was tlio LD 40/30 for males 
and tli© LD 10/30 for females Therefore, although tho 
conclusions drawn from tho chronic mortality rate 
data of tho 635-day groups may ha\ e been in qualita 
tive agreement with thoeo for the 435-day groups, for 
simplicity and brevity the\ aro not considered hero 
For Table 1 the mortahty rate q x was calculated 
thus (number dying in 8 week interval beginning at 
ago specified) divided by (number allvo at Rtart of 
interval) To tost for significant differences between 
the control and irradiated groups y 3 (with Yotoa 
correction) was calculated for tho pooled data of 2 or 
3 successive 8 week intervals 

In tho irradiated male, a latent period of 24 weeks 
(intervals 1-3) olapsod beforo q T rose significantly 
above tho control level During tho remaining 50 
weeks (intervals 4-10) q r continued at about 2-4 
times tho control lovti In the female the 
period Insted 10 weeks Tor the tie 4Xin irot 
(m to mils 3-8) q, usu„ll> ww 2-» »"*" 
level nftor whioh it fell 
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Mimosa, pudica was cultivated m the same manner 
as has been described m the previous papers 1 - 2 - 3 
The material consisted chiefly of those plants which 
had already received a stimulus The longitudinal 
sections were obtained by a cylinder microtome or 
simply by a hand razor, the petiole being cut 25-30 jx 
m thickness Thon they were stamed with 0 001 
per cent aqueous solution of brilliant cresyl blue or 
0 003 per cent neutral led, the adequato staining 
being almost complete after 20-30 min 

The tannm vacuolo in the parenchymatous coll 
is more inflated during the day (10 a m -3 p m ) than 
during the night (12 midnight-2 am), and the 
thread-like apparatus is thicker during the day than 
at night Furthermore, in the nocturnal condition 
the chloroplasts have a tendency to form a cluster 
around the thread-like apparatus (Figs 1 and 2) 
Champy’s fluid w as used for the fixation of the 
parenchymatous cells Adequate duration of fixation 
was about 20 hr After completion of the fixation 
they were thoroughly washed in running water for 



Figs 1-0 Longitudinal section of parenchyma of Mimota petiole 
1 diurnal condition 2, nocturnal condition 1 nnd 2 arc stained 
with 0 001 per cent brilliant crcsyl blue (x e 435) 3, diurnal 
condition, 4, nocturnal condition ( x c 530) 5, chloroplasts nnd 
threadlike apparatus In direct ray of sunlight 0, chloroplasts and 
threadlike apparatus In nocturnal period 3-0 arc fixed with 
Champy-Torlyama's method (x c 830) t, tannin \acuolc, 
arrows Indicate threadlike apparatus 

10 hr to remove any trace of the reagents These 
materials were cut 25-40 [i thick by means of a hand 
microtome The sections were washed in running 
water, and then m distilled water, changed several 
times The sections were moimted m pure gh-corin, 
without any subsequent staining This technique 2 
was satisfactory m demonstrating the thread-liko 
apparatus, and m fixing the chloroplasts Generally 
speaking, osmium tetroxido usually stains the 
threads and tannin vacuoles black, while the chloro- 
plasts remain colourless 

These results are illustrated in Figs 3 and 4 In 
the diurnal condition, tannm vacuoles are fixed as a 
spherical form, and in the nocturnal condition they 
appear as crushed globes The thread-like apparatus 
has a tendency to assume rosary-hko features during 
the day On the other hand, at night the threads 
appear uniformly in a thin slender form "When 
the materials are exposed to sunlight m August, 
small particulate granules appear m the chloroplast 
(Fig 5) By Champy’s fixation, these granules and 
threads are both stained black On the other hand, at 


night the granules ns a rule do not appear undor this 
fixation (Fig 6) But in certain conditions, theso 
particulate black granules are observed in the 
chloroplast, also at night Theso different features 
of chloroplasts m two cases voio also obsorvod m 
fresh matonal with \ital staining 

From the axailablo data of c\ t opliysiological 
experiments, it is concluded that the expansion nnd 
contraction of the tannm vacuole in parenchyma is 
connected with the diurnal nnd nocturnal condition 
Concerning this fact, il is ndvi^nblo to rofor to 
my work 4 on the changes in motor colls in the 
diurnal nnd nocturnal conditions Full details of this 
investigation mil be published elsewhere 

Ilmto TomrAMA 

Biological Section, 

Tok\ o Women’s Christian College, 

Toloso, Japan 
Juno 10 

1 Toriynmn, It , Cytotoam £2 CO (1057) 

2 Toriiama, n , Hot Mag (Tok\o), 71 300 (1058) 

3 Torlynmn, II , Cytotonm, 18 2KS (105 l) 

* Torhnmn, H , Ciitologia, 10 20 (1054) 

• LO-Analysis ' as an Aid in the Study of Fungal 
Spore Morphology 

Erdtmax' 1 defined LO- analysis as “tlio different, 
patterns of pollen or spore wall surfaces recordod 
ns thoy nppeni at succcssno adjustments of tlio 
microscope ” 

The usual pructico is to select spores in slido mounts 
which nro so oriontcd that thoy are scon in surface 
view Tho surface is then examined m two focal 
planes In tho upper focus of tho microscopo tho raised 
structures on the sporo snrfneo (here rounded warts 
or pointed spines) are scon ns hvnhno bodies (Figs 
1 and 3), while in tho lower focus these same raised 
structures turn dark (Figs 2 and 4) Figs 1 nnd 2 
show' a single urcdiosporo of SropcUa auhea, nnd 
Figs 3 and 4 nro of 8 qcntihs This wns tanned 
BO-analysis by Erdtmnn 1 (L denoting htx or lighted 
arens m tho upper focus nnd 0 obscuras or dnrk areas 
m tho lower focus) Tho reverse of this, tlint is, 
OL analysis can bo attempted where tlioro nro 



Figs I nnd 2 Urcdlospore of S aulica nt two successive adjust- 
ments of microscope (Fig 1 at high focus , Fig 2 nt low focus 
both x 6,800) Figs 3 and 4 Urcdiosporo of S (icnitht (Fig 5 
at liigh focus , Fig 4 at low focus , both y 1 ,280) 
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depressed areas, hole# or concavities present on tho 
spore surface OL analysis is illustrated in Figs 3 
and 4 Around tho spines {raised structures, hyaline 
in Fig 3 and dark in Fig 4) there are depressed areas 
(dark in Fig 3 and hyaline in Fig 4) w Inch following 
pollen grain terminology, ha\ o boon designated as 
'lummn' These cavities are bounded by mun* which 
are part of a reticulum enveloping tho sporo surface 
Erdtman 1 credited H AN elchor as being the 
discoverer of this optical effect In an ideal LO 
analysis all tho raised structures in tho upper focus 
should appear as bright dots against a black back 
ground This is possiblo only if tho spore surfaces aro 
perfectly flattened In Figs 1 and 3 because of the 
con vox bulge in tho spores, only a few spines aro seen 
m such an ideal condition 

Perhaps, through LO analysis some more un 
suspected charaotora might come to light as has 
happened in the caso of urcdiospores of copella 
gent tits Hore tho presonce of lumina around tho 
spines and of tho reticulum around tho urediosporo 
surface was first inferred through LO analysis 
LO analysis might e\en bo important whoro paucity 
of spore material, for oxample, m aerobiology or in 
paleobotany, might not permit the use of other 
methods 

This work was performed while I held a research 
fellowship of the National Institute of Sciences of 
India to which due acknowledgment is made 
herewith I am also grateful to Prof S P Agharkar 
and Dr M J Thirumalachar for encouragement and 
a aluable suggestions 

M M Pavak* 

Maharashtra Association for 
the Cultivation of Science, 

Law College Building, 

Poona, India 

* Pmfmt »il<lrf»» Plant PnUiolofltfwl BUUon.FIoirfTdale SImUE. 

1 Enltroan G Srtntt bot TiUtr 60 136 (10WJ) 

Lepldurus arctlcus 
In the Irish Lato-GIaclai 

Tim recent discovery of a fine suite of Late glacial 
strata near Ballyliolbcrt on the north-eastern Irish 
const in an accessible position has allowed a caroful 
study to be made of the different layers for plant and 
animal mncrofosailB Particularly interesting has boon 
the recovery of numerous characteristic telsons of the 
freshwater notes tra can Lepldurus arcticus, a species 
which was reported recently by Mitcholl* from Late 
glacial levels at Ballnugh in the Isle of Man, at 
Neasham, Co Durham, and at Mapostown Co Louth 
Records from these La to glaoial contexts are signifi 
cant since the species is not known in tho present 
fauna of the British Isles Its modem distribution is 
circumpolar, between 05° and 80° N 

At Ballylmlbert tho tolsons and mandibles occurred 
in great numbers in thin streaks of organic material 
v, hi oh interrupted a aobfluxion deposit of /one HI age 
Tho deposit was a grey, sandy clay, packed with 
innumerable broken angular fragments of slate 
Witliin this tho organic scams were lying horizontally 
They yielded numerous Ica\ cs of Saltx herbacta and 
also identified wore Carcx spp., Ranunculus octleratus. 
Ranunculus (Batrachlan) Bpp , Jtmncx lenmfohtts , 
Viola palustm, Htppurus vulgaris, Menyanlhes tn 
Johala, Lycopus europacus, Selagmclta sdaginoxdes , 
and Char a spp Tho largo number of aquatics suggests 
that tho organic seams had their origin ns small pools 
These perl uvpa formed each summer on top of tho 
spring senson’s fresh shoots of Bolifiuxion material 


The possibility may also be envisaged that the seams 
are really fragments of the underlying AUerM or 
Zone II mud which could have been caught up and 
rolled mto tho soltflimon cla\ as it sludged into 
position Howover, tlus seems an unlikely oxplana 
tion since no remains of Lepidurw# were discovered m 
tho Zone II level It was clearly restricted to tho 
Zone HI clay and did not appear above or below this 
horizon 

The absence of Lepidurus arcticus from the existing 
British and Insh faunas makes its widespread Late 
glacial distribution all the more remarkable Examples 
of such extinction and retraction of range during 
Post glacial times are of course more familiar to us m 
plant kingdom, and Godwin 1 has documented and 
discussed the problem in full It is believed that tho 
plants m question experienced curtailment of their 
range due to absorption of suitable habitats by the 
spread of the Post glaoial forests But tho faotors 
responsible for the extinction of Lcptdurus are other 
wise and are difficult to envisage Perhaps tho problem 
may bo approached constructively once quantitative 
and systematic studies on the sub fossil micro faunas 
of Late and Post-glacial Jake muds havo accumulated 
to the extent of allowing tho different factors in lake 
evolution* to be disentangled Such studies are 
certainly to be commended since they may lead to a 
more accurate knowledge also of tho duration and 
ohoraoter of the important Poet glacial Climntio 
Optimum or Hypsithermal Interval 

M E 8 Morrison* 

Botany Department, 

The Queen’s University, 

Belfast 
May 4 

• rrrwutKWrt** IJctajiUjnc UnlrtrMtd de Montreal 4101 «t 

roe Sherbrooke Mootrc*! W, Cmniid* 

1 Mitchell Q F, Wurr 1» MS (1M7) 

* Godwin 1U, “lhe Ulrtary of the IWIkli Flofw (CamlirUe? 103C) 

* Jieerej- h 8 Jan., Afcwu It i Jtal Idrotioi *api4 8 8-38 (I8«»3) 


ENTOMOLOGY 

Haematopota Insfdlatrlx Austen (Dlptera, 
Tabanidae) in Southern Rhodesia 

The fly round technique has long been used in 
tsetse fly studies 1 , 2 The procedure is to walk along 
a pro-dotormincd route collecting thoso flies attracted 
to men, to bait animals or to screens enmod by men 
Recent work in tho ‘Wankio National Park, Routhom 
Rhodesia has shown that this mothod is also cffectivo 
for the study of Haematopota msidiairtx Austem 
Tins insect is frequently ft nuisance at AA onkio, 
during the miuy season (Novcmbor-Februnry), 
because of its liobit of following and entering motor 
vehicles It was because of this behaviour that the 
fly round tcohmquo was tned as on aid to their study 
A blaok cloth screen earned by two boyB w*ns found 
to bo attroctiv o to the files Tho use of a screen rather 
than a bait animal allows tho technique to be standard 
izod and also to be used in an eesentinlh now way, 
namely, to study certain aspects of tho sensory 
physiology of this insect 

Portchinsky* noted tlmt Hacmaiopota pluviahs L. 
is attracted by block surfaces but tliat it avoids white 
ones Curson 4 states that Haematopota sp alighted 
on tho black part of an animal s coat mtber than the 
white part In tsetse fly - 


st reseed tho usefulness of screens 
with Olossina steijnnertom rofcr* 
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Table 1 Simultaneous Comparison of the Number of 7/ ttmdiainr 
Caught on a Black Scbeen and on a Black and Wiiite Scrfbt 


% White la 
Block and 
Wlilto Screen 

O 

4 

0 

12} 

IS 

25 

20 

33 

371 

00 

Total Fites 
Caught 

101 

90 

os 

101 

no 

114 

01 

03 

85 

01 

No of Black/ 
White Screen 

30 

34 

24 

23 

21 

20 

18 

14 

8 

4 

No on 

Btnck Screen 

C2 

05 

74 

73 

78 

88 

73 

70 

77 

57 

% Flies 

Caught on 

Black Screen 0" 4 05 7 

75 5 

77 2 

78 8 

77 2 

80 2 

8 4 0 00 0 03 4 


The catch on the black screen formed a progress!' e)> (treater pin 
portion of flic total cateli as the amount or v\ hltc in the black and n liitc 
screen increased The nhltc «ns added, in each case, as three equalli 
spaced horizontal stripes 

certain colours of screens over others The present 
work concerns the importance of the visual sense in 
the attraction of Haematopota msxhatrix towards its 
host Two facts prove that the H insidiatrix 
attracted to the screens w ere coming to feed First, 
all the flies caught were female, the males, which do 
not suck blood, were not attracted Secondly, the 
flies landing on the screens probed the surface with 
their mouthparts 

Three black screens (24, 10, and S sq ft in area) 
were carried m procession Each screen attracted 
more fbes when earned first in the procession than 
when carried second and third The models wore 
rotated so that each occupied the three possible 
positions an equal number of times The total number 
of H msidialrix caught on the first, second, and 
third screens was 100, 58, and 00 respectively The 
number of flies attracted also varied according to the 
sizo of the screen Ninety -nine flies wore caught on 
the largest screen, 70 on the medium screen, and 43 
on the smallest one However, approximately the 
same number of flies were caught per sq ft of 
surface (4 12 on the large, 4 75 on the meduim, and 
5 48 on the smallest screen) It was also found, by 
comparing two screens simultaneously, that a black 
screen is much more attractive than a white one of 
the same size (137 H msidiatrix on the black screen, 

5 on the white screen), and that the attractiveness of 
a black screen is diminished progressively ns moro 
white is added to it (Table 1 ) 

Tins decrease in the attractiveness of the screen 
might bo due to tho increasing amount of white or 
to the decreasing amount of black or to both, also, 
the change m the continuity of the black surface 
may prove to be ini olved 

This investigation is to be continued m the wet 
season of 1959 to 1900, and wall be reported in full 
elsewhere 

I wish to thank Prof E B Edney, Dr E Burnell, 
and Dr J S Weir, for helpful discussion and critic- 
ism, Mr H Oldroyd of the British Museum for 
identifying Haematopota ivstdialnx Austen, and 
the staff of Wankic National Park for their co- 
operation 

Robert Barrabs* 

University College of Rhodesia and Nyasaland, 
Salisbury, Southern Rhodesia 
May 4 

* Wellcome Research Fellow m Zoology 
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* Carson, n H Pull Ent Pet 14, 445 (1924) 

3 Sirynncrton C I' JI , Trans Roy Ent Soc Pond , 84, 1 (1036) 

6 Uovd, H M , Pull Ent Pet , 28, 439 (1035) 


Ants and Form Reversal in Aphids 

Et,-Ziat>y and Kennedy 1 found that in colonics of 
Aphis fabac Scop which were attended by ants thero 
w ns a higher rate of multiplication and delayed prodne- 
tion of winged forms compared with unattended 
colonies It has been suggested that tho higher rate of 
multiplication is u lesult of nnt-nt tendance delaying 
dispersal of the aphids from the nutntious apical 
grow th of (lie host plants 2 , and it scorned probablo that 
the delayed production of winged foims may hui o 
been due to the same cause However, ant attendance 
docs cause a niaiked lnciease in the feeding rate of 
aphids 3 and the possibility of it ha\ mg a moio dncct 
inhibitory effect on the de\ olopment of winged forms 
was not ruled out In the present communication such 
an effect is repotted 

When the piogenv of apterous parents of Aphis 
naccnora Koch undergo their development on mat uro 
leaves of brood bean (I'tcnt faba L ) which arc detached 
from tho plant and Kept in tubes of water, a large 
proportion of them develop into nlntne 4 A senes of 
experiments was carried out to determine w bother 
nnt -attendance of the developing nymphs had any 
influence on then continued development us nlatnc 
Apterous parents wore left on leaves until thov had 
deposited tho inquired number of nymphs They wero 
then removed and the lcav cs hearing the ny inphs wore 
put in a cage close ton nest of small black npludicoloiis 
ants Paratrachtna (Nylmidc) ta) bairn Mnyr The 
ants wero denied access to half the leaves bv keoping 
tho jars m a shallow trav of water to which n little 
detergent hnd been added, they tended the aphids on 
tho other leaves in tho manner desenbed by Banks 2 

Tho results of four separate experiments are given in 
Tabic J High percentages of nv mplis w Inch hnd been 

table i 1’EiuFNTAors or \i ulus Wiih ii nrvFLori i* into Artnur 
IN Batches OF A rrnrnrnra WHICH wi iil \nt Am mud and not 
\nt-Vttindh) an Xi'inis 
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attended by ants foi the whole of their development, 
for tho first instni only, and for the second mstni only , 
developed into normal apterno A few of them bad 
rudimentary ocelli, but none hnd wing pads or other 
alatiform structures Most of the aphids m the control 
series devoloped into nlatnc Tims it appears that ant- 
attendnneo during tho carly r instais lcstiltcd in tho 
nymphs being diverted from tho nlnto courso of 
development Nymphs attended by ants during tho 
third and fourth instnrs only were not nffected and 
continued to develop into noimal alntne 

As aphids imbibo more food when they' are attended 
by ants than when they are unattended, and ns 
aptcrae can also bo produced by allowing first and 
second instar nymplis to feed on host seedlings 5 , form 
reversal might be attributable to improved nutrition 
But, m the experiments described, the ant-attended 
aphids did not grow any more rapidly, nor did they 
attain a larger size, than tho controls Thus nutrition 
was not a limiting factor m development If form 
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reversal was effected through nutrition It could hem. 
been a response to tho accumulation of some specific 
substance On tho other hand, it is probably due 
ultimately to a ohnngo m endoerme notiv lty 4 and this 
might well have been brought about independent 1\ of 
nutrition 

Aphids of rannv species are attended by ants and 
tho influence of ants in causing tho suppression of 
nlatiform structure* in developing n\ mplts is un 
doubted 1 v of v idospread occurrence But alate aphids 
nro somot imes produced in largo numbers particularK 
on wilting or dying host plants On such plants the 
aphids rato of feeding and thus excretion nrorvduced 
As a result fewer anta tend tlio aphids individual 
aphids are \isited less often and then must come n 
stago when the offocts of infrequent ant attendant i an 
outweighed b\ the alate fa\oimnp factors of the 
aphids* em ironmcnt and the aphids then de\ t lop mto 
alatoo 

BnccE Johnson 

AVaito Agricultural Research Institute 
University of Adelaide 
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MICROBIOLOGY 
Transaminases In Shigellas 

NoatEnotm imostigntions liave boon made of the 
transaminase system in bactena and theso lui\o been 
ro\ lowed by Meietor 1 The onlv reference to tho 
transaminase notivitv in Shigella? appears to be tho 
ono mentioned by Lichstein and Cohen 3 on a Btmin of 
Shigella dyscnferiae (Shiga) 

Using acetone dried coll preparations, tho transa 
minoso octi\ lty of mno strains of Shigella; was studied 
Tho strains wore chosen from tho four serological 
groups, and wore Shigella dyaenleriae 0, Shigella 
dyaenleriae 7, Shigella boydix 2, Shigella boydit 3 
Shigella boyduH Shigella Jlexnen \a, Shigella fiexnen 2a 
and two strains of Shigella somie i The strains wore 
grown on nutrient broth 3 at 37° C for 1 8 lir ami 
seoded on to tho surface of 1 8 por cent nutrient agar 
(New 7oalund agar) in Roux bottles hollowing o\er 
night aerobic incubation at 37° C the growth wns 
washed off with i co -cold stcrilo double distilled water 
and on acetone dried cell preparation obtained b\ tlio 
mothed of Umbrcit el al * 

Four koto neuls a hotoglutnrnte oxalo acetic acid 
sod mm pyruvate and sodium phenyl pyruv ate wore 
used in eonccntrnt ions of 0 25 iff at jiH 8 2 Tlie 
ammo acids sorving ns NHi group donor were 
l argmme dl methionine dl histidine gHcino dl 
serine dl trvptoplwn dl\ nlino, dl aspartic acid 
dl phenol alanine dl alanine and dl glutamic acid 
dl Tryptophan l arginino and glvoino ware prepared 
in concentrations of 0 1 iff nil other amino acids wen 
in concentrations of 0 2 M Tlio experiments followed 
in general tho methods described by Gunsolus ami 
Stomer 6 Tlio reactants wore 0 1ml iff phosphate 
buffer (pH 8 3), 0 2 ml of a homogeneous aqueous 
suspension of ncetono-dnod cells (30 mgm /ml ), 0 2ral 
pyndoxal pliospbnto (0 5 mgm /10 ml ) 0 2 ml amino 
aoul, 0 1 ml koto acki and water to make up to 1 0 mb 


Tlio reaction of the mixture wns adjusted to pH 8 2 
Tho cell suspension boiled at 100* C for 3 mm was 
used as control for each amino acid - koto acid expert 
ment Tlio tubes w oro incubated for 00 min at 37° C 
and tho reaction stopped by boiling at 100" C for 
5 min • Tho tubes woro contnfugcd at 3 000 rpm 
for 30 min , and npproximntoK 0 002 nil of the super 
nntnnt examined for tho presence of the amino ncid 
corresponding to tho koto acid used, In qualitative 
paper chromatogrnpln 

M dll all the strains used the following reversible 
reactions were shown to occur 

(а) glutamic acid + oxaloacetic acid r* a«|>arijc 
acid -f- kotoglutarnto, 

(б) glutamic acid -f sodium pvrmnte c- alanine 
kcloglutnmlo 

(c) glutamic acid -f sodium phenvl pyrmato i-* 
phon\l alanine 4- ketoglutarato 

In addition aspartic ncid was formed in the reaction 
between phcnvl alanine and oxaloacetic ncid with cell 
preparations of tho strains of Shigella dyaentrnac 0 
Shigella boydn 3 Shigella bo yd it 5 and ono strain of 
Shigella eonnei Alnmno was present in the super 
natant of the reaction mixture contaimne nspartu 
acid and sodium pyrmato with the strains of Shigella 
dyaentenae 3 Shigella hoi/dii 3 and Shigella boydit 5 
AN 3th the strains of Shigella boydn 5 and Shigella 
dyatntenae 0 alanine was also formed in tlio reaction 
between phenyl olarune and sodium pvruvnto 

Of tlie four 1 oto acids a hetoglutarnte was most 
active and showed reactions with mothiomno \ahno 
tryptophan, phenyl alanine nlnrune and aspartic acid 
Phenyl pyruvato showed tho lowest actiwtv Of tlio 
two remaining koto aoids both of which were poorer 
ammo acceptors tlmn ketoglutarato oxoloncctio acid 
was slightly more active than sodium pvruvnto 
Among tho amino donors, glutamic ncid showed 
reaction with the three keto acids and tin reaction 
could lie demonstrated w ith nil tho strains used Under 
conditions of the test, none of the strains was able to 
show transamination reactions with ghcine sonne 
lustidinc and argmme, and nn\ one of the four keto 
acids 

I am gratoful to Prof P Collnrd Department of 
Bacteriology Univoraitj Collegt Ibadan for his help 
ful advice and criticism and to Dr J H Marshall of 
tho Department of Bacteriology , London School of 
Hvgienoiind Tropienl Medicine for helpful discussions 

Ranjit Sin 
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Light-Induced Production of Carotenoid 
Pigments by Cephalosporla 


Thf pink and orange piginontatlon in cnlturri of 
vanoun mcmlars of tho form gonun Cfp^^P° n, " n 
hnn boon noted In aeioml nniiiore 1 
a table including dcacrlptionn of tin* , r j t i 10 ut 
number oi Ccpt,n\o»por,um nn ' 1 ' ,,n ” 
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S annua Nutt is an annual species widely distu- 
buted in North America It is reported to act occasion- 
ally as a biennial It has been inferred to a separate 
genus Potendium Spach It is the first diploid species 
found m the tribe Sanguisorbete As seen from Fig 1 
the chromosomes are smaller than in tlio other species 
of Sangmsorba This might indicate that S annua is a 
more distant relative of the other Sangmsorba species 
S alpina Bungo is a perennial species widely distri- 
buted in sub alpine meadows m eastern Siberia and the 
Mongolian Republic It has chromosomes of the 
typical Sangmsorba type 

(S oblusa Maxim \ar amocna Jess is a perennial 
native of Japan where it is found at high altitudes It 
is very closely related to S hakusanensis Makino which 
might perhaps be regarded as a \ anety of S oblusa 
In S hakusanensis, 2n = 28 was found by Sakai 5 , that 
is, the same number as that found by me in S oblusa 
(S' canadcnse L is a North American perennial 
found in swamps from Labrador and Newfoundland to 
Georgia and Michigan, and as var japonensis it is also 
found in Japan 2n — 50 was found m tho tvpical 
form whereas tho Japanese variety has not been 
examined 

S icmnfoha Fisch ex Link is a hybrid between 
S officinalis L and S parujlora (Maxim ) Tnkeda It 
has the same distribution as S parujlora and is 
frequently found among the parents often more pre- 
dominantly than the pure species, or to quoto Hulten 0 
“Sporadically all specimens of the genus Sangmsorba 
m Kamtchatka — if we exclude tho rare pure S 
officinalis — form a continuous series between the two 
, species” The chromosome number was found to bo 
2 ti = 50 The same number was found in S officinalis 
from Hungary , USSR, and Sw eden The present 
findings indicate that S jxtrujlora also may be con- 
sidered to be an octoploid species w ith 2n = 50 

Kai L Ait sen 

Royal Danish School of Pharmacy, 

Botanical Laboratory, 

Copenhagen 
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SOIL SCIENCE 

Occurrence of Microbiological Filaments in 

Soils 

Whtle sieving sands from south-eastern South 
Australia to determine the particle size distribution, 
considerable difficulty was experienced in obtaining 
clean separations For example it w'os found that 
after shaking for 10 min on a mechanical sio\mg 
machine 2 2 gm of sand passed tho 200-mesli (0 08 
mm ) screen, whereas an additional 10 mm siovmg 
yielded a further 2 4 gm Thus in this case the true 
amount of the sand below 0 08 mm equivalent 
diameter was increased from 10 per cent to a talue 
of 20 per cent of the original sample 

The 8-in diameter sieve was in good condition, a 
careful inspection failed to reveal any damaged or 
irregular apertures The sand remaining on the 
sieve was examined under a binocular, stereoscopic 
microscope, there was no abnormality m size or 
shape of the quartz grains However, it was seen 
that many of the sand grains wore held together by 
fine filaments which adhered to the individual 


mineral particles Some of flic finer sand grains wore 
completely enmeshed in a mass of these filaments, 
while many larger grains were bound to tho largor 
diameter filaments when they divided to form a fiat 
mat adhering to ono side of the grain (Fig 1) Tho 
soils had been dispersed in tho presence of sodium 
hydroxide and sodium polyphosphate in tho slnndard 
mechanical dispersion apparatus The sands were 
afterwards separated by repeated stirrings and 
decantation after the appropriate time The filaments 
must bo quite strong to withstand this treatment 
Tins was confirmed by the difficulty experienced in 
separating the sand grains mechanically while 
obsor\ ing them under the microscope It would thus 
appear that the eventual breaking of these filaments 
during the extended period of sie\ mg freed the finer 
material enabling it to pass through tho screen 
Confirmation of thiB was obtained by screening a 
sample after prior ignition Under these conditions 
pmcticallv the whole of the fine material was obtained 
in the initial period of 10-min sieving 

The filaments appeared to be organic material as 
they were ea«il\ destroyed by ignition They wero 
somewhat bnsiphihc, as they' stained with nnihno 
blue, and were probably of microbiological origin 
Many filnments exhibited a blanching form, some- 
times with change in diameter Others which w’ero 
of larger diameter and more uniform showed well- 
do\ eloped cross walls and less branching Most 
filnments were hyaline, some were coloured, usunlly 
brown, rarely green or blue 

Afterwards mnny soils from the collection of tho 
Dnwion of Soils, C S I R 0 , wore examined and it 
was found that the small aggregates (less than 2mm ) 
from most surface horizons contained similar but 
usually' finer filaments These filnments formed a 
strong netwoik within tho soil crumbs Soils ex- 
amined included snmplos from Adelaide, Buro«ra 
Valley, Mt Compass and County Robe m South 
Australia and Lismoro m New South Wales 



Fig 1 Photomicrograph showing organic filnments In Mount 
Compan Snnd Tho nugregato on the loft Is stronglj bound 
together b> \crj fine filaments other coarser filnments rnmlfj 
from It ns well ni appearing elsewhere In the field ( x 4) 
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These filaments could have a marked strengthening 
effect on the Bt ability of soil crumbs Their influence 
on tho structure of boIIb and the binding of sands is 
being further examined, the nature of the micro 
organisms concerned is also being investigated. Tho 
persistence of their binding notion on sand particles 
even after considerable mechanical treatment during 
dispersion of soils stresses tho need to ignite all sands 
prior to detailed sieving for their fractionation 
I am grateful to Sir J R Harris for tho benefit of 
discussions with him on tho microbiological aspects 
<»f these filaments and for taking the photomicro 
graph used for Fig I 

Roy D Bond 

Commonwealth Sciontiflo and Industrial Research 
Organisation (Di\ ision of Soils) Adelaide 
Juno 17 


Titration Curves of Sol! Organic Matter 

Tn a pr< vious paper 1 it was claimed that the addition 
of small amounts of copper sulphate to a suspension of 
acid washed organic matter resulted in the release of 
two hjdrogcn ions for each of added copper This 
n ien^te was detected by titration of portions of tho 
orgiimo matter with alkali in the presence and absence 
of copptr (ref 1, Fig C) Further experiments with 
organic matter extracts of peats and podzols have not 
confirmed a general proton release of this magnitude 
and are in confonntty with the results of Martin and 
Reeve 1 These authors revealed new complications in 
such experiments m particular the important amoc'm 
tion of aluminium With soil organic matter and the 
difficult > of removing this metal The purpose of this 
note is to correct tho inaccuracy in my earlier paper 
and to add furlhor information on tho ability of soil 
organic matter to complex transition metals 

Cliolntion reactions c~.n occur with for example 
copper without the domonstrnblo release of two 
hvdrogen ions per metal atom* This fact was not 
rccognixod during bo mo previous discussions of 
chelates m soils 1 ' 1 , but can be illustrated b> titrations 
of several carboxylio acids When oxalic acid is 
titrated with alkali, the addition of even the equivalent 
amount of copper does not displace the end point of 
tho titration curve On the acid side of the end point 
tho extra alkali consumed in the presence of copper 
is less than tho stoicheiometrio amount and differs at 
different pH values. 

Somo lijdroxx oarboxvlic acids and salicylic acid 
ahow another relationship Tho h\drogcn of tho OH 
groups becomes tltratable with alkali in tho presence 
of rnotnls such as coppor which form stable chMato 
compounds Tho titro of theso acids increases by an 
amount proportional to the copper added for additions 
less than tho equivalent of the acid present The extra 
nlknli consumed at tho end point is equivalent to one 
hvdrogen ion per atom of added coppor If excess 
copper is added part is precipitated os a basic salt at 
its usual pH of droxido’ precipitation and this part 
requires the normal amount of alkali namely, npproxi 
nintely 1 0 li>drox>l ions per atom of copper Theso 
relationships are exemplified by citrio acid with three 
levels of added copper (Fig 1) Tho second lovel of 
copper approximates to tlio maximum amount which 
can bo chelated b\ tho acid present The highest nddi 
tion ia twice tho second and tho additional displace 
ment of tho end point is nliout l fl times that produced 
b> the second level of copper The general reaction of 
a hjdrory acids with copper can be wntten 



FI* 1 TR ration of 10 ml OUs Af citric m 1th 0-075 \ 
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Martin and Reeve 3 have shown the effect of tho 
partial remov al of aluminium on tho titration curvo of 
podzol organic matter Their results have confirmed 
the evidence of Aleksendrov a 4 that iron and aluminium 
block carboxyl groups on the organic matter Tho 
question remains as to whether other organic groups 
are simultaneously invoh ed tho rootola thereby boing 
cholatod 

Ono difficult} in interpreting titration curves of 
organic matter m terms of models has been tlio deter 
mination of tho end points of the curves Bv toch 
niques to bo reported clsewhore, Rocvo and I have 
succeeded in preparing orgamc matter extmets con 
tabling only traces of mineral constituents Tit rations 
of these preparations havo given much loss ambiguous 
end points and, when smtablo amounts of copper are 
added givo curves showing tho same relationships as 
those of chelating hjdroxv acids Fig 2 shows results 
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obtained with a purified organic matter extracted from 
the B horizon of a Tasmanian ground-water podzol 
Part of the acidity of this preparation (mdicated by the 
dotted line) w as due to free hydrochloric acid Other 
experiments have shown that the presence of neutral 
salt m such systems does not alter the displacement of 
the end-point m the presence of copper 

Although Martin and Reeve 2 doubted whether 
chelates were foimd in any of their organic matter 
systems, the curves which they obtained with purified 
podzol humus (ref 2, Fig G) appear to be compatible 
with the present interpretation Their other e\ idenco 
resulted from application of the test of Gregor et al 5 , 
this test has proved unreliable in application to citric 
acid systems 

Accumulated evidence leading to the conclusion that 
transition metals can be chelated bv soil organic 
matter need not be summarized here However the 
present evidence appears to pro\ ide the first indication 
of the identity of the bindmgsites, namelj cnrboxvl and 
phenolic or hvdroxylic groups Amino- or imino-neids 
could give titration cunes showing the relationship 
described for hydroxy acids but the amount of coppor 
chelated m these experiments exceeds that which 
could be bound even by the whole of the nitrogen 
present Published figures on the OH content of 
organic matter are, on the other hand, compatible w ith 
the amount of coppor bound 

I gratefully acknowledge the benefit of discussions of 
this problem with both A E Martin and R Reeve 
However, the conclusions reached are not necessarily 
accepted by these workers I am also indebted to 
Prof G W Leeper for valuable suggestions during the 
preparation of this manuscript 

, R & BECKwrra 

Commonw ealth Scientific and Industrial 
Research Organization, 

Division of Soils, 

Cunningham Laboratory, 

Brisbane 
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Nitrogen Fixation in a Uganda Swamp Sod 

Ikforviation about the swamp-soils of Uganda is 
important since their agricultural potentialities are 
largely unknown and the swamps cover a large part of 
the surface of the country Work on the relationship 
between the nitrogen status of some tropical soils and 
the water regime applied to them has given particularly 
interesting results with a sandy soil from a papyrus 
swamp at Namulonge, near Kampala 

400-gm samples of soil were placed m IS shallow 
jars of thick glass giving a soil layer about 5 cm deep 
Distilled water was added to each preparation to give 
three groups with (1) soil at saturation capacity, 

(2) soil completely water-logged to the surface and 

(3) soil flooded under a layer of water 2 cm deep Each 
group was divided mto two sets (triplicates) where 
(a) moisture status was mamtained by restoration of 
water loss after dailv weighing and (b) water was 
allowed to evaporate until the soil became completely 
air-dry as shown by constancy of weight of the 


preparation The latter samples then received distilled 
water in the original quantity so that a drying and 
wetting cyclo occurred The experiment ran for nine 
weeks, the jars being placed on an open flat roof undor 
a stretched polythene sheet excluding dust and insects 
but not obstructing ventilation Temperature m the 
preparations varied between 19° C (8am) and 3G° C 
(m full sunlight) 

Ivjoldahl nitrogen determinations wore earned out 
separately ( 1 ) on supernatant liquid when it w'as 
present and (n) on the soil plus organisms homo- 
genized b\ hand grinding Combined results arc given 
in Tabic I Nitrate-nitrogen determinations by tho 

Tabic 1 Tiurncerr Gnoors or KjruuitL Ximoors Vawfs foe 
X iMci.ovn swAiir ^ou in PPM on an ovtn Dm Dim (103^ 0 ) 

Water Btatuv maintained AUcrnvteU -wetted ami 
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* Flgnnn In paruithcaea show the number of -wctfdrj ciclcs undergone 
bv the preparation 

phenoldisulphonic acid method failed becouso of tho 
presence of organic matter Ammonium-nitrogen was 
also determined but did not exceed 3 per cent of the 
Kjeldahl value 

Considerable increase in nitrogen occurred only 
where preparations wore alternately flooded under 
2 cm of water and allowed to dr> out The effect is 
probably related to tlint observed by Birch and Friend 1 
in which tho rate of soil respiration corresponds to 
cyclic wetting and dr.v ing but tbe influence of tho layer 
of water remains to bo explained The control of tho 
depth and duration of such a laj er clearly may bo of 
much importance in crop-production on soils of this 
type 

In evory preparation a luxuriant growth of blue- 
green algae occurred either as a golatmous sheet on tho 
surface of tho soil or as lobed floating masses in tho 
water layer Anabacna spp wero identified os part of 
tho complox m every case and tho nitrogen-fixing 
properties of Anabacna are well known, but tho prob- 
lem remains why they were ineffective in the majority 
of the preparations 

Preliminary experiments have shown that minuto 
mocula from the jars initiates good growth of blue- 
green algao (Anabacna predominating) in a nitrogen- 
free liquid medium 3 Tho grow th is continued if such 
cultures are allowed to dry out and pnrticlcs of tho 
residue transferred to fresh medium 

The situation in this type of swamp soil seems to 
be similar to that described for the rice-growing soils 
of parts of India 2 and the use of some Uganda sw-amps 
for agricultural purposes may involve methods similar 
to the Indian 

E A Calder 

Department of Botany, 

Makerere College, 

University College of East Africa, 

P O Box 202, Kampala, 

Uganda 
May 11 

* Birch H F and Friend M T , Nature 178, 500 (1030) 

1 De, P K , Proc Boy Soc , B 127, Id (1039) 

* Fogg, G E , J Erp Biol , 19, 78 (1043) 
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THE STUDY OF MAN 


D ESPITE comments during recent yoftrs that the 
British Association for tho Advancement of 
Science appeared to havo lost both its bearings and 
its impetus, it lias boon generally acknowledged that 
tho presidential address has always been much more 
than a rally ing call at an annual mooting it lias 
increasingly como to bo recognized as a statement 
b\ a loading man of science to tho nation In these 
addresses, each presidont has considered a thomo 
which often has reflected outstanding interests of 
men of soicnco at tliat particular tune In a discipline 
winch doth grerus more complex and bewildering 
Sir Edward Apploton at Liverpool plondod with men 
of science to make themselves intelligible to the 
layman without an informed populace ho showed 
that science could not flourish At the Dublin 
meeting, Prof P M S Blaokett was concerned with 
tho need for applying science and technology on a 
world wido front to *ol\ o world wido problems of 
poverty and distribution With his own travols aa 
background, Prince Philip at Edinburgh discussed 
international aspects of science and how they could 
contribute to hotter understanding botweon pooploa 
everywhere Now, in a world where powerful blocs 
ha\ o realized that material strength alone rs not 
enough, this year a presidont Sir James Gray 
invites men of science o\ erywhore to pay full regard 
to moral principles and the social reporcusaiona of 
their disoovonca (see p 35 of this issue) 

Hie address is noteworthy for a number of features 
First, because Sir Jamee Gray has looked at scienco 
as a wliolo and lias supported his arguments by 
evidence drawn from a number of the soctions which 
compnso tho British Association he himself lias 
aotod as a link between them Socondly, becauso he 
lias used tho life scienco of biology to show its unifying 
influence in tho o\ emll study of man and, thirdly, 
because ho lias used his own wide background to 
exarmno defects in the educational system boforo 
making suggestions both for spreading ami applying 
knowledge of Boictnce and technology throughout tho 
world and for making it part of tho general philosophy 
of man Like others in this famous scries. Ins address 
will ho long remembered as a contribution to man n 
general evolutionary progress 

Two of Sir James s general topics will command 
widespread support. The ever present nood to 
consider the honofldal ofTecta of ncionco on inter 
national relationships is mado very difficult in a world 
where Roicnce is primarily soon as a manufacturer and 
distributor of hy’drogon bombs Sir James is emphatic 
tliat tho prnnnrv objective of raon of scionco should 
be to lllummato tho beauty of scionco Its mfloxible 
pursuit of truth, its diollongo to courage and tonacity 
and its power to inspire 

The place of scionco in a general philosophy of life 
is equally welt put Like music, scionco knows no 
barriers, and Bio comb mod efforts of scientists 
throughout tho world aro necessary if man is to 
continuo in his efforts to unravel tho secrets of 


Nature Where thore are political restrain is where 
knowledge is bounded motenalh and montally by 
local and national barriers the man of science can 
provido a bridge which should encompass tho Earth 
Missiles should bo guitlod not to destroy mankind 
but to bring fresh delight in making cloaror the 
mysteries of tho hoax ens 

To make wise and humane use of scienco as Sir 
James rightly points out some tiling more than 
statistics or the precise laws of physics and chemistry 
will bo required The challenge is to tho loss woll 
defined biological sciences and to tho fli-dofined 
social soioncee arising from them. Theso sciences 
must be vigorously pursued not only to discover more 
of man himself, but also of his relationships with his 
fellows overvw here , they must also be more widely 
taught bo that more and more pooplo have better 
opportunities for understanding tliemaoh es and otlior 
people Sir James is right to emphasize that it is 
in tho biological and social sciences that tho answer 
may be found as to wliother or not scionco lias real 
cultural significance In his address, tho new presi 
dent of the British Association also allows the practical 
nature of the biological soienoea and that man still 
lias much to loam from his evolutionary predecessors 
Students of aeronautics, navigation and communlca 
tions would hasten farthor discoveries if they paid 
more attention to biology It could bo added that 
many students of the humamtioa and of tho physical 
Bcienoes could considerably roduco the cost of tho 
National Health Sorvico if they would but study some 
of the general principles of biology , in so doing thoy 
would improve their lionlth and, prosumabh thoir 
liapplnoss 

In the field of demography Sir James uso3 1 fin 
own arguments to givo full support to conclusions 
put forward b\ Prof Blackott m Dublin With 
evidence drawn from tho study of natural ovolution 
lio clearly and courageously puts hur choico before 
all oh ilixod beings Accepting tho discipline of 
voluntary limitation of families, man can direct the 
course of lus own ovolution without tho evil conao 
quencos of over population ( if ho “bohavos llko on 
animal and allows his population to Increaso wlulo 
each nation steadily memos oh tho complexity and 
rango of its om ironment Nature will tako her courso 
and the law of tho jungle will prevail ' Church os 
tliroughout the world should oxamino thotr doctrines 
to soo whetlier thoy are spiritually justified in bringing 
misery and destitution to so many people, and 
■whether they are rndood helping man to achieve tho 
1 ugliest moral and spiritual devolopmont of winch 
he is capable Men, Sir James says really ought to bo 
ablo to do something bettor than ants 
In another comparison of man and animals Sir 
James again shows the practical advantages which 
doopor study of the biological sciences could b-mg 
Study of tho loarmng process has ro\ oalod five basio 
principles, all of which could be nppliod to tho tmfnhvr 
of human bo mgs Those prinoiplo* routd 1»<* truu 
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techniques "well established before 1940 But they 
are none the worse for that , indeed, it is ono of the 
weaknesses of present-day astrophysics that in- 
sufficient effort is being put into basic measurements 
such as are dealt with in several of theso articles , foi 
example, stellar masses and radu from visual and 
eclipsing binaries, atomic abundances fiom stellar 
spectra 

Cli Fehrenback has givon a full account of the 
classification of normal stellar spectra P C Keenan 
has written briefly of stars with peculiar spectra, m 
a useful although not comprehensive article which 
contains material not readily obtainable olsowhoro, 
for example, on lngli- velocity stars P Swings’s 
contribution on molecular bands m stellar spectra 
deals with a complicated subject in which much 
remains to be done and m which there is a scarcity 
of other publications Two useful contributions b\ 
K Wurm on planetary nebulae are w idoly separated 
m the book, although intended to complement oacli 
other I find it difficult to understand why thoy 
were not urnted J L Groenstom has written an 
important original paper on white dwarf spectra 
which is essential reading for anyone w orkrng m this 
field 

P van de Kamp’s artielo on v lsual binaries is to 
be commended It deals with a woofully neglected 
subject on which there is no modem text-book 
There follow accounts of eclipsing binaries by S 
Gaposchkin and of spectroscopic binaries by O 
Struve and Su-Shu Huang Eclipsing binaries aro 
usually also spectroscopic binaries , both classes aro 
very important sources of data for chocking theor- 
etical models, but tho complications shown by their 
light curves and spectra have led to speculative ideas 
for which we have as yet no adoquato check 

The article by D Barbier is virtually a short text- 
book, giving a good systematic exposition of what 
may be called tho conventional theory of stellar 
atmospheres and its very solid achiovomonts 

Tho articles are in English, Fronch or Gorman 
Each includes a brief general bibliography , in some 
cases with short comments Adequate attention has 
been given to other references also Tho index is m 
three parts German with an English translation, 
English with a German translation, and French only 
for the throe articles written m French 

As m every “Handbuch” of this character, tho con- 
tributions vary a great deal m merit , tho bettor ones 
are excellent Present indications aro that this is to 
be one of the cheaper volumes, although its price is 
more than £8 R 0 Redman 


ELECTRONICS IN BIOLOGY 

Electronic Apparatus for Biological Research 
By P E K Donaldson With contributions by Dr 
J W L Beament, F W Campbell, Dr D W 
Kennard, Dr R D Keynes, Dr K E Machin and 
Dr I A Sdver Pp xu + 718 (London Butter- 
worths Scientific Publications , Now York Academic 
Press, Inc , 1968 ) 120s , 20 dollars 

T O be able to use and interpret correctly tho 
results obtained by using olectromc apparatus, 
the biologist requires some understanding of elec- 
tronics — a secondary subject which may have little 
direct appeal to him — and for this reason, a book 
explaining concisely the principles and functions of 
electronic apparatus used in biological research could 


bo of great value Tho author of the book has had 
the needs of tho biologist primarily in mind and ho 
and his associate comtnbutors, as members of tho 
staff of the Dopnrlmont of Physiology at Cam 
bridge, ought to bo wull qualified to look after lus 
needs 

The book is divided into four parts Part 1, prin 
ciples of electronics (277 pp ) , Part 2, practical uso 
of components (48 pp ) , Part 3, articles by Hpccinlist 
contributors on transducers, electrodes, indicators 
and measurement of tomperntmo, light and radio 
activity (240 pp ) , Part 4, complete apparatus 
(127 pp ) Tho first pnrl is of standard text-hook 
form, with tho exclusion of subjects considered to be 
of little interest to tho biologist Tho treatment is 
briof, and in somo cases, imfoi tiumtely , it is insuffi- 
cient to permit ono to follow applications winch arc 
givon later The section on filters ir loo detailed for 
tho reader wishing to bo acquainted with, rnthor than 
fully to understand, tho subject On the other hand, 
the application of tho vnlvo ns a switching element 
is covered very briefly', and no mention is made of 
tho pulso response of networks with reference to 
differentiation and integration Tho various sources 
of noise are analysed, this chapter being particularly 
useful m quoting orders of magnitude Tho graphs 
hero aro excellent and self-explanatory' but could 
havo been more conveniently' placed m relation to 
the text, ns lias been dono elsewhere In separating 
the information on bat tones m Part 2 from the 
section dealing with stabilised power supplies, tho 
opportunity to discuss their rolntivc merits is 
missed 

There aro nine chnptcrs in Part 3 dealing with 
specific subjects, all of winch should prove useful to 
anyone concerned with biological instrumentation 
Tho theoretical treatment of light sources and 
detectors is well done, as also is tho assay of radio- 
activity, but circuit applications would havo im- 
proved both chapters The articles on electrodes, 
transducers and tho use of relay circuits aro valuable 
contributions, but that on temperature measurement 
could have boon improved by a recapitulation of the 
physical prmciplos 

Tho important section of Part 4 dealing with 
apparatus is unfortunately' condensed into only ono- 
sixtli of tho book Stimulus artefact is explained 
vory well, as is also tho subjoct of interference, and 
all readers interested m design would benefit from 
the author’s design procedure A chapter on tran- 
sistors gives a useful introduction to the principles 
but an assessment of their possible futuro m bio- 
logical research would have helped to define their 
importance 

The book is well written, and tho practical ndvico 
given shows that tho author writes from oxponenco 
Its valuo could havo boon increased by linking tlio 
biological specifications to appropriate designs, an 
important feature of biological instrumentation Tho 
failure to achiovo this linkage makes tho book of 
rather limited value to tho engineer who is designing 
apparatus for biologists However, m helping to 
sat isfy tho requirements of the physiologist, tho aim 
of tho author has boen achieved, albeit at a high 
prico In tho preface the author expresses doubts 
about the suitability of the title, and sinco tho 
emphasis is so much on physiological applications, 
tho reviewer is of tho opinion that “Electronic 
Apparatus for Physiological Research” would convoy 
more precisely tho nature of tho subject matter 

W J Perkins 
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HISTORY OF TECHNOLOGY 

A History of Technology 

Edited by Charles Singer, E J Holmyard, A R 
Hall and Trevor I Williams Assisted by Y Peel, 
J R Petty and M Reeve Vol 5 The Late Nine 
toenth Century, c 1850 to c 1000 Pp xxxuuj. 
888 +44 plates (Oxford Clarendon Press London 
Oxford University Press 1068 ) 108* net 

T HIS fifth volume of the **Hlstoiy of Technology ’, 
oov ermg the approximate period 1850-1900, 
marks the conclusion of this great work which traces 
the development of technology from the earliest 
times to the beginning of the present century In 
some fields bnof reference is made in the present 
volume to developments that have taken plooo so 
recently as tho years following the Seoond World War 
The book is divided into eight parts The first 
deals with primary production, idcluding the manage- 
ment of food and the development of the metal and 
petroleum industries The second port concerns 
itself with stationary and morino steam engines and 
the internal oombustion engine Part 3 treats of the 
nso of tho olootneal industry Part 4 of the ohomical 
industry Port 5 deals with transport including rail 
ways ships, aircraft, road vehicles and cartography 
and other aids to navigation Part 0 is concerned with 
civil engineering and covers building materials 
bridges, tunnols hydraulic engineering and water 
supplies The seventh part discusses manufacturing 
in general, including textiles, metals, machine t-ools 
ceramics glass, printing photography, and rubber 
The last part evaluates technological education and 
tho general role of technology and its social con 
sequences m tho modem world 

Each of tho chapters is written by a competent 
authority, and the whole volume lias been brought 
together and made into a unified work by its principal 
editor tho eminent Dr Charles 8ingor and by Dr 
E J Holmyard and two other distinguished co 
editors 

Although It could not be expected that overy one 
of the thirty four chapters would delve with equal 
thoroughness into tho moss of technological history 
behind each subjoot treated no\ertheless the whole 
presents a most enlightening and valuable summary 
of progress during the crucial last half of tho nino 
toenth century For oxumplo, two such difforent 
stories os the development of machines for the 
generation of electricity and tho discov cry of aniline 
dves nro almost breath taking m their implications 
for later pure science as -well ns for technology 

It is certain that many full reviews of this extensive 
and admirnblo work will bo written in Great Britain 
Tho present American reviewer feols that ho should 
do\oto special attontion to tho volume ns it may 
appear to some American eyos First of all, it is 
impossible not to be struck by tho clarity of exposition 
of tho present work It is hard to boliev o that an 
equal number of Amoncan students in this field 
could bo found who could write so well It is imlood 
surprising to find authorities in tho highly specialized 
fields of technology who are able to present their 
nubjocts so lucidly Tho stylo of tho volamo will 
mako it attmetivo even to tho layunan who is con 
comod with tho full history of our age Anyone who 
is interested in rending prosont day political or social 
history will also enjoy tho stylo and the content of 
tins volume Hero the reader is not overwhelmed by 
matliomntics or repelled by an unnecessarily tooli 


meal vocabulary It has been possible for tho editors 
to cover the really vast human achievement that is 
considered in this book only by exercising great 
verbal restraint Often a singlo sentence summarizes 
a large development that oven in an encyclopaedia 
article might have been givon a long paragraph For 
examplo Josiah Willard Gibbs, considered by some 
to be tho man who did most for pure scienco under 
lying technology in America during this period is 
described in four words os the formulator of tho 
phase rule 

I oould not indoed read many pages of this book 
without thinking of the fascinating problem of 
national differences in the approach to scientific and 
technological history In reoent years tho world has 
noted auooesaive Russian claims that very many of 
the great inventions and developments of tho poet 
really originated m Russia. Similarly, one who walks 
through tho Deutsohes Museum m Munich must foci 
that the tens of thousands of earnest young Gormans 
who go through its admirable halls each year must 
gain the impression tliat the full flowering of tho 
industrial revolution took place almost alone in 
fertile Gorman soil It is similarly apparent that tho 
present volumo quite properly emphasizes British 
science, teolmological inventions and developments 
This very faot makes the work especially valuablo in 
America Many new industrial developments in tho 
United States grow out of British beginnings, and 
this volume clearly portrays this essential book 
ground 

Some day a general treatise on detailed teohno 
logical developments m tho United States will bo 
prepared and when it does appear it wall bo a 
valuablo supplement to the present volumo When 
such a treat iso is written, it will for exampio giro 
full emphasis to the material contained m tho 
voluminous publications of such organizations ns 
Benjamin Franklin’s still vory active, learned 
academy, “The Amen can Philosophical Sociotv Hold 
at Philadelphia for tho Promotion of Usoful Know 
lodge , the National Academy of Sciences of tho 
United States and tho Smithsonian Institution It 
is indeed a little surprising to find no reforonco In tho 
index t-o these Amorican organizations, which were 
doing so much for world science and technology 
during tins period, in spito of many references to tho 
Royal Sooiety Royal Institution, and the Science 
Museum South Kensington It is quito understand 
able, however that tho moss of Amoncan matenal 
could not be dealt with in a completo way in tho 
present book which ia vory' properly British in its 
central emphasis 

All flvo volumes of tlna great work, nevertheless 
fill a nood long and koonlv recognized especially, it 
may bo on tho western Bide of tho Atlanta Amor 
leans will long bo deoplv conscious therefore, of tho 
debt that they owro to tho distinguished authors and 
editors of all flvo volumes of the work Tho book 


will be road with pleasure and satt«faotion by overy 
one in tho United States who is professionally con 
cemod with tho history of technology and ns already 
suggested, by many others ns well In tho years 
ahead those volumes will bo among the reference 


books most frequently reached for on tho working 
shelf of any student who is concerned with this area 
of scholarship An expression of gratitude is also 
duo to tho groat Imperial Chemical Industries Ltd 
which liolped to make possible tho preparation o 
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The last speaker of the session, Dr Donald H 
Andrews, B N Bakei professor of organic chemistry 
m Johns Hopkins University, discussed non relation- 
ships between art and sciences Ho developed an 
interesting idea on the analysis of form in terms of 
thermodynamics and entropy on one hand, and 
of information theory on the other Citmg as an 
example an unstruck piano stung vibrating with 
overtones set up by its thermal energy, Dr Andrews 
argued that a statue of marble probably had over- 
tones “which in the harmonic rcahn aro tlio exact 
equivalent, homomorphic with the space form” 
If this statue wore coolod to within perhaps a 
200,000th of a degree of absolute zero and its heat 
capacity measured and integrated as it was w armed 
very slowly, the entropy term would bo obtained 
over the very lowest part of tho tomporaturo -range 
and would bear a direct relationship to tho shape 
of the statue, based on tho longest thermal \ ibrations, 
with wave-length a function of the shape of tho statue 

In theory it should bo possible to transmit ‘space- 
form’ information defining the statuo over a distanco 
via radio waves or telephone signals for reproduction 
at an appropriate lathe assembly Dovoloping such 
now concepts of ‘scientific lestliotics’, Dr Andrea's 
concluded that perhaps a moro faithful algebra of 
form was needed for many of to day s problems, in 
thermodynamics, in the study of molocules and of 
molecular aggregates 

The speakers at tho tim'd session of tho symposium 
concerned themselves with unifying principles m 
their respective fields 

Prof P B Medawar, professor of zoologs , Univer- 
sity College, London, presented a critical account of 
the various possible theories which might account 
for the phenomenon of immunological toleranco — tho 
specific immunological unresponsiveness mduced by 
exposuro of very young animals to antigons After 
making two assumptions (1) that tho maintonanco 
of the tolerant state dopends on persistonco of tho 
antigen, and (2) that any one antibody-forming coll 
(and its descendant clone) responds to only ono 
antigen at a time, he considered, in turn, a senes of 
mutually exclusive postulates, for example, that 
immature antibody-forming colls capablo of being 
made tolerant occurred (a) only in embryos or vory 
young animals, or ( b ) m adults as noil Ho then 
went on to discuss the hj'pothescs ono could arrive 
at by various combinations of postulates, ono of 
which led logically to the view that whilo somo cells 
in the adult became immunized by oxposuro to 
antigen, others must become tolerant 

Dr Francis H G Crick, Cavondisli Laboratory, 
University of Cambridge, spoke on tho stiucture of 
viruses Ho emphasized the multiplicity of factors 
which govern the aggregation or packing of ldontical 
units into a given space In tho simplest caso, spherical 
sub-units are aggregated so as to occupy tho smallest 
possible space Such an array has certain olomonts 
of cubic symmetry There aro five-fold, throe-fold 
and two-fold axes of symmetry The surfaces of 
many viruses are polygonal with olements of 2-3, 
4-3-2 and 5-3-2 symmetry , in somo of those evidence 
has been obtained of a regular array of sub units 
Apparently, the protom parts of many viruses aro 
made up of roughly spherical sub-units assembled in 
such a manner as to occupy tho least space 

Studies on infectious ribonucleic acid isolated from 
tobacco mosaic and certain mammalian viruses 
indicate, according to Dr Ci lek, that the ribonucloic 
acid carries, at least, m part, the necessary information 
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to dotormme tho ammo acid scquenco of the protein 
sheath of tho virus particlo Hon over, smeo there 
aro no known virusos consisting of loss than 70 
per cont piotom, it is unlikely that tho viral nucleic 
acid carries sufficient gonetic information to detenu 
me such a largo protom sholl Tho alternative is 
a largo number of small, symmetrically packed, 
protein sub-units 

Dr H Gobind iGiornna, University of British 
Columbia, showed lion advances in our knowledge of 
organic cliomical structures and of organic synthesis 
had contributed to an understanding of biological 
processes Ho reviewed somo of tho important 
accomplishments in protein and peptide eliomistrv — 
such as tho elucidation of the structure of gramicidin 
S and of oxytocic hormones Tho determination 
of tho total scquenco of structural units m ndreno 
corticotroplne hoimones and other biologically active 
materials should soon extend to tho sequence m 
largoi molecules such as ribonucleases 

Turning to research on intermediary metabolism. 
Dr. Khorana discussed tho organic chemistry of 
phosphate esters, with particular emphasis on 
nuclcotidoco cnzvmes, mentioning his own important 
work on the synthesis of co onzymo A. Ho said that 
despite tho underlying similnntv m the structure of 
nucleotide co on/ymes, it was at presont inexplicable 
and ratlior oxciting that their specificity depends 
upon tho nucleosides that tlioy carry 

On another topic, tho sequential analysis of nucleic 
acids, ho emphasized the presont need for research 
Ho described the chemical synthesis of a number of 
ohgonucleotidos that would bo useful m dovoloping 
enzymatic degradation methods for structural analysis 
of nucloic acids Ono problem which confronted us 
to dav, ho concluded, was to match tlio sequential 
analyses of nucloic acids with similnr analyses of 
ammo-acids in protoms and polypeptides 

A lucid discussion of tho mechanism of gene-action 
was presented by Dr John It Prcer, Umvorsity of 
Pennsylvania He said that genes art by influencing 
tlio properties of proteins, probnblv bccatiso tliov 
aro tho determinant forms of the tomplatos (usuallv 
hold to bo of ribonucleic acid nature) which direct 
protom synthesis Ho felt that tho original Bendlo 
hypothesis of ono gone ono onzymo should bo 
extended to mcludo protom and template, so that one 
would have ono geno ono template ono protein 
Tho manv difToront strain-specific ciliary proteins 
of Paramecium aro particularly advantageous mater 
mis for tho study of gono-protoin relations Manv 
difToront loci with multiplo alleles aro involved in 
tho determination of those protoms Genes at onh 
a singlo locus affect each typo of protom, and a locus 
determining ono typo of protom is without effect 
on any otlior locus Tins complex situation is 
oxplicablo on tho template hypothesis Studios on tho 
genetic determination of different typos of hwmo 
globm m man, which usually differ w ith respect to a 
singlo ammo acid, lied furnished beautiful support for 
gono-amino-acid determination 

Dr George Klom, Ivarohnskn Institutot, Stock- 
holm, gave a lucid analysm of tho evolution of tumour 
col] populations Tho cliango from a normal to a 
malignant coll was usually tlio lesult of a sorios of 
successive qualitative steps, known as tumour 
progression Tho various unit characteristics of 
tumours such as growth-rnto, sensitivity to drugs, 
mvasivenoss, otc , did not all chango together during 
progression, but ro-assortod independently so that 
each tumour appeared to undorgo an ovolution of its 
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own, differing from other tumours on a combinatorial mfocted with Mongo or West Nil© viruses was greatly 
basis The postulated unit characters were probably improved— possibly even five-fold A collateral study 
not interrelated, but wore determined by different of the nbonuoleaees of normal and malignant munno 
cemnarmwhamsms tissues implicated tho pancreas os the source of the 

Klein discussed three of the many conceivablo enzyme Because of tho existence of a ribonuoleaso 
moohoniems which might account for progression inhibitor the pattern of nbonudease activity of ascites 
(1) the selection, by mtrinsio or extrinsic factors, of tumour cells differed markedly from that of a normal 
new variant cell types differing from the original type tissue The possible role of the magnesium ion os 
with reepoot to one or more unit characters , (2) the on inactivator of nbonuolease activity was discussed 
loss of abdity of cells to respond to homoeostatio Dr Raymond A. Brown outlined tho biophysical 
forces of the organism , and (3) automatic changes in properties of tho preparations of deoxyribonucleic acid 
cell population characteristics whioh might occur isolated by Dr Colter's now method Tho molecular 
moroly by virtue of an increase in tho population and woight was four to five million, and its sedimentation 
did not depend on cellular change Like Loderberg constant and intrinsic viscosity values were lower 
he felt that analysis of the mechanisms of progression than those usually quoted for deoxyrfbonucloio 
should be modelled on toohniquee derived from acid, 

microbial genetics His own electron microscope studies led Dr Brown 

The closing session of the symposium was devoted to consider cellular ribonucleic acid to be mode up of 
to papers presented by members of the soiontiflo two types of molecules, both 42—13 A in diameter 
staff of tho Wistar Institute but differ mg in length There was suggestive evid 

Dr Hilary KoprowsW director of the Institute, once of a periodicity in the location of tho phosphato 
spoke of the staff as a group of independent thinkere groups along tho axis of the rod Each rod probably 
of widely different backgrounds who approached their consisted of a tightly coded singlo polynucleotide 
gcie-ntiflo problems m individualistic ways but worked chain At low lomo strength, tho molecule un 
together through an "intercommunicating system" coded. 

The mam objoct of research at tho Wistar Institute Dr Vittorio Defend! discussod tho virus host cell 
ho said, was tho study of cellular biology, or perhaps relationships of two tumour inducing viruses tho 

more accurately, “the study of the biological micro BPL-12 virus of the lymphomatosis tumour of 

and macro- cos mOB and the attempt to bridge tho chickens and the polyoma virus m hamsters Ho 

gap between the two Ho onlarged on tins concept described tho nocrotio and proliferrativo lesions of 
saying that staff members woro making quantitative It PL-12 virus infection w tissue cultures, m chiok 
studies at tho cellular level and were attempting tho embryos and in hatched ohioks, emphasizing partiou 

difficult and hazardous task of applying knowledge lorly the derangement of deoxyribonucleio aoid 

about tho coll to stuchoe of the whole organism metabolism which occurred during the infection 

Dr Angus F Graham discussed general aspects of He then outlined his findings on tho pathogenesis 
cell virus relationships and tho methodology of their of tumours arising in Syrian hamsters following thoir 

analyses Ho had boon developing on tn miro virus inoculation at birth with polyoma (parotid gland) 

mammalian coll system in fluid suspension, by means virus All the tumours were of identical histological 

of whioh it might bo poesiblo to investigate quanta t a type regardless of their location Preliminary analysis 

tive aspects of virus infection in a manner analogous of tho infeotobility of newborn hamsters with tho \ mis 

to studies with tho classic phage bacteria system. suggested that immunological tolerance is involved 
Dr Eborhard Wockor presented evidence that the For oxomplo, inoculation of newborn animals with 
uifoctious ribonucleic acid which ho extracted by tho virus along with isologous adult lymphoid colls 
the usual phenol technique at 4* 0 from cells infected resulted m a greatly decreased proportion of tumour 
by eastern oqume encephalomyelitis or western bearing hamsters, and there was an amelioration of tho 
equine oncoplialomyelitis was not donvod from tho course of tho malignant disease in tho minority of 
virus elementary bodies themselves but from a virus animals m which tumours did appear 
precursor which appeared in tho mfectod colls boforo Drs. Rupert E Bill rngharn and Willys K. Silvers 
the mature v irus particles Although liptd-contaimng described their studios on tho tissuo transplantation 
mature virus particles did not yiold uifoctious ribo antigen determined by a locus on the l r chromosomo 
nucleic acid on treatment with phenol at 4* 0 Dr in malo mice This antigen was responsible for tho 
Wockor report od a successful extraction at higher rejection of malo skin ieografta by fo males m many 
tomporatures (40-50° 0 ) He concluded by indicating inbred strains Female mico of the 057 strain could 
how ability to distinguish between tho precursor of bo mado tolerant of subsequent male isogmfts by 
nbonucloio acid and tho acid itself from mature inoculation with male cells os late ns 17 days after 
\ mis particloe might lead to a bettor understanding birth, and tolerance m females could also bo induced 
of tho biosynthesis of v i ruses within colls by means of cell freo antigomo ortracts prepared 

Continuing tho discussion of viral nucloio acids, Dr from isogenic malo tissue*? Employing tho principle 
Jolm 8 Colter outlined studies mado in collaboration of immunological toloranco thoy wore ftblo to show 
with Dr Kay EUem. By a modification of tho classic tliat all male mice, irrospoctiv o of thoir genetic 
Giorcrr and Schramm phenol extraction toohnlquo for constitution, possessed exactly tho sarao Y chromo 
ribonucleic) acid, in which oolls wore disrupted in somo antigen. This conclusion followed from tho 
solutions of high instead of physiological lonio finding that 067 fomolos injected at birth with colls 
strength* tho dooxyribonuoloio acid was extract od from males of any other strain are invariably mado 
m tho aqueous phase wliilo tho bulk of tho ribo tolerant of malo skin isografts A Y chromosomo 
nucloio acid was eliminated into tho phenol phoso antigen was also present m malo rots, which pro* 
The final product was froo from protein and ribo lnninnry results mdicatod was exactly tho same as in 
nucloio acid, and tho yield was quantitative tho mouse a*r<l 

By adding sodium desoxycholato, tho recovery of Concluding tho symposium, I >rof A nd° n % hieing 
infectious ribonucleic acid by Gloror and Schramm's Karoltnska Institute t, *" *° ”*{ i r 5 t, 

phenol extraction mothod from Ehrlich ascites colls member of tho Wistar 
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•warning against the genoial tendency to over-estimate 
the potentialities of pure biochemistry The activities 
of a living cell ns seen under the microscopo immedi- 
ately dispelled any idea that it might bo legal ded as 
a bag of enzymes The fine structure of the coll 
mth its mnumeiablo sm faces and membranes offered 


a clue to the fundamental question "\Vhv and how 
do lend ions occui m tho right place at the right 
time Tho multiplicity of interests disclow d b\ the 
stafT members ortho Wistar Institute, and its strong 
tindition foi morphology should guarantee concentric 
attacks on essential biological pi obtains 


THE AUSTRALIAN ACADEMY OF SCIENCE 


O N May 6, the Go\ emor-Gcnci al of Australia, 
Field-Marshal Sir William Slim, opened tho 
new building vhieh houses the offices nncl conference 
chamber of the Australian Academy of Scionco 
Tho establishment of tho Academy was initiated by a 
group of Fellows of the Royal Sociotv of London 
resident m Australia (Nature, 170, 540 , 1052) 

With the help of other Australian scientific leaders, 
they set up a body which received a Royal Chartei 
personally from Her Majesty Queen Elizabeth II 
during hei Australian tour m 1954 
The Australian Academy of Scienco is the repre- 
sentative body' of Australian scientists at tho national 
level, rvith functions comparable with those of the 
Royal Society of London, w Inch was itself represented 
at the opening, on May G, by its senior y ice president, 
Sir Lindor Brown The fellowship of the Academy 
now numbers eighty -seven and up to six new Fellow s 
are elected each year The president of tho Academy' 
since 1957 lias been Sir John Ecclos, professor of 
physiology in the Australian National Unncrsilv, 
Canberra , his predecessor was Sir Mark Ohphnnt, 
director of the Research School of Physics m tho 
National Urmcrsity 

In outlining the history of the Academy, Sir John 
Eccles said that the need for a national scientific 
body of the highest standing led in 1919 to the forma- 
tion of the Australian National Research Council, 
and thanks to the dey'oted efforts of its leaders, tho 
Council gave most valuable service to Australia 
Yet it would be generally' agreed that it had failed 
to aclnev'e the status that y\ as required of a national 
body with such -weighty' responsibilities Various 
efforts at internal reforms of the Council pro\'od to bo 
impracticable and a more radical proposal emerged 
from a conference on “Science m Australia” organized 
by the Australian National University m 1951 
At this conference and m the subsequent discussions 
there was a fairly general agreement that an Academy' 
of Science yv'ith much more restricted membership 
should replace tho National Research Council Tho 
Council’s executiy’e with great magnanimity agreed 
to its dissolution in order to make way for tho noyy 
Academy This yvas a fine act of self-sacrifice made in 
the belief that the now Academy would bo bettor 
fitted to give leadership m tho scientific development 
of Australia 

The new Academy chose to model itself closely on 
the Royal Society of London, so taking ady'antago 
of threo centuries of wisdom Tho Academy is also 
especially indebted to the Royal Socioty for help in 
its petitioning for the Royal Charter, and for tho 
gift of a magnificent Signature Book that is a replica 
of the original Signature Book of the Royal Socioty 
From the y'ery beginning it has been of prime 
importance to ensure that the highest standards w r cre 
maintained in the election to the fellowship, and that 
it was truly representative of all aspects of pure and 


applied science It could be claimed that it hns 
retained tho confidence of the general body of 
scientists in Australia 

The functions of the Acndcmv nre both national 
and international At tho national ley cl there art 
certain general responsibilities m tbe fostering of 
science and m its publication Howe\cr, it is at tho 
international Jovel that the Academy has its prmapnl 
opportunities and functions First, it is tho body 
representing Australia at all the international 
seientifif unions ns well us at the Pacific Science 
Congress and the Pan Indian Ocean Congress 
Secondly, it undertakes international scientific tasks 
for Austrnbu Tho most notable lias been tho 
International Geophysical Yem, tho Academy being 
responsible for Australia’s fine contribution From 
tho International Gcojiliysicnl Year there hnvo 
deyolopcd further important international nctiwties 
in yyluch again the Academy represents Austrnhn 
Tho Spccinl Committee for Antarctic Research and 
the Committee for Space Research are of vital inter 
o°t to Australia, and both liny o nehiey ed a high statu 0 
Tho third meeting of tho Special Committee for 
Antarctic Research yyas held in Canborrn this year 
and yyas generally agreed to bo ycry successful 
Among other nehiey ements yyas tlic inauguration of 
the International Antarctic Analysis Centre as an 
nnnox to tlic Bureau of Meteorology' m Melbourne 
Other international actnitics nre tbe organization of 
specialist international scientific meetings in Aus- 
tralia In August n specialist biochemical meeting 
on hrcnmtin enzy'mes yyas bold at tho Academy 
It is a field m yyluch Australia holds a high plnce, and 
many of tho leaders m other countries went to 
Austrnhn for llio conference Next year the Academy' 
is arranging for an international conference on the 
chemistry of natural pioducts, yyluch yvill bo hold m 
Melbourne, Sydney' and Canberra 

In all theso national and international activities 
tho Academy can count on tho deyoted servico not 
only of its own fellowship but also of tho other 
scientists of Australia Tho aim is to select tho 
scientists best fitted for theso special purposes 
regardless of their nffihation with tho Academy' 
On the Standing and National Committees of the 
Acadomy tho Fclloyys are outnumbered, and often 
scientists yyho nro not Follows hold key positions 
Thoro will bo no relaxation of labour now that a 
contro for scionco lias been established m Australia 
It lias fine symbolism yvitli its geomotricnl form and 
its great restramt of lino and decor Tho Academy 
can noyy and in tho futuro radiate its influence over 
Australia and tlio yvorld and rocen'o from tho world 
for Australia But oy'ory ond is a noyy beginning , 
and the Acadomy is noy\' planning to becomo ns yyell 
a channel for benefactions for scientific purposes 
and so to oxert its influenco not only through expert 
committees and individually by its Folloyvs but also 
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by providing the finance for research projects Bono 
factors would be secure in the knowledge that their 
contributions wore being administered by the codec 
tivo scientific wisdom of the Academy rather than by 
the authority of any ono scientist, however eminent 
The copper-sheathed dome of the new Academy 
building (Fig 1), rising from the waters of a surround 
mg moat, is backed by the rolling bronze green hills 
of Australia’s national capital, Canberra Beneath 
tlio domo is a control conference chamber, with 
luxurious seating for IDO and coinfort ablo seating 
for a further 100, and a ring of offices, council room, 
and a Buperb reception room which overlooks an 
expanse which will within a fow years bo part of the 
central lako system of Canberra Tlio conference 
ohamber will bo the venue of tho annual mootings 
of the Acadomy iteolf and will be extensively used 
for meet mgs of Australian scientific and professional 
societies as woll as for such international symposia 
as may be hold m Australia 


The national responsibilities of tho Acadomj 
rocoivo material rocogmtion from tho Commonwealth 
Government in tho form of an annual grant towards 
current expenses The Academy howovor, remains 
autonomous, and indoed tho value of its services is 
derived very largely from its autonomy It is too 
young a body to have achieved financial self suffici 
ency through endowments , but tho erection of tho 
conforenoo chamber and offices has boon mndo 
possiblo entirely because of generous contributions 
to tho Acadomv building fund by Australia s great 
industrial firms To theso firms to tho architects, 
and to tho vision and onergy of the members of its 
early Councils the Australian Academy of Science, 
and Australia, owe a debt of gratitude, for they 
hnvo created ono of tho most sinking and im 
portant structuroe in Canberra and thoy have 
provided tho Acadomy with a homo of its own 
which is modem dignified and of tho highest 
qunlltv 


MERLIN, AN INDUSTRIAL RESEARCH REACTOR 

By Dr T E ALUBONE, F R.S 

Research Laboratory, Associated Electrical Industries Ltd., Aldermaston Court, Berkshire 

T HE Merlin research rcaotor is situated at the Laboratory , tho mechanical engineering design, tho 
Research laboratory of Associated Electrical erection and tlio commissioning of tho equipment up 
Industries Ltd at Aldermaston Court- In Berkshire to tho stage of loading fuel into tho reactor havo 
It was made aritical for tho first tune on July 10 1959 boon the responsibility of Associated Eloctncal 
Tho docision to install a reactor for fundamental Induatrics-John Thompson Loading of fuol bognn 
research at Aldermaston was taken m 1055 and tho on July 0 by tho staff of the Laboratory , who 
Associated Electrical Industrics-Jolin Thompson are now engaged on tho proving trials of tho 
Nuclear Energy Co undertook to supply it The reactor These trials which involve thermal moch^ 
nuclear plivsics aspects of the reactor and tho design anical, electrical and phvsical measurement* 
of tlio control system havo boon tho rcsponsibilitv of oxtond into 1900 whUo the reactor j*om>r 
tho Associated Eloctncal Industries Research increased to a maximum of » 
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The original design of the loactor rvas for a 
maximum thermal power of 1 MW However, the 
shortage of test facilities m research leactors m tho 
United Kingdom was impressed upon Associated 
Electrical Industries, Ltd , by tho Atomic Enorgy 
Authority, and mquirios from overseas indicated that 
a 5 MW reactor was a more likely export, so the 
design was altered to aclnovo a pov, or of 5 MW 
type wluch is characterized by a largo maximum fast 
Merlin is of the hght-wator - cooled and moderated 
(> 1 MoV ) neutron flux per unit of power Tho 
maximum unperturbed fast flux with 3 4 kgm of 
uramum-235 in tho core is 6 x 10 la /cm s /s , tho aver- 
age fast flux in tho nuclear power reactors bomg built 
for the Central Electricity Generating Board is about 
10 11 /cm : /s Because it is the fast neutrons which 
contribute a large portion of any irradiation damago 
to materials in a reactor, it should bo possiblo to 
carry out life tests on materials subject to radiation 
in power reactors It is behevod, tlioroforo, that 
Merhn will bo a very useful addition to tho research 
and testing reactors m the United Kingdom 

A view of the reactor as seen from tho experimental 
floor is shown in Fig 1 Tho reactor has been 
described in detail elsewhere 1 , it is of tho pool type, 
using fuel highly enriched in uramum-235 suspended 
m a tank of light water Tho minimum cold, un- 
poisoned critical mass of the reactor lias been shown 
in subcritical experiments to bo about 2 G kgm of 
uramum-235 1 , from which tho mass of uramum-235 


required to piovido a rcactnity of 0 055 is cal- 
culated to bo about 3 4 kgm With a bor\ Ilia 
rofloctor, 3 m thick, addod around tho vertical sales 
of tho core tho corresponding masses of uranium 235 
aro estimated to bo 2 18 kgm and 2 87 kgm , 
respectively Tho maximum react mty of tho coro 
has beonlumtcd to 0 055 for safot y reasons Tho maxi- 
mum unporturbed thermal neutron flux v ith 3 4 kgm 
of uramum-235 m tho core is 5 y 10 ,s /tm */s , tho as er- 
ago thermal flux in tho Central Electricity Generating 
Board pov or reactors is about 2 / 10 u /cm */s 

Tho reactor is unusual in that tho coro can l>o 
mo\od vertically to four positions Tho top position 
pormits tho addition or vithdraval of fuol or experi- 
mental apparatus from tho coro, tho moving coro 
structuro can bo scon m Fig 1 as it appears from tho 
top floor of tho reactor building when tho coro is m 
its highest position At two lover positions tho coro 
is m tho plane of sots of experimental facilities, -which 
can bo scon in Fig 2 The lowest position is for 
storago of tho core and is so arranged that the 
possibility of loss of coolant from tho tank in this 
region is negligible 

Tho area occupied by tho reactor and its associated 
buildings is closo to Aldormnston Lake Tho large 
building contains tho reactoi and tho mam experi- 
mental area, the reactor control room, tho fission- 
product detector and tho ventilation plant for tho 
building Nearer tho lako is tho primnry coolant 
pump house, the secondary coolant pump house, a 
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laboratory for sub -critical studios 
of tho reactor core, on effluent plant 
for processing liquid effluent by ffl 
tration and ion-exchange boforo dis 
postil and a personnel change room 
for use ■when entering and leaving 
the area m which contamination 
might occur Four further small 
laboratories and offices are botwoon 
tho reactor and the lake Twenty 
fixed radiation monitors are situ 
a tod at positions throughout tho 
buddings and in tho effluent dis 
charge system, and a further four 
monitors aro situated approx imatoh 
symmetrically around the roactor 
at a distance of several hundred 
\ nrds, to provido a warning of any 
unduo rofoaso of airbomo radio 
activity 

Tlie proposed research programme 
for Merit n covora both tho funda 
mental and applied aspocts of re 
aotor research Fundamental re 
search being planned includes the 
provision of nuclear data, the effect s 
of radiation on materials, a study 
of Cerenkov radiation in reactors, 
and mothods of measuring neutron 
spectra The applied aspects of 
the research, which wifi certain fy 
invoh o somo fundamental work also 
include activation analysis, roactor 
control and sAfoty Btudiee, and the 
production of short-lived radioactive 
isotopes 

Tho XJni vers iti os of Birmingham 
London, Oxford, Reading and South 
nmpton have been invited to con 
mder how they might host uso the 



reactor for the instruction of senior Fig.2. There* 
undergradunto and postgraduate stu 
dents Mo rubers of several university dejiartments 
and of large polytechnics have spent so\ oral weeks 
with the roactor team, and during thin summer a 
number of postgraduate students from the umvor 
sitiea will be working in the laboratory on some 


Fig. £. The reactor and IU experimental faeflltle* a* teen from tho experimental floor 

iejiartments lias been the responsibility of Dr K Firth Mr B 
\ oral weeks Millar and Mr I Munro, respectively The Reactor 
i summer a Section together with tho Thermonuclear and 
the umvor Nuclear Physics Section, constitute tho Nuclear 
y on some Sciences Group led by Mr D R Chick, who is 


research project associated with Merlm University also responsible for tho overall safety from nuclear 


departments have been invited to arrango bn of visits 
to the reactor for final year studonta m physics, 
metallurgy and engineering, and longer visits for 
postgraduate students 

Dr A J Salmon is the section leader in charge of 
the project, and the detailed work in tho physics, 
electrical and mechanical engineering of the reactor 


hazards Mr J N Barnett, the Laboratory super 
vising engineer has been responsible for tho lay-out 
of this site, with Messrs Atkins and Partners acting 
as consultants 

‘ Alllbcno T B. Chick D B. Firth K. MUltr B., llonro, I hi rt 
SfllrofMJ A. J Dpdpt* Ocmferei>« F*per No 815 (1963) 
•Chick. D TL Firth K Kerrids® Jt and gxftncm, A. J A**rr 
181 1171 (1055) 


NEWS and VIEWS 

Sir Owen Wansbrough-Jones, K.B E, CB Ho succeeded Sir Charioe Ellis as scientific advisor 

At tho end of Soptombor, Sir Owen Wonsbrough to the Army Council It lias been said that the 

Jonea is resigning from the position of clnof scientist number of civilians who can understand tho Army 
to tho Munster of Supply Aftor taking his Ph D can bo counted on tho fingers of one hand ‘Wans 
m tho Dopartmont of Colloid Science at Cambridge, brough was certainly one of them Aftor somo > ears 
ho spent somo time with Halm in Berlin. Ho returned of close contact with tho Army Staff ho 
to Cambridge lioth to lus old dopartmont and to his that he would servo thorn best by doing his u ^ 
college. Trinity Hall Thero wore excellent prospects to onsuro that the Army gained to iho 

of a brilliant academic career boforo lum nut, just they nooded and ho oon ??*h\ onfc tvan^rmigl»-J< ,m * 4 * 

as with his brother, ho folt tho call to the Airn> Ministry of Supply Du ng 
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period of office there has been a notablo growth of tho 
scientific spirit in the Minister's establishments 
Under his stimulus the research and development 
•work carried out m the Ministry lias proved ex- 
ceptionally fruitful, and is probably better in spite 
of national economic conditions than anything like 
it in tho world His colleagues will miss him greatly 
in his retirement 

The U S Natrona! Radio Astronomy Observatory 
Prof Otto Struve, For Mem R S 
Pbof Otto Struve has been appointed tho first 
director of the National Radio Astronomy Observa- 
tory. Green Bank, West Virginia The Observatory 
is being constructed and will be operated by Associ- 
ated Umv ersities, Inc , under contract to the National 
Science Foundation Prof Struve is at present 
professor of astronomy in the Umversitv of California 
and has been director of the Leusclmor Observatory 
since 195 0 He assumed his duties on Tulv 1 An 

astronomer of international reputation, he has pub- 
lished approximately a thousand papers concerned 
with the problems of stellar spectra and other aspects 
of astrophysics Although his principal scientific 
interest has been his important research on the 
properties of v ariable stars, his interests hav o oxtondod 
more generally over tho whole field of astronomy 
The National Radio Astronomy Observatory has 
been designed to supplement facilities avadablo to 
research scientists of the universities by making 
available large and precise radio telescopes not 
hitherto available to American astronomers Among 
these new instruments are the 8 3 -ft Howard E 
Tatel precision radio telescopo recontlv put into 
operation, the 140-ft radio telescope now under con- 
struction, and a \ arioty of auxiliary devices for radio 
astronomy The Observatory' is operated by' a small 
permanent staff in co-operation with an increasing 
number of visiting scientists from various parts of 
tbe world 


1964 Olympic Games Prof. Ryotaro Azuma 

That the 1964 Olympic Games are to be hold in 
Tokyo is largely' due to the efforts of Rvotaro Azuma, 
formerly professor of phnrmacology m the Unn ersity 
of Tokyo, who was recently elected governor of Toky'o 
Azuma, a distinguished member of the Japanese 
scientific community', has always encouraged tho 
Olympic ideal of friendship and sportsmanship m 
international relations He is a keen sportsman 
himself — he has rowed for the Umvorsitv of Tokyo , 
he also introduced the ‘shell’ to Japan from Britain, 
where ho studied at University College, London’ 
during 1922-24 Azuma is a member of the Inter- 
national Olympic Committee and in 1947 he was 
asked to head the Japan Athletic Federation He 
played an important part m organizing the Asian 
Games which were held m Tokyo in 1958 Under 
his leadership sports for enjoyment, as opposed to 
sports as a form of regimentation, have had an 
nnmensQ success in Japan Azuma sees a very close 
connexion between sport and Japan’s post-war 
constitution renouncing militarism , but m his own 
words * * We must still educate the younger genera- 
tion that it is not a disgrace to lose* if you do your 
oest 


Overseas Research Council 

The Overseas Research Council promised at tl 
Commonwealth Trade and Economic Conferee 
at Montreal last September has now been estal 


lishcd In a statement in tho Houso of Lords 
Lord Hailshnm said that the Council, of winch 
Dr R S Aitken will bo chairman, will provide a 
central point to which Commonwealth Govommonfs 
and research institutions can refer for advice and 
information, and it will advise generally on United 
Kingdom co operation m scientific research overseas 
There are no geographical restrictions m tho Council’s 
terms of reference, and matters concerning scientific 
dovolopment m Colonial territories, m Common 
wealth countues and in countries outsido tho Com 
monwealth, can equallv ho referred to it Moreover 
in promoting such dev elopmont Lord Hnilslmm said 
the Council could look to possible collaboration 
between Great Britain and other Commonwealth 
countries, countries oulsido tho Commonwealth, such 
ns the United fet-ates, and international agencies, such 
as those of tho United Nations and tho charitable 
foundations Asked w bother tho members would 
be paid, Lord Hailshnm said lie would roquiro notic-a 
before roplvmg m detail but ho believed certain ofiner-- 
might be paid There would bo a certain amount of 
trav oiling and the momliers of tho Council bad been 
selected largely for tlieir knowledge of overseas 
territories and connexions with scionco in them. 

The other members of tho Council are * Sir Jock 
Campbell, Sir Charles Dodds. Sir Harold Himsworth, 
Sir Joseph Hutchinson. Dr R Lowthwnite, Prof J 
McMichncl, Sir Harry' Melville, Mr E D W Nye, 
Sir Arnold Plant, Sir William Sinter, Dr H G 
Thornton and Sn Solly' Zuchenrwn. Tho Council 
will advise tho IVny' Council Conunittco on Overseas 
Research, which consists of tho Lord President of the 
Council and the Socrotnues of State for Common- 
w oalth Relnt ions, tho Colonies nnd Foreign Affairs Its 
terms of refcrenco comprise ndv jcc on the formulation 
of United Kingdom policv in respect (a) or scientific 
research undertaken in or for overseas territories 
witlun or without tho Commonwealth, (6) of methods 
of making tho results of research available in these 
territories, nnd (c) of assistance to the scientific 
services of these territories ; on tho co ordination 
of the activities of United Kingdom Government 
organizations in tho development of science in the 
civil sphere m ov ersens territories , nnd on co opera- 
tion within tho Commonwealth, with other countries 
and with international agencies m promoting such 
dovolopment 

National Institute for Research in Nuclear Science 

Contracts for more than £430,000 havo been 
placed by the Nntionnl Institute for Research m 
Nuclear Science for tho manufacture of tho inngnot 
coils required to energize tho 7,000-ton electromagnet 
of tho 7,000 MoV proton synchrotron This machine, 
which has been named Nimrod, is being built for 
the Institute by the United Kingdom Atomic Energv 
Authority at tho Rutherford High Energv' Labora- 
tory', Harwell Contracts havo boon awarded to 
British Copper Refiners, Ltd , of Prcscot, Lancs , for 
the supply of mo ro tlrnn 300 tons of lofincd copper 
(from which tho co2b are to be made), m tlio form 
of cast billots , to James Booth and Co , Ltd , of 
Birmingham for oxtrusion of tho cast copper into 
hollow rectangular bars , andtoMotropohton-Vickers 
Electrical Co , Ltd , of Manchester, for tho manu- 
facture of tlio finished coils from tho extruded bam 
The Institute has also awarded a substantial con- 
tract to Marston Ex'celsior, Ltd , of Wolvorliampton, 
for the development and supply of the reinforced 
plastic vacuum chamber m winch the protons oro 
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accelerated This chamber will bo ono of the largest 
plastio structures ever made 

Extension to the Chester Beatty Research Institute 
On July 10, Sir Chester Beatty laid the foundation 
atone of an extension to the Chester Beatty Research 
Institute The cost of the extension (£200,000) 
which will double the existing accommodation, is 
being defrayed from a trust fund deriving from the 
charitable public, and administered for the benefit 
of the Institute by the Board of Governors of the 
Royal Morsden Hospital A contribution of £40,000 
has also been made by the Wellcome Trust, m 
respect of which the extension will inoludo a Wollcomo 
Laboratory of Pharmacology and Experimental 
Chemotherapy The Research Institute of the then 
Cancer Hospital established m 1009-10 and opened 
in 1911 by H R.H the Duke of Connaught was 
directed successively by the late Dr Alexander 
Fame Dr Archibald Leith and Sir Emcet Konnnwny 
In 1938, Sir Chester Beatty (who was then president 
of the Hospital) bought equipped and presented the 
existing budding, which thenceforth became tho 
Cheater Beatty Research Institute The Institute is 
now part of tho Institute of Cancer Research Royal 
Cancer Hospital which in turn is a school of the 
University of London, and an institute of tho British 
Postgraduate Medical Federation Tho Institute 
obtains its mam support from the Medical Research 
Council and the British Empire Cancer Campaign, 
and donations and legacies are received from the 
public Gonerous help has also been given by tho 
U 8 Public Health Service and other American 
sources such ns the Jane Coffin Childs Memorial Fund 
for Medical Research and the Anna Fuller Fund of 
New Haven, and tho Rosens tie l Foundation of New 
\orh City Tho new budding of which tho architects 
are Messrs Lanch ester and Lodge will bo formally 
oponod m 1900, when the Institute celebrates its 
jubilee year 

First Atomic Merchant Ship 
The special illustrated supplement to tho Juno 20 
issue of Atoms for Peace. Digest is dev oted to a detailed 
description of the N S Savannah, the world’s first 
atomio merchant ship which was launched by Mrs 
Eisenhower on July 21 at tho New York Ship, 
budding Company’s Yard m Camden N.J Tho 
Savannah, a joint project of tho U S Moritimo 
Administration and the Atomio Energy Commission, 
lias been built mainly to promote the peaceful uses 
of atomic energy and will not be commercially com 
petitive The v essel is named after the S S Savannah, 
tho first steam ship to cross tho Atlantic, wliich 
started her voyage from Savannah Georgia, to 
Liverpool on May 22, 1819, and is a combination 
passcnger-cargo vessel 605 ft long, with a beam of 
78 ft She can carry 9,600 tons of cargo and acoom 
modate 00 passengers, and will be manned by a 
crew of about. 100 Her speed is estimated at 20 £ 
knots The SarannaJi e reactor consists of a system 
of advanced design using pressurized water as a 
coolant and moderator and fuel eloments with about 
4 per cent uranium 235 enrichment The aotivo 
core, which is 00 in high and 02 m mean diametor, 
contains the fiasilo material — 7,050 kgm of uranium 
oxide in 32 fuel rods, clad in stainless steel There is a 
surrounding pressure vessel primary shield contain 
mg vessel and secondary shlold of 2,500 tons total 
gross weight The react or will supply 74 MW of 
heat, providing sufficient power for tho vessel to 


operate for about three years and to soil 300,000 naut 
ical mflee without refuelling Ic is being built by 
Babcock and Wilcox at Lynchburg m Virginia at 
a cost of about ten million dollars The total cost of 
the ship will be about 40 million dollars 


Labour Statistics 

The Interdepartmental Committee on Social and 
Economic Research has recently issued a revised 
version of its guide to the statistics collected by tho 
Ministry of Labour and National Servico (Guides to 
Official Sources No 1, Labour Statistics H.M 
Stationery Office, London, 1959 5* ) The oppor 

t unity has been taken to bring the material m the 
original odition up to dato and to incliido a historical 
sootion, showing the development of labour statistics 
in Britain since tho end of the nineteenth oenturv 
Tho topics covered inoludo statistics of employment 
unemployment, placing* and vacancies miscellaneous 
man power statistics, wo go rates, earnings and nctuol 
hours worked, strikes and industrial disputes, indus 
trial accidents, tho cost of living, retail prices and 
family budgets Each of tho sections is followed by 
a comprehensive bibliography of official sources 


World Distribution of Atmospheric Water Vapour 
Pressure 

The Meteorological Office is much more than a 
forecasting institution It is tho public repository of 
knowlodge regarding the weather, and among itB 
many functions is the provision of data on a wxirld 
wide scale for a variety of users “ World Distribution 
of Atmospheric Water Vapour Pressure”, by G A 
Tunnoll (Geophysical Memoirs, No 100 Pp 1 + 6 1 
M O 584A London HJSI Stationery Office 1958 
10s net) 18 an atlas of the distribution over tho whole 
world of the daily mean of atmospheric water \ opour 
preasuro for the months January April July and 
October, based on records from 3 600 stations There 
follows a brief survey of the worid distribution of 
diurnal variation of vapour pressure in different 
climates. Information concerning ntmospheno 
humidity in nil parts of the world is thus available in 
compact form for industrialists and othore who may 
require it Mapping is done by means of isoploths. 
In common with all such maps the distributions so 
revealed havo many' interesting features not always 
readily ox pin mod For example taking account of 
the characteristics of Russia 1a tho breadth of tho 
patch of highor vapour pressure shown both in 
January and July near Kazan real 1 Tho midsummer 
variations in the mean vapour pressure over South 
Australia are also noteworthy An agrocahle pub 
lication, clearly printed informativ e and stimulating 
in respect of the distribution shown tho policy of 
tho Meteorological Office in producing such memoirs 
will be widely welcomed 


Hie Customs and Religion of the Ch f lang 
The Ch’iong inhabit a mountainous region m 
Szechwan in western China and grow maize os 
he main crop They speak a Burmcse-Tibetan 
anguage and are said to havo fonncrlv lived in 
lorth -eastern China For some timo past, howiyvor 
hey have been losing their own culture and adopting 
hat of tho Chines 0 with whom they' were earlier in 
■on flint We have such meagre information on the 
ion Chinese population of China tliat almost onv 
oport .« of vnluo Mr D C Omhnm 
Jiscollftnooua Collection*. 135 Mo 14 4- It! p!»l» 
ind Religipn of the Cli inns r P + r 
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polluting substances, of tbe rate at which tbe w ater 
of a stream -mil absorb oxygen from the air, and of 
the effects of aquatic plants and animals on the 
oxygen balance 

In the field, the only satisfactory method at 
present a\ ailable for determining the rate of transfer 
of oxygen from the air is to reduce the oxygen 
tension in the water (by addmg sulphite and a 
catalyst), following then the rise m level of oxygen 
below this point This method has been used success- 
fully for small streams, but presents obvious diffi- 
culties m a large rn er Many of the factors mi olvcd, 
however — for example, turbulence, and the presence 
of substances such as detergents m solution which 
reduce the rate of oxygen transfer — are bemg investi- 
gated by running water through sloping troughs, 
100 ft long, m the grounds of the Laboratory One 
question wluch is often important in Britain — namely , 
the change m oxygen-level in water when it flows 
over weirs — has been substantially settled by work 
in the field and in pilot-scale plant , gi\ en the height 
from which the water falls, and the temperature, the 
extent to which the oxygen deficit is reduced can be 
predicted within narrow limits 

In rivers, oxidation and reduction of compounds of 
nitrogen often play an important part Oxidation of 
ammonia and reduction of nitrate, and particularh 
the effect of concentration of dissolved oxygen on 
these processes, are bemg studied in an artificial 
nver in which water passes through a senes of tanks 
fitted with stirrers In streams containing large 
numbers of algae or much rooted vegetation, the 
effects of the bacterial oxidation of polluting matter on 
oxygen tension may bo greatly outweighed bv photo- 
synthetic production of oxygen and its consumption 
by plant respiration These effects are boing studied 
m a stream near the Laboratory, where continuous 
recorders are installed In Juno and September 
1958 there was a net release of 3 8 gm oxvgen/m */ 
day Estimates are being made of the productivity 
of different reaches in this stream using cropping 
techniques assisted by aerial photographs taken by a 
camera suspended from a meteorological balloon 
Consumption of oxygen by respiration of inverte- 
brates is also significant, and this is bemg determined 


m respirometors m which the change in oxygen 
tension is ogam recorded continuously 

The Laboratory has a small but well-equipped 
Microbiological Section in which three mam lines of 
w ork are m progress The first is a detailed Btudy of 
tho changes which occur whon aqueous solutions of 
organic compounds (which may be radioactively 
labelled) are passed ovor an active microbial film of 
the typo which occurs in percolating filters and on 
which the purification of sow age by this process 
depends Tho film is built up on the inside of a 
‘Perspex cylinder, tho long axis of which is inclined 
and about which it is TOtated , the atmosphere in 
contact wnth tho film is circulated and there are 
arrangements for withdrawing samples from it and 
for adding oxv gen to roplaco that used in oxidation 
Most of the organic substances present in such 
materials as sewage aro very' rapidly oxidized, ono 
object of tho work is to identify those which are not 

It is very important, m treating polluting liquids 
by’ biological processes, to be able, m tho last stago 
of the process, to remove by sedimentation organic 
sludge from the liquid — tho latter representing, of 
course, tho final effluent from the plant A largo 
part of the organic matter to bo remov ed consists of 
bacteria and tho quality' of tho final effluent depends 
very' largely' on whether thoy' will or will not agglu- 
tinate in the final sedimentation tank In spite of a 
good deal of work on the subject , not much 16 known 
of tho factors which affect flocculation m a treatment 
plant , these are therefore being studied by the 
section, using cultures isolated from sewage and 
sewage effluents 

Tho third line of work which is lieing pursued in 
collaboration with the National Coni Board is on tho 
bacterial treatment of waste waters from coko mens, 
m which the chief constituents to be removed are 
phenols thiocyanate and ammonia Rates of assim- 
ilation and oxidation of these substances aro boing 
studied m continuous-cult lire apparatus after pre- 
liminary' trials by the usual Warburg technique 

The Microbiological Section has reeontly been 
strengthened by' tho transfer to it of somo of tho 
staff formerly working at tho National Chemical 
Laboratory 


WATER SUPPLY AND DEMAND IN GREAT BRITAIN 


T HE problem of water supply and demand, the 
need for improved, hydrological knowledge and 
the necessity for a continuing study of the changing 
situation m Britain, have received 'editorial notice m 
rtXature (172, 823, 1953, and 176, 
J-ir f ’ 19oo) The decision to suspend the Inland 
;; ater Survey and disband the Central Advisory Water 
Committee during the economy measures of 1952 
was, from a purely scientific point of view, strongly 
criticized Happily- this decision was rev creed m 1955 
when the Central Advisory' Water Committee was 
reconstituted ; and m the same year the Inland 
V\ ater Survey also recommenced its labours and has 
since published a great deal of information covering 
the post-war years b 

One of the first actions taken by the Central 
Advisory Water Committee in 1955 was to appoint 
two subcommittees to investigate information on 


water resources and tho growing demand for watei 
Both these subcommittees have recently reported 
to the Central Committeo and tho information 
collected so far has now been published* 

Of tho two documents, that of tho Subcommittee 


on uuormation on Water Kesources is peril aps mo 
least control ersial and may bo considered first 
This Subcommittee was appointed with tho following 
terms of reference (1) to review’ tlie current activities 
which contribute to our knowledge of tho nation’s 
water resources , (11) to define tho additional work 
needed to make a balanced survey' of the quantity' 
and quality' of surface and underground water avail- 
able for domestic, industrial and agricultural use , 
(m) to advise on ways of collecting and interpreting 

Growfni t npmn < ^ ,s ? ry Committee Subcommittee on The 

G £?uraJ d Q f ? r tVater— First Report Pp i\ +28 1* 3d net 

PjTtF+4 f t ^I nm /T tce J on lnrorraatlon on Water Resources 
vp 11+-0 1 t 3d net (London EM Statlonerr Office, 1959 ) 
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the necessary Information, correlating it with informa 
tion from other sources and publishing it 

The review of current octivitioa deals with the work 
of the Meteorological Offico (Air Ministry), the Surface 
Water Sun oy Confcro (Ministry of Housing and Local 
Government) and the Geological Survey in. providing 
information on rainfall, evaporation, surface water 
and ground wnter It is rocommondod that the 
Geological Survey should resume publication of 
information on ground water ; and that all data on 
rainfall, surface water and ground water should be 

P resented on a common basis of river basin areas 
he planned future contents of “British Rainfall” 
and the “Surface Water Year Book’ are endorsed, 
and the proposed arrangements for the collection and 
interpretation of hydrological information are con 
sidered adequate to moot tho known need, although 
certain extensions of existing activities are recom 
mendod Tho more froquont inspection of rainfall 
stations, tho more accurate recording of snowfall, 
additional record mg of ground water the publication 
of more data on the quality of certain water supplies 
and the more rapid completion of tho network of 
river gauging stations are all considered desirable 
Although the arrangements for tho collection and 
interpretation of information are considered “broadly 
[to] meet tho known need \ tho report recognizes 
tho necessity for additional investigation into 
hydrological relationships and for furthor inqutry 
into the 1150 of hydrological information. It is there- 
fore also recommended that work at present being 
done on hydrological research should be re viewed 
to dotormino how such work should be co-ordinated 
and what extensions or modifications may be 
desirable Tho lock of any central hydrological 
information and research organization comparable to 
the Goological Survey or Meteorological Office lias 
already been noted olsewhoro* The publication of 
t his report on information on water resources really 
arises from the look of such a body, since data on the 
hydrological cycle in Great Britain are scattered 
among such a variety of authorities each of these 
authorities is only interested in one aspect of the com 
plote cycle Tho recommendation that all hydrological 
results should bo presented on a common basis of 
hydro mo trio areas is however, a significant move 
towards a closer integration of tho available data 
Tho report of tho Subcommittee on the Growing 
Demand for Water is a longer document, although 
despite three jears deliberation and investigation it 
lias appeared as a first and not os a final report for 
tho subcommittee found its terms of reference more 
exacting than anticipated Theso were “To consider 
the oxtent to which the demand for water for domestic 
industrial, Agricultural and other purposes is incrcas 
ing and is likely to inoroaso, to consider the problems 
involvod in meeting theso demands, including, in 
broad terms, the cost , to consider whether there are 
any substantial economies in the use or cost of water 
which could bo roodo without reduction in standards 
of hygiene or in industrial or agricultural efficiency , 
and to make recommendations ’ 

Tho mam questions which remain unanswered 
concern tho demand for water for agricultural irrign 
tion and ooonomics in tho use of water m industry 
The ohlof difficulty experienced m tho investigation 
was related to tho dual character of water supply in 
Groat Britain which is provided by both public water 
undertakers and obtained privately and tho throe 
fold nature of tlio demand, which is domestic, 

* BaJchln WOT Wtler mi Wairr E*a SI Ko 734 (195?) 


industrial and agricultural Accurate statistical 
information on consumption is readily available onij 
from tho public water undertakers, but oven here the 
amounts in the various categories of uso are not full} 
known The subcommittee instituted its own official 
inquiry among all publio water undertakers, tho 
nationalized industries (eloctricity, coal, gas and 
transport), and six major industries (brewing, chemi 
cals, iron and steel, leather, paper and textiles) where 
supplies are largely obtained privately A large and 
valuable collection of new statistical data has there 
foro been accumulated and this together with tho 
unpublished water surveys carried out between 1045 
and 1058 by engineers of the Ministry of Housing and 
Local Government, form the basis of the recommends 
tions accompanying tho report 

In the industrial and domestic categories there m 
clear evidence of a steady nation wide increase in 
water consumption of betwoon 2 and 3 per cent per 
annum during tlie past quarter of a conturj This is 
expected to continue into tho future to produce bv 
1005 something of the order of a 26 per cent increase 
over the known 1055 consumption figures As now 
works under construction or proposed, ore schoduled 
to yield an additional 800 million gallons of water a 
day by 1905, and this is approximately 40 per cent 
of tho quantity distributed by water undertakers in 
1955, the subcommittee concludes that m England 
and Wales os a whole the rising consumption need 
not give neo to immediate anxiety This gonoml 
statement is, however, immediately quahfiod with the 
proviso that “this is not to say that temporary or local 
shortagos will not recur from time to time, quito 
apart from more general shortages m very dry yours 
(when maximum domestic demand ana minimum 
supply tend to coincide), or that industries socking 
new sites will find abundant supplies in any ploco 
they care to choose” The estimates also assume that 
in any particular area the trend of consumption will 
follow approximately its present course, so that anj 
significant deviation not forescon at present could 
upset the balance 

Beyond 1005 tho Subcommittee was “unablo to 
obtain any reliable data” and clodded not to attempt 
numerical estimates The subcommittee is therefore 


not prepared to commit itself other than to express 
the opinion that there noed bo no shortage of water 
in any part of England and Wales providod that 
development schomos are prepared well in advance of 
demand, that tho necessary statutory powers and 
other authorizations are granted, that capital invest 
ment is permitted on tho requisite scalo and tho loca 
tion of industries which require large quantities of 
water is regulotod with the wnter supply situation 
in mind 

While acknowledging the great amount of work 
will oh lias dearly gone into tho inquiry, and tho 
valuable now information which the report presents 
it must bo admitted that there ore a number of 
dobatablo points In the first Instance tho Subcom 
mittoo has based its arguments upon figures of past 
consumption which ore not necessarily indicative of 
past demand, and could certainly bo misleading so 
far as future demand is concerned Tins is most 


cadent in tho agricultural usago of water Quito 
part from the fact that tho consumption rises rapid!} 
i soon as piped water becomes available to a farm 
lero Is the whole unresolved and rapidly growing 
roblem of agricultural irrigation. Tho work “ 

othamstod Expenmont-ol S tatiem id out 
iro, a dofioroncy of rain in more than •> 
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of ten south of a line drawn from the Humber to the 
Se\ern, and a deficiency m rune years out of ten in 
Essex, Suffolk and Kent The magnitude of the 
deficiencv v aries from place to place and from year to 
year with theoretical values ranging from 1 in to 
12m of ram The irrigation that would be needed to 
meet t his deficiency -would depend on soil moisture 
retention conditions and plant rooting characteristics, 
and might amount to a rainfall equivalent in some 
places of up to 6 in AH the water would be used in 
transpiration or evaporation, or absorbed by percola- 
tion, and would not be capable of re-use Calculations 
mdicate that a possible demand of some 8,000 million 
gallons a day might exist m very dry years south of 
the Humber-Sevem line This amount is moro than 
four times that supplied m 1955 by all the public 
water undertakers in England and Wales, and it 
indicates the potential demand which exists and which 
the subcommittee has ignored in its first report It 
is proposed, however, to give further attention to 
this problem, but the approach appears to be negativ o 
as the possibility is mentioned of some form of control 
over the abstraction of surface water analogous to the 
existing protection of underground a a ter If the 

national policy is to secure the maximum food output 
from the agricultural industry, farmers m south-east 
England should be actively encouraged rather than 
discouraged to irrigate, in which case a more positive 
approach to the water supply problem and a com- 
pletely different attitude of mind are then needed 
The reluctance of the Subcommittee to look further 
ahead than 19G5 is also unfortunate, although the 
difficulties can be fully appreciated The Ministry 
of Health Committee on Causes of Increase in Con- 
sumption of Water (1949) was prepared to look ahead 
for a period of some 22 years up to 1970 Past 
experience clearly shows that water-supply schemes 
take many years to come mto operation and that 
reliability m supply largely depends on one generation 
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pla nnin g for tile next The bluo prints to meet the 
requirements of the late 1970’s should bo in process of 
formulation in the early 19G0’s if the real needs of 
agriculture and industry are to be satisfied 

Possible economies m the uso of water in industry 
lmve also been deforrod for future consideration, 
although the report does direct attention to waste 
prev ention and leak detection , tho recommendation 
is made that all water undertakers should operate an 
adequate waste prevention service. 

There is clearly much food for thought in both of 
these reports The rising standard of living of an 
increasing population m Great Britain has, in the 
present century, brought w ater to tho forofront as a 
vital and essential commodity in tho life of the nation 
Although the nntural resources of tho country in 
terms of rainfall aro theoretically adequate, Nature 
has a habit of distributing tho precipitation unevenly 
m both time and place Tins situation can only be 
remedied by caro in use and by tho conservation of 
supplies in periods and areas of plenty Lowland 
Britam, whoro consumption ib greatest, is also tho 
area where tho population is densest, tho rainfall least 
and where local water resources are nearing full 
utilization Highland Britain, on tho other linnd, has 
a low population, tho highest rainfall and a relntno 
o\ er-abundanco of water of which only a small 
proportion has vet. been dev eloped To what extent 
would the gains from scientific irrigation in agriculture 
and a guaranteed domestic and industrial supply in 
lowland Britam outweigh tho cost of storage and 
movement of water from highland Britain ? And 
how far might tho comersion of saline water in 
Great Britam assist m tho solution of tho water- ' 
supply problem ? It seems that these are tho major 
questions on water supply that must bo answered if 
the problem is to bo approached with vision and 
concern for tho needs of tho noxt generation 

W G Y Balchix 


TEN YEARS OF ERGONOMICS 


E RGONOMICS is mainly about ‘human factors’ m 
the design and operation of machines, and about 
the physical environments in which men uso their 
machines Moreover, it is multidisciplinary Nobody 
who attended the tenth anniversary meeting of the 
Ergonomics Research Society, held in Oxford during 
April 6-9, could have much doubt on either of these 
pomts 

The Postmaster-General, Mr Ernest Marples, 
apparently less damaged than he should have been 
by a 400-mde cycling trip m Erance on what seems 
to have been a highly unergonomic saddle, opened 
the conference. He had hard tilings to say about 
the word ergonomics’ Unlike his chairman, the 
Master of Balhol, who thought it was splendid 
because it told us exactly what it meant, Mr Marples 
thought it was frightful because it did not However, 
for ergonomics itself be had nothing but praise The 
General Post Office had used it for run e vears , and 
it was his intention to build it mto the General Post 
Office structure so firmly that it could be got out 
again only by ‘positive action’ He pledged his 
support, for ever} one, evervwhere, including house- 
wives in their kitchens, who moved ergonomically 
with the times 


Following up a point Mr Marples made about tho 
frequency with which “backroom bov s” are oil her not 
understood or misunderstood, Sir Frederic Bartlett, 
form or] v — for twenty-one wears — professor of experi- 
mental psychology m tho University of Cambridge, 
inquired how common difficulties of communication 
might be overcome, 60 that provod advances (for 
example, in the design of altimeters) might be adopted 
with reasonable rapidity Mr Marples advised him 
to get mto touch with tho top people concerned, or 
with the Parliament ary and Scientific Committee, or 
with Mr Marples himself Sir Frederic looked rathei 
less happy about this than did Mr Marples 

There was moro to come from the General Post 
Office A paper by Ur R Conrad, of tho Medical 
Research Council Applied Psychology Unit at Cam- 
bridge, dealt with mass communication systems , 
and a couple by Ur W F Floyd, of tho Middlesex 
Hospital Medical School, and Mss Juno I Jones, of 
the General Post Office, covered some problems of 
lighting, posture, thermal conditions and energy cost 
of work m telephone exchanges and Post Office 
factories These gave a clear indication of what 
ergonomics amounted to m practice Ur Conrad 
told us that to obtam a weather report ho had to 
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dial 06618312274 As this kind of thing was spread 
ing, it had boon decided tlmt some Go no ml Post 
Office based studies of unmodiato memory might pay- 
off Ono proved usoful in comparing conventional 
dials with push button arrangements , and another 
helped m working out the kinds of codes that might 
be suitable for trunk numbers or postal addresses 
Dr Conrad’s concom with efficiency was matched by 
the interest Dr Floyd and Miss Jones chsplaj od m 
comfort but Dr Conrad led tlio other two in his 
theorizing 

These three early speakers did, m fact, tlirow up, 
without oxplioit formulation of them, problems which 
woro to roar their hoods frequently during the con 
foreneo What had Dr Conrad in common with Dr 
Floyd and Miss Jones apart, from the General Post 
Office roof over his head ? All he said — and, indeed, 
all his director, Sir D E Broadbent, said in a later 
paper — could easily have boon labelled ‘opphod 
experimental psychology’ and all that Dr Floyd 
and Miss Jonos said is usually called 'applied physio 
logy’ Where does ergonomics oomo in ? Does it 
Book to be regarded as a now soionco T If so, on what 
is its claim to independent scientific} status founded ? 
Has it any distinctive concepts or methods ? Is it, 
perhaps, mainly a convenient gathonng place for 
people belonging to certain technological wings of 
certain human sciences, and their agents and users 
in industry ? 

As if those puzzloe woro not enough for us, more 
were produced by delegates who came from the 
work study soctor of industry One, Mr A. Graham, 
of Imperial Chemical Industries, created a Binoll 
squall after some plain speaking bj Mr H Murrell, 
the founder of the Society Mr Graham asked scorn 
fully why industry should bo expected to prefer the 
toothpick’ of ergonomics to the ‘pneumatic drill’ of 
work study ; and having delivered himself of this 
broadsido be switchod on his own pneumatio drill and 
demanded tlrnt work Btudy proctitionors should be 
offered both holp and respect Ho gavo the impression 
that what was roally worrying him was the intrusion 
of still more outside 'experts’ At tins point Mr 
A T Welford, the editor of Ergonomics, deftly 
oppliod the oil -can However, it sec ms that later m 
the day at the Society’s annual general meeting, 
Dr E A Mailer, of Dortmund, set the cat among 
the pigoons again by suggesting that meetings 
between research workers ana people from industry 
were o doubtfhl blessing and should be only 
occasional 

It may appoor, from all this, that tlio conference 
was a bit of a mix up So indeed it was But it was 
probably a healthy one Tho physiologists and 
pay ohologists, though going their separate and 
imintc grated ways somehow did battlo together 
•with the delegates from industry Truo, each side 
paid tribute to the other and to some extent shared 
a common oauso , but the sparks flow Perliape oven 
more would havo flown if the meeting hod been hold 
in loes academic surroundings. Tho industrial con 
tingent wero inclined to bo a little shy 

Tho nature and quality of tho papers were as mixed 
as tho audience Though the titlo givon to the con 
feronce as a whole was “Symposium on Ergonomics, 
its Place m Industry (Past Progress ana Future 
Trends)’’, only a few of the contrfbutionfl played up 
to it These camo mostly at the beginning from 
Mr Welford and from Dr O G Edholm, of the 
Modical Research Council Division of Human 
Physiology and at tho end, from Mr Broadbent 


from Dr E H Christensen, of Stockholm, and from 
Mr L V Green, of Dunlops The rest wore chiefly 
individual papers Among thorn were a description 
of work done on design problems in EM.I Elec 
tronics, given by Mr B Shackel , and an account 
of activities m the Clothing and Stores Experimental 
Establishment of the Ministry of Supply, given by 
Dr E T Renboum and Mr H. C Stochbridgo Mr 
0 E Brooks, of Personnel Administration Ltd had 
some sensible things to say about improving the 
quality and output of inspectors bv systematic 
re- training, but the information lie produced in 
support of his findings did not carry conviction to 
everyone nor did it seom to hAvo much to do 
with ergonomics 

Despite tins bittiness a good deal of stimulation 
was providod Mr Murrell s own contribution, 
mentioned oarlier, was not what he meant it to be 
because a midnight argument had made him decide 
to scrap the original In the ovent it turned out to 
be a usefully provocative statement about what 
'ergonomists’ could do for industry that methods 
engineers could not They could bring to their task 
knowledge of the capacities and limitations of human 
beings not to bo found in the publications of Shaw 
Mundel or Barnes More than that, they oould bring 
to it skill in the conduct of experiments with chaps 
A mothods engineer plus a psychologist or half a 
physiologist would produco a different outlook on 
industrial problems This was tho straight from 
the shoulder stuff that caused offonoe to Mr Graliam 
To somo others it caused porploxity, for it left unclear 
tho distinguishing characteristics of tho ergonomist, 
the pey chologist, and the physiologist A few among 
the faithful were dismayed, bocauso although tho\ 
talk about ergonomics, they do not like the label 
‘ergonomist 

In a comment on a paper bv Ins E MJ Electronics 
oolleaguo, Mr J R Arrowsmfth, Mr Sbaokol hod a 
good point to make about the function of mad lines 
in relieving the onxietioa of skilled men who build up 
great tension as the possibility of spoiling several 
da vs work mounts 80 had ifr Broadbont, in the 
sarno discussion, when he remarked that in our hopes 
for the elimination of human error, tlirouch the 
taping of instructions, we must not negloct the risk 
tliat the typist typing the tnpo may err Earlier, 
Mr W D Soymour had asked, rather dnlv, how 
many of tho matters discussed at the conference had 
not been investigated by industrial psychologists 
twonty fiv o years ago 

So some oxtenfc, Mr Seymour’s question was 
answered in a later contribution by tho present 
writer, who made comparisons between the first ton 
years of ergonomics and tho first ten years of 
occupational psychology Tlio chief differences 
seemed to he m tho wider scope of occupational 
psychology It encompassed problems of ’fitting the 
man to the job 1 as well as problems of ‘fitting tho 
job to tho man and It studied attitudes as well as 
skills Dangers arising from narrowing the range of 
tho industrial problems taken into account woro 
illustrated by Dr J J O 'Dwyer, of Unilever, who 
spoko about informal groups in industry, and tho 
importance of perceiving and using them , and by 
ftlr R M MoKenzio, of tho Social Sciences Research 
Centro at Edinburgh, who showed — entertainingly*— 
how social factors could keep a worker's output well 


w his potential. „ , nF 

list of the next ton years ? rr not 
-oil of the Ergonomics Research Socl. ft 
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yet drawn their conclusions from their experience of 
the first decade, they might think about covering the 
following points in their discussions First, thoro is 
porliaps little to be gamed by making ergonomics out 
to be a science It is a land of conglomeration — not 
even a compound — of technologies , and it might bo 
a good thing for it to continue like that Possibly 
the Society should be content to serve the some land 
of admirable purpose as the British Nuclear Energy 
Conference, which pulls in people from a number of 
fields without seeking to detach any of them from 
their primary allegiances 

Secondly, there is undoubtedly a lot to be said for 
the running of courses of lectures and practical w ark 
for people, from a variety of levels and typos of work, 
who are faced with ‘ergonomic 1 problems The short 
Bristol course outlined by Dr S Griew seems sound 
m its aim, which is to put across useful facts about 
the structure and functioning of the human body , 
to show where more can be found , to explain and 
demonstrate experimental approaches to problems of 
equipment design , and to suggest that ‘fitting the 
man to the job’ and ‘fitting the job to tlio man 1 
should often be tackled together 

Thirdly, however, there is perhaps room for far 
more stress on the need to look into, learn about and 
teach people about, individual differences, especially 
on the psychological side Mr Stoekhridge’s cn de- 
coeur (“Individual differences are a frantic nuisance 
If only we had a standard man ”) brought 
out this need Some -workers in this field are clearly 
tempted, not merely to wash that there were such a 
creature, but to assume that there is Mr Welford 
seemed almost to succumb when ho spoko hopefully 


about the discovory of ‘standard times 1 for mental 
operations, and moio particularly whon ho hmtcd 
that ono had been rim to earth in Antworp, wlioro 
telephonists had consistently coped with five hits of 
information a socond Dr Conrad, commenting on 
this lator, unwittingly challenged Mr Wolford by 
revealing that Norwich girls could manage seven 
without any trouble 

Discrepancies like tins cannot really be mot bv 
jocular references to the possiblo existence of 
‘national 1 differences They must bo taken seriously 
Could they arise from differences m the kinds of 
peoplo being guided mto and soloetod for the work 
m different places or at different timos ? Or from 
differences m training arrangements ? Or from 
differences in methods of work adopted ? Or from 
differences m equipment ? Or from differences in 
working conditions of several kinds, mcludmg the 
physical, tbo social and tho financial 1 All those and 
other possibilities should bo explored 

But hero wo encountor two important snags Can 
exploration of tho kind needed bo carried out satis- 
factorily on tbo tmy, homogeneous, doubtfully 
relevant groups often usod by researchers m the vast 
fiold of ergonomics ? And can it bo tackled adequately 
by researchers whoso dovotion to ‘prcciso 1 measure 
ment is such that they are inclined either to forgot 
or to ignore deliberately tho existence of possiblj 
influential factors which ho bovond tho reach of their 
cherished clocks and counters ? Tho stale of play in 
ergonomics ton years from now may dopond a good 
deal on tho answers tho Council of tho Ergonomics 
Research Society gives to theso two questions 

Aweg Rodger 


DISTRIBUTION OF SCIENTIFIC PUBLICATIONS IN 
UNDER-DEVELOPED COUNTRIES 


T HE Scientific Pubhcations Council, which has 
recently been formed, includes the editors of 
twenty scientific journals and the authors of a number 
of scientific books It was started by a group of 
scientists who felt the need for an independent body 
that could uphold the interests of scientific authors 
and editors m working for higher standards m the 
publication and distribution of scientific books and 
journals The Council is intended to provide a means 
for scientific writers and editors to maintain contact 
with each other and exchange views with others 
concerned m scientific publication m Great Britain 
and overseas it provides a forum for the discussion 
of matters of mutual interest and a means of obtaining 
advice in technical and legal matters relating to 
publication It is intended that the Council should 
work to establish good relations between scientific 
writers and publishers, and co operate in setting up 
agreed standards that are acceptable to scientists and 
publishers alike The ofilcers of the Council are 
appointed for a term of three years , Prof G W 
Harris is chairman of the Council and Dr D Richter, 
Neuropsychiatric Research Unit, Whitchurch Hos- 
pital, Cardiff, is honoiary secretary 

At a meeting of the Scientific Pubhcations Council 
held on April 10 at the Ciba Foundation, Bondon, 
Mr John Hampden (British Council) opened a discus- 


sion on tho distributions of scientific pubhcations in 
tho undor-dovoloped countries Ho described tho 
difficulties experienced in many countries in obtaining 
British hooks and periodicals In Asia and Africa 
there is rapidly growing up a new literate class which 
wants to read, but in many places no British publica- 
tions are available In some places it is hard to per- 
suade any bookseller to obtain thorn, as tbo necessary 
currency authorization is difficult, expensive or 
impossible to got, and the profit is small On the 
other hand, thore is an abundant supply of State- 
subsidized cheap editions from tho USSR, China 
and also the United States Tho English language is 
now an international possession Tbo students 
wanting books are the scientists, professional men and 
leaders of tho future, and it is bound to affect their 
future reading and outlook if tho only books they 
can get are not British 

Currency shortages are mainly responsible for tho 
situation m some countries, mcludmg Poland, 
Turkey, Israel, Pakistan and Indonesia How can 
people m these countries buy British books and 
periodicals if they have no sterling to pay for them ? 
Other difficulties in some countiios include tho 
shortage of bookshops stocking British books and the 
lack of libraries where British publications con ho 
seen The difficulty is especially acute for scientific 
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nnd modi cal books, which two needed by specialists 
In the Western countries whore libraries are largely 
taken for granted it is hard to realize tlrnt in many 
places a student may have access to very few books 
which ho does not buy for himself , and tho cost of 
ono book may bo more than a whole month's salary 
In many places it is oven impossible to get up to date 
lists of British books and their very existence is m 
danger of being forgotten 

Tho Americans Jiavo got round tho currency 
restrictions by export schemes in which tho publishers 
aro paid directly by tho Government, bo that tho 
import mg countries need no dollars to pay for books 
This was originally a British idea (invented by Sir 
Stanley Unwin) which tho Americans have adopted 
British text-books havo been deservedly popular in 
Asia and Africa for many years but there is a serious 
danger that they will soon be swept out of somo 
important markets Mr Hampden said wo aro not 
afraid of fan* competition, but British publications 
cannot competo with exports heavily subsidized by 
foreign governments It is a matter of considerable 
concern to those familiar with tho situation that tho 
journals of many British learned societies aro not 
organized os tho book publishers are to increase their 
sales overseas, and it looks os though those journals 
are getting seriously left behind It is essential that 
more information about British scientific books and 
journals should bo made available overseas The 
British Council is doing all it can to spread this 
information abroad 

Dr P Rosbaud said that the cultural importance 
of scientific books has only recently boon appreciated 
in Great Britain The export of scientific and toohm 
cal books is not only of benoflt to tho book trade but 
also haa a far reaching influence on education and 
commerce in general, so that it pays high political 
div idends as well Ono of the roam factors influencing 
distribution abroad is tbe cost Why ore scientific 
books so expensive in comparison with other hooks of 
similar bizo and where do all the profits go ? For a 
tvpical book of 250 pages selling at 3 Gj tho publisher 
may hope to soil 3,000 copies and break even at 
2 400 — if ho sold lees than 2 400 ho loses if more, he 
gams For such a book tho punter s estimate may 
bo 8s a copy, including tho cost of correction, blocks 
and paper There is little to be saved by u sin g paper 
of cheaper quality The publisher a overheads might 
bo 2s Od , adv ertising 2s and the author s royalty at 
12 J per cent would bo 3» 0 d Allowing 33 per cent, or 
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Id? for tho bookseller, that left the publisher with 
only 3* dd as his profit In any sales m tho United 
States the publisher mav need tho services of an 
American distributor who would ask 5CW50 per cent 
of tho selling price and tho British pubbsher would 
also lia\e to pay tbo additional cost of freight 
There is tho alternative of selling a small number of 
books at a high price or a largor number at a lower 
price, oa with text-books Text books have got to bo 
cheap and this might be achieved by bringing out a 
large first issue of 5 000 copies without profit and then 
making a profit on subsequent issues It was not 
right that the author should ever be asked to wmvo 
lus royalty, which was little enough anyway no 
reputable publisher would ovor ask that In tho 
publication of scientific journals great patience might 
be needed before a profit could be made Sir Richard 
Gregory hod told Ur P Rosbaud that Nature took 
more than twenty years before the circulation was 
sufficient for it to make its first profit Publishing a 
journal is liko cultivating a garden in which ono must 
wait a long time for the harvest As the circulation 
increases and the journal gradually becomes more 
profitable, the publisher can pass some of this on to 
the consumer by reducing tho prico or increasing the 
size Scientific journals could be made considerably 
cheaper by including advertising space Otherwise 
the only way of reduomg the cost is to incroaso tho 
circulation Where publishing is a government mono 
poly, ne in the U S S.R , books and journals can bo 
produced at a very low cost but there are objections 
to this practice Such publications may have plenty 
of room for the Lysenkos, but not for tho Vavilovs and 
Pasternaks and the results are tragic There is an 
urgent need for tho Bntiah Government to develop an 
effective export scheme in answer to the floods of cheap 
Stato-subsidized publications from other countries 
The chairman Prof G W Harris, nskod how 
scientists in Britain could best help in getting 
scientific books and journals distributed in the coun 
tries that need them Mr Hampden thought that 
the Scientific Publications Council might help m 
bringing the problem to tho notico of tho leamod 
societies Dr F N L Poyntor dcecribcd tho work 
of the Wellcome Historical Medical Library in colloct 
mg scientific books and medical journals and drstribut 
mg them in under dovoloped countries abroad Ho 
thought it would bo helpful if tho existeneo of a 
voluntary distributing centre of this kind were 
made more widely known 


MAPPING VEGETATION 


A H international symposium on mapping vegeta- 
tion was hold during March 23-20 in Btolzenau / 
Wosor, in tho Federal Repubho of Germany This 
gathering of 112 scientists from sixteen countries, 
including Japan and tho United Slates of Am erica, 
vraa organized by tho head of tho Bundcsanstalt fur 
Vegotationakartiorung Prof R Tuxen (Btolzenau), 
on behalf of tho International Society for Plant 
Geography and Ecology 

The rapid progress of phytoaociology (phyto 
cenology) in this contury, especially during tho post 
three decades, has mado fcasiblo tho zoiontifio map- 
ping of vegetation based upon well defined plant 


communities In viow of recent advancements in 
this field, an international meeting to facilitate 
ox change of views, personal contacts and assessment 
of now future developments was very timely 

Mapping of vegetation at the Bundesanstalt fOr 
Vegct at lonskart lerung (formerly Zontrnlstcllo fur 
Vegotationskartierung des Reiches) began m 1031 
for the Nature Conservancy Service m Hanover Then,, 
oa now tho mapping of vegetation was procod od bv 
extensive field work on existing plant communities- 
in tho respective area by tho mothods of .fUJJVo- 
Montpellier school of phyt osoc I o! °C> ”, ( ; 0 „ tlu^r 
fundamental research on plant communis 
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ecology and distribution, a laige variety of applied 
research programmes have been completed ■winch 
mvohed mapping aotual and potential vegetation 
for various practical aims m agriculture, forestry, 
water supply, transport and nature conservancy At 
present, a large programme of vegetation mapping 
has been undertaken for the West Germany railwajs, 
in which the vegetation along about 30,000 km of 
it 8 railway network will be mapped to provide a 
sound basis for certain practical measures For somo 
time the Institute has been working on a complex 
research pioblem concerning the relationship of a 
particular plant community to the soil prolilo, and 
members of the symposium were much impressed by 
the exhibition of about 300 large, well-propared soil 
profile mounts from north-west Germany In solv mg 
many complex problems on vegetation for Gcrmanj , 
this independent research institute has become in- 
dispensable to otliei neighbouring countries m 
Europe, which face similar problems of a fundamental 
or applied nature It is hoped that recent progress 
will be maintained and its sotmd future development 
preserved 

The papers presented at the conference may bo 
subdivided mto three major groups (a) methods, 
(b) recent advances, and (c) applications 

(a) Methods The importance of fundamental 
principles, methods and aims is of much concern in 
anv mapping of vegetation In lus mtroduction, 
Prof M Schwickerath (Aachen) referred to the sig- 
nificance of ‘association diagrams’ m mapping, bj 
illustrating tins with examples of the Vtolon cal- 
ammarme and Sphagnum associations Prof A. W 
Kuchler (Kansas) explamed the compilation of a 
small-scale vegetation map of the United States and 
the various problems involved Prof A Scamoni 
(Ebeiswalde) presented the new vegetation map of 
the East German Republic on a scale of I 1,000,000 
and indicated the principles applied in this work 
Prof I Horvat (Zagreb) referred to tho basic con- 
siderations m applying higher units of vegetation 
while outlining the mam features of \egetation m 
Yugoslavia Prof A Noirfalise (Brussels) reviewed 
the aims and methods used in mapping the vegetation 
of Belgium , and those for recording marine bio- 
cenoses of the sea bottom off the coasts of Franco 
were outlined by Dr R Molmier (Marseilles) On this 
topic Dr Molunor gave a lecture illustrated by 
excellent colour slides of underwater scenes taken on 
various trips in the Mediterranean Prof H Gausson 
(Toulouse) explamed the choice of colours m carto- 
graphy, illustrated by his excellent bioclimatic maps 
of Africa and South America The following five 
papers from the Bundesanstalt fur Vegetations- 
liartierung dealt with the mam principles, methods 
and techniques adopted there Ur W Trautmann 
discussed his field experiences, and Ur "W Lohmeyer 
assessed the value of aerophotograpliy Prof R 
Tuxen stressed the importance of mapping potential 
vegetation, which is more advantageous m forestry 
than the actual vegetation Ur K Walter spoke on 
introductory courses in phytosociology held in 
Stolzenau, and Ur A Wenzel explamed techniques 
in cartography employed there 

(b) Recent advances The advances made m recent 
vears m phytosociology in various countries and the 
i. alue of vegetation maps m related fields of science 
constituted the second topic of the symposium. Dr 
A E Apinis (Nottingham) stressed the relationships 
of soil micro organisms to higher plants and the value 
of i egetation maps for the fundamental research m 
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soil microbiology Prof F Major (Davis, California) 
outlinod tho basic approach to vogotation necessary 
for tlioir mapping on a scalo of 2 in to 1 milo, whilo 
Mr A Miyawaki (Yokohama) donll with the occur- 
rence in Japan of snow-patcli communities similar to 
thoso of tho European mountains Mr S Bortovio 
(Zagreb) described vogotation mapping m Croatia and 
m other parts of Yugoslavia, while Dr A O Horvat 
(Pecs, Hungary ) presented a dotailed map of forest 
phytocenoses of tho Mocsok Mountains in southern 
Hungary, and Dr R NouMusol (Brno) epoko on 
mappmg natural vogotation in Moravia Mr I S 
Zonnovold (Slcouwijk, Holland) oxplamod tho map- 
pmg of both alluvial soils and vogotation m tho tidal 
fresh-water area of tho Rhino dolta, combining the 
direct fiold method with that of aorial photography 
Mr Doing Kraft (Wagonmgen) is using physiognomic 
charnctonstics in recording tho unstablo duno vogo 
tation near Harlom Dr J Tuxen (Slol/onnu) spoke 
of the application of \ egetation maps m soiling 
problems in tho lnstorual investigation of rural 
landscape, wlulo Prof J Schmifhusen (Karlsruho) 
emphasized tho significance of \ ogotation maps of 
various scales in phytogeography and othor rolnlod 
sciences 

(c) Application 9 Tho \nriety of purposes to which 
tho mappmg of \ ogotation may bo applied was 
rev caled bv tho following papors, which woro illus- 
trated by a number of oxcollont largo-scalo mops 
Prof A Matus/Jciowicz (Warsaw) spoko of do\ clop- 
montsinphytosooiological mapping m Poland nnd its 
present applications Tho possibilities of ecological 
and plivtosociologieal mapping for applied purposes 
was discussed bv Dr G Long (Montpellier) Prof 
P Fukarok (Snrajovo) outlined tho application of 
vegetation maps m tho forestry work of Bosnia and 
Herzogovma and Prof M Wrabor (Ljubljana) 
explained tho uso of the genoial map on a scnlo of 
1 100,000 of potontinl natural -vogotation of north- 

west Yugoslavia ns a basis foi ro-afforestation work 
on the degraded Karst and Flysh areas Tho pnper 
of Mr K Mraz and Mr V Sainck (Praguo) on cortam 
problems on tlio cartography of ■vogotation and 
its applications in forestry was read by Piof R 
Tuxen 

The mappmg of vogotation is logardod ns tho best 
approach to solv mg problems of water relations in 
various plant communities On this aspoot Prof H 
Wagner (Vienna) review ed tho mappmg of vogotation 
for cortam purjioses in connexion w ith liydrooloctrio 
works m Austria, while Dr K Mo i sol (Stolzonau) 
spoko on its importance for tho assessment of damage 
to vogotation duo to water Dr P Soibort (Munich) 
shovvod tho application of plivtosociologieal mapping 
of ‘Pupplingor Au’ near Munich t-o tho water oconomy 
service there, and an ossossmont of damago duo to 
salt water to meadowB of the Worra Valley was given 
and its prevention planned on the basis of a vegeta- 
tion map described by Dr B Spoidol (Bad Horsfeld) 
According to Mr Th A do Boor (Wagorungen) 
mappmg of various grasslands m Holland lias boon 
combmed with soil mapping to provido an efficient 
agricultural advisoiy service in cortam areas Prof 
L Stoubmg (Giessen) found the legular occurronco 
of certain grassland communities m areas wlioro 
wind-break hedges ai e common The nnportnnco and 
practice of mappmg Alpine grasslands m Oberengadm 
was demonstrated by Dr F Marsohall (Zurich) Tho 
two last papers dealt with cortam aspects of nature 
conservancy Dr E Pieismg (Hanover) reviewed 
mapping of vegetation m relation to problems of 
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mvturo conscrvancj and landscape, and Mr P 
Tideman (Doorwerth, Holland) found direct mapping 
combined with aerial photography a ery useful m the 
management of the \ orioua protect od areas in Holland 
Two decisions of general interest may bo briefly 
mentioned ( 1 ) A permanent commission was formed 
for the preparation of a vegetation map of Europe, 
with Prof K Tux on (Stoirenau) as chairman and the 
following mombors Prof J Braun Blanquet (Mont- 

g 'llior), Prof L Emborgar (Montpellier) Prof I 
orvat (Zagreb), Prof A Noirfabso (Brussels) and 
Prof B PawlowBka (Cracow) (2) The following 
resolution was adopted for submission to Unesco and 
all tho member Go\omments concerned 4u Tho vege 
tat ion of tho Earth represent* tho vital productive 
potential upon which all llfo depends Therefore the 
comprehensive studv of vogetation is of tho utmost 
importance, and for this purpose the combination 
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of ecological, phytosociological and oart-ographical 
methods are roquirecL 

“Tlie present-day methods of mapping vogotation 
greatly enlarge our fundamental knowledge of plant 
communities, their development and distribution as 
well as providing a deep insight into thoir environ 
ments In applied phytosociologj the mapping of 
vegetal fon constitutes a solid basis for assessment of 
habitat 8, for utilization of vegetation and for the 
evaluation or even the forecasting of any change or 
damage to vegetation by erosion, wind, water and 
other natural or human factors 

' It is suggested that no large-scale technical 
measures should be planned or carried out which 
may influence the vegetation or landscape* without 
first mapping the vegetation prior to tho respective 
technical moasures being put into effect ” 

\ E AriNiB 


BIOLOGICAL FIBRES 


I T is some time since the X raj Analysis Group of Another oontro\ ersial featuro is the type of hvdro 
tho Institute of Plijmcs has met to consider gon bonding, about which there are two schools of 
biological fibres so that tho conference in Leeds thought respectively accepting or denying tho 
hold during April 17-18, even if onlj portlv do- presence of diagonal hjdrogen bonds (specifically 
voted to fibres was vorj welcome It is however, perpendicular to tho [101] normals in the Meyer and 
symptomatic of tho present place of specialist toch Alisch cell) The orthodox, among them tho British 
niques (evon If they are as well established as X ray Ravon Research Association team, agree with Meyer 
diffraction) m such fields as the study of fibre stmo and Misch at least on this one point tliat the hydro 

turo, and perhaps oven more of the trend of develop gon bonds are parallol to the a axis of tho unit coll 

ment of the corresponding speciabst groups, that of Both school a have recently adduced infra rod absorp 
tho seven papers presented on this occasion only two tion results m favour of their arguments, creating 
could be classed as predominantly crystallographic further confusion for the non specialist 
m content whereas in two others, which dealt Agreement does seem to be reached on one point, 
respectively with infra red absorption and the that there is more than one colhdoso I structure , 
electron microscope X rays had no more than a the oucolluloso (Preston) or tvpo A cellulose (Mar 
casual mention That theso other techniques are rinnn and Mann) of Valonya must one supposes, i>o 

now essential partners with X ray diffraction in cellulose I proper ramie the typical type B cellulose 

research on fibre structure was emphasized bv tho is classed with most of the other plant fibres as 

part they played in tho other three papers Never yielding on hydrolysis, besidos glucose, other sugars 
theloss, m tins account attention will bo confined which are to be regarded as contaminants 
chiefly to topics which are more closely associated Somo fibrillar aspects of tho fine structure of 
with tho nominal activities of the Group oelluloeo also received attention Preston believes 

Tho successful study of the cellulose fibre by that tho micro fibrils retain their identity when mir 
X ray analysis set a fashion which is ovidontly even rounded by incrustanta m tho cell wall, and that 
after merro than thirty years not yet outmoded their surface structure is In somo way responsible 
This fibre is still presenting fundamental crystal lo for tho electron diffraction pattoms which ho and his 
graphic problems for investigation for example it colleaguos Jiavo obtained from metol-celltdoso com 
seems still to bo possible to argue about whether tho plexus 

collulose chain moleoules are all oriented m the same Tho application of X ray analysis to tho problem 
sense, or form two ant {parallel systems D W of tho structure of silk fibroin is nearly as old as its 
Jones and his colleagues (British Rayon Research application to cellulose, and we have boon occur 
Association) are non-committal about it in their dis tomed for a long time to distinguish botwoen the 
mission of cellulose I, but favour alternation in structures of the two principal silks of comroorco 
cellulose II Prof R D Preston (Leeds) suggests domestic and tussah. It is now clear that those are 
that m collulose I alternation is unlikely, basing his but two of a family of at least six fibroins produced 
argumont on the idea that growth is by end syn thews. by various members of tho orders Lepidoptera and 
His conclusion was however, cntioizod in discussion, Arancac , tho silks produced by eomo fifty spec i os 
and also seems impossible to reconcile with the wore exammod by J O Warwichor (Slurloy Institute, 
almost universal acceptance of alternation, in collu Manchester) to establish this. A disturbing observe 
lose II, although whether this is necessary or merely tion is that there appears to bo no strict correlation 
a com oniont dogma is not at all clear It doee seem between tho crystallographic typo of tho fibre m and 
reasonable to oxpect that, if chain polarity is of any the biological classification of the of 

significance at all tho same type of arrangement will Structurally tlio fibroins differ th ^^j^uvj>opt/do 
be present in both modifications the hvdrogon bonded pleated © 1 © 
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chains , this distance may bo as small as 9 3 A 
{Bombyx mort) or as largo as 15 7 A ( Neplnla senegal- 
ensis) In fibroins with the larger inter-shoot separ- 
ations amino-acid residues with long sido-chains must 
occur in tho crystalline regions In view of the 
unportance of this idea, which has alwayB been 
virtually rejected before in tlieorios of fibroin struc- 
tuie, further details of tho relevant chemistry would 
be welcomed 

The cross -ji configuration, so extensively studied 
in the keratm-myelm-elastin-fibiom group of fibrous 
proteins, has always been something of a puz7lo 
because of the difficulty of obtaining a good X-ray 
diffraction diagram Tliat a solution of tho prob- 
lem should now be given m terms of a structure 
closely allied to a fibroin rather than to keratin is ono 
of those oddities which sometimes arise in fibro 
structure research K I> Parker and K X Rudall 
(Leeds) have found, in fact, a cross -p fibroin in tho 
ogg-stalks of the lacewing fly , it gives a romarkably 
good X-ray diffraction pattern the interpretation of 
wluch leaves no doubt that tho fibroin chatn-moloculos 
are arranged in long folds transverse to tho fibre- 
axis Fiom tlus folded configuiation tho chains can 
be brought into the pnraIlel-(3 state by stretching tho 
material to about six times its initial longth This 
change is regarded as a true intramolecular 
transformation like tho a~(3 transformation m 
keratin, but differs from tho latter in that so far 
no success has followed attempts to reverse tho 
change 


Heavy-niolal staining iocliniques are of great 
importance in olectron microscopy, and aro now 
being successfully employed in Btudics of tho micro 
fibrillar toxturo of koratm fibros Work is going on 
in vanous conlrcs to eoirolnto such oloctron micro 
scopo obsoi rations with tho oldor X-ray results that 
mercury, for oxamplo, can modify tho intensities of 
tho equatorial 'rolloMons' at approximately 80 A, 
45 A and 27 A in koratm H J Woods (Leeds) 
reported that staining with mercuric ncotato also 
affects tho vide anglo diffraction pattern, whoa cor- 
rections aro mado for incronsod absorption duo to 
the motal Jn an attempt to account for tho small- 
angle ‘reflexions’ m terms of a model of uniform 
microfibnls it is found that conventional Fourier 
transform motliods for obtaining tho radial dis 
tribution of mtcrfilirillar vectors aro inapplicable, and 
tho direct method of calculating tho intensity from 
an assumed radial distribution often rosults in n 
negative intensity In tho discussion it was suggested 
tliat thero might bo ft failuro of tho conientional 
theory for systems so nearly closo packed as those 
considered, but it now scorns more liholy that the 
difficulty is duo to tho fact tliat for such systems tho 
radial distribution mast bo so nearly determined bv 
geometry tliat tho uso of an arbitrary distribution 
may well bo physically unsound J Sikorski cm 
phasr/ed that tho olectron nncroscopo rosults so far 
tell us onfy about 1 ho detail s in para cortical colls, 
tho sum and packing of tlio microfibrils in tho ortho 
cortox may veil bo different H J Woods 


THE SMITHSONIAN INSTITUTION 

REPORT FOR 1957-58 


T HE report of the Smitlisoman Institution for tho 
year ended June 30, 1958*, covers the 112th 
year of the Institution and includes the report of tho 
Secretary and tho financial roport of the Executive 
Committee of the Board of Regents, together with 
reports of branches of the Institution and on tho 
library and publications The Institution bos now 
nearly 51 million catalogued objocts in its collections, 
and visitors to all its branches totalled more than 
10 36 million Field work during the year included 
tho excavation of tho Welcome Mound along the 
Ohio River m West Virginia , continued field 
investigations of the bud-life of the Isthmus of 
Panama, and the mammal survey of Panama , a 
long-range programme designed to solve tho strati- 
graphic sequence in the Glass Mountains , and 
extensive palteontological work in Oklahoma, Texas, 
Hew Mexico and Colorado 

Systematic researches by the staff of tho Bureau 
of American Ethnology mcludcd Eskimo and arctic 
studies, field-work m South Carolina, among the 
Lew Vork Seneca and in Florida, and excavations at 
Russell Cave, Alabama The director of the Bureau 
continued also as director of the River Basin Surveys, 
which continued its programme for salvage archae- 
ology in areas to be flooded or otherwise destroyod 


* Smithsonian Institution Beport of tlio Secretary and Flnanch 
Report of the Executive Committee of the Eoard of Regents for tb 
year ended Jane SO 1953 Pp 1+232+14 plates (Washington 
X) 0 Qo\ eminent Printing Office I05S ) 


by the construction of largo dams By Juno 30, 1958, 
254 survoys and excavations had boon made in 
tv onty-mno States and 4,889 nrclneological sites 
located, of vhtch 997 had boon recommended for 
oxcavation or limited testing , by tho ond of tho 
year, 388 sitos m fifty-tv o reservoir busins in mnoteon 
States had boon partly or oxtonsivoly dug 

Tlio Smithsonian Astrophysical Observatory con 
tmued to work along tho four principal linos of solar 
astrophysics, meteors, tho satellite tracking pro- 
gramme and studios of tho upper atmosphoro, m 
which methods based on colostial mechanics wore 
dovolopod for inferring tho density of tho upper 
atmosphoro from tho motions of artificial Earth 
satellites, and a theoretical study of tho naturo and 
thiclmoss of tho lunar dust layor was completed Its 
Division of Radiation and Organisms continued 
studies on photomechanisms in plants, with spooial 
emphasis on growth responses conlrollod by low 
lovols of rod ond blue radiant energy Studios of tho 
mtoi action of gibborellm, kinotm and cobalt with tho 
photo-process indicate that thero is no direct inter- 
action between red lrradinnoo and tlio added sub 
stances, although all theso materials modify tho final 
growth response Studies wore continued on the 
effects of radiant energy on tlio biosynthesis of proto 
chlorophyll in leaves of higher plants grown in the 
dark, and m a study of biochemical changos involved 
m the development and maturation of the chloroplost 
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of higher plnntB, some progress was made in isolating 
intact proplastids from leaves grown in tho dark 
Good progress is reported in locating a site for a 
now building for the National Air Museum, to which 
103 specimens m 62 accessions were added during 
the year Tho National Zoological Park, to winch 
1,411 animals wero added during the year, now 
totals 2,310 individual specimens, and visitors 
oxcocdod 4 million, while those to tho Canal Zone 
Biological Area totalled 670, of whom forty three 
were scientists, students or observers using the 
station for scientific work, particularly in wild life 
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observation, plant and insect studies and photo- 
graphy Tho International Exchange Service handled 
1,094,708 packages, including 03 full and 43 partial 
sots of United States official publications in exchange 
for official publications sent by foreign Governments 
for deposit in the Library of Congress The Library 
received 63 274 publications during the year, and 
arranged 128 new exchanges Its holding at the end 
of the year totalled 974 803, including 686,722 m the 
Smithsonian Deposit at the Library of Congress 
Tho report includes a list of the 81 new Smithsonian 
publications issued during the year 


EFFECT OF NITROUS ACID ON TOBACCO MOSAIC VIRUS 
MUTATION OR SELECTION 7 

By F C BAWDEN F R S 

Rotharruted Experimental Station Harpenden Herts 


G IERER and Mun dry 1 1 claim that treating 
preparations of tobacco mosaic virus or of its 
nucleic acid with nitrous acid tn t ntro causes mutations 
Indeed, they state that their “experiments show that 
replacement of one single NH, group by one OH 
group in vitro can change the genetic character of the 
whole TMV RNA molecule’ * The genetical impli 
cations of this statement are so groat that, before 
accepting it, there is more than usual need to ensure 
that their experiments could have no other interprets 
tion. What their results show is that, when tobacco 
mosaic virus is treated with nitrous acid, its infect i v 
lty, as measured by the numbers of local lesions formed 
in ono tobacco variety Xanthi, decreases, while the 
number of necrotic lesions produced in another 
variety, Java, m creases Xanthi forms necrotic 
local lesions with all the usual strains of tobacco 
mosaic virus, whoreas Java forms them with only 
some and not with the type strum 

These results ore readily reproducible Table 1 
shows two experiments with the Rothamsted type 
culture of tobacco mosaio virus , in one, inoculations 
were made to Xanthi and Java and in the other to 
Ntcottana glulmosa L which liko Xanthi gives 
necrotic local lemons with the type strain, and to 
Judy’s Pride, a variety of White Burley, which, like 
Java, does not The starting preparation like those 
used by Gierer and Mundry, produced a few necrotic 
lesions on Javn and Judys Pride There is nothing 
unusual in this, for all bulk preparations of tobacco 
mosaio virus contain a mixture of strains However, 
this being so, it is obviously necessary to consider 
whether the change in behaviour of tho preparations 
towards tho different plants during inactivation by 
nitrous acid could simply reflect some form of selection 
from a mixed population of strains Gierer and 
Mundry stato that this possibility is excluded because 
tho total number oflcsions produced on Java increases 
cutd not simply the ratio of lesions on Java to those 
on Xanthi Thoy therefore concludo that the number 
of particles ablo to causo noexotio lesions on Java 
must have boon increased by exposure to nitrite 
But must it t Their conclusion rests on tho assump 
tion that strains do not interact and that one will 
always produce its characteristic effects regardless 
of how much of other strains is present 


Table l Nchbebb or Nr cjottc Ldidii rboduced bt Dirmun 
Nlcotwwa BfF.ClEJ 1KD VAJUETtM WBXX IKOCTLATZD TrtTU TOBACCO 
Mosaic ^ rau* tr rated roa tariots tlhrs wrrn Nitrous Acid 


Tim# (hr ) 

Numberi of nee 

roUclealona per leaf 

Er 

P 1 

Exp S 

Xanthi 

Java 

A gltdimm 

Judy*! Pride 

0-0 

300 

0-6 

360 

o 

0 6 

£50 

0 

300 

12 

1 

122 

24 

£10 

£0 

2 

03 

20 

ISO 

23 

4 

83 

12 

60 

33 

£0 

0 

0 6 

10 

16 


Tobacco mo«*te rlnu at 4 mjpn ./ml. tu incubated with 1 -U»odlnra 
nitrite and 0-25 J/ acetic add afpH 4 l for the times itated, whd> 
samples were dilated igo In pH 7 pho#phnte batter and rod a* 
Inocula. Xanthi and N fiulinota givo necrotlo local Icslonj with the 
typo • train of tobacco mottle virua Java and Judy’s Pride do not. 


Table 2. XuxBEtB or Nice ono Lesioxi produced bt dittirext 
A {cciiana \ abjetiei asp Sfxoeb week inoculated with Mixtures 
or Tomato Aucuba ard Tobacco Mosaic Viruses 


/nottdim 

Number^ of trtcro 

tic leiloni per leaf 

Exp 1 

Exp 2 

Xanthi 

Java 

flatincta 

Jody** 

Pride 

Aucuba alone 

Aucuba In TMV £0 mem. fl 
Aucuba In TMV 200 tngm Jl 
Aucuba In T1TV 2 em./l 
TMV 2 pn/L alone 

05 

130 

890 

600 

600 

240 

180 

24 

2 

3 

GO 

128 

360 

400 

450 

76 

00 

14 

4 

£ 


The tomato ancaba mottle virus wa* rod at 10 mpn'f] With the 
high concentrations of tobacco mosaic vims (TJH ) the lesions on 
Xanthi and ff plutincta were too many to count accurately 


There is much evidence at variances With tins 
assumption. For example it line long been known 
that infection of a plant with one strain of tobacco 
mosaic virus prevents other strains from producing 
their characteristic effects* and that adding type 
tobacco mosaio virus to inocula of strains that produce 
nocrotic lesioDS in Judy’s Prido tobacco decreases tho 
number of lesions they produce 1 One such strain fs 
tomato aucuba mosaic virus, and Table 2 shoivB how 


nixing tlus with various amounts of tobacco mosaic 
turns can affect tho number of nocrotic lemons formed 
jn Jnvn and Judy’s Pndo p' crc “ In 5 
jf tobacco mosaic virus reproduces t ^| P Munrfn 

ndlich in treatment, with nltr.lo G.ercr on 
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say can only be attributed to mutations, of decreasing 
the numbers of lesions produced on Xantln and 
N gluttnosa while the numbers on Java and Judy s 
Pride increase Numbers of necrotic lesions , however, 
do not tell the whole story, for mixing aucuba mosaic 
virus with tobacco mosaic virus alters the type of 
lesion produced, especially on Java Aucuba mosaic 
virus alone produces distinctive, reddish -brown 
circles that may reach a diameter of 0 5 cm Nono 
of the lesions recorded in Table 2 as formed by 
mocula containing the larger amounts of tobacco 
mosaic virus was of this type, but all were white 
spots and flecks of various sizes With smaller 
amounts of tobacco mosaic virus, the lesions were 
more variable , some were all white, but others had 
small reddish-brown centres, and some approximated 
to true aucuba tvpe More of the last type occurred 
as the concentration of tobacco mosaic virus 
decreased 

Similarly, when mixtures containing 4 mgm /ml 
tobacco mosaic viruses and 20 mgm / 1 aucuba mosaic 
virus were diluted 1/10 in pH 7 phosphate buffer and 
inoculated to Java, only white lesions wore formed, 
whereas a range of types was produced after incuba- 
tion with nitrite The first brown lesions to appear 
were small, but as the treatment continued tliov 
became more typical of tho aucuba type It is 
highly unlikely that adding aucuba mosaic virus to 
the starting preparation directed any mutations 
caused by nitrite towards characters peculiar to 
aucuba mosaic virus, and a more reasonable inter- 
pretation is that the residual aucuba mosaic virus 
became increasingly able to make itself evident 
as the concentration of infective tobacco mosaic 
virus decreased This interpretation does not demand 
that aucuba mosaic virus should bo more resistant 
than tobacco mosaic virus to inactivation by nitrite, 
for the ability of the latter to obscure the presence of 
aucuba mosaic virus is not determined only by tho 
proportions of the two Concentrated tobacco 
mosaic virus will obscure proportionally more than 
will dilute virus , for example, whereas 2 gm fi will 
obscure 20 mgm / 1 aucuba mosaic virus, 0 2 gm /I 
will not necessarily mask 2 mgm /I 

The fact that the obscuring ability of tobacco 
mosaic virus mcreases with increasing concentration 
may simply reflect one aspect of tho well-lmown 
interference phenomenon, that infection by one strain 
makes cells resist infection by others Tho more 
concentrated the tobacco mosaic virus, the more 
epidermal cells it will infect at inoculation and tho 
fewer there will be for aucuba mosaic virus to multiply 
m unhindered Indeed, the range of local-lesion 
types in J ava produced by mixtures of the two may 
mean only that, m different parts of tho leaf, different 
proportions of cells contain one or other of the two 
strains However, it is equally possible that there 
are other interactions between the strains as they 
multiply, leading, perhaps, to genetic recombinations 
or phenotypic mixing This could be decided only 
by isolating the viruses present m different lesions 
and testing their behaviour when transmitted bo a 
range of plants Whatever may be the mechanisms 
of the interaction between strains, there is no doubt 
that strains able and unable to cause necrotic lesions 
m Java tobacco do interact and that this interaction 
affects both the quantity and quality of lesions 
produced The experiment recorded m Table 2 
shows fewer local lesions on Java when aucuba 
mosaic virus was mixed with tobacco mosaic virus 
than when inoculated alone , but the mixtures some- 


times produced more lesions, though no lesion was 
thon of the aucuba tvpe and all wore white spots, 
rings or flocks Obv lonsly tho interactions are com 
plox, but tho fact that they occur mnkos tho counts 
of necrotic lesions produced by mixtures of strains 
valueless for indicating tho numbers of particles pres 
ent that are intrinsically ablo to cause nocrosis in Jav a- 
Thore seems no reason to look furl her for an explana- 
tion of tho action of mtrito m increasing the numbers 
of lesions produced by tobacco mosaic virus in Java 
than that, as tho concentration of particles unablo 
to causo necrosis doorcases, so they interact less with 
those ablo to rauso necrotic lesions 

The phenomena that suggest mutation come from 
interactions between mfoctivo particles , but thoro 13 
also an interaction hot ween virus inactivated by 
mtrito and nctivo virus Inactiv ntion by nitrite is an 
effect on tho nucloic acid, and inactivated vmiB 
particles still retain tlioir physical and sorologicnl 
properties, ns do those inactivated by ultra-violet 
radiation Like virus inactivated by ultra violet 
radiation*, and liko tlio protein produced vilion virus 
particles are disrupted by alkali*, nitnto-mactivated 
vims inhibits infection by active particles, and tho 
presence of 0 4 mgm /ml of such inactivated virus will 
lialvo the number of lesions produced bv tobacco 
mosaic or aucuba mosaic virus at 10 mgm /I This 
inhibition could affect measurements of inactivation 
rates, for ns tlio amount of innetiv nted virus increases 
so it w ill increasingly inhibit infections by tho residual 
infective virus, tho amount of which will thereby bo 
increasingly imdor-ostimatod and preparations will 
censo to infect whilo they still contain potentially 
infective particles The v mis protom is likolv to bo 
responsible for the inhibition, so tosts with nucleic acid 
preparations nro probablv froo from this complica- 
tion , it was with those t hat Mundry nnd Gioror 5 found 
that inactivation follows first-order kinetics Their 
conclusion that changes in smglo NH, -groups causo 
mutations derives from tho observation that tlio 
numbers of necrotic lesions produced on Java at 
first mercaso linearly witli timo , but this need 
mean little more than that the dominating strain in 
their starting preparation inactivated according t-o 
first-order kinetics That tlioir starting preparation 
did contain strains already ablo to causo necrosis m 
Java is clear, and that those wore interacting with 
other strains is strongly suggosted by tlio fact that, 
when diluted 1/10, tho number of nocrotic lo 3 ions on 
Xantln foil to one fifth whereas tho numbor on Java 
was only halv ed 

Tho isolations Mundry and Gioror 5 mado from smglo 
local losions m Xantln also show tlioir starting prepara- 
tion was mixed Most of tho isolates modo from 00 
losions produced bv nucloic acid after 90-min 
exposure to nitrous acid differed from typo tobacco 
mosaic virus, whereas only 1 out of CD isolates mado 
from the starting preparation was obviously different 
Tins fact they odvanco as further evidence that 
nitrite caused mutations , but as tho treated prepara- 
tion had lost more than 99 per cent of tho initial 
infectivity, 99 times os many losions should have boon 
sampled from tho untreated as from tho treated 
preparation to mako a proper comparison Had 
0,000 lesions boon sampled, thoro is every reason to 
think that more than 100 isolates differing from 
tobacco mosaic virus would have boon found, for the 
fact that one was identified for certain from 05 lesions 
suggests that at least 2 per cent of tho particles 
m tho starting material differed from typo tobacco 
mosaic virus 
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I have made no teats to see -whether different 
strains differ m the rate at which they are inactivated 
bv nitrite but it is to be expected that they will, 
for strains have been found to differ in their bus 
coptibility to inactivation by most other treatments 
The obvious place to look for resistant strains la 
among those that survive at the tail end of an inoctl 
\ating treatment, and all that is needed to explain 
the preponderance of variants after oxpoauro to 
mtnto is to postulate that strains differ in then rate 
of m activation That the isolates when propagated 
continued to show their characteristic differences 
from typo tobacco mosaio virus is interesting but 
has no rolevance to the problem of how tlioy camo to 
be genoticallj different from tlio typo virus Mutations 
no doubt reflect chemical changes m tho nucleic acid, 
and there is no o prton reason why changes produced 


URE 

tn vitro should not affect the genetic behaviour of 
viruses, but to attribute mutations to such ohanges 
roquiree more than demonstrating that the end 
products of an inactivating treatment differ in 
behaviour from the bulk of the starting material , 
it requires demonstrating that chemical changes 
produced in vitro are perpetuated in the progeny 
of the partioles 

I am indobtod to Dr A. Qiorer for providing me 
with seeds of tho tobacco varieties Xanthi and Java. 

1 Qiorer A. and llnndry K. TV Batnr* 185 1467 (1853) 

1 JTandrr K W and Qiorer A Z TtrcrbvnftUkn 89 014 (1953) 

* Tirana T H. 7, Ned* Indkch Natuunretermin Conrr Bandoena 

Java 450 (1D31) 

‘Sadaitran T 8 Atm. App Biol. 67 550 (1040) 

' Bawden F 0 and Kleokowiltl A* J Gen Microbiol. 8 145(1953) 

* Bawden F a and Plrie N W J Gen. Microbiol 17 80 (105~) 


CHARACTERS ASSOCIATED WITH PARASITISM IN 
GRAM-POSITIVE BACTERIA 


By Dr. K A BISSET 

Department of Bacteriology University of Birmingham 


T HE concopt of parasitism in bacteria has been 
overshadow od by the more immediate problems 
of pathogenesis, so that, in standard bacteriological 
Iiteraturo, tho words parasite and pathogen are 
treated ns if the} wore synonymous, and harmless 
parasites oro inaccurately designated commensals 
Parasitism properly so callod, is common among 
bacteria especially of tho Gram positive group, and 
rt is the purpose of this articlo to indicato certain 
interesting conclusions that are derived from a con 
sidoration of the characters associated with its 
occurronco 

Man> members of the Gram poaitivo group oro 
not, in fact, Gram positive in then staining reactions 
but nevertheless bear bo close a resemblance to tho 
other members of the group in ov cry other respect 
that they must be considered to have lost this cliarac 
t eristic secondarily In very many instances, those 
are paras it io representatives of mainly free-living 
families An obv ions exomplo is If assert a, a genus 
consisting of obligate parasites, many of which have 
lost all trace of Gram positivity, while retaining 
characters of morphology, metabolism, antibiotic 
sensitivity, etc., that indicato a relationship with the 
Coccaceae (Their description as obligato parasites 
refers to their normal mode of life, and does not 
oxcludo the possibility of growth in artificial culture ) 
A second important character associated with 
parasitism is onaerobiosis So for as I am aware, all 
trulj Gram negativo bacteria are aerobio the so 
called Gram negative anaerobes, such as Veillonella, 
Fusobacicnitm or Bacteroidcs, have obvious affiliations 


The third character assoc la tod with parasitism m 
Gram positive bacteria, as indoed in animals and higher 
plants also, is loss of structural complexity , although 
the bacteria are exceptional m that tho} oommonly 
undergo a reduction in the organs of distribution 

Thus, in respect of those various characters, there 
is quite often found to ovist a senes of forms oon 
nocting a Gram positive aerobio saprophyto of com 
pi ax morphology, with a Gram negntn e, anaerobic 
parasite of simplo morphology 

(A) Tho free living sarcinao are large and strongly 
Gram positive, they are aerobic, and includo repro 
sentatives whioli, by virtue of their possession of 
flagolla and spores, attest a rocont common origin 
with tho sporing bacilli The facultatively parasrtio 
micrococci and staphylococci are Gram positive and 
aerobio, but smaller and devoid of flagella and spores 
Tho parasitic Neisseria are aerobic, but Grom 
vanablo or nogativo and the Vcillondla, in addition 
to theso characters, are anaerobic and very small 
indeed* 

(B) Tho free living streptom} cos are large and 
strongly Gram pomtivo, they oro oorobio and they 
branch and sporulato very freely Tho largo oral 
leptotnehia are aerobic and Gram positive, they 
branch freely and form very occasional chains of 
spores 1 Tho classical typo of Leptotnehia buccalts 
is microaerophilio and Gram variable, it branches 
rather rarely and does not appear to form spores 1 
Fusoboctoria resomblo L buccahs vorv closely m 
general morphology, but aro very small, Gram 
negative, onaerobio and do not branch All tho lost 


with Gram positive families, and tlicso also aro throe aro obligato parasites, but they aro progressively 
obligato parasites This combination of characters more difficult to cultivate, in the order givon Tho 
is well known in tho facultatively parasitic dostndia, origin of tho anaerobic, Grom negative BacterovJes, 
many of which are very weakly Gram positive, which bears somo resomblance to the fusobactona, is 
whereas the aerobic, gpormg bacilli, few of which aro probably BimHar 

parasitio, are strongly Gram positive Anaerobiosis (C) Tho truo Actinomyces (a genus of oral parasites 
without loss of Gram positivity is found in the typified by A bovis) rosomblo Mxcromonospora u\ 
parasitio Actinomyces Tlio streptococci would serve their main morphological foaturoe, but oro anaerobic 

asoxamplos in view of thoir lock of catalase but most ot nucroeorophillc and structimdly dogencrao^^^^^ 

species aro aerobic by virtue of their insensitivity If tho conclusions nrising from u*o mnjorft' 
to hydrogen peroxide are valid it would apponr that tho prroot 
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parasitic bacteria of the Gram-positive group aro 
descended from more complex, free-living ancestors 
Tins is, of course, a biological commonplace, but 
systematic bacteriology has not yet fully recovered 
from tho effects of placmg a very undue emphasis 
upon tho taxonomic characters of those common 
pathogens, usually members of parasitic genera, 
'with -winch tho majority of bactonologists aro, or 
previously -were, most' closely acquainted, without 
fating into consideration the possibility of such 
tendencies as have just been described 

Tho suggestion that structurally complex Actmo- 
mj cetes are ancestral to simpler forms, and ov on to 
cocci, is not new 1 , but former hypotheses of this typo 
have tended to suggest the sort of relationship that 
exists between the mycelial and oidial fungi, rather 
than aprogressiv e degeneration of structure, associated 
with anaerobiosis or loss of Gram-positivitv, and 
sometimes with both 

It is not, however, easy to understand lion these 
bacteria are able to dispense with tho production of 
catalase and of the nucleic acids of tho Gram complex 3 , 
which appear to be essential, or very ad\ antageous, 
to their free-living counterparts In the case of tho 
bowel-dwelling forms, it is possible that tlioir environ- 
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ment protects them against free oxygen , but whereas 
neither Glostrtdmm, Bactcroidcs, * Lactobacillus biftdus' 
nor Streptococcus faccalis produces catalase, the truly 
Gram -negative intostmal bacteria do so in overv caso 
Nor is tho alternative explanation, that tho anaerobes 
of tho mouth, for oxamplo, In o in such close associa- 
tion v. ith largo numbors of otlior bacteria as to 
profit from their catalaso production or oxygon 
utilization, any moro satisfactory, smeo tho oral flora 
consists very largoly of anaerobes or non-catalaso 
producing aerobes, such os streptococci and lacto- 
bacilh The animal tissues thomselvcs aro tho onh 
probablo source of tho eniyme 

The significance of tho loss of tho Gram-complex 
m so many parasites is almost beyond speculation, 
but it is at least possiblo that it indicates tho ai nil- 
ability, in nn elaborate form, of nutrients, with the 
synthesis of which from simpler materials these 
nucleic acids aro concomcd, under less-fav oumblo 
conditions 

1 Balrd-Pnkcr, A C , and Dvvl*, 0 II G , J Gen ItirroiM , 10 
440 (1053) 

’ Bissot, K A , J Gen Microbiol , 17, 502 (1057) 

* Henrr, H , and Stacej, At , a autre, 161, 071 (1043) 

•yiscpntlnl F • Bacteria of tlio Sputa and Cryptoncntc Flora of the 
■'fonth” (J)alllkrc, Tindall and Coi, London, 1807) 


DEVELOPMENT OF TRYPANOSOMA VIVAX TO THE INFECTIVE 
STAGE IN TSETSE FLY TISSUE CULTURE 

By Dr WILLIAM TRAGER 
Rockefeller Institute, New York 21 


E ARLY m the work on trypanosome diseases of 
man and animals m Africa, it was found 1 that 
cultures of trypanosomes could bo obtained quite 
readily in blood agar media inoculated with infected 
blood and incubated at temperatures of 25-30° C 
But at the same time came the disturbing finding 
that such cultures lost their infoctivity as soon as 
they began to grow 13 What was happening soon 
became clear m the culturos there developed only 
the so-called midgut forms of the trypanosomes, the 
same forms which develop m tho midgut of an 
infected tsetse fly and which Bruce 3 had shown to bo 
non-infective to the mammalian host In a suitable 
tsetso fly, however, the trypanosomes migrate to the 
salivary glands and proboscis, where they become 
transformed into infective forms 1 Recently, Wein- 
man 5 reported m a preliminary way that ho had 
produced infection in mice -with two cultures of 
■ Trypanosoma rhodesien.se maintained m a medium 
with trehalose (concentration not stated) With this 
exception, infective forms of the African trypano- 
somes have not previously been obtained m culture 
It seemed possible that these metacychc forms might 
develop in vitro m the presence of surviving or 
growing tsetse fly tissue 

The gonads of female lepidoptorous larvaj aro tho 
only insect tissue that has up to now given out- 
growths of cells at all comparable to those obtained 
with vertebrate tissues 5-5 Although mosquito 
tissues survived tn vitro sufficiently well to support 
tho growth of western equine encephalitis virus*, 
they did not produce cellular outgrowths, nor have 
such outgrowths been obtained with tissue from 
other dipterous insects The cultivation of tsetse fly 


tissue was therefore a problom of considornblo 
intrinsic interest, quite npnrt from its boaring on tho 
developmental cyclo of trypanosomes It is the pur 
pose of tho present brief roport, liowo\ or, to relate 
only tho mam results of tho experiments dealing with 
tho production of infective trypanosomes in vitro 
Tho complote details of tlioso experiments, together 
with full information on tho tsotso fly tis3uo cultures, 
will bo reported olsowlicro 

Tissues of tho fly Glossmn palpalis woro obtained 
from pupai or voung adults froo from extraneous 
bacteria Pupre of known ago (sont to mo from tho 
Kaduna Laboratory of tho West African Institute for 
Trypanosomiasis Research through tho kindnoss of 
Air W MacDonald) woro sterilizod externally in 
White's solution (mercuric clilorido, 0 25 gm , sodium 
chlondo, G 5 gm , hydrochloric acid, 1 25 ml , 
ethanol, 250 ml , distilled wmtor, 750 ml ), rmsod in 
storilo water and driod on storflo filter papor m a 
Petri dish Such pupce, if kept for tho required time 
in sterile vials -with sand, produced bactoria-froo 
adults The pupce or adults wore dissocted asoptically 
m a drop of culturo medium Fragments of tissues 
were oxplanted either m lianging drops or in a thin 
layor of fluid (0 3 ml ) on tho bottom of a Portor 
flask closed with a silicone rubber stoppor 

The culturo medium (Table 1) supported initial 
outgrowths from, and differentiation of, sevoral kinds 
of tsetse fly tissue In one type of outgrowth, mitotic 
division of the colls was seen To obtain cultures of 
trypanosomes, howovor, tissuos woro used winch 
lived in vitro but showed limited or no outgrowth 
These tissues wore tho alimentary tract and salivary 
glands of a late pupa or a newly emergod fly To a 
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Table 1 PnH'Aiu.'noN or the Culturz Ukdivm 
Sot id ion A* mjm J100 ml 

Y*C1 oo 

KCI 300 

n air.ro. n,o no 

ilffSO, 7H,0 S70 

Gael, 60 


fllacoee 
Trcluloifl 
1 JUllcftdd 
a KctocIaUric add 
Succftuo add 

LdcUUnmln hydrolysate 
Ycaat extract ( Dlfco ) 


IDO 

60 

60 

26 

6 


200 


* Bated Jn part on work of Wyatt (ref 7) and One* (ref 8) 
IotfmllenU were dlaaolved In water redlitllled In a 'Pyrex* gUu 
•till pH was adjtuted to 0 S with 1-0 A' NoOIT The aolotlon 
•teriJLred throu|)> a SeJaa 03 porcelain filter 

<kJ*il#n mgm/lOmL 

•Reduced ftntathlon# 200 

Ascorbic add 2 

t Sterlllied throogh nltraflLne glaaa filter 

final mixture Iflx 8 mt of aolatlon A 2 ml aheep terttm 0 6 nil 
lolation B 

In 1 ml of the above mixture In a centrifuge tnbe cruih gently two 
rterlllzed 12-day-old pup® of <7 polpalit Centrlfhee 16 min. at 2,000 
r p m The supernatant with the re-*u» pernled fatty layer at the 
»orf»ce oorutitute* the cuttura medium 

hanging-drop culture was addod a minute drop of 
blood or trypanosorao concentrate from on infected 
am rani Continuous culture wna achieved of all threo 
spocies of trypanosome* tried Trypanosoma bntcex 
T c ongoltnst and T tricar 

Tlio most interesting results were obtained with 
T trt vox a Rpooies never before cultured and which, 
in tlio tsetse fly omits tho midgut phase and develops 
directly to the infective forms m tlio proboscis A 
first attempt at cultivation of this epocios m fly tissue 
culture, umng washed trypanosomes from a heavily 
infootod sheep, gave a negative result In tho second 
attempt, the only sheep showing trypanosomes on 
tliat day was one, infooted b) fly bite nine months 
previously, which had survived the oouto infection 
and now occasionally showed small numbers of 
organisms m the peripheral blood. A ooncentrate 
from this blood, in which only ono trypanosome 
could be soon per low power field, waa inoculated to 
fly tissue cultures prepared two days previously 
Two dnyB later it wna noticed that tlio temperature 
of the raoubator (set for 23° C ) hod gone up to 
30° 0 At this tuno large syncytial multiplying forms 
of trypanoBomos wore aeon in the tissue culture* 
From thoee a strain was established and maintained 
in tissue culture for throe months It was discon 
tinuod only because the work wna brought to a close 
Soon after its establishment the strain was success 
fully transferred to blood agar slants and is still being 
maintained in this way Later experiments then 
showed that T tnvax could bo started in culture 
only by following tlio conditions which had occurred 
quito fortuitously the first time, that is, using blood 
from the sheep with a long standing chronic infection, 
inoculating tlio concentrate of trypanosomes to tissue 
cultures two days old and — vory important — - 
incubating these at 30^32° 0 , not at 27—20° C 
Onoo started, the cultures can bo kept equally well 
at either tho lower or tho higher temperature but 
they have mostlj boon kopt at tho liighor tern 
peraturo 

Four strains of T iupceb in tissue culture have boon 
begun, tliroo from the original shoep and a fourth 
from a now mfootion m a sheep inoculated with 
blood from the original shoep The first two culture 
strains havo been studied m some detail There wore 
present in tho cultures numerous forms morph o 
logically indistinguishable from the classical infective 


forms of T tnvax os seen in the proboscis of tho 
tsetse But five ehoop inoculated repeatedly with 
such material and followed for more than a month 
failed to show trypanosomes in the blood Two of 
tho sheep did hove a fover, one on the eighth and 
the other on the ninth daj after intra\ onous mocula 
tion of culture matonal, but no trypanosomes could 
be found 

It was then decided to tost the ability of the 
tryponosomos in fly tissue cultures to survive at 
body temperature, which is lethal to the usual culture 
of tryponosomos on blood media A three-day-old 
hanging drop subculture of strain 2 of T mvax in 
culture for six weeks was placed in a jar immorsod 
in a water bath at 38° C On the following day tho 
culture presented a mass of \ cry active tryponosomos 
Tlio material was inoculated intravenously into a 
sheep Exactly one week later scanty tryponosomos 
were present in the blood of this sheep They were 
readily identified as T tnvax Tho shoep was positive 
again on the following day, with about threo trypano- 
somes per field This shoep first showed fever { 105° F ) 
on the ninth day, the only day of fever it has had 
At this time no trypanosomes could be found, and 
it has since remained negative except for tho thir 
teonth day (1 trypanosome m 160 fields) and tho 
eighteenth day (1 trypanosome in 40 fields) Thus, 
transmission from culture waa accomplished 

Attempts at repetition of this success wore hn 
mediately instituted An interesting finding was that 
whereas some tissue cultures of T vtvax showed 
mostly dead or sluggish organisms after exposure to 
38° 0, others wore very activo like tlio culture 
whioh produced infection A clean sheep raised at 
the laboratory was inoculated with a culture of T 
turox which hod numerous acti\ o trypanosomes after 
tho one day at 38° C This aheep showed a positive 
blood film and had a fover on tho seventh day after 
inoculation 

These two successful transmissions from culture 
make it certain that a reproduoiblo method is now to 
hand for obtaining mfoctivo T nrax tn vitro This 
makes possiblo a detailod study of the factors 
responsible for the acquisition of the infectho stato 
by trypanosomes, a matter of significance far beyond 
its immediate application in the field of trypano 
somiasis. Tho relativelj light infections which seem 
to have followed tho inoculat ion of cultured T near 
suggest the possibility of tho development of a 
practical method for immunization against tho 
parasite, using attenuated but infective oultaroe 
Tins possibility requires and deservos much further 
investigation. 

Tho work summarized in the foregoing report was 
dono while I was a visiting investigator at tho West 
African Institute for Trypanosomiasis Research and 
I thank Dr T A M. Nash, director of tho Institute, 
and Dr R S Dcsowitz, in ohargo of protozoology 
there for thoir kind invitation to work in thou* 
laboratories and for tho facilities extendod to mo b> 
thorn and thoir staff. Travel to Africa was made 
possible by a grant from the Rockefeller Foundation 
1 Thornton, J Q and BLnton J A Ann Trap Med Panuilol fl 

331 (1012) 

* Toblo E. J Paratitol 44 241 (1053) 

* Bnxre D Ilamfrlon. A. 11 Bateman II IL and Mack!c F F Pr* 

Boy Soa. B 83 613 (1011) 

4 Klein* Y K. Dent Med, TTYAmMr 35 1257 (lOOO) 

* Weinman D Tran Roy Stx Trap Med Hn 51 500 (IC57 ' 
•Tracer W J Exp Med, 61 Ml (1035) 

•Wyatt 8 3.; G#*.PA**W S9 641(1056) 

* Orw T J On. Pir£ 

* Tracer W Amur J Trap M* 
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LETTERS TO THE EDITORS 


GEOPHYSICS 

Disturbance in the Ionospheric F-Region 
following the Johnston island Nuclear 
Explosion 

According to the newspaper reports, American 
scientists exploded hydrogen bombs near Johnston 
Island on August 1 and 12, 1958, at heights of 160 km 
and 100 km The Apia magnetic records (Lawrio, 
J A , and Gerard, V B , private communication) 
give times as 10 50 and 10 30 g 51 t Some goopln sical 
aspects of these explosions have been discussed bj 
Cullington 1 and Kellog ct al - 

Here we will describe one of the effects on the 
ionospheric F-region We have 10 mm recordings 
over the period of the first event and 2-min recordings 
over the period of the second event 

Prior to both events, lonograms at Rarotonga 
showed the normal undisturbed mght F - region 
On August 1, the lonograms 40 mm after explosion 
(zero plus 40 nun ) showed a great increase inmaximum 
electron density, and 10 mm later this had exceeded 
the recording limit of the machine In the next 40 
min the electron density decreased rapidlv and at zero 
plus one hundred there was no trace of the normal 
F-region, but above it at a base height of 660 km 
was seen a layer the maxnnum electron density of 
wluch was roughly one quarter of the normal F -value 
The mcrease at the maximum phase was to at least 
seven times normal Another interesting characteristic 
was the gradual drop of fifty kilometres m height as the 
ionization decayed Fig 1 is a schematic diagram 
deduced from the lonograms 

On August 12, the disturbance m the F-region took 
longer to reach Rarotonga and was much less severe 
A detaded true height analysis of these records con- 
firmed the form deduced for the first event and ensured 
that no significant phases were missed Wo will discuss 
only the first event 

In order to gam a better picture of the physical 
process we examined also the lonograms for Christ- 
church, 44° S , and Campbell Island, 53° S , and, 
through the courtesy of J A LawrieandY B Gerard, 
the magnetic vectors which they had prepared for 
Honolulu, Palmyra Island, Fanning Island, Jarvis 
Island and Apia 

A characteristic movement among the magnetic 
vectors was identified with the passage of the F- 
region disturbance The times of passage of the 
disturbance at the eight stations were then plotted 
against distance from the pomt of explosion (see 



Fig 2 A, Curvo of delay times vorsus distance in degree? 
Obscrration sties a I’llmvra Island , b, Honolulu , c, tanning 
Island, d, Jarvis Island, t, Apia, /, Rarotonga. Christ- 
church , h Campbell Island Places trhere observation* possible 
1, Afoul, 2 , Adah 3, Guam , 4, San trancisro 6. Kolaibunjt , 

0, Akita, 7, Wakkanal , S, Townsville, 9, \nmagawn , 10, 
Brisbane, 11, Okinawa, 12, Ilngulo , 13, Hobart 

Jl, Deduced a eloclt v curv e 

Figure 2-4) The points ho well on the smooth 
curve except for Jarvis Tins Station is on the dip 
equator, and thero is reason for supposing that tlio 
timo of its vector is advanced by several minutes 
The corresponding \olocities arc shown in Fig 2 B , 
3 alues aro only approximate beeauso of limited dnta 
and time resolution 

The assumption made m drawing this smooth curvo 
is that tho velocity of propagation is independent of 
direction rolat i\ o to tho Earth’s magnetic field 
Attempts wero made to reconcile tho time delays with 
a field dependent -velocity but no reasonable pattern 
omergod It seems, then, that tho ionospheric disturb 
anco is a bv-product of a gaseous wav o which is props 
gated at a velocity consulorablv nbovo that of sound 
For convenience we will refer to it ns a shock 
wave 

It is not possiblo to account for tho high t nlue of 
electron density and its spatial distribution over 
Rarotonga moroly by compression or oven by tho 
collection of all tho electrons botweon Jolinston 
Island and Rarotonga Restraint by the Earth s 
magnetic field of tho motion of cliargod particles 
precludes electrons coming from tho nuclear event 
itself Togothor with the comploto disappearance of 
electrons after the disturbance, and tho general 
appearance of the lonograms, these facts indicate 
electron production in the disturbance We postulate 
ionization by collision and subsequent removal by 



Fig 1 The spatial form of the Ionospheric disturbance as deduced from the Rarotonga lonograms 


for the event of August 1 
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attachment or ro combination in a region of relatively 
high gas pressure 

However, it dooa not seem po3siblo that Hie main 
body of the gaseous shook wave travels m the region 
where the lonospheno disturbance Is observed 
(200-050 km height) j for the compression ratios 
of a shook wave of this velocity are insufficient to 
produce the observed ionization, and, moreover, 
there is not enough gas nt this level to explain the 
extended front The apparent velocity at Campbell 
Island is below the velocity of sound at F region 
height, while tho characteristic form of the disturb 
ance is maintained (increase in electron density with 
subsequent decrease m both density and height— 
no complete oleotron removal at. tins distance) 
Instead of a simple shock, we seem to have ft super 
sonic surface wave of vortical extent much less than 
the wave-length, and the very high compression ratios 
producing the observed ionization are on its upper 
boundary We do not feel competent at present to 
discuss this wav e further 

As will bo seen from Fig 2 A r many ionospheno 
stations aro in regions whoro they may havo recorded 
tho characteristic movements associated with tho 
wave Hero is on ideal opportunity for international 
co-operation in an important Btudy on atmosphoric 
properties 

This work will bo reported more fully in the NJj 
J ournal of Otology and Geophysics 

0 H CtniMACK 
GAM Kmo 
Geophysical Observatory, 

Department of Scientific and Industrial Research, 
ChriBtchurch, Now Zealand 
May 28 

1 CuLllngton A L, Naturt IBS 1305 (1053) 

» Kellog, P J Key E P and Win cider J B. A atun 18* 358 
(i$io) 


Geomagnetic and Ionospheric Phenomena 
associated with Nuclear Explosions 

Nuoeeab explosions at high altitudes were earned 
out at Johnston Island (geographically 10 7* N , 
100 4° W , goomagnetically 14 3 N , 250 5° E ) at 
1050 a^i t on August 1 and at 10 30 o ir t on 
August 12 1958 1 Aurora associated with these 

explosions wore observed on both days at Honolulu* 
and Apin* Apia aurora on August 1 liave been 
discussed by Cullington*, Fowlor dal*, Kollogg et al ‘ 
and Elliot dal* In this communication geo magnetic 
and ionospheric effects assoc la tod with those events 
are described from tho International Goopliysical 
Year obtained at various stations in tho Paoiflo area 
and tho American conimont 

Immediately after the explosions, magnetograms 
showed sudden unusual variations at five stations in 
tho central Pacifio— Honolulu, Palmyra Island, 
Fanning Island, Jarvis Island and Apia Tho 
■\ ariation at Honolulu had the form of on intense bay 
disturbance Tho variation at tho other four stations 
was somewhat liko an unusually short-period magne- 
tic storm (about 1 hr ) with n sudd on commencement 
Moreover, tho sudden commencement at Apia showed 
an initial short reverse impulse ( SSO *) as reported 
bv Cullington* Thoso gcornagnotic offects occurred 
similarly for both events, although the magnetic 
storm on August 12 was smaller than that on August 
1 probably due to tho lower explosion height 

Thoso associated geo magnetic storms indicated 
tlint oounterolookwiso circular electric currents were 


formed in the vicinity of Johnston Islan d Imme 
d lately after the explosion, due to the dynamo effect 
caused by winds of charged particles which moved 
radially outward from the centra of the explosion. 
In other words, if the wind velocity due to the 
explosion m the 80-100 km level became of tho order 
of 100 ixu/s and the electrical conductivity increased 
by the order of 10 tirnoe due to high energy parti ol os 
and X ravs, the associated counterclockwise electric 
currents m the vicinity of Johnston Island would 
have boon sufficient to gi\e the observed magnetic 
variations oven at places 1,800-2,200 km distant, 
such as Honolulu Palmyra, Fanning and Jarvis 
Islands Tho goo magnetic e floats observed at Apia 
could have resulted from these circular electric cur 
rente and an increase of the electrical conductivities in 
tho 80-100 km level caused by £ -decay electrons com 
mg along magnetic linos of force from Johnston Island, 
The maximum geomagnetic clrnnge at Honolulu 
occurred around the time at which a shock wave 
from the oxplosion arrived at Maui, os mentioned 
below It is possible, therefore that there was au 
additional effect increasing the intensity of tho 
eleotno currents just at the moment when tho shock 
wavo hit This could have boon caused by a dynamo 
effeot resulting from the shook wave 
At the Maui Ionospheric Station in the Hawaiian 
Islands a suddon increase of /min. (the minimum 
frequency of tho observed radio echo) was observod 
at 10 50 22 ± 7 o^it on August 1 lasting several 
minutes, and ogam at 10 30 37 ± 7 out on 
August 12 for a few minutes These changes were 
similar to a solar flare effect However, since they 
occurred during local night, they must, liav o resulted 
from the explosions Probably they were caused bv 
ionization in the D region by X rays from the blasts 
On August 1 a peculiar oblique echo began at 
Maui 13 rrun after the explosion and lasted until 
11 12 o^lt when it was completely blanketed by 

increased ionization in the D region This phenom 
enon may have been duo to a shock wave caused 
bv tho explosion A no echo phenomenon callod n 
‘blackout’, began at 11 12 37 ± 7 a m T about 22 
min after tho oxplosion, and continued until 13^20 
o.m.t During this tirao a faint H-ocho occasion 
ally appeared. After 13 20 o.u t the F2 layer 
gradually appeared and recovered to normal 

At Mom, between 10 60 OUT and 10 59 goi T 
on August 12, both tho hoight and tho critical fro 
quency of the F layer docreasod abruptly At 
11 03 oai.T a stratification appeared in the F layer 
and showed an unusual sequence of changes This 
sequence indicates that an irregular ionization in tho 
F layor, caused by a aliock wave from the explosion, 
was propagated horizontally over Maui from tho 
direction of Johnston Island The estimated speed of 
the shock wave is about 0 0 km /a for this ovont, and 
1 3 km./s. for the ovent on August 1 The wavo 
motion created repeated irregular ionizations in the 
F layer until a blanketing occurred A blackout 
occurred at 10 00 a iiT , 6 hr 30 mm aftOr the 
explosion, and lasted 2 lir Even after that timo there 
was sevore absorption until 6 00 oitt on August 13 
The behaviour of the ionospheric storm of August 1 2 
was m general similar to tho ionosplieno storm of 
August 1 On August 12, however, tho orrnot of the 
blackout was slower and tho duration of the radio 
wave absorption was much longer in splto of a l ' I | u "_ f 'T 
geomagnotio effeot Tho lower oxploejon he ni# , 
tho daytimo onset of tho bInokm.t on A..«u-t 1- 
hnvo boon ro.pon.iblo for throe dlflormce* 
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Rarotonga also showed explosion effects m the 
ionosphere for both events Hon over, other iono- 
spheric stations — Adak, San Francisco, W aslungton, 
White Sands, Huancayo, Godley Head and Okinawa 
did not show any certain explosion effects Accord- 
ingly, it is concluded that direct explosion effects on 
the ionosphere and the geomagnetic field occurred 
over an area in the central Pacific, roughly the region 
170° E -150° W and 40° N -22° S Radio signals 
from Honolulu (10 and 15 Me /s } and from San 
Francisco (13 75 Me /s ) received m Japan showed 
sudden drops 7 after both explosions These were 
due to radio absorption in that central Pacific region 
From the present study of these geomagnotic and 
ionospheric effects, the explosion height is estimated 
as 70-80 km on August 1, and about 40 km on 
August 12, although tho New York Times simply 
reported it as 100 miles on August 1 and loner than 
that on August 12 

In addition, three other nuclear explosions that 
occurred in the south Atlantic on August 2i, 30 and 
September 6, 1958, at about tho 480-km lovol, were 
considered Ho remarkable geomagnetic and iono- 
spheric effects directly associated with these blasts 
could be detected in the normal magnetograms or 
mno grams 

Full details of this work will bo published m tho 
Journal of Geophysical Research I wish to express 
my thanks to Hr W O Roberts and Mr A U 
Shapley for their kmd help, and to Mr D B Bucknam 
for his considerable assistance I am also grateful to 
the Boulder Laboratories of the Rational Bureau of 
Standards for an appointment as guest worker and 
for extending to me then facilities I wish to thank 
the International Geophysical Year Data Centers A 
for Geomagnetism and the Ionosphere for tho use of 
data This study was supported by the National 
Academy of Sciences as part of tho International 
Geophysical Year Programme with assistance from 
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Magnetic Effects Resulting from Two 
High-Altitude Nuclear Explosions 

On August 1 and 12, 1958, two nuclear devices 
were exploded in the upper atmosphere above 
Johnston Island m the North Pacific No exact 
information is available to us regarding the heights 
of the explosions , but it is believed that the first 
explosion was higher than the second Unusual 
magnetic effects, mentioned previously by Culhng- 
tou 1 , were recorded after botb explosions on magneto - 
graphs at Honolulu, Palmyra Island, Fanning Island, 
Jarvis Island and Apia Fig 1 shows the location of 
these observatories 

Vector diagrams of the variations m a horizontal 
plane are shown in Fig 2a and b Fig 2a refers to 
tho first explosion, and Fig 26 to the second The 
effects at Palmyra, Fanning and Jarvis are very 


l« 175” 170” 105” 100” 155’ 150 4 



Fig 1 The region of the Pnclflc glioivJne iidnnds vlioro umuiwl 
magnetic effects were recorded 


similar, and only tho Jams Island diagram is 
presented hero Variations in a \ crticnl plane ore 
not illustrated, smeo tho only important offect they 
reveal is a mnrked downwards mo\ oment m Z at 
Apia at about 10 55 gait, following tho socond 
explosion 

An exammation of thoso diagrams lias led us t-o 
classify tho offocts into four phases — initial, socond, 
mam and final, os labelled in Fig 2 a and b 

We suggest tlio follow mg broad interpretations 
Initial phase A liydromagnotic impulse offectod 
by dispersion, corresponding to tho Alfven wave 
postulated by Kollog cl al ' 

Tho front edgo travels faster than 10’ cm / see and 
the time of tho maximum corresponds to tho speed 
of a transvorso hydromagnotic wavo of frequence 
1 c (b travelling parallol to tho magnetic field 3 
Across tho linos of force, tho impulse travels at about 
tho same speed, but suffers greater damping 

Second phase Produced basically by the transjxirt 
of individual (3-particles 4 , photoelootric and Compton 
electrons, and possibly ions along tho line of force 
from above tho point of the oxplosion to tho conjugal o 
point 

As the shock wave and ftroball move upwards, 
more and more individual cliargod particles can mako 
their escapo Rodioactn e decay of escaping high 
energy neutrons probably broadons tho rogion over 
which the transport occurs 
As well as thoso magnetic fields duo directly to llie 
travelling particles, dynamo effects aro caused b; 

0 Continued on page 5]) 
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BRITISH ASSOCIATION MEETING IN YORK 
THE PROPER STUDY OF MANKIND IS MAN* 

By Sir JAMES GRAY, CBE, FRS 
President of the British Association 


I 

I N tho public miml, soiontists arc largely associated 
with tho study of physical cystoma and practical 
problems they are not diroctly concern od with 
moral principles nor are tlioy responsible for the social 
reporcussiona of their discoveries But it is impos 
aiblo to bo a eciontist without boing a human being 
and rocojpuring that social lifo doponda aa muoh on 
moral principles aa on scientific knowledge So far 
oa Bctonoe is mainly con corned with our material 
environment it tonda to laolato itself from the main 
factors win oh dotormino liuraan behaviour So far 
cs tho humanities aro mainly concerned witli Man a 
reactions to past onvironmonta, no cannot bo quite 
suro how far thoir judgments ore relevant to modem 
hfo Such limitations will not bo ovorcomo by koopmg 
our own particular typo of knowledge in a water tight 
compartmont , tho sciences and humanities should 
sook common ground Hence the titlo of this 
address 

During tho oourse of years tho neod for a widor 
boo uil outlook in science luis been reflected by two 
important extensions in tlie rango of tho British 
Association s interests It non mcladoe the social 
aa well as the natural and mochamcal sciences, 
and it is more and more concerned with tho 
dissemination of aoiontiflo knowledge to tho whole 
community But tho widor tho field and tho larger 
tho audience, the moro difficult tho task of prosonta 
tion becomes Scientists find it moro and more 
difficult to koop abreast of all tho main linos of 
development within their own subject and almost 
impossible to know what is happening in other 
fields , we become more and more spootalfrod and 
less and less able to see tho wood for tho trees It 
might bo said that ono of the Association’s most 
important functions is to bridge tho gap between 
its different sections In oddroesmg the Assoc t a 
tion, its president has to docido whether ho should 
speak as a specialist and inako little or no attempt 
to rolato his thomo to wider issues, or whether to 
stray into unfamiliar Holds, and run the risk of 
scientific, economic or political criticism 1 Perhaps 
rashly I havo chosen to face thoeo dangers, by 
trying to look at man from a biological point of 
view and to suggest how the picture might — here 
and thero — merge into a wider background But 
before doing eo I would Hko to touch on two quite 
gonornl topics. 

First ono of tho most- important social aspects of 
modem scionco is its repercussion on international 
relationships Hero thero will always bo potential 

• Pmldontlil nldim del Ire red in loric on September 2 and 
appear! na In the September Iwae of Tin Adniwment of Sennet 


danger and waste of human effort until individual 
nations can be persuaded to think in torms of tho 
welfare of humanity as a whole A scientific approach 
to such problems must be one of dispassionate 
analysis, but we shall not make much impression on 
pub] 10 opinion so long as men s minds ore biased by 
fear and suspicion , frightonod or angry politicians 
like fnghtoned or angry animals, cannot bo trusted to 
react wisely Thero is not the slightest doubt how 
ever, that the discoveries of phy'Bics have frightonod 
mankind and that there aro far too many intolligont 
poople looking askanoe at science and wondering 
whoro it is leading thorn In trying to link the sciences 
to tho humanities our primary objoctne should bo to 
dopiofc roan’s position in the world of Nature ns a 
sourco not of fear or doubt, but of conrago and inspire 
tion, Our second mam objective should be to domon 
strate the place of science in a gonornl philosophy of 
hfo To be of real vnluo such a philosophy must rest 
on knowledge and experience wlucli have alrondi 
proved acceptable over a very wido range of local 
environments and national interests, and it must 
at tho somo time, be olosely concerned with problems 
of everyday life In thoeo respects scionco is unique 
Except so far as they are subject to political restraint 
scientists of all nations co -opera to m solving Nature b 
jigsaw puxsles, and as Prof A V Hill said at 
Belfast*, “The fundamental prmciplo of scientific work 
is tho unbending integrity of thought, following tho 
evidence of fact wherever it may load within tho 
limits of experimental error and honest mistake ' 
Tins attitude of mind is not poouliar to scientists 
it is common to all who havo a rospoct for tho truth 
But in tho Holds of law language history , literature 
and, abovo all, politics, our general outlook and our 
individual range of knowledge depend to a vorv 
dangerous oxtont on local environment and national 
tradition By freedom from such limitations scionco 
provides ground — perhaps tho most solid ground — on 
which to base a widor range of co-operativo effort 
But the gap between a sciontifio and a humanitarian 
outlook cannot be bridged by tho statistical lews of 
physics and chemistry , wo aro forcod to apply tho 
less precise, but not nocessarily less important 
principles to bo dcrivod from the world of living 
organisms Tho challenge Is therefore, to tho biologi 
cal scioncos, oepooiolly those which deal, at the 
bordorlino of sociology, with tho boliaviour of 
organisms and thoir relationship to thoir cm ironment 
Can they* y leld brood principles which aro applicable 
to man or must scientists bo content to boo tho law 
of the jungle take its oourse except in so far aa it can 
bo restrained by humanitarian effort T Tho 
to ouch questions mo y wcIJ doo.d» K '° 

con olo.m to bo of d.rect eujturel ■If""™""' 
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Man's position in the world of Nature is brought 
most sharply into focus by the concept of natural 
evolution Cosmic, biological and human o volution 
can be regarded as phases in a continuous natural 
process — and, from this point of view, astronomy, 
geology, biology, archaeology and history form a 
continuous spectrum of knowledge To pass from a 
primeval nebula to a modem man without any 
sudden break m continuity of thought givos a foolmg 
of intellectual tidiness, but qiute apart from this it 
helps us to visualize man against the background of 
his past and to regard him as Nature’s suprome 
masterpiece At the same time, he must not got too 
big for his biological boots or tend to exaggerate the 
gap between hims elf and the rest of the animal king- 
dom No animal can manufacture aeroplanes, 
Asdic or radar , but the prize for aeronautics must 
go to the shearwater which navigated the Atlantic 
without compass or chart, whdo Asdic has an 
extremely efficient prototype m the vocal cords and 
ears of bats By surrounding tliemsolves with an 
electric field, some fish (for example, Gymnarchus) 
can — m total darkness — dotect foreign objects m the 
surrounding water with very romarkablo precision 
The weight of the mecliamsm involved — including the 
animal's brain — amounts only to a few grams , a 
man-made instrument of comparable porformanco 
would mvolv e at least a ton of highly complex elec- 
tronic machinery In fact, as delicate and precise 
pieces of machinerj , man’s inventions have not yet 
reached the standards of those produced during the 
natural course of biological evolution No laboratory- 
in the world can compete with the biochemical skill 
of even the smallest living organism On tho other 
hand, man can claim that within a few centuries ho 
has produced things for which Nature required many 
millions of years , but we need not feel in tho least 
ashamed of the older members of our evolutionary 
family we have still a great deal to loarn from 
them 

To visualize man’s position m the annual world, 
it may be useful to define his mam diagnostic char- 
acters He is a highly gregarious bipedal mammal 
with unspeciahzed limbs but a very largo brain He 
is the only animal which has developed the symbolisms 
of speech and writing and ho may well be tho only 
animal capable of rational thought Ho is, therefore, 
the only organism which can hand on patterns of 
acquired learning from one generation to another 
To these advantages he owes his dominant position 
m the world to-day They have enabled him to 
exploit his environment and increase his numbers 
and range of distribution far more quickly and far 
more extensively than any animal of comparable 
size He has eliminated some of his competitors and 
exploited others for his own use, but the time has 
now come when different races of men are competing 
with each other within the closed arena of a limited 
environment, and it is not easy to see where it will 
end There is nothmg equivalent to this in the 
inanimate world , but, when a biologist looks at the 
general trend of events, he is inclined to say, “Where 
have I seen something like this before, what is it duo 
to, and how does it usually end ?” 

Of the many points of view from which bio- 
logists can study man, three are of particular 
social interest First, what is the relationship 
between the size of a human population and the 
resources of its environment ? Secondly, what are the 


factors winch influence man’s ability to acquire new 
patterns of bolinviour ? Thirdly, what is tho sig- 
nificance of tho gregarious habit ’ 

One of tho first attempts to subject social problems 
to biological analysis was made by Malthus m 1789 
w r hen ho forecast tho fato of a nation tho rate of 
increase of which was greater than that of the 
resources of its environment Malthus did not say 
that war, pcstilenco and famino wore inevitable, 
ho said that they were inevitable unless people, by 
voluntary control, reduced thoir rate of reproduction 
Tho theory of animal ovolution by natural selection, 
enunciated just a hundred years ago by Darwin and 
Wallace, involves the pnnciplo of ovor-population 
and introduces tho concept of randomly produced 
mutations Somo of these increase an individual’s 
chance of survival whereas others decrease it , 
those which best adapt tho animal to tho conditions 
of life imposed by tho environment survive, tho rest 
are eliminated The course of animal ovolution is not 
directed by tho organism itself, but by the external 
environment. , the animal throws tho dico but tho cn 
v ironmont decides tho w inning numbers A porsistent 
struggle within an over-populated environment is an 
essential condition for evolution by means of natural 
selection , it is the price which Nature demands for 
progress There is no evidence that adaptations 
acquired during tho life-time of an individual animal 
can be handed on to its offspring , each generation 
has to take an environment ns it finds it and make 
its own w ay in tho w orld There is also the danger of 
over specialization , a species which has become 
very higlil\ adapted to a particular environment 
may be extremely vulnerable if tho environment 
changes relativ oly 8uddordv Tho courso of human 
ovolution is entirely different Speech and writing 
enable oncli generation to modify and control its en- 
vironment m tho light of experience gamed by its pre- 
decessors and to hand on acquired bonofits without 
bodily specialization As soon ns man learns to 
discipline himself to tho fact that his environment is 
world-wide, ho can begin to direct tho courso of his 
own ovolution without tho discomforts of over- 
population If lie fuiLs to rcahzo his powers and 
allows things to drift, Ins future seems dnrk , if be 
really bestirs himself, there is much less need to bo 
afraid 

Quito apart from nny evolul lonnry significance, 
there can bo no doubt about, tho validity of Malthus’ 
argument Western Europo and North America 
have followed his advice , but, as stressed by Prof 
P M S Blackett 3 , the density of population in other 
parts of the wnrld is far higher than can bo ndequntelj 
sustained by the environment Wo can, of course, 
shrug our biological sliouldors and say that different 
races of men live in different environments and are, 
therefore, subjected to different intensities of struggle, 
and it would be comforting if wo could bo quite certain 
that it is always tho fittest which survive We cannot 
salve our consciences quite so easily nor will 
escape for very long from environmental pressure 
Our own population may remain relatively stable, 
but our environment expands with almost every now 
major scientific discovery, and tho groater tho overlap 
of the environments of different nations tho fiercor 
is the competition Tho result is substantially the 
same as that of an expandmg animal population 
within a limited environment These problems ho 
withm the field of Section F (Economics), but they 
are fundamentally similar to those which arise in 
animal ecology , it seems just as unrealistic to regard 
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one race of man as an isolated unit as to study the 
population of one member of a biological food chain 
without reference to those of all the others The 
-writing on the wall is tolorably dear if man behaves 
like an animal and allows his population to increase 
while each nation steadily increases the complexity 
and run go of ite environment, Nature will take her 
course and the law of tho jungle pro vail 

To see this law m notion, it is useful to remember 
that Nature has [made, not ono but two, great ex 
porimonts in tho design of social animals The fust was 
carried out in Mesozoic times when man's mammalian 
ancestors were beginning to emerge from reptiles 
The results of this experiment are represented to-day 
bj tho social insects — notably the ants There 
are a very large number of different species of ants 
none of whioh interbreed , among them is found a 
range of complexity of social beha\ lour which ia 
not onlv umquo in the animal kingdom but which 
also forms a very remarkable parallel to different 
races of human beings At ono extremo are species 
forming small communities, restricted to localized 
or specialized environments and exhibiting relatively 
little sub-division of labour between individuals At 
the othor extreme are largo and often aggressive 
communities with marked differentiation of structure 
between different grades of individuals , populations 
of this type displaj high lovols of co-operative offort 
mv oh ing, m bo mo cases tho rudiments of agriculture 
and husbandry In all cases, howevor, ant societies 
are organized on a straightforward totalitarian basis 
for tho contribution mado by each individual to 
words tho wolfaro of the community is determined 
from the timo of birth each grade of individual is 
structurally adapted for predetermined tasks How 
far ants can communicate with each other may be 
doubtful, but it is tolerably certain that members 
of the same community recognizo each other by a 
characteristic smell, and as the brain of an ant is 
about the size of the head of a pm, it is perhaps not 
surprising that ants should attack or kill an individual 
from another oolony with a smell slightly different 
to thoir own It is much less easy to understand wh> 
a man, with a brain of an entirely different order of 
complexity should at tunes, react almost equally 
violently to skin pigments slightly different to his 
own 

But it is not only in respect to mdi\ idunl relation 
ships that the study of ants is relevant to man Ants 
ore the only organisms which- — apart from man — 
indulge in organized warfare, raiding the nests of 
other species and incorporating captives into thoir own 
sooiety But perhaps the most striking facts relate to 
specioe which have changed then* habits and durtribu 
t,on within recent times Two instances of territorial 
expansion are known to lia\o occurred in tho past' 160 
years* Early m the nineteenth century an Eastern 
speoios (P/iswIole mtgactphala), having spread rapldl* 
over North Africa and South Europe managed to 
roach tho islands of Madeira and Bermuda in both 
places it exterminated the smaller native races. 
Moanwhile, a similar policy had boon carried out bj 
another species {Iruiomyrmex humilut) from tho Argen 
tmo whioh, having landed at Now Orleans, very 
rapidly overran tho southern United States , in duo 
course it too reached Bermuda, where it proceeded to 
eliminate Phcidole In the world of ants there is no 
place for small pcacoful communities unless they can 
isoloto themselves effectively from larger and more 
powerful neighbours, nor docs there seem any lasting 
pcaoo botwoon largo aggrossivo communities Solo 


mon’s advice has, I suspect, bean misinterpreted It 
should read “Consider the ants, and, if you use 
your intelligence, you will see how not to deal with 
international problems 

Having designed the ants, Nature waited for about 
160 million years before embarking on her second or 
human experiment She waited, m fact, until it 
oould be carried out with a specie* in which an 
individual's contribution to society was no longer 
based on inherited structural characters but on tho 
power of intercommunication with other individuals 
in other words, until man’s brain had rcaohod a level 
of development which enabled him to control his 
environment, and to deal rationally with the sub 
division of labour between individuals and with the 
distribution of natural resources bo tween different 
groups of individuals At the same time she arranged 
that su oh groups should not be physiological^ isolated 
from eaoh other Different races of men can inter 
breed or they can, if they wish oome to mutual 
agreement about the distribution of world resources 
between different nations The first policy would seem 
to lead to a World State with uniformity of social 
pattern and of material interests tho second policy 
involves territorial limitations and economic agreo 
inents Both, as we know only too well, mvoh e great 
practical difficulties All tho same men really ought 
to be able to do something hotter than ants 

The second basis of comparison between man and 
animals concerns the factors which control his 
behaviour The past fifty years have produced a 
very great increase in our knowledge of animal 
behaviour and about tho factors which control tho 
acquisition of new patterns of response For present 
purposes however, attention may be focused on two 
problems tho extent to which animals con profit 
from ortranoous instruction and the extent to which 
they are able to learn for themselves Tho first of 
these fiolds is explored by means of tho conditioned 
reflex technique, whereby an animal learns to 
associate a specific visual, or othor sensory stimulus 
with forthcoming food or impending danger In 
order to establish this result it is necessary to conform 
with flvo basio principles all of which bavo thoir 
counterpart in the training of human beings : 

( 1 ) Tho response expected from the animal must 
not be unduly complex the animal must bo able to 
reach the food or escape the danger by making 
reasonably simple movements In other words the 
problem must not bo too difficult (d) Tho lesson 
must bo presented to tho animal under conditions 
whioh ensure freedom from extraneous disturbance 
It will not learn if its attention is constantly diverted 
by other changes in its environment (ill) Tho 
problem must be presented to tho animal on an 
adequate number of occasions the more frequent 
tho lesson, tho fewer the mistakes become (iv) There 
must bo an 'incentive to learn — a 'reward' for success 
or a punishment for failure Further the 'reward* 
must be related to tho needs of tho animal (v) Finalh , 
tho experimenter must possess adequate skill and 
patience Tho ability of an animal to learn depends 
to a very large extent on tho personalitv nnd 
enthusiasm of tho teacher 


These fi\o principles apply equally W °U to tho 
education of human beings if wo make suitablo 
allowances for mcreaao in complexity of tho lesson 
to bo loornod and In tho nature of tho inccntlvo to 
, -r, r.iffhar for wifn 


learn But wo can go a Uttlo further for n« w 
men, different Individuals of C 

learn at vor> different rate* On tho 
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there does not seem to be any clear correlation between 
an animal’s ability to learn and its position on the 
evolutionary tree It is possible to trace the structural 
evolution of the human brain through each of the 
mam classes of vertebrate animals , the large paired 
hemispheres arose in the Devonian lung-fishes and 
the eorebral cortex m the early Permian roptiles It 
would be very convenient if step by step with an 
increase in size and complexity of the brain it wore 
possible to trace a corresponding increase in com- 
plexity of behaviour and m ability to learn Unfortu- 
nately this is not the case , some fish, without hemi- 
spheres or cortex, exhibit behaviour patterns v. Inch 
seem just as complox as those of reptiles or ovon of 
some mammals In duo course this difficulty will 
be resolved but for the time bemg one can only say 
that there seems to be one foature common to all 
species which learn easily, namely, a vivacious but 
not unduly excitable temperamont — fish, rats, mon- 
keys and children are all interested m their sur- 
roundings, they have a natural tendency to explore 
their environment and they are interested m any- 
thing new or strange , they aro all, perhaps, 
potentially good scientific observers 

But the value of the instruction given to human 
beings by a teacher is largoly judged by the extent 
to winch it enables a pupil to make uso of his acquired 
knowledge and to go on to learn more by himself 
Within the animal world there is very little evidence 
to suggest that experience acquired from one pattern 
of environment or from one problem can bo readily 
apphed to subsequent one3 of somewhat different 
nature An animal’s own approach to a problom, like 
that of a very young child, is very largoly ono of 
random exploration , having found the solution by' 
chance the number of ineffective responses on future 
occasions becomes less and less until tho correct 
response is stabilized 

How far animals display evidence of tho higher 
levels of mental analysis associated with ‘intelligence’ 
m human bemgs is not too clear, for it is extremely 
difficult to subject intelligence to an agreed standard 
of measurement When judged by human standards, 
the I Q ’s of all animals are, undoubtedly, very low , 
but it may bo that we are not always sotting them 
quite the right type of examination 

Although it is difficult to detect an increasing 
capacity to learn with an mcreaso m size and com- 
plexity of the brain throughout the mam classes of 
vertebrates, it seems clear that there is a substantial 
increase in learning ability as soon as an animal’s 
brain reaches a level of structural complexity com- 
parable with that of man The young chimpanzee, 
like a human baby, is typically a friendly playful 
creature dependent on, and with an affection for, 
its mother But as it grows up, it begins to show 
marked signs of individuality , some become morose, 
unfriendly and vicious, others retain a friendly 
disposition towards their neighbours and a co opera- 
tive attitude towards human teachers The ability 
to respond to training shown by the latter type of 
individual is, of course, very remarkable , but when 
left to itself, a chimpanzee seems to rely on an initial 
process of trial and error Bike many other mammals, 
it can give audible and visible signs of fear, anger 
or pam , but there is no evidence that a chimpanzee 
can make audible or visible signs which other indi- 
viduals associate with specific material objects , 
the mental development of the adult ape seems 
roughly equivalent to that of a human baby before 
the latter has learnt to speak Nothing can disguise 


the enormous difference botweon an adult ape and 
an adult man m ability to learn and to control their 
environments, but it might bo argued that a relative 
test of tho brains of an adult apo and of an adult 
man, as computing instruments, should bo con- 
ducted on tho basis that noitlior pupil nor teacher 
shoidd bo allowod to speak, road or write , tho 
gap bo tv, eon animals and men might narrow \ cry 
appreciably 

Tho third and perhaps most important biological 
aspect of man’s behaviour concoms the gregarious 
habit Hero again tho distribution among vertobrato 
animals is curiously unrelated to their evolutionary 
history , it is woll marked m cortam spocics of fish, 
birds and mammals, but absent in otliors In somo 
cases tho existence of a herd or flock is cloarly of 
survi\ al vnluo , a pack of w olvos has a w idor clioico of 
food than an individual oporatmg by itsolf But, it is 
not alw ays clear why ono spocios shoidd bo moro gre 
garious than anothor to which it is closoly 1 olntod In 
tho present stato of lcnowledgo, it mny bo safer to say 
that somo animals aro rostlcss or uneasy unless m closo 
proximity to individuals of tho samo spocios — that 
thoy havo, in fact, a doop-rooted antipathy to isolation 
or lonolmoss Tho rosultant grouping establishes tho 
herd as a unit which responds ns a wholo to an external 
stimulus applied to ono or a few individuals Tho 
responso is most clearlv defined when tho stimulus 
evokes an emotional reaction of fear or angor in tho 
individuals directly concomed, nnd ono of the most 
distinctive features of liord behaviour is the speed at 
which theso emotions spread throughout tho com- 
munity If certain individuals nro moro highly sus- 
ceptible than otliors to oxtcmal stimuli, tho response 
of tho group is determined by the most timorous or 
the most belligorent mombors of tho community 
The majority of tho hord subjugate tlioir own 
individual behaviour to that of a fow, nnd in tho 
long run individuals bonofit by grontor sccnnti 
from predators or greater certninty r of obtaining food 
If an individual is unduly insensitive to omotionnl 
stimulation by' its neighbours, it is likely to bo 
eliminated by natural selection — tho slieop that 
walks by itsolf gets eaten and tho solitary wolf may 
starve Theso principles wero applied to tlio analysis 
of human behaviour by Wilfrid Trotter 1 In order to 
avoid physical or mental isolation, mon are prepared 
to subjugate their own immcdmto needs or prcdilec 
tions to thoso of society as a wholo Anti-social 
activity is kept in chock by fear of intellectual or 
physical isolation , feelings of increased security and 
greater freedom from personal doubts and fears ore 
set off against loss of individual freedom of action 
How far psychologists havo developed or rejocted 
Trotter’s suggestions I do not know, but there can be 
little doubt that thoy opened up a useful biological 
approach to sociology by suggesting that our instinc- 
tive reaction to something now r or strange is, as in 
animals, to conform with our neighbours, and that, 
at moments of crisis, it is hotter to follow' a leador 
than rely on personal judgments Theso nnd allied 
problems belong to Section J (Psychology) All 
I wish to stress is that the phenomena of mass 
psychology in man, hko otlior aspocts of lus bo 
haviour, havo their roots far down m his evolutionary 
history 

Perhaps the most striking difference between tho 
social habits of man and those of animals is the 
existence of a hierarchy or grading within human 
society Only' m a very few cases does this appear 
to exist withm tho animal kingdom The nearest 
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approach acorns to occur in birds , a flock of jackdaws 
foodmg in a restricted area resolves iteolf into a well 
marked order of feeding priority Lorcntz lias 
recently reported that if a high ranking male decides 
to mate with a low ranking fomalo, tko lattor rises 
in social status and foods with her husband , all this 
sounds reasonably familiar to human ears 

This is perhaps as far as a zoologist ought to go m 
trying to view mankind through biological spectacles 
But one does not need to be a professional biologist 
to appreciate that the rates of change in the pattern 
of human behaviour and in the nature of our environ 
mont have, during the past five thousand years, been 
incomparably greater than those of any other organ 
ism at any period of its history our clothes 
houses, liabits and social organization change 
with successive generations In fact, if one woro 
forced to eoloct tho organism which beet displays 
the phenomenon of persistent ovolution one would 
undoubtedly choose man I have tried to show 
that tho broad principle* which relate tho giro 
of human populations to tho resources of their 
environments and thoso which govern an individual’s 
ability to learn from personal experience and so adapt 
himself to his environment aro qualitatively similar 
to those which apply to animals On tho other hand, 
man is — as I have said — unique in that ho is — or 
can be — tho master and not tho slavo of lus environ 
ment, and tho story of his later ovolution is told in 
terms of social and economic history 

In suggesting further points at wluch biological 
principles seem to bo applicable to the ovolution of 
human society a zoologist can ordj look towards 
Section H (Arohreology and Anthropology) and hope 
that his spectacles aro not completely out of focus 
In its very oarly stages human society must havo 
been organized into quite small units each dependent 
on the natural resources of a small circumscribed 
environment The discovery of fire and development 
of agriculture must have increased the range of the 
environment and tho optimum size of the population 
required for its exploitation, while tho stability of the 
group would becomo more and more dependent on 
the maintenance of an effective sub-division of labour 
Tho larger tho population and tho greater the degree of 
specialization tho greater tho limitations necessordj 
imposed on indiv idunl freedom of action. A now and 
very important integrating factor Rooms to hav e como 
into action whon natural phenomena bocamo linked 
with supernatural concepts — fear of isolation or re- 
prisals from follow men being reinforced bj fear of a 
superhuman agency and a sense of groat or socuntv m 
spared by reliance on supernatural support Such 
boliofs hod no material basis but they would bo tho 
comont which held socioty together and, os such, bo of 
immonso survival value But it is difficult to avoid 
the conclusion that mioli beliefs liko scientific thoonos, 
must undergo change as man s knowledge increases 
and his environment alters. From this point of view, 
it is not easy to regard any one belief as an expression 
of absolute and unchanging truth It may bo argued 
that such things lto outside the orbit of tho British 
Association but if scionco is to bo of direct cultural 
significance, it cannot shut itself off from ono of the 
main factors which havo influenced men’s attitude to 
social probloms A recent issuo of Nature * contained 
a leading articlo on tho proceedings of tho last 
Lambeth Conference , it must have boon a very long 
time Binco an Archbishop of York addressed such a 
Conference in languago wluch scientists could bo 
readily understand Against such a background. 


the sciences and the humanities ought to bo ablo to 
find something in common 


m 

It is easy to soy that science should be welded to 
the humanities, but much less easy to suggest how 
this should bo done Each of us lias different views 
according to his own particular interests I confess 
that my own approach is based on personal experience 
About fifty years ago I chose to specialize in biology 
and from time to time I havo boon asked, ‘ If you Imd 
known that you would spend a good deal of jour 
later life studying the mov emants of animals, what 
subject apart from biology would you have read at 
school and at tho University ?” The answer is 
simple I would have read physics, chemistry, 
mathematics and mechanical engineering The moral 
is that no young scientist should bo allowed to forgot 
that new discovers* tend to arise from the borderland 
between different subjects where tho discipline of ono 
is applied to another Had I appreciated this I 
would have been a much hotter biologist , but 
whether I would have been a better human being is 
another matter If I am asked the 64 thousand 
dollar question, “Had you known that you would 
have had to adjust yourself to a rapidly changing 
and somewhat uneasy world, what additional training 
would you like to have had ?” I think my answer 
would be that I would like to have been trained to 
think dispassionately about social and political 
affairs in the light of experience drawn from the past 
and to have been taught to appreciate beautiful 
thingB But could I have acquired this knowlcdgo 
while training os a scientist T Perhaps not but I 
still think that I could have been shown a wider 
picture Having been taught to visualize the spec 
trum in terms of tho wave lengths of light, could not 
I have been encouraged to learn a Iiftlo about colour 
as a source of resthotio pleasure f "Why did I loam 
about tho properties of iron and carbon without 
roferenoe to tho industrial revolution ? I might o\en 
have developed a tasto for the classics if I had known 
that Aristotle had written a very good toxt book of 
zoology Perhaps I expected too much in hoping to 
appreciate an artist s \ low of Nature from tho point 
of view of tho scientist But I am not completolj 
convinced A scientist s attitude towards his obscrv a 
tions does not seom to mo to be so \ cry different 
from that of a poet towards lus words or a painter 
towards his colours , isolated obsen, ations have no 


more value than singlo words , it is only whon thoy 
fit into a satisfying pattern that the scientist feels 
he has ncluo\ cd lus end This analogy may ho 
unconvincing, and if it still seems difficult to combine 
the vision of tho artist with tho outlook of a scientist 
I can only suggest tliat Leonardo da Vinci and Sir 
Cliristophor Wren seem to have had pretty good 
shots at it. It would be vory interesting to know 


the sort of training they had m early life 

But a plea for a wider outlook in the teaching of 
science is notlung new It was largely tho back 
ground against which Section L (Education) enmo 
into being and it was urged again and again by Sir 
Ricliord Gregory Sinco then there has been much 
discussion and many reports In 1933 tho do 
dared aim of tho London County Council was that 
they “wished their pupils to obtain a broad view of 
nature, to study Mankind and lus environment fr°m 
venous standpoints more particularly 
point of view of both tho "council for 

Scionecs In 1046 C ° 
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Secondary Education in Scotland -was oven more 
explicit “During the earlier secondary years at 
least, the study of man in his world, like the study 
-of science, is a unity which should not be broken 
by any sharp division into ‘subjects’ the theme 
must be one ’ Only last year (1958) a Com- 
mittee of the Science Masters’ Association urged that 
“The schools have the duty of presenting Science os 
part of our common cultural and humanistic heritage , 
it should be taught in harmony with and not m 
opposition to the various Arts subjects ” It 

seems fair to assume that this is a goal towards which 
we would all wish to strive , but when we try to 
approach it the road proves extremely hard and 
most of us, in practice, fall by the wayside 

We cannot shut our eyes to the fact that our 
national economy depends on our ability to make 
and exploit new scientific discoveries If we wish to 
maintain or extend our standards of material comfort, 
we must have more professional scientists and highly 
trained technicians, and we must be prepared to 
■devote an adequate fraction of out educational effort 
to get them But highly framed specialists form only 
a very small proportion of the population, and we 
may be paying for them m very hard currency if we 
have to deny to a very much larger fraction of the 
community a reasonable chance of “seeing life steadily 
and as a whole” A democratic society has to decide 
how much of its total educational effort should be 
devoted to an ever-mcreasmg standard of living, 
and how much to raising the intellectual standards 
whereby the majority of the population forms its 
judgments on matters which are susceptible to personal 
prejudice or political propaganda It is not easy to 
assess the factors which mould public opinion, but a 
recent inquiry sponsored by the Nuffield Foundation" 
and the BBC indicates relatively clearly that the 
attitude of mind of an individual towards a changing 
environment is directly related to the nature and 
extent of his full-time education and that it is this 
trainin g which largely determines, m later life, his 
response to other potential sources of education — 
such as libraries and broadcasts If we wish to awaken 
a widespread interest in science, or — still more — 
wish to contribute toward the formation of an 
enlightened public opinion, we must sow our 6eeds m 
the schools and m organized centres of adult educa- 
tion In the latter field, the Area Organizations of 
the British Association are of fundamental impor- 
tance as authoritative and coherent sources of informa- 
tion for an increasing fraction of the community 
By working with other organizations they can make a 
very definite impact not only on the scientific but 
also on all aspects of public opmion 

But the key to the mam problem hes m the 
schools, and the responsibility resting on school 
teachers can scarcely be exaggerated 8 Too many 
are asked to do two jobs at once — to provide a train ing 
for potential specialists, and at the same time give a 
training which will best equip the average boy or 
girl for later life If we are to pay more than hp 
service to the behef that a good all-round education 
is the best means of raising the intellectual level of 
the community, we must recognize that our most 
urgent need is for good general practitioners in the 
art of education Really inspired teachers working 
with adequate but simple equipment will achieve 
more for general education than specialists m highly 
equipped laboratories But the scales have been 
heavily weighted in favour of specialization Almost 
exclusively, our universities are producing specialists 


Some of these return to the schools, -where they m 
turn teach on a specialized front So tho spiral of 
specialization has gone on It is only natural that 
able teachers should get an intellectual stimulus bj 
preparing boys and girls for scholarship examinations 
and so pro vidmg recruits for fields of research m v Inch 
they themselves are interested , but it. is by no means 
clear that their -work is necessarily more important, 
or more difficult, than that of those -whose primary 
object is to persuade people that they cannot live by 
bread alone If we really believe m genoral education, 
we must produce and encourage tlio right typo of 
teacher No man or w oman in their senses enters the 
school-teaching profession for financial gam, but n 
community which rates thirty inspired school 
teachers as equivalent to one high-grade comedian 
or film star may well deserve a very unhappy fate 
A benevolent dictator would make school-teaching 
the most highly respected and tho most highly paid 
of nil professions, and tho Ministers of Education 
the most important officers of go\ ornmont ; but, in 
both cases, ho would demand a vory high lovol of 
performance We must do tho best we can without 
him 

The value of an educational system can perhaps 
be judged by tho extent to which it leaves people 
with a desire to know' more about tho world at large 
and a feeling that this can bo satisfied, at least in 
part, by personal effort To meet a constantly 
changing environment tho goncral pattern of teaching 
must be constantly undor review If a curriculum is 
allowed to degenerate into a series of isolated subjects 
with little or no immediate bearing on everyday 
life, the result can, perhaps, best be described m 
words which I think the president of Section L 
(Education) wnll recognize “When far too mam 
boys and girls will carry away from school little more 
than gobbets of ill-digested knowledge and a distaste 
for what lias yielded bo little”' 

But, as I have said, it is easy to talk and to criticize, 
it is much harder to plan for action So far as 
science is concerned, the British Association might 
approach the problem of genoral education m the 
three familiar stages of research, development and 
production The first step would involve an assess- 
ment of the evidence if tho Association’s judgment 
were given m favour of o wider, and perhaps 
more biological, outlook on education, it should 
do all it can to seo that it is put into pmctico on a 
limited front and — in the light of experience — allowed 
to spread gradually into full-scalo production All 
this would involve very far reaching reorganization 
of schools and universities While Oxford and 
Cambridge shiver on tho brink of optional Latin, 
the University Collcgo of North Staffordshire is 
swimming tho Hellespont by insisting that all 
students should, during their first year, survey the 
w'hole field of knowledgo as a coherent picture 
before proceeding m three subsequent v cars to 
specialized training This is, m my opinion, ono 
of the most important and courageous educational 
experiments m our times for, if it succeeds, a great 
number of our major difficulties will be resolved 
t O n the other hand, if ‘general education’ and 

general science’ are condemned os ‘smatterings of 
everything and a knowledge of nothing’, and if the 
concept of a central theme around wluch all parts 
of a syllabus would revolvo be found to be illusory, 
it is high tune we stopped talking about the broad 
cultural value of science and concentrated our efforts 
on widening the interests of specialists during or 
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after thoir technical training Much can be done b\ 
relatn oly formal teaching but — if I may judge from 
personal experience — more depends on the extent 
to which students are givon the time and oppor 
t unity to educate themselves bj contact with men 
and women with entirely different interests and 
outlook from themselves This is tho great strength 
of tho older residential universities , but, hero again, 
tho> may have something to learn from North 
Staffordshire 

But the older we get tho less m dined wo are to go 
back to school If we want every member of the 
population to keep in touch with what is going on in 
the scientific world and to realizo its impact on their 
In es, we must rely on tho Press and on the broadcast 
ing authorities Noitlior of those is primarily on 
educational medium , m both cases the mam object ivo 
is to put science across in a form that readers and 
1 ifl toners find interesting In respect to music, the 
BBC has been outstandingly successful other 
fields of broadcasting may be loss nmonablo, and it 
is not altogether oasy to know how far an m crease in 
factual knowledge concerning a number of isolated 


fields of science enables listeners to appreciate the 
broad social and international implications of science 
as a whole 

But when all is said and done, science can onl> 
pla> its full part, m furthering the welfare of mankind 
if it is used at a very early stage of education as a 
means of encouraging a dispassionate but optimistic 
attitudo towards all aspects of human affairs To 
move from national traditions and aspirations to 
others based on international welfare may prove less 
painful if we are prepared to look on man and all hw 
problems as a phase in the evolution of tho universe 
and if we havo the courage to believe and to teach 
that ho can by means of his intellect control and 
direct his own e\ olution and destiny 
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SUMMARIES OF ADDRESSES OF PRESIDENTS OF SECTIONS 


THE VISUALIZATION OF MAGNETIC 
PROCESSES 

I N delivering the presidential address to Section A 
( Mathematics and Physics), Prof L. F Bates 
prefaces lus remarks with a brief outline of the 
ferromagnetio domain concept He then describes 
the se\ eral ways in which the boundaries and surfaces 
of such domains in single crystal and in polycrystal 
lino materials may be manifested He shows how the 
original Bitter flguro technique baa given results of 
great valuo concerning mam domain and closure 
domain configurations , it has provided considerable 
support for the ideas of Ndel and ofcbors as applied 
to the magnetisation processes which occur when 
single crystal specimens of appropriate shape are 
exposed to magnetizing fields, and has given visual 
proof of the important effoctB of inclusions defects 
and strains on magnetization phenomena 

The technique has recently been much extended 
first by Craflra development of a detachable colloid 
film carrying with it a record of domain configuration 
which can be examined optically and also in a com 
morcial form of eloctron microscopo Craik and 
Griffiths have shown that tho film technique can 
be successfully used to examine fine domain 8 true 
tures on ferrito surfaces prepared by the simple 
cleavage of single crystal specimens By using films 
of over decreasing colloid concentration, Craik found 
th© minimum thickness of a continuous deposit above 
a 180*-domnin wall on a cobalt crystal to be 10** cm 
Tho colloid film techniques rostnet tho experiments 
to static observation and to limited ranges of tom 
peraturo and recently attempts have been made to 
develop dynamic methods Perhaps the most sue 
eras ful is tho polarized light technique of Lee, Callaby 
and Lynch, which has boon applied to the motion of 
a domain wall in a thin sheet of polycrystalline 


Perm invar , on alioj of approximate constitution 
NI 4| Fo,|Co ll , which has been magnetically annealed 
by cooling it in a magnetio field Dans has followod 
tho motion of such a wall by pioh up m a search coil 
wound on tho specimen Lee, Callab> and Lynch 
have used the transverse Korr effect The specimen is 
illuminated by a beam of plane polarized light, which 
forms a small Btrip on tho specimen surface roughh 
parallol to the wall, and vluch nets os a light probe 
The reflected light is coll coted by a microscojic 
passes through a Polaroid’ and is thrown upon the 
cathode of a photoraultfplior As n domain wall 
moves across the beam, the intensity of tho collected 
hgbt changes, the change bo mg made periodic b\ the 
application of a weak alternating field to tho speoi 
men The current from the pbotomultiplior is 
amplified and a signal displayed on a eathodo ra\ 
oscillograph By using two light probes a domain 
wall can be made to move through each in turn so 
that the volocit} of wall movomont con bo followod 
It is found that tho velocity is fired almost entireh 
by tlio eddy currents in tho specimen 

An electron microscope has been directly applied 
by M Blnpkmon and others to examine tho stray 
fields at th© edges of ferromagnetio specimens, and in 
this waj it has been shown that the domains in 
hematite ore unexpectedly large Bpivak and his 
collaborators in Moscow have obtained direct photo 
graphs using the secondary electrons released b\ a 
primary beam on the specimen surface The} ha\o 
also used an electron mirror method Kafizcr in 
Prague has used a thm Permalloy probe vibrating 
above th© surface of a specimen to map domains 
However, nil these mothods have to date been loss 
informative than the colloid method and ma\ more 
readily manifest surface imperfections and inhomo 
gcnoitioe than domain walls but then nmv ° 001 
be greath improved in future 
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MEDICAL ASPECTS OF COMPLEX 
CARBOHYDRATES 

P ROF M STACEY points out in Ins presidential 
address to Section B (Chemistry) that carbo- 
hydrates play an essential part in the vital processes 
of all living cells Their simplest forms, the mono- 
saccharides, are synthesized from carbon dioxide and 
water in the leaves of living plants by the agency of 
sunlight and chlorophyll The chemistry of theso 
photosynthetic processes, including sugar mter- 
conversions, phosphate transfer and the enzymes 
involved therein, is now being -worked out Likowiso, 
the mechanisms of the build-up and breakdown of the 
complex carbohydrates, the polysaccharides, is now 
well established 

Microbial and animal colls, devoid of photo- 
synthetic pigments, must uso the simple sugars as 
material and enorgy sources for their own metabolic 
cycles The proper carrying out of these cycles is 
necessary for the healthy condition of every living 
cell, and m the animal the blood sugar (glucose) 
balance must always be maintained For the growth 
and reproduction of cells and tissue, complex poly- 
saccharides must be built up, for example, to form 
cell membranes, structure and storage material and 
colloidal fluids, while the pentose sugars form a part 
of the genes and chromosomes 

Some of the important processes m which both 
simple and complex carbohydrates are involved are 
discussed by Prof Stacey 

(a) General metabolic processes Theso mvolvo 
digestion of foods and the absorption of glucose and 
other sugars , they involve the metabolic cyclos and 
the function of onzymes concerned with them They 
concern the synthosis and breakdown of glycogon, 
the conversion of sugar to fat, the biochemistry of 
muscle action, formation of milk, etc Tho hormones 
insulin and epinephrine are involved in glycolysis 
The great medical value of insulin in controlling 
diabetic conditions is well known In this field syn- 
thetic substitutes for use in diabetes are being act- 
ively studied 

(b) Detoxication mechanisms Frequently tho body 
needs to get rid of excess toxic substances Buch as 
drugs, and it can do this by oxidation processes, 
coupling up with tho sugar acid D-glucuromc acid 
and then excreting the complex D-Glucurome acid 
is an important tissue component 

(c) Structural components of the body It is with 
these substances that we can expect to see groat 
advances in the future, for complex carbohydrates 
known as mucoproteins and mucopolysaccharides 
form a large part of components such as bone and 
cartilage tissue, cell membranes, connective tissue, 
skin and its ground substance, joint fluids, synovial 
fluid, eye tissues and fluids, gastric and intestinal 
mucosa, etc 

These complex polysaccharides have as their 
building units nitrogen-containing or ‘amino’-sugars, 
hexuroruc acids and hexoses, and often, too, acetyl 
and sulphate residues are present Associated with 
the carbohydrate protein complexes is a novel group 
of ‘nine carbon’ sugars, the nonulosammic acids, 
known as sialic and neuraminic acids Detailed work 
on the chemistry and biological importance of theso 
acids is not yet well advanced Generally, the muco- 
polysaccharides are concerned with movement of 
parts of the animal body and thus are important in 
conditions of arthritis, rheumatism, etc , and with 
general ageing processes 


(d) Blood components Many components of blood 
contain complox carbohydrates , tho rod coll surfneo 
contains mucoproteins, whito colls contain nucloic 
acids, while sorum contains a wido range of muco 
substancos 

Furthermore, many tissues and fliuds of tho body 
such as gastric mucosa, saliva, etc , contain tho so 
called blood-group factors, which aro polyBaccbarido- 
amino acid complexes Ono of tho most important 
medical dovolopmonts has boon with blood plasma 
substitutes, -whore tho bactonal polysaccharide 
doxtran has becomo established as an oxcollcnt 
oxpandor of blood volumo Tho clotting of blood in 
tho body is mhibitod by hopann, a complex ]>olj 
saccharide sulphate, tho action of whioli can bo 
imitated by othor polysaccharido sulphates 

(e) In many othor directions carbohydrates arc 
bocommg of increasing importance In tho anti- 
biotic fiold, streptomycin is an important complox 
carbohydrate, -while many othors such os puromycin, 
mngnamycm and kanamycm contain ammo sugars 

In disoaso-producing agonts, tho complox surfaco 
carbohy drates play a significant part m immunity 
studios, and thoro is a closo relationship botwoen 
carbohydrate structure and immunological specificity 
Pyrogens or fovor-producing agonts from bacteria 
aro also carboliydratos Muco-substanccs and the 
enzymes which destroy them aro important in 
fertilization processes, but little is Jcnown at prosent 
about the carbohydrates of oggs 

A now branch of carbohydrate chemistry ib 
developing in tho virus fiold, and tho necrosis of 
6ome tumours by bacterial polysacchnridos has yot 
to bo studied m detail 


RECENT DEVELOPMENTS AND TRENDS 
IN PALAEONTOLOGY 

T HE post turn or threo decades have witnessed a 
remarkablo mcreaso m tho output of palfconto 
logical rcsoarch Most of this has been of a purely 
descriptive character, often rolated to tho needs of 
tho stratigraphical palaeontologist, but much has 
been of moro gonoral interest, particularly m tho 
borderline fields of taxonomy and evolutionary 
theory Prof OMB Bulmnn attempts in his 
presidential nddross to Soction C (Geology 7 ) to give a 
non-tochnical account of palaeontological activities m 
some of those directions 

Chance plays a largo part m tho preservation and 
discovery of fossils, and modes of preservation limit 
the techniques which can bo applied Hence from 
the nature of his material, tho paleontologist has less 
freedom than the noontologist in planning his 
research, and is often unable to follow somo otherwise 
desirable lme of investigation New material is, 
howovor, constantly bomg obtamod, and tho scalo on 
which effeotive techniques are bomg devised and 
applied is a distinctive feature of modem palfeonto- 
logy Particularly characteristic of tho immediately 
post-war years also havo been the many attempts at 
constructive syntheses of palaeontology and allied 
sciences 

Palaeontology provides a general and imperfect, 
though steadily improving, record of most groups of 
organisms, and m supplying a few true evolutionary 
series it has given a fourth dimension to the concept 
of the species Applying tho results of absolute 
rather than merely relative datmg of rocks, it is 
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beginning to contribute) some tentative calculations 
of evolutionary rates in various groups, particularly 
among vortebrate animate , and the establishment 
whoro\ or possible of invortebrato phjlogomcs will 
lm\e rewarding results hero os m other fields Tho 
problem of evolutionary mechanism is a purely 
zoological ono, but tho ultimate proof or disproof of 
evolutionary theories Involving phylogeny, such as 
proterogenosis recapitulation and orthogenesis, also 
lies fairly within tho field of palfoontology 

The major contributions in paleontology have been 
made where its limitations have been frankly recog 
nixed and its uniquo assets moat fully exploited 
Thoso are, of course, the time factor and the his 
toncal record of ovolution To bring palicontological 
evidence into the evolutionary picturo, how over 
involves a synthesis with genetics, taxonomy and 
zoology from win oh is now emorging a new ‘science 
of four dimensional biology’ In such studies, tho 
emphasis has tended to shift from the individual to 
tho population, with the consequent need for 
statistical treatment, and successful generalizations 
will call for accurate quantitative as well as quali 
tatno methods of research , but Prof Bulmon 
emphasizes in this address the primary importance 
of tho most detailed and exact morphological invoeti 
gallons winch contemporary techniques can provide 


HAN AND THE WORLD’S FAUNA 

D R L HARRISON MATTHEWS, m lua ptoai 
dontiol address to Section D (Zoology) points 
out that man lias continually preyed on the fauna of 
the world Tho increase in the human population 
and man’s tochmcal skills liavo enabled him to 
exploit the fauna with ovor increasing destructive 
noss It was not until tho populations of animals 
wore reduced below the danger point tlint man 
realized that they were not moxliaustibie Destruo 
tion of particular species has also been duo to man’s 
destruction of tho environments to winch tho fauna 
has been adapted Human settlement of land and 
tho development of agriculture have caused many 
n-nimalB to bo banished from their natural environ 
menta 

Man now realizes that brooding fauna in captivity 
will not alono maintain its existence He has intro- 
duced legislation prohibiting or limiting the killing of 
cert am species and has provided sanctuaries in the 
form of rooorvee It is essential however, that the 
conservation be not onlj applied to the fauna but 
also to tho environments Basically it is a probloin 
of land management and development, vital to man 
as a means of producing onergy — food and other 
useful products 

For tho conservation of animals specifically for 
commercial purposes Hr Harrison Matthews gives 
examples of tho recoveries for the fur-seal and tho 
olephant-flcal, and how extmotion in tho Antarctic 
was provonted bv the intervention of tho Falkland 
Islands Government Ho also men t ions the not so 
satisfactory history of tho whaling industry the 
only thing that regulations gamed here was to reduce 
tho rate of extermination In general, the son fishing 
industries of tho world present many complications 
so far as conservation is concomed especially the 
question of replacement of tho life giving plankton 
On land over grazing is often a serious threat to 
animals , however, so mo scientists hold the theory 


that in some cases artificial control is unnecessary 
stating that it is effected by natural causes in the 
long run 

Hr Harrison Matthowe rofors to tho population 
dynamics of certain class ©a of mammals and givee 
an account of the catastrophic ‘crash’ that m 
variably arrives after a peak in numbers lias 
boon roach ed, especially in vole-plaguee The 
over crowding of tho immediate environment that 
occurs tends to result m psychological tension which 
eventually causes dysfunction of the adrenal gland 
tho breakdown of adrenal funotion causes the rapid 
death of tho animals 

A recent inquiry shows tlint in 1GG8 the world 
population increased by 47 millions , at this rate, in 
forty years time the human population would double 
It is unlikoly, howovor, that this will occur as the 
growth of the human population tends to bocomo 
slower and reach a stable level with the increasing 
standards of living If we compare the present 
build up of population with tho cyclic build up of 
the population of small mammals, it would eeem 
that wo are rapidly approaching the peak and tho 
catastrophic crash’ Other factors wo also likely to 
control the growth of population, suah as a to mi o war 
and its radioactive contamination of the atmosphero 
social control by inhibiting fertility in either sox or 
the emergence of now epidemic diseases 

Dr Harrison Matthews points out that the con 
servation of the world s fauna must bo planned on a 
world wide scale It must be decided what parts are 
to bo devoloped for human occupation and what 
parts are suitable for conserving fauna , already a 
number of national and international bodice inter 
rated in conservation exist , however, as suoh there 
has been only little action. He sums up by advising 
all zoologists to study any aepects of biology of tho 
larger animals before it is too late 


TRENDS IN URBAN EXPANSION 

L ARGE-SCALE urban growth which was a 
feature of nineteenth century industrial develop 
ment in western Europe and eastern North America 
is the theme of tho proeidontinl address to Section E 
(Geography) by Prof K 0 Edwards It has oon 
tinued to tho present day, affecting almost all parts 
of the inhabited world Recent decades however, 
liavo witnessed a sharp acceleration of tho process 
and urban orpansion is now gom£ on at an unpro 
cedentod rato While industrialization remains ft 
primary factor it has come to play a relatively Ices 
important part in the crowding of people mto cities 
Owing to the lack of a common definition among 
different countries as to what constitutes an urban 
population precise measurement of tho rate of urban 
growth for tho world as a wliolo u impracticable 
Some idea of its magnitude over the post half conturv 
so far as large towns are concomed that is thoso of 
100,000 inhabitants or more, con be obtained from 
the figures in Table 1 
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Not only has the number of large towns more than 
trebled, but also a marked upward trend m their 
mean size has occurred The most spectacular evi- 
dence of urban growth is afforded by the millionaire 
cities There are now about ninety of these vast 
agglomerations, of which London and Pans were the 
only examples a century ago, and their number 
increases yearly Some 200 million people now live 
in these huge cities, and the day is not far off when 
thev will shelter one-tenth of all mankind 

Yet the mammoth cities and existing conurbations 
do not represent the ultimate stage m tho process of 
urban accretion, for in certain instances groups of 
these tend to coalesce, forming % ast continuous urban 
areas to which the term ‘megalopolis’ has been given 
The outstandmg example is the \ irtually con- 
tinuous urban belt stretching for 400 miles from 
Boston to Washington, D C , contaming more than 
30 million people 

Whether m the older regions of settlement or in 
those of newer development, the expansion of cities 
is mainly due to the movement of people from rural 
areas and from the smaller to the larger towns The 
townward drift is primarily the expression of a desire 
for improved conditions of life In the process no 
new equilibrium between rural and urban populations 
is discernible, for food production, despite a dwindling 
labour force (except m south-east Asia), is increasingly 
dependent upon technical advances in agriculture 
To-day the essential relationship is that between 
urban demands and agricultural productivity 

The latest phase of urban expansion has had sig- 
nificant effects upon the individual city The rising 
importance of service functions of all kinds has 
substantially altered the structure of urban employ- 
ment , the growth of administrative and other 
non-productive activities has intensified the use of 
the central business quarter , tho demand for office 
accommodation m particular has mcreased the 
pressure on building sites, leading to an acceptance 
of the tall building for such purposes, often in 
defiance of tradition , retail services havo become 
hampered through traffic congestion and com- 
petition for space, resulting m an mcreased emphasis 
upon secondary shopping centres m residential 
districts In connexion with these and other changes, 
the controlling factor is motor transport Its effects 
are both centrifugal and centripetal, and the capacity 
of the city to discharge its functions satisfactorily 
will increasingly depend upon the solution of problems 
to which this form of transport gi\ es rise 

HOW MUCH SCIENCE ? 

T HE recent campaign in Great Britain for in- 
creasing the proportion of our human and 
material resources engaged m science, in all its forms, 
has been supported by a wade range of arguments, 
some of which are of doubtful validity What tests 
can bo applied to determine if and when there is a 
shortage of scientists •' It is with this question that 
Prof J Jew'kes commences his presidential address 
to Section F (Economics) To the economist tho 
term shortage has an exact meaning There is a 
shortage when, at the existing price, the demand is 
greater than the supply Although the evidence is 
scrappy, the indications are that there is no shortage 
of scientists, in this specific sense, in Great Britain 
at present For the salaries of scientists are not at a 
level nor moving m a direction which suggests 


shortage , nor do llio latest estimates of probable 
supply and demand indicate any serious gap between 
the two 

It is frequently suggested that tlioro is, noverthe 
less, an ‘unmet nood’, implying that those who 
exorcise tho demand for scientists are not sufficienth 
conscious of thoir valuo to the community IJnmot 
need is an clusivo concopt, but four reasons hove 
been given for believing that it exists First, it is 
said that Britain is lagging behind tho United States 
and tho United States behind the USSR These 
international comparisons, when they include the 
USSR, are for the most part hazardous statistical 
exercises w ith non-comparable material Ev on m tho 
comparisons botween Great Britain and the United 
States many obstacles exist, both as to method and 
materials It scorns to bo a reasonable assumption, 
however, that having regard to thoir populations, 
there is no great disparity botween tho two countries 
Secondly, efforts have been made to establish cor- 
relations between tho rate of chango of industrial 
output and of tho number of scientists and techno 
logists m industry But tho statistical material 
employed hero and tho deductions based on it both 
seem to be unsatisfactory Thirdly, it is sometimes 
suggested that smeo somo industries spend on 
research and development relatively more than 
others, tins proves that tho second group is lagging 
Fourthly, attempts havo been mndo to measure the 
not gams arising out of expenditure on research and 
development , the results obtained in this way are 
interesting but do not support any very spectacular 
conclusions 

The scale of scientific activ ities in the connnunitv 
is determined by a vorv puzzling combination of 
public and privnto nows, public and private actions 
and, m tho Inst resort, tho striking of tho right 
balance will inevitably bo a matter of informed 
guesswork and of intuition At tho moment tho final 
judgment is probably being distorted by the tendency 
to exaggorato tho part that scionco has played m 
raising tho standard of li\ mg in tho past , to over- 
stress tho potentml material benefits of tho more 
spectacular rocont scientific discoveries , and to 
belittle the contribution mndo to economic expansion 
by skills and capacities non-scientific in character 

THE CRITICAL IMPORTANCE OF 
1 RANSPORT AND COMMUNICATIONS 

r N the modem world, transport affects tlio citizen 
and tho ongmeer at every turn In Britain, about 
25 per cent of tho gross national product is accounted 
for by transport and communications Not only is 
tho modem State utterly dependent for its doih* 
bread on transport, but also its competitive power 
depends largely on its efficiency m operation More 
over, it is one of tho most easily observed aspects 
of a country’s organization and achievement, and it 
has a psychological as well as a material impact 
Tho subject bristles with technical, oconomic and 
political problems, but the aim of Sir Ewart Smith’s 
presidential address to Section O (Engineering) 1S 
to express somo very general thoughts as a challenge 
to our sense of urgency 

In the mid-nineteenth century, Britain hnd the 
best transport system in tho world , this was largely 
tho creation of engineers, who not only invented, 
designed and constructed m tho technical sense but 
also often organized the business sides of the ventures 
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they had conceived When to day, we compare land 
transport at home and abroad, we must admit that 
wo bavo not applied either tho technology or the 
money necessary to koep up with the goneral advance 

Although very rocont years have seen some awaken 
ing of Britain to its transport needs, a few facts and 
figures may be mentioned to underline the need for 
still greater boldness in plans and expenditure 

The projected expenditure of £G0 million on new 
roads and major improvements is no more than the 
1939 rate, allowing for tho fall in the value of money, 
though the number of vehicles has grown from 3 
to more than 7 million, and is increasing at 8 per cent 
a y r ear While attention is now being paid to motor 
ways, by the end of 1959 only 64 miles will bo in use 
whereas between 1830 and 1850 new railway routes 
were being built in Britain at an average rate of 
320 miles a year "Urban road development lags e\ on 
more We havo no established oentre for training 
liigh grade traffic engineers, although tho savings 
to be gamed from traffic engineering are immense 
An increase of only 5 in p h in average speeds — at 
present 20 m p.h m urban districts and 32 mph 
in rural — would give an economic saving of at least 
£180 million a year and much more as trafflo grows 

Tho railways, too, suffer greatly from past neglect 
of capital expenditure and technical recruitment 
During 1000-55 truo capital outlays were very small 
and as lat e as 1 050 only 0 23 per cent of the employee* 
of the British Transport Commission were qualified 
scientists or engineers In comparison in the National 
Coal Board the proportion was 0 7 per cent in the 
Central Electricity Authority 2 9 per cent and m the 
Atomic Enorgy Authority 10 9 per cont The British 
Transport Commission is making valiant efforts to 
retrieve the position, and the results are likely to be 
sinking Nevertheless even bolder Blinking is 
desirable particularly in regard to sire of wagons and 
turn round (wagons now average only 10 miles/day) 
It must be stressed that in this the users have major 
responsibilities as well as corresponding opportunities 
of gain 

In transport abroad and in our newer and progres 
sivo industries, scientific engineers play a much larger 
part than in the road and rail transport organizations 
of Britain we need to train more and use them more 
widely Wo must remedy the defects in the transport 
system of Britain, particularly on the roads, by far 
greater capital expenditure and by a bolder approach 
to tho technical and organizational probloms involved 


‘expander after haemorrhage or in post operative 
hypotensivo states, dextrana of appropriate molecular 
size have been prepared and addod to these solutions 
to make thorn osmotically equivalent to plasma But 
so far, It has not been possiblo, except by employing 
suspended rod blood corpusoles, to make these 
solutions adequate earners of respiratory' gases 
The introduction of antibiotics and ample supplies 
of anticoagulants have enoouraged and established 
the ubo of perfusion and similar techniques for 
clinical purposes The ‘artificial kidney which has 
proved successful m the management of certain types 
of kidney disorder, is a development of Abell’s (1932) 
vividiffusion apparatus The principle is that an 
artery is cannulated and the blood rendered in 
coagulable, is passed through a 20-30 m length of 
‘Cellophane’ tubing which is formed into a spiral and 
rotated m a bath of modified Ringer s solution 
According to differences in concentration across tho 
membrane, substances will be interchanged between 
the blood and the surrounding fluid. By this moans 
substances which havo accumulated because of renal 
dysfunction can be removed from tho blood the 
rate and the extent of the exchanges can bo con 
trolled by regulating the composition of the sur 
rounding bath Ensuing chemical ohanges in the 
blood must be followed Treatment by the ‘artificial 
kidney' is indicated when the pathological changes 
in the kidney are reversible and the patient’s kidneys 
are likely to resume their Amotions 
In the field of cardiac surgery more oxtoneive and 
complicated operations have been made feasible 
during the past decade by tho development of the 
extracorporeal circulation This is a method based 
on techniques woll established m physiological 
laboratories, by which the systemic circulation of 
the body can bo maintained by a moohanical pump 
and a blood orygenator for a period during which tho 
heart and the lungs of the patient can be by passed 
The heart and its neighbouring vessels can then be 
opened and oongemtol abnormalities or valvular 
lesions repaired or modified There are many probloms 
m the design of pumps and oxygenators which whilo 
giving, respectively, adeqnato flow of blood and 
sufficient exchange of respiratory gases, will not 
injure tho blood Striking clinical progress has 
already been made and ft seems likely that tho 
improvements m the toohiuque of perfusion will be 
applied to further studies of organ function and 
control and, probably of surv lvnl tn vitro 


ARTIFICIAL ORGANS BIOLOGICAL PERCEPTION, ATTENTION AND 
APPLICATIONS CONSCIOUSNESS 

W E are reminded by Prof A Hemingway, in his TN her presidential address to Section J (Psy oho 
presidential address to Sootion / (Physiology JL logy), Prof Magdalen D Vernon points out that 
and Biochemistry), how much the study of isolated we can nevor be aware at any ono moment of the 
organs and tissues maintained under conditions wholo of our surroundings The degree to which wo 
ensuring survival has yioldod to the physiologist are aware of them varies greatly, from a precise per 
These tissues are immersed in, or bu perfused (a new cop t ion of a narrow central field of view upon which 
technique), or perfused with blood, serum or solutions attention Is foouaed, to a vague awareness of all other 
which may bo regarded as ‘artificial bloods A parts We con vary the amount of attention and tho 
solution in which tho ionic concentrations of sodium, accuracy of perception from moment to moment, and 
potassium and calcium wore adjusted to maintain direct it to different parts of our surroundings but 
conduction and contraction in cardiac musclo was tho area of the field, and the numbor of ovenfs or 
first introduced by Ringer but since his day many objocts in it, of which we can be aware at any ono 
modifications have boon made, including the addition moment ore limitod Focal awareness of ono P* ° 
of motabohtes such as pyruvate and glutamate To the field may preclude the perception 
inako a blood substitute for clinical use os an parts It appears to be possiblo 
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events without being immediately aware of them and 
to store the information and attend to it later , but 
such information cannot be retamed for long How- 
ever, there is evidence to show that even when such 
information never reaches consciousness, it may yet 
have some effect on thoughts and behaviour 

Various factors operate to produce a selection of 
what is perceived and attended to most closely Wo 
tend to perceive primarily what we expect is most 
probable to occur in the circumstances , and our 
previous experience of similar situations does much 
to determine the estimation of probability Howevor, 
expectation is also affected by the reception of special 
instructions and information, and by training m 
what to look for People may also tend to perceive 
readdy what they desire to perceive or are interested 
in perceivmg , but m such circumstances they may 
imagine they see what is not actually there Again, 
they may be unusually slow to percoive what would 
be disagreeable to them But they quickly become 
aware of sudden and unexpected events which 
are significant and perhaps potentially dangerous, 
although they may be slower to perceive fully the 
exact nature of these events 

It is difficult to perceive anything which is oxposed 
only momentarily, or m very dun illumination, or in 
the margm of the field of vision Nevertheless, there 
is some evidence to show that material exhibited 
below the normal threshold of vision, of which the 
observer is not directly conscious, may m some cir- 
cumstances affect his thoughts or behaviour, and m 
particular produce reactions of tho autonomic nervous 
system Attention tends to wander after a time from 
events of no great mterest which recur repeatedly 
and monotonously, and thoy may cease to bo per- 
ceived A long period of exposure to completely 
homogeneous surroundings produces a decrease in 
awareness and the power of discrimination, accom- 
panied m some cases by hallucinations and un- 
pleasant emotional reactions 

Recent physiological evidence as to tho nature and 
functions of the reticular formation m tho sub-cortical 
regions of the brain suggests that impulses from this 
formation may stimulate tho cortex m such a way as 
to produce both a general arousal of consciousness , 
and also the direction of specific awareness to events 
of particular significance to the individual Cortical 
impulses m turn may facilitate those activities of the 
reticular formation, or may inhibit them, for examplo, 
m situations associated with tho withdrawal of 
attention, such as those of repeated unvarying 
stimulation of no mterest or importance to tho 
individual Clearly these findings have considerable 
significance m relation to the psychology of per- 
ception and attention, though our understanding of 
their exact bearing must await further investigation 


PLANTS ON LAND AND IN THE 
OCEANS 


T^OR his presidential address* to Section K (Botany), 
L Dr W R G Atkins prepared an account of the 
many and varied problems on which he had worked 
and for which his initial training as a botanist had 
proved invaluable Starting with a brief account of 
his work on the suitability and preservation of the 
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timber and fabrics used for tho aeroplanes of tho 
First World War, he passed on to an account of his 
work after the War for the Imperial Department of 
Agriculture in India It was in India that ho started 
his studies on the pH of soils and plant juices, work 
which he later extended m Britain After Ins appoint 
ment to the staff of tho Plymouth Laboratory of tho 
Marine Biological Association, ho was able to use 
pH measurements for assessing tho total quantity of 
photosynthesis in water masses m the sea and to 
initiate complementary chemical hydrographical 
work at tho International Hjdrograplnc Station E \ — 
work which has been continued by tho staff of the 
Plymouth Laboratory ev or sinco 

Dr Atkins then gave an account of lus extensive 
investigation into tho penetration of light into tho 
sea, a factor of great importance for tho growth of 
tho phytoplankton Those studies woro later extended 
to include measurements of light scattering and of 
tho naturo of tho light fields to which plants m 
various onvironmonts are subject, both m air and 
under water In addition to this work, his interest 
in tho plants of tho phytoplankton continued 
Anomalies were often apporent when tho crop of 
phytoplankton was estimated from measurements of 
tho utilization of different nutrients That these 
anomalios woro duo to tho occurrence on occasion of 
imsuspoctcdly largo amounts of non siliceous species 
was suggested by Dr Atkins — a hypothesis that Ins 
later observations and those of other workers havo 
amply confirmed 

Curious delays in tho limo of tho spring outburst 
of the phytoplnnkton when determined by tho sudden 
reduction in phosphate in the water mass woro also 
somotimes observed These delays did not seem to 
bo duo to physical factors, smeo both tho light and 
tomporaturo woro apparent h suitable for rapid plant 
growth A study of tho concentration of silicate and 
of tho various species occurring in tho water indicated 
a sudden influx of a fresh water mass into tho area — o 
phenomenon not apparent from records of tho tem- 
perature, salinity and phosphate, nor from measure- 
ments of tho total plnnt population ns measured by 
chlorophyll estimations Thus, after thirty years, at 
least one good reason for tho lateness of tho phyto- 
plankton crop had become evident Tins, howovor, 
is not to say that at other times and plnccs changes 
in tho vortical circulation or otlior factors may not 
bo important It docs, howevor, indicate tho vnluo 
and necessity of tho close integration of studies con- 
cerned with tho concentration changes of all tho 
known nutrients, tho physical factors involved and 
both the total plant population and tho occurrence 
of individual species 


PATHOGENIC FACTORS IN 
THE ROOTING SPACE AND THE 
DEVELOPMENT OF EVEN-AGED 
PLANTATIONS 

I N his presidential address to Section K * (Forestry), 
W R Day says that tho distribution of spocios 
of tree within tho rango grown for economic purposes is 
closely related to productive capacity as determined by 
available site types odoquate froedom from acutely 
damaging infestations and freedom from infections 
are, plainly , related necessities Production is based on 
growth as a natural biological process and its economic 
value depends partly on rate of growth and partly 
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on quality of production aa determined by jnarkot 
value of produco or sorvicca rondorod Ordinarflj , 
the development of tho main stem provides the 
principal interest in production, and tins ib governed 
by tho interaction of crown and root os functioning 
corrolativoa Gn on odoquato climatic adaptation of 
species of tree, then, within any suitable) limited 
climatic range, tho more important basic environ 
mental variations which determine variations in 
production rato aro to be found m soil conditions ns 
affecting root growth and functioning 

The gonoral tendency in dovolopment in forests 
established as evon-agod regenerations is from 
simplicity towards complexity in canopy structure , 
tho rate of development of this tendency for any 
given species of troo and assuming rolati\e even 
noss in climatic conditions is largely ft function 
of tho soil conditions whioh prevail locally Tho 
factors which determine the course of dev elop 
mont in ennopj structure are partly to be found in 
sylvicultural treatment, but basically in the develop 
mg demand bj tho forest canopy as crowns increase 
in aizo, ospociaUy during the first decades after 
regeneration, with reduction in number of stems per 
unit area and increase m height of troo and oocording 
as this domand can bo satisfied by supply of root 
growing space os qualified by available water and 
nutrionts Potontial domand of a canopy of any 
given specific composition according to size of troo 
and as influenced by stand density, may bo oon 
sidered as a genetic dmracteristio Since tho degree 
to winch this potential domand con be sat ib fled is 
determined largely by soil supply conditions it follows 
that, for any given age and type of even aged 
regeneration variations in canopy dovolopmont 
which ore natural to tho Bite will occur according to 
the distribution of variations in the stage of stand 
development at which volume of canopy demand 
becomes marginal with site supply and especially 
with supply from the root growing space Examples 
taken from even aged Sitka and Norway spruce 
stands are given whioh illustrate variations in stand 
structure do term mod in this way Limitations in 
edophio supply necessary for root development and 
action arise from a comp] ax of physical, chemical 
and biotio faotors the action of which ib more or less 
interrelated Examples based mainly on tho physical 
aspect of clay and sand soils as observed in tho field, 
ore given to illustrate edaphically determined 
limitation m supply winch through the prevention 
of growth naturallj attempted, acts as a basio cause 
of diseaso and in this way influences stand develop 
ment and through this, ooonomic production 

Examination of the problem of manogomont of 
oven aged plantations suggests that if tho effects of 
teclmical s>h I cultural treatments are sufficiently to 
be appreciated, there must be some adequato under 
standing of tho locoll> occurring inter relationships 
between canopy development and Bite supply of the 
needs for this for this through basically con 
trolling tho typo of growth possible will largely 
dot ermine the effectiveness of tho technical treat 
inents practised 


WHAT ARE OUR SCHOOLS FOR ? 

S IR JAMIES J ROBERTSON, president of Section 
L (Education) opens Jus address by pointing out 
that it was onlj within a few weoks of each other 
that a Scottish judge and tho Home Secretary spoke 


last winter about increased crime and irresponsibility 
They called for greater help from the schools, only 
to be rebuked by leading educational journals whioh 
put the blamo on bad influences outside Such 
criticisms focus widespread confusion about the 
schools’ functions and society a ability to protect 
itself 

Our educational philosophy is admirable, but our 
practice bo lice our professions , and, while within the 
task allotted to them our teachers merit respect and 
commendation no part of our national education, 
oxcopt our enlightened infant departments justifies 
complacenoy m face of tho crisis of our time Ad 
mittedly, the ablest pupils m our grammar schools 
are equal to the demands modo on them. But do wo 
allow time for thoir knowledge to be fully assimilatod 7 
To what extent do we quicken sensibility m thorn, or 
nourish imagination, or awaken the senso of dopond 
once on others 7 Moreover, if we segregate the higlUj 
gifted m separate schools at eleven, do wo not 
aggravate the risk of producing Lucky Jims’ or an 
arrogant self appointed dhto 7 

The average grammar school entrants, supposedly 
most fortunate, are educationally the worst used of 
all Despito advantages in staffing and provision 
they ore tho victims of on unsuitable curriculum and 
an external examination too hard for the majority 
They suffer from excessiv e demands on their time, a 
low level of real attainment on obsessional concern 
with examinations, and deplorable neglect of the 
non-cognitiv e sides of their natures Tho vision of 
the Norwood Committee and the Scottish Advisory 
Council quickly diod amid post-war careerism and 
greed 

Equally deplorablo is the largely lost opportumt) 
in the secondary modem schools with the discrediting 
of interest and experiment and tho over moronsing 
participation in tho clioso after certificates a partici 
pation whioh can, however bo defended if the 
General Certificate of Education roalh matters as 
much ns we protend and we put into secondary 
moderns children capable of socunng oven scrappy 
certificates 

The bright promiso of 1943 for tho primary schools 
also faded swiftlj in the universal scramblo for 
status A secondary education hko that in Britain 
presupposes a primary , goared to 11+ with tests 
and streaming nil the way and those pressures that 
make short work of frills and experiments Add the 
excessive size of classes and general inadequacy 
of provision and jou onsuro the dominance 
of class-teaching and the rigid tuno-tablo, with 
disastrous consequences both to secondary schooling 
and to nnv further education adequate to our 
condition 

Further education which is neither vocational 
training nor purvoyed entertainment is at once the 
most important of all, and in its meagre oxtent 
tho most disappointing How can it bo otherwise 
so long as statutory schooling creates distaste 
and does but scant justice to music, drama and tho 
arts 7 

Education in Britain accords as ill with rocont 


thinking and discovery os with the sombre realities 
of our tunes, taking insufficient account of tho rarity 
of high intelligence, the great range of innate ability 
and tho powerful movements of thought towards an 
organic and unitary view of man os existent and 
person Our groat need is to awaken to tho corth" 0 ** 
both material and spiritual of oil officart 

reform must begin with a national change of Hoc 
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BALANCE IN BRITISH FARMING 

D R H G SANDERS suggests in his presidential 
address to Section M (Agriculture) that the 
forty-seven years life-time of the Section has seen 
science apphed to British agriculture at an ever- 
mcreasing rate, and there havo also been violent 
economic changes Farming systems which have been 
budt up m more leisurely times have achieved a 
balance which might be upset by those scientific and 
economic impacts There has clearly been an im- 
provement m some aspects of the really basic factor — 
soil fertility The lime status of the soils of Britain 
has been raised markedly and is still improving, and 
the increasing use of chemical fertilizers has led to 
better plant nutrient content In regard to drainage 
the situation is less satisfactory There is still uncer- 
tainty and much argument ovor the importance of 
maintaining the organic matter content of the soil, 
the danger bemg that, if it is allowed to fall, soil 
structure will be lost New chemicals have pioved 
powerful aids m keeping land clean, but there aie 
obvious dangers in their indiscriminate use On 
many farms the ley has roplaced tho root crop as the 
pivot of the rotation, and advanced practitioners are 
showing how great the production from newly estab- 
lished grass can be Full summer utilization neces- 
sitates conserving surplus herbage at peak periods of 
growth, and sdage fits better into advanced grazing 
control than hay Much is known about the extra 
cost mvolved m making high-quality hav and silage, 
but httle about the increased animal production 
from first class material and its possibilities in 


economizing expensive concentrated foods There is 
urgent need for more appltod resoarch into such 
problems 

One aspect of balanco in traditional farming 
systems has boon tho rolation between tho fooding- 
stuffs produced from tho land and tho head of live 
stock maintained A high degreo of self-sufficiency is 
still a sensible economic aim, but its attainment 
depends on high-quality roughngos and moro precise 
knowledge of their potentialities, not only ns main- 
tenance ration but also for animal production. 

A rough balanco in tho farming of Britain as a 
vholo has grown up m a somewhat haphazard wav 
Salas of storo slicop m Scotland are veil established, 
and similar ones for storo cnttlo havo recently 
started and aro developing rapidly on the Welsh 
bordor Tho rovorso movement of gram and straw 
from east to west is unorganized and depends on tho 
initiative of individual merchants British farmers 
hav e had outstanding success m tho development of 
pedigree livestock, but tho future will probably sec 
more uso of crossbreds for commercial exploitation 
In poultry this is already widespread and in sheep 
also, though w ith them tho benefits aro often lost by 
continuing and mdiscnminnto crossing Tho develop- 
ment of a system of pedigree breeders and crossing 
breeders to piovido livestock for tho ordinary fanner 
would help m tho simplification of farming which 
advancing knowledge is making ovor more necessnrv 
The ultimate solution of this problem of keeping 
abreast with science should not bo monoculture, but 
mixed farming with the moro scientific processes in 
the hands of specialists 
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THE ST LAWRENCE SEAWAY AND POWER PROJECTS 
GEOGRAPHICAL BACKGROUND 

By Prof T L HILLS 

McGill University, Montreal 

T HE official opening of tho St Lawrence Sea tray The St Lawrence River provides the only oom 

on Juno 26 brought to completion five years of pletoly natural water gap through the mountain and 
design and construction of both the Seaway and upland burner formed by the Appalachians and the 
Power Projects on tho St Lawrence River It also south eastern upturned edge of the Ca n a dian Shield 
brought to fruition moro than fifty years of almost but for only brief ponods in the past four centuries 
incessant agitation m both the United States and has it been the chief transportation route between 
Canada for the development of a deep navigable the Atlantic and the interior of the continent The 
waterway into tho heart of tho North American St Lawronoe has faced competition from Hudson 
continent Yet most significant of ell it will carry Bay, tho Mississippi Valley, the Pacific Coast-Panama 
one st ago further a process that lias been under way Canal rout© and especially the Lake Erlo-BIohawk- 
for nearly four hundred years since Jacques Cartier Hudson route Tho economic and political his ton, of 
was halted in his joumoy up the St Lawrence b\ the St Lawrence can largely be told in terms of its 
tho Lochme Rapids Tins process lias involved on contmued competition with the alternative route 
one hand the gradual exploitation of physical features wuyB from tho mtonor of the continent The low level 
or tho Great Lakes -St Lawronoe drain ego system link botween Lake Eno and tho port of New York pro 
advantageous to navigation, and on the othor, tho \ uled by the valleys of the Mohawk and the Hudson 
o\ o rooming of natural obstacles to na\ i gat ion gamed the ascendancy over tho St Lawrence route 
Successive stages m this process have roflooted tho with the completion of a barge canal between Buffalo 
economio development of the continent ns well os and Albany in 1823 The ascendancy resulted partly 
political changes Tho St Lawrence Valley is the from a major physical ad vantage of the more eoatherlj 
natural outlet of tho continent to the North Atlantic route, and partly from tho fact that it was an 'all 
and v, ofltem Europe therefore improvement of tlus American route between the Middle' West and Europe 
waterway was to be expected Hon ever, neArly four The major physical advantage of the Lake Erie- 
con turiea since European man first arrived on tho New York route is tho year round ico-freo condition 
scene the navigation facilities on the St Lawrence of tho port of New York Inherent in the location of 
have only just been improved to the point where the St Lawrence, a location which in all othor respects 
ocean going vessels of moro than 2,600 tons can be lias proved advantageous is one of its most serious 
accommodated These navigation facilities are still limitations The winter olimnte of a rogion so located 
not coroparablo with the other great canal systems m the north-oastom quadrant of a continent within 
of the world At present, tho Panama, Amsterdam the northern hemisphere is long and extremely cold 
Rhine, Kiel, Sue*, Texas and Manchester Sliip Canals Bolow freezing temperatures for at least four months 
all exoe-od m size tho proportions of tho St Lawrence result m the St Lawrence being turned into an ice 
Seaway facilities For on explanation of the long way rather than a waterway From tho year 1887 
delay in tho ‘coming to age of tho navigation fooihtios until the present day tho averngo date on which the 
throughout the Great Lakee-St Lawrence 8ystom ship cliannel between Quebeo and Montreal has boon 
geographical historical, economic and political factors open for navigation has been April 17 tho earliest 
must be considered dato throughout that period was March 10 and the 

The St Lawrence River system in combination latest dote Slay I The averago date of the last 
with the Gulf of St Lawrence and tho Great Lakes departure from Montreal was December 4, tho earliest 
provides a continuous -waterway extending 2 347 was November 21 and the latest December 19 
miles into the heart of the North American continent Amelioration of conditions during tho past decade 
from the Atlantio Ocean Tho Iongth of this water and more recently assmtanco from icebreakers lin\ o 
way, its location and orientation, are three of its resulted in the lengthening of the navigation season 
outstanding geographical characteristics Mere length by about two weeks With tho completion of tho 
alone is not necoesanly an economio attribute How Seaway it has boon suggested that the navigation 
ever in this case tho distance of tho ponetration into season might well bo oven furthor lengthened by nn 
tho continent, winch is comparable with tho great increase in the number and the efficiency of ice 
circle route distance botween west European ports breakers the use of aerial ice surveys and tho 
and the estuary of tho St Lawrence is of tho very improvement of aids to navigation 
greatest economio significance boenuso tho Great An eight-month navigation season on tho St 
Lakee-St Lawrence system provides an approximate Lawrcneo and tho Great Lakes compared to year 
oast-west routoway into tho heart of one of tho round navigation on tho Atlantic coast south of tho 
richest agricultural and industrial regions on tho face Gulf of St Lawrence has probably militated against 
of tho Earth a region lying duo west of tho metropolis the devolopmont of the full potential of the St 
of Europe and tho British Isles In relation to roeource Lawrence and the Great Lakes more than any other 
production and potential this routmvay is ideally factor, though if deep navigation had been moro 
locatod Its hinterland or contributory rogion, com readily avaflablo this limitation would perhaps not 
prising ne it dooe the Canadian Shield, tho greater part have been considered quite so disadvantageous 
of tho Intenor Lowlands and parts of tho central and Tho other major physical limitation of the Great 
northern Appalachian System is extremely rich In agn Lakes -St Lawronoe waterway has boon of course 
cultural forestry mineral and water power rcsourcea tho serif* of falls, rapids and shallow oonnee mg 
It was natural that ono of tho world’s major trade channels, which unfortunately XjTko Huron 

routes should develop between such a region and a system, especially between venting thw** 

heavily industrialized and densely populated Europe The long delay in miccossfu y 
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obstacles has not been due to engineering difficulties 
but rather to the sheer expense involved In the 
upper St Lawrence, that is between Montreal and 
Lake Ontario, all the pre-Seaway canalization was 
undertaken by Canada, at an expense which was very 
considerable for a relatively small and youthful 
country Only in recent years when it became feasible 
to merge schemes for the provision of navigation 
facilities and the development of hydroelectric power 
did the expense appear not too burdensome, for both 
Canada and the United States It is fortunate that 
the most serious liabilities of the whole Great Lakes— 
St Lawrence system are, at one and the same time, 
very great assets The upper St Lawrence, which 
has over the years proved the most serious obstacle 
to the improvement of navigation, to day provides 
almost 4,000,000 horse-power of electricity 

The natural deep navigation throughout much of 
the Great Lakes and on the lower St Lawrence and 
the falls and rapids, seen either as obstacles to 
navigation or as water-power sites, owe then existcnco 
to a varied geological and physiographieal history 
The entire drainage system of the Great Lakes and 
the St Lawrence covers an area approximately 

678,000 square miles in extent, within three of 
the major geological and physiographieal regions 
of the continent the Interior Lowlands, the 
Canadian Shield and the Appalachians The 
Great Lakes and the valley of the St Lawrence 
he chiefly within the north-eastern section of the 
Interior Lowlands Here a great series of Paleozoic 
sedimentary rocks, primarily limestones, dolomites, 
shales and sandstones, take a basm-like form, over- 
lapping on to the rocks of the Shield and the 
Appalachians to the north and the cast Differential 
erosion on these Palaeozoic rocks has produced a 
senes of cuestas best typified by the famous Niagara 
Escarpment, and lowlands, which are to-day partly 
occupied by four of the Great Lakes and sections of 
the St Lawrence Valley In general, dolomites and 
limestones tend to form the higher parts of the region 
and are the ‘fall-makers’, while the shales bav e been 
removed extensively to form the lowlands and par- 
ticularly the four lower lake basins Lake Superior 
lies entirely withm t)ie Precambnan rocks of the 
Canadian Shield The Great Lakes probably owe 
their ongin to a combination of events — structural 
depression, fluvial erosion, glacial deepening and 
morainic damming These events gave rise to tho 
great size and depth of the Great Lakes The deepest 
point m Lake Superior is 1,302 ft , that is, 700 ft 
below sea-level, while Lake Michigan has a maximum 
depth of 923 ft , Lake Huron 750 ft , Lake Ontario 
774 ft , Lake Erie is relatively shallow, with an 
average depth of only 58 ft The water surface of 
the Great Lakes covers an area of 95,000 square miles, 
an area almost as great as that of tho British Lsles 
The surface of Lake Superior averages 602 ft above 
sea-level The drop to sea-level is concentrated in 
two sections of the drainage system . botw een Lakes 
Erie and Ontario and in the upper St Lawrence 
between the outlet of Lake Ontario and Montreal 
Tli ere is a total drop of 326 ft from Lake Erie to 
Lake Ontario, with a vertical drop of 168 ft at 
Niagara Falls, where the outflow of Lake Erie drams 
across the resistant Lockport dolomite of the Niagara 
Escarpment Between the outlet of Lake Ontario 
and Montreal the St Lawrence drops a total of 
246 ft in a distance of 183 miles, and m doing so 
flows across alternating resistant igneous and weaker 
sedimentary rocks, which has given rise in turn to a 


scries of alternating rapids and lake basins Immedi- 
ately on leaving Lake Ontario tho St Lawrence flows 
across a southerly extension of tho Canadian Shiold, 
tho Frontenac Axis This section is known as the 
Thousand Islands , it is wide, deep and free of 
rapids Below it a series of four rapids, collectively 
known ns tho International Rapids, because hero the 
Canada-United States border runs along the St 
Lawrence, provide a drop of 92 ft in a distance of 
44 miles These rapids, including tho fnmous Long 
Sault, have to-day disappeared under tho power pool 
of tho St Lawrence Dam Here tho engineers vv on a 
brilliant victory over tho St Lawronco by raising 
the waters of the river 81 ft hohmd a dam built 
below theso falls They have dovoloped tremendous 
water-pov or and at the same tune provided excellent 
deep navigation which replaces a series of four 14 -ft 
deep canals of the old St Lawrenco canal system 

Downstream from tho International Rapids section 
Lake St Francis drains via another senes of four 
rapids with a total drop of 82 ft Again this major 
obstacle has been circumvented by a combined pow er 
pool and deep waterway known as tho Bcauhamois 
Canal Here again tlioro is n potential 2,000,000 horse- 
power of electricity, threo-qunrters of which has 
already been developed Tho final major drop of the 
St Lawrenco occurs whore Lako St Louis drains 
over the Lachino Rapids Tho drop of 50 ft lias notv et 
been harnessed for the development of electric power, 
and the Lachino Rapids lmv o remnmed solely as an 
obstacle to navigation They havo additional geo 
graphical significance m that the city of Montreal has 
developed largely ns a result of tho Lachino Rapids 
brmgmgnatural deep navigation tonnendat this point 

Tho value of tho many considerable drops in 
elevation withm tho Great Lakes-St Lawrence 
svstom ns water-power sites is considerably enhanced 
by two additional physical attributes of the region 
Tho Great Lakes m particular, but also the myriads 
of large and small glacial lakes withm tho Canadinn 
Shield, act ns vast reservoirs with a tremendous 
storage capacity which results m tho outflow not onlv 
being considerable) but also m being regulatod to n 
remarkable degree Tho maximum averago flow is 
about 310,000 cu ft por sec and tho minimum 

144.000 cu ft per sec The variation of about 2 to 1 
is m striking contrast to tho flow of tho Columbia 
River, with a ratio of 35 to 1, and the Mississippi 
River, with a ratio of 25 to 1 Tho average flow in 
eu ft per see obviously increases downstream, heirm 

71.000 between Lakes Superior and Huron, 194,000 
on tho Niagara River, 237,000 in tho International 
Rapids section, and it roaches a maximum volume 
of 262,000 cu ft per sec whero the Ottaw-a River joins 
the St Lawrence Tho relatively uniform annual pro 
cipitation withm the drainage basin also contributes 
to tho uniform flow and tho tremendous volume of 
water m tho system Precipitation varies from 25 to 
4,3 in , with a mean of 31 in 

The completion of tho combined St Lawrence 
Seaway and Power Projects brings to a satisfactory' 
stage the development of navigation facilities on tho 
Great Lakes and the St Lawrenco and brings closer 
the complete utilization of tho tremendous water 
power available Man has long awaited the day when 
the full economic potential of this vast system would 
be realized This stage may not y r ot have been 
reached, but economic and technological develop 
mont will probably no longer hmder absorption of 
any remaining potential into tho navigation and powor 
systems of tho Great Lakes and tho St Lawrence 
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local E or F region winds in tho area of increased 
ionization produced by these particles, particularly 
near the conjugate point 

Main phase Gas motion due to the explosion 
which, by the tune of maximum of this plume extends 
to tho region of the meridians through Honolulu and 
Jarvis Islands GAM King and C H Cummock 
(personal communication) independently propose a 
shock front spreading from Johnston Island with 
radially uniform horizontal speed Thoj associate 
tho arrival of this ot each station with the timo of 
maximum of the main phaso there except at Apia, 
whore thoy associate it with the timo of maximum 
of the final phaao 

Adopting tlio idea of a circular horizontal bound 
ary centred on Johnston Island, applied to an 
expanding conducting cloud we suggest a broad 
qualitative interpretation of tho magnetic vectors 
as follows 

Fig 3A shows tho typo of distortion produced in tho 
horizontal magnetic field assuming that the linos of 
force are to some extent frozen In tlie gas 

Fig 3B shows a current system which might he 
produced by the o.m.f induced in tho northern 
section of tho cloud moving against the Earth a 
vertical magnetic field, with return current moving 
prefcTcntiallj along tho meridian and linking up in 
tho region of high ionization near tho conjugate point 


Honolulu 
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Fig 30 shows a vertical section across X-Y of 
Figs 3 A and B In this is piotured a current system 
which is imagined to combine that of 3 B with cui - 
rents to approximate the distortion shown in 3.4 
Note that the return current across the equator 
contributes to the required distortion, and wo suggest 
that this as well as amsotiopic conductivity control 
the direction of flow 

Final phase A later development of the motion 
producing the mam phase, corresponding to the 
passage of the shock front over Apia as postulated 
by King and Cummack In Fig 3 D we suggest an 
intei protation of the magnetic vectors on tlus idea 
This current system would depend on the abnormal 
ionization still situated m the whole region between 
Johnston Island and the conjugate point 

The development of all phases after the first 
explosion is faster, and affects a wider region, con- 
sistent with the belief that the first was the lugliest 
We hope to publish a full account of tlus work in 
the N Z Journal of Geology and Geophysics 

J A Lawrie 
V B Gerard 
P J Gill 

Magnetic Survev, 

Geophysics Division, 

Department of Scientific and Industrial 
Research, 

Christchurch, New Zealand 
May 28 

1 Cullington, A 1/ , Mature, 182, 1305 (1058) 

* Kellog P J , Key, E P , and Wlncklcr, J It , nature, 183, 358 

(1959) 

* Akasofu, S , Hop Ionospheric Bee in Japan, 10, 4, 231 (1058) 

4 Fowler, r H , and Waddlngton, 0 J , nature, 182. 1728 (1053) 


Some Geomagnetic Phenomena associated 
with Nuclear Explosions 

The three International Geophysical Year stations 
operated in the central Pacific by the Scripps 
Institution of Oceanography have consistently 
recorded magnetic disturbances following, and appar- 
ently caused by, the various nuclear tests conducted 
by the British m the vicinity of Christmas Island 
This fact is particularly interesting because, unlike 
the American bomb which was exploded in the iono- 
sphere over Johnston Island on August 1, 1958, 
producing auroral and magnetio effects over a large 
area of the Pacific 1 , the British tests are believed to 
have occurred at relatively low altitudes in the lower 
atmosphere 

Fig 1 shows magnetograms for the explosion of 
April 28, 1958, and Fig 2 the positions of the observing 
stations relative to the shot point, which was stated 
to have been within ten miles of 1° 40' N , 167° 15 ' 
W The altitude has not been disclosed, but official 
reports indicate that the device was dropped by a 
Valiant jet bomber, and it may be supposed that the 
height of detonation was substantially less than the 
ceiling of about 00,000 ft for that class of aircraft 

The pronounced anomalies m Z and D, which 
leaoh a maximum at Jarvis and Fanning between 
12 and 16 mm after the event and at Palmyra about 
10 mm later, are similar m character to those which 
followed other tests, and we have no doubt that they 
are directly related to the nuclear explosion We 
have examined magnetograms from the nearest 
magnetic observatories outside the immediate area, 
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Tlmo or burst 

Fig 1 Magnetograms for tho Christmas Island nuclear oxpioslon 
of April 28, 1058 

that is, Apia, Guam and Honolulu, but havo not 
found any magnetic offocts that wo can positively 
identify with tlus or with any other of tho Bntish 
tests Tins is surprising, bocauso Apia and Honolulu 
are only about throe times ns far ns Palmyra from 
Clinstmos Island 

The disturbances rocordod at our three stations 
have several foaturos m common They begin quite 
suddenly after a dolay of sovoral minutes (rather 
longer at Palmyra than at tho otlior two stations), 
they move m the same relative phaso and they persist 
for about half an hour, but porhaps tho most striking 
feature of the magnetograms is tho absonce of any 
observable disturbance m H corresponding to tho 
major disturbance m Z and D (though an unusual, 
and probably related, typo of local disturbance m H 
at Palmyra commenced about 20 mm after tho event 
and lasted for about 20 mm ) The absonco of an H 
component would be explained if tho phenomenon 
involved horizontal currents parallel to the magnetic 
meridian, and m tlus connexion it may be noted that 
the Earth’s magnetic field is very nearly horizontal 
throughout the area More generally, possible 
mechanisms for producing such disturbances include 
(a) the motion of charged particles, m certain circum- 
stances controlled by tho Earth’s magnetic field , (b) 
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Flu, -• Portion* of the Bcdppe International Geophyiie»l \tM 
station* relative to the «hot point near Christmas I»land 

the modification of existing ionospheno current 0 
through displacement of tho conducting medium or 
changes in conductivity , (c) the mcoluuucol disturb 
ance of a magnetic field frozen into a mechanically 
disturbed conducting medium To those must be 
added the secondary effect of induction within the 
Earth 


In order to bring out more clearly the vector char 
act eristics of the disturbances, diagrams have been 
constructed showing the time variation of their 
projections m various planes, measured as the 
departure of the observed field from on assumed 
smooth background (represented by the origin of tho 
vector dingrara) Fig So shows diagrams for the 
vertical plane perpendicular to tho magnet 10 meridian 
The explanation of tho largo tune delay at Palmyra 
is now Been to bo that although tho vectors at all 
tliree stations reach peak values in one direction 
between 12 and 16 min and in the opposite direction 
betwoen 23 and 27 nun the drrootions and amplitudes 
of tho two peaks at Palmyra are rev ersed 

Fig 36 shows tho corresponding diagrams for the 
Jolinston Island explosion of August 1 1968 Having 
regard to the altogether different geographical 
positions and altitudes of the two events, the sum 
lantj of the two sets of diagrams is remarkable 
However, unlike the Christmas Island explosion the 
Jolinston Island event produced changes in 27 com 
parable in magnitude with those in D and Z Fig 4 
show's vector diagrams of the disturbance m the 
horizontal plane, plotted to show tho relative diroo 
lions of the magnetio vector, Johnston Island and 
the conjugate point (taking Elliot and Quenby s 
position*) at eaoh station This event produced 
effects not observed in connexion with the Christ mas 
Island teste, for example, an instantaneous change m 
H of about 10 gammas 

It is dear from the complicated nature of the 
Johnston Island disturbance, and from the extent to 
which it resembled the disturbance produced bv tho 
dissimilar Christmas Island event, that no simplo 
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Fig 4 Vector diagrams of tho disturbance In the horizontal plane 
for the Johnston Island explosion of August I, 1053 The small 
figures Indicate the time In minutes after the event 


explanation of the magnetic phenomena is to be 
expected , it is probable that sevoral distinctly 
separate mechanisms are involved 

R G Mason* 

M J Yitousek 

Scripps Institution of Oceanography, 

La Jolla, California April 30 

* Also of the Geophysics Department, Imperial College of Science 
and Technology, London 
1 Cullington, A. L-, Nature, 182, 1305 (195S) 

1 Elliot, H , and Quenby, J J , Nature, 183, 810 (1959) 


CHEMISTRY 

Carrier Gas and Sensitivity in Gas 
Chromatography 

A he cent article 1 takes issue with the “popular 
behef that the use of hydrogen or helium as the 
carrier gas in gas chromatography gives the highest 
sensitivity with a thermal conductivity detector, 
because the difference in thermal conductivity 
between organic vapours and hydrogen or helium is 
greater than for any other earner gas” The article 
goes on to show that, for methane and ethane at 
least, the sensitivities are considerably higher with 
carrier gases that have a lower thermal conductivity 
The communication by Dr Ray, however, treats 
the special case where the bndge current of the detec- 
tor is held constant In practice, not the bndge 
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current, but the filament temperature is held constant 
Under these conditions, helium is nearly ten times as 
sensitive as argon 

A standard C 4 hydrocarbon mixture was analysed 
on tho samo gas chromatographic column under tho 
same condition with both helium and argon as 
carrier gases, while holding tho bndgo current 
constant at 150 m amp Values of tho sensitivity 
parameter 1 (5-values) were calculated for tho entire 
mixture , the 5-valuo for argon was 252, for helium 
300 Ad hoc experiments show that tho filament 
temporaturo will bo tho samo with helium as a carrier 
gas, operating with a bndgo current of 350 m.amp , os 
with nitrogen or carbon dioxido as carrier gas with a 
bridge current of 150 mnmp ; argon is in tho same 
range as nitrogen or carbon dioxide Tho 5- value for 
C 4 hydrocarbons in helium, with a bridge current of 
350 m amp , is approximately 3,000 In argon, a 
bndgo current of this magnitude Mould causo the 
filament to bum out Tho 5-values obtained at tho 
same filament temperature closely check tho differ 
ences that would bo expected for argon and helium 
based on tho differences of tlioir thermal conduc- 
tivities and tho thermal conductivities of hydrocarbon 
vapours , liolium is 3,480, argon 398, and n-butano 
322 

E M Fredericks 

M III Jill AT 

F. H Stross 

Shell Development Co , 

Emervvillo Laboratories, 

Emoryvillo, 

California 

1 Ray, X H , Nature, 182, 1GC3 (1953) 

* Dimbat, >L, Porter, P E , and Stros", F H , Anal Chem , 28, 290 
(1950) 

While it is truo that a higher sensitivity can bo 
obtainod by using a higher bridge current, it is not 
usually possiblo to do this with commercial gas 
chromatography instruments, because manufacturers 
wisely limit tho supply voltago to a lov el at which tho 
katharometor filaments do not fuse in air or nitrogen 
Even with homo-mado instruments tho bridge 
supply voltago may bo a limiting factor, suico to 
maintain tho samo filament temporaturo in hohum 
as in argon tho voltago must ho mcreasod nearly 
three times 

X H Ray 

Imperial Chemical Industries, Ltd , 

Alkali Division, 

Winnington, 

Xorthwich 


Measurement of Intergranular Diffusion 
in a Silicate System: Iron in 
Forsterite 

Many geochemists and potrologists 1 concerned 
with the role of sohd state diffusion in material 
transfer in silicate systems have noted the possibility 
that gram boundaries and dislocations might act as 
avenues for relatively rapid movement of tho diffusing 
ions Studies on metal systems are usually cited ns 
evidonce for this phenomenon Wo wish to report 
some preliminary measurements on a silicate system 
where gram boundary diffusion seems to predominate 
in diffusive transfer 

The system used for the study was polvcrystalline 
forsterite (magnesium orthosilicato) with ferrous 
ion as the diffusing material Pellets were prepared 
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from stoichiomotric mixtures of tho pure oxidos b\ 
compression at 15,000 lb /sq in, and sintering at 
approximately 1 000° C Tho samples "were broken 
up and tho operations wore ropoatod four times to 
assure homogeneity Radiooctivo iron 55 m a forrio 
chloride carrier -was used as tracer being appliod 
as a spot In tho contro of tho foretorito disk- Tins 
was baked briefly at 1,000° C to form ferno oxide 
and then rod u cod at 900° C m a controlled atmosphore 
of carbon dioxide and carbon monoxide adjusted 
to produce fayalito* (ferrous orthosilicato) After 
microscopic examination to detect imperfections and 
non adherence, tho sample was counted with on ond 
window Go igor counter under conditions such that 
tho counting geometry could bo reproduced oxoctly 
Tho surface-decrease teolimquo was usod. Tho 
application of this raothod to tho diffusion of iron 55 
m oxidos lias been described in detail b\ Hi mmol, 
Mehl and Bcrchenall* and by Carter and Richardson 4 
and similar motliods were apphod hero Tho diffusion 
annealing was carried out in tho range 1,000°- 
1,200° O in tho controlled atmosphere furnace 
Exploratory sections wore taken in a few samples 
after diffusion by careful removal of active layers by 
grinding in a holder, and residual activity and thiok 
nesa wore measured after the removal of each layer 
A few samples were ground at an angle, and auto 
radiographs wore taken with Eastman Tsfo-scroon’ 
X ray film 

Results for tho diffusion coefficient as a Amotion of 
temperature are plotted in Fig 1 Tho straight line 
calculated according to the least- squares method 
corresponds to tho equation 

D -4 17 x 10~*exp(- 38 8 kcal /ET) cm s aeo 

Tlie statistical limits for 95 per oont confidence 
for the activation energy are ±30 kcal 

Tlie results for sootioning are given in Fig 2, for 
ono typical example, and ore plotted as log activity 
against both penetration distance and the square 
•of this distance According to Fisher 1 , theory would 
predict a straight line m tho former case for gram 
boundary diffusion, and a straight line in the latter 
case for lattice diffusion It will be noted that gram 
boundary movement is indicated. In all cases, 
autoradiography confirmed this conclusion Penetra 
tion was found to bo non uniform and concentrated 
on lines and spots which wore rather poorly defined 
presumably because of tho relative long rango of the 
X radiation from iron 56 

Despite their importance in geological ceramic and 
metallurgical systems, few determinations of diffusion 
in solid siheato systems ha\ e been made Most 
notable havo boon tho measurements of Lindner* 
His work indicates energies of activation for such 
systems of 47 kcal or greater The value of 38 kcal 
found for tho present system maj bo indicative 
of tho greater oa»e of material tranafor through gram 
boundaries Tho pioturo of such interfaces as regions 
of ionic misfit with consequent concentration of 
lattice vaconoioa and dislocations makos tho easier 
motion of soluto ions through such sitoa readily 
understandable 

In most solid systems boundary diffusion is eon 
sldorcd to play but a minor port in material transfor 
in comparison with lattice diffusion at temperatures 
above tho Taramann temperature (approximately 
0 5 Tm whore Tm is tho molting point in degroos EL) 
because of tho small area of the boundaries compared 
with tlie aggregate crystal area The temperatures of 



tho measurements of this studj are in this rango 
Howovht, in orthosfkcstes we have a close-packod 
array of ions which may be considered to offer a 
singularly unfavourable condition for lattio© diffusion 
and prove on exception to the above rule In such a 
system, boundary diffusion might bo expected to bo 
greater than lattice diffusion, and measurements do 
seem to give a relatively unambiguous indication 
that such boundary diffusion can play a part in 
transfer in a silicate system 
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It is of interest to calculate the distance of appie- 
ciable material transfer that would be possible 
through this intergranular pathway in geological 
periods of time — say, 10 c years By using the moan 
displacement equation, X = (Dt)-, giving the rela- 
tionship between the diffusion coefficient D, the time 
t, and the distance of transfer of the average concen- 
tration of diffusing material X, we can obtain an 
approximation of tins last In the range of 1,000°- 
1,200° C one finds that a displacement of only 5-17 
cm is to be anticipated 

In considerations of petrograplue metasomatic 
piocesses, particularly those involved m ‘the groat 
granite controversy’, much argument has centred 
on the possible mechanisms of transfer of largo 
quantities of matter, sometimes tlirough great 
distances 7 One group has sought to account foi 
such transfer by solid state diffusion, and particularly 
by the intergranular pathway for such diffusion 
Within the limitations of the conditions and the 
system studied, the above results would tend to 
support those who discount the rolo of diffusion in 
long-distance mass transfer, even through the 
supposedly easy route of the gram boundary. 

John J Naughton 

Yasuo Fujikawa 


Department of Chemistry, 
University of Hawau, 
Honolulo, 14 
April 17 
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Influence of Gold in a Mercury 
Electrode on Certain Electrode 
Processes 


It is usual to study electrode processes using 
hanging-mercury microelectrodes Some authors 
prepare these electrodes by hanging a small mercury 
drop on a gold -wire or a gold-plated platinum wire 1 *, 
deliberately neglecting the presence of the gold foi 
its electropositive potential Such an electrode i s ho w- 
ever an amalgam electrode, and, as we have shown 5 , 
gold can influence the electrode processes of those' 
metals which combine with it to form intermediate 
compounds 


The actual concentration of gold m different parts 
of the eloctrode is variable and dependent upon tune 
partly due to continuous diffusion of the gold' 
However, adopting certain approximations, it is 
possible to evaluate it For a mercurv drop with a 
radius of 0 06 cm on a gold wire with a surface area 
of 0 1 mm 5 the concentrations of gold m the mercury 
20, 60, 200 sec after the drop was first suspended on 
the wire are, respectively, 0 001, 0 06 and 0 01 per 
cent To ascertain whether those concentrations are 
sufficient to form mtermetallic compounds on the 
surface of the electrode we have prepared 0 001, 0 01 
and 0 1 per cent gold amalgams for use with the 



Fig 1 



No 4O0B 
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olectrodos previously described 4 With tlieeo oleo 
trod os, C < 10~* N solutions of lend, thallium, cadmium 
and zinc ions wore investigated, by means of cvclio 
polarization of tbo olectrodo using different rat os of 
voltage swoop and recording the corresponding 
voltoxnmetno and oscillogmpluc curves 

It was confirmed that tho presence of gold in the 
electrode greatly influences tlio eloctrode processes of 
zinc Fig la shows the ovciic voltammetnc curves 
for zme on the 0 1 per cent gold amalgam electrode 
(curve 1) and on a mercury olectrodo (curve 2) They 
differ significantly in both cothodizlng and in anodiz 
mg 

On gold amalgam the cathodic process is shifted 
about 20 mV towards more positive potentials 
compared with a pure mercury electrode The 
difference* in the nnodio processes are oven more 
pronounced Zinc is not oxidizod at the reversible 
potential (about — I 0 Y ) which is caused by the 
formation m morcun, of a compound AuZn, that 
can be oxidized at more positive potentials A similar 
effect can lie observed oven with loss concentrated 
amalgams Fig lc shows the oscillopolarographic 
curves for zinc at a frequency of 4 c /a when the 
exposure was 30 soc and tlio concentration of gold m 
the amalgam is 0 01 per cent The moro pronounced 
offoot is soon in Fig 16 where the voltage swoep was 
0 3V /sec It Is evident that both the reduction 
current for zinc ions and the oxidation current of 
zinc from the amalgam, decrease with time when tho 
compound AuZn is formed This doe* not occur with 
tho pure mercury eloctrode The influence of gold 
can do neglected only when its concentration in tho 
amalgam is loss than 0 001 per cent 

Similar effects were observed for cadmium, although 
the mtermetolbo compound AuCd is not so stable as 
AuZn Its formation can be observed when tho 
concentration of gold exceeds 0 01 per cent No 
influence of gold on the eloctrode processes of load 
and thallium was found 

Those experiments show clearly that tho uso of 
gold or gold plated wires for suspending the mercury 
drop can give erratic result* if tho formation of 
intormctallio compounds Ib neglected 

On the other band our technique for preparing 
hanging mercury drop electrodes docs not suffer from 
this difficulty 

Wiktor Kemxtla 
Zknon Katblik 
Zbiohiew Galus 


Institute of Physical Chemistry, 
Polish Academy of Science, 
Warsaw 22 
March 13 
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Carbonate Minerals in Hydrated Portland 
Cement 

Alt notion the physical effects of tho carbo nation 
of hydrated ccmonts and mortars have been studied 1 -*, 
tbo way in which tho carbon dioxide is held has not 
yet boon clearly' established Most workers have 


assumed that it exists in the form of caloite , but in 
work at this Division* 4 and elsewhere* the quantity 
of oalcite detected by X ray diffraction and diffaren 
tiol thermal methods is alwavs much less than the 
amount of oorbon dioxide recoverable from the 
samples We have investigated this problem in some 
detail us mg samples of mortar and carbonated 
cal o mm silicate hydrate 

From a study of the X ray diffraotion patterns of 
tho materials before and after carbonation, using a 
Guinier type focruamg camera of high dispersion, 
we ha\ e concluded that tho carbon dioxide is chomto 
ally bound as oaloium carbonate largely in the form 
of poorly crystallized rate rite, aragonite and calcite 
These minerals have three-dimensional lattices , 
this does not support the suggestion of Gaze and 
Robertson*, based on indirect evidence, that the 
carbon dioxide in carbonated tobermonto could be 
present os two dimensional caloite Our results also 
show that well *orvB tall ized calcite is present in small 
quantities, hut that Its amount is not greatly increased 
by carbonation In the past, X ray analyses have 
determined the amount of this v. ell -crystallized 
caloite rather than the amount of the lees easily 
detected poorly crystalline forms now proved 
to be present, and so have foiled to account 
for all tho carbon dioxide found m carbonated 
mortars 

Other workers 1 -* have shown and we confirm that 
the calcium carbonate minerals have formed both 
from the decomposition of hydrated cement minorals 
and from calcium hydroxide produced during the 
hydration of 3CaO 8iOj (ahte) to rrCaO-SiO, yH,0 
in the setting of the cement As a result they arc 
intimately associated with a siliceous residuo with 
which they readily read on heating In differential 
thermal analysis the decomposition of the poorly 
crystallized caloite produces only a slight endotherraio 
effect (at about 700° 0 ) and its reaction with tho 
siliceous residue to form I ami to (f3 2CaO*SiO*) is 
not ox o therm: o Therefore this method, too givos 
little or no indication of carbon dioxido minerals 
other than well-crystallized caloite (strong endo 
thermic effect at about 850* C ) in carbonated 
mortars 

Sin co carbonation of mortars requires the presence 
of moisture 1- *, we suggest that the process takes place 
through the action of carbonic add on cement minerals 
yielding poorly crystallized vatcrito, aragonite and 
calcite m the following manner Cement minerals 
siliceous residue 4- calcium hydroxide -*■ vntento -j- 
aragomte + poorly crystallized caloite well-crystal 
lirod calcite 

A more detailed aocoimt of the investigation will 
be published elsewhere 


W F Colt: 
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IRRADIATION CHEMISTRY 

Structure of Thymine Hydroperoxide 
produced by X-Irradiation 

Weiss ct al 1 have shown that X-irradiation of 
aerated aqueous solutions of nucleic acids, pyrimidine 
nucleotides or pyrimidine bases gives rise to hydro- 
peroxides In the case of thymmo, thoy proposed the 
following possible structures 




which are in agreement with previous piolimmary 
results from tins laboratory 5 As the hydroperoxido 
produced by X-irradiation of thymine was sufficiently 
stable to pornnt isolation, the synthesis of com- 
pounds corresponding to formulas I and II was 


attempted m order to comparo thorn with tho 
products isolated from X-irradiatcd thymine solu 
tions Each of these two compounds can presumably 
exist in two forms, cis and trans 


,XH-0\ CHa 

? >! 

\nh. !/ 00H 

OH 

(I cu) 


/NH— C\ CH ^ 


0=c/ HO 

\kh— 00H 
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(I (rant) 


O 
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The traits compounds woro sop 
aratclv synthesized fi om a common 
starting matorial <m»fi-4-hvdro\'j - 
'i-bromothymino, proparod In 

Jones’s mot hod 3 Compound It 

trans was prepnred In treatment 
of tho st art mg material w ith liydro 
gon perox'ido in dilute hydro 
chloric acid to give 4-hy droporoxy - 
5-bromothyimno Brommo "as 

olmnnatcd by slinking with siher 
oxido and contnfuging Tlio pro- 
duct was freed of tho Inst traces 
of silver oxido by extraction with 
a chloroformio solution of di- 
llnzono After lyoplnlizalion, tho 
residuo could bo cryBtnllizod, with 
somo difficulty, iiom acetone - 
potrolciun other To givo com- 
pound T trans, tho starting material 
was transformed into 4,5dihj- 
droxythymino 4 , which was then 
trontod with hydrogen peroxide 
Aftor elimination of excess hydro- 
gen poroxido by repented ho 
plnlizations, tho residuo could bo 
crystallized from ncolono-bonzono 
Compounds I trans, II trans and 
4 - liydroperoxy - 5 - bromotliyinmo 
can easily bo soparatod by paper 
chromatography, using n -propanol/ 
1 N hydrochloric acid as a solvent 
(Tablo 1) 

Tlio tieatmont of thymine it- 
self with hydrogon peroxide in 
tho prosonco of catalytic amounts 
of osmium totrooxido gives a 
mixturo of two peroxidic com- 
pounds, which can bo losohod 
by papor cliromatogiaphy, giving 
spots with lip 0 51 and 0 G2 
respectively Smco these two 
compounds do not bohnvo oil 
paper chromatograms bko tlio irons 
liydroporoxidos previously do 
scribed, they probably aio tho cis 
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Table 1 T\rrra OimoxAToaximr or iiTDuarrEoxrDio DcuvATmo 
or Timnxr. 

r*per ’ViTutmtm No 1 , lolront n propanol/l N hydrochloric add 
(86/15 t/t) temperature dmlog mu 2*0 


Compound R r 

4 Hydro ly 6-hydropcroxy thymine eu* 0 61 

4 Hydroxy S-hydroperoxythnnlne tram* 0 33 

4-Hydropcroxy 6-hydrotythymlne c«* 0-62 

i Hydroperoxy 6-hydroxythymlne Irani* 0 43 

4 TTydropcroxy-6.bromotbymlne tram * 0 S3 

4 Hydrogen peroxide* 0*03 

Thyminef 0 56 


* Detected by i praying a 4 per cent aloohollc lolatlon of po tarsi am 
Iodide. 

t Detected In ultra rloletllght 

compounds On hunting n Bolution of the mixture 
the product with Itp 0 51 is transformed into n 
product giving n spot with Up 0 33, whilo the produot 
with lip 0 62 remains unchanged Accordingly, it 
may be suggested that the product with Up <=■ 0 51 
corresponds to formula II ds, os mdicntod in Table 1 
Those syntheses and tho relationships betwoen the 
compounds are summanxod in tho scheme on p 58 
All tho oompounda can bo roduced nt tho dropping 
mercury electrode in 0 1 M potassium sulphnto at 
tho snmo potential near 0 volt against the saturated 
calomel electrode at 25° C They behave simQarlv 
on ‘Dowox 5Q-H + columns 
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Fig. 1 D« traction of thymine ( — y — x — ) and total production 

of hydroperoxide (— ) by I Irradiation of * ltr*6f 

thymine lolatlon by X-ray* of 40 kV Altered throagh 0-04 mm. 
kltrminlnm doje 16 kr In a\r 


In Fig 1 are shown the ourvee relating dose to 
thymine destruction and total hydroperoxide produo 
tion, during X irradiation in air A 10 _1 if solution 
of thymine, oiler irradiation with 400 kr , contained 
2 1 X 10"* M hydrogen peroxide and 1 9 X ICh 4 ill 
hydroperoxide After repeated lyophili rations, tho 
residue was put on a TDowox 60 X 8 column 
1 cm. x 60 cm., in 0 1 N hydrochloric acid The 
eluato was collected in 4 ml fractions Hydro 
peroxidio products detected by the iodide reagent 
appeared in fractions 5-11 and unchanged thymine 
in fractions 10-21 After paper chromatography and 
spray mg with iodido reagent, material contained in 
fractions 5-11 gave a strong spot at tho level of the 
spot given by compound I cm and a faint one at the 
level of the spot given by compound I trans Control 
cliromatographs of various mixture® of synthetic 
peroxides and peroxides produced by X irradiation 
demonstrated that tho latter cannot be distinguished 
from the former with corresponding Jip b. Therefore, 
it may bo suggested that X irradiation of thymino in 
aqueous aerated solutions actually produces hydro- 
peroxides I trans and I cm 


Wo wish to thank Dr R Laterjet for his interest 
throughout this work 
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Ultra-violet Irradiation of 
1,3-Dimethylthymine 

R hen 6,6 unsubatituted pyrimidmos (T) such as 
uracii uridine and 1,3 dimothyluracii are irradiated 
with ultra violet light, the absorption spectra 
gradually deereoso) with a simultaneous increase in 
end absorption Those spectra can be ro\ creed to 
tho original by aoid alkali or heat 1 

A: 

R 
(H) 

However, compounds substituted in tho 5 position 
(H), Buck as thymino, thymidine and 1,3 dimethyl 
thymine, do not show reversal under similar oon 
ditiona Most mvoetigators have suggested that tills 
difference may bo due to totally different photo 
chemical reaction mechanisms in tho two case®* 

Upon close examination of these two groups of 
compounds it appears that they probably have tho 
same electronic distribution, because tho hetoruo 
form as shown abovo is probably tho common and 
predominant configuration in both* Since tho 
interaction with ultra violet light is rolntod to tho 
electronic state of a compound, it is not unreasonable 
to asaumo that tho initial step is similar for both 
groups of compounds 

O 0 





If the above assumption is truo then 0 hvdroxj 
ydro thymines (HI) would bo expected ns the first 
roducts, because 6 hvdroxyhydrouracils (IV) havo 
een shown to bo tho first products of tho irradiation 
f urooila (I) 1 The reconstitution reactions of urocila 
oro found to bo dohydratlona 1 For thyminoe ij«on 
eh> dration would involve tho much mo« •rhoro 
a* H rather than tho H' H no In tho nmoil*. Th< ”'° 
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fore, the dehydration of m is probably much faster 
than the photo addition of w ater to II This rev erse 

h*. HOH 

n . in 

-HOH 

reaction would prevent the detection of III during 
and after irradiation, and would not be associated 
with a decrease m the absorption spectrum of II 
Actually, however, this spectrum decreased with 
irradiation, and probably was due to furthor reactions 
of III to form irreversible compounds For such 
reactions there are two possible routes 
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Upon hydrogonolysis of tlio 5-bromo-G-hydroxy 
derivatives of uracils, liowovor, the following yields 
of 6-hydroxy derivatives woro obtained m solution 
fiom uridmo, 40 per cent , from 1,3-dimethyl uracil, 
80 per cent , and from uracil, 30 per cent Therefore, 
tins suggested that HI lias a much greater tendency 
for dehydration than urncilB have Second, 1,3- 
dimothylthymmo was irradiated in aqueous solution 
until a flat ultra-violet spoctrum was obtained The 
irradiation products woro tlion separated and purified 
One of the products has boon identified as N,U'- 
dimolhylmethylmnlonamido (VI, m p 157-158° C 
Found C, 50 08 H, 8 39 , N, 10 42 Synthetic 
VI, mp 157-158° C, mixed mp with irradiation 
product 157—158° C Found • C, 50 02 , H, 8 25, 
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If caibomum ions (IFL4) were formed from HI, then 
through rearrangement either VII or VTLI or both 
could be the products If ‘oxidation’ wero to occur, 
according to the route already established for uracils, 
then V would be the intermediate Upon decarb- 
oxylation N,N'-dimethylmethvLmalonamido (I 7 !) 
would be the product 4 

In order to support experimentally the above 
arguments, the following two pomts would have to 
be demonstrated first’, the intermediate of hydration 
(HI) must be shown to be much more unstablo than 
that of 6-hydroxyhydrouracils (IV) , second, one of 
the irradiation products via the intermediate (1H) 
would have to be isolated 

We have used 1,3-dimethylthymine as a model 
compound First, 5-bromo-G-hydroxy-l,3-dimcthyl- 
hydrothymme (IX) was prepared and was reducod m 
a manner identical with that used for the preparation 
of 0-hydroxy - 1 ,3 -dimethylhydxouraeil 1 s Examina- 
tion of the ultra-violet spectrum of the reaction solution 
suggested that only 1,3-dimethylthymine was ob- 
tained as the product with little indication of the 
existence of 6 -hydroxy derivatives 


O 



H„ buffered 


pH 7 


m 


—HOH 
v II 


N, 19 05 The infra-red spectra of synthetic VI and 
the irradiation product were identical ) On fho basiB 
of this evidonco ve would liko to suggest that 1,4- 
addition of valor to the thymine derivatives is the 
first step in tlio ultra-violet irradiation effect 

By examination of the quantum melds of tho 
irradiation of tliymino both m light and heavy water, 
Shugar has drawn the conclusion that tho uptake of 
a water molecule is not involved' From our findings 
it would appear that tho measurements ho made woro 
actually of the subsoquont slower stops and probably 
not for tho initial fast ro\ orsiblo stop 

Theroforo, from tho ahovo findings, wo have 
demonstrated that uracil and cytosino derivatives 
react similarly toward ultra-violot irradiation Tins 
emphasized the fact that for tho photochemical 
pathway of ultro-violet irradiation effects, tho 
differences m electronic distributions of compounds 
are of moro importance than tlio differences m their 
structures Thov further suggest that tho hydration 
product (III) mav bo of importnneo m photoroactiva- 
tion reactions Although tho first irradiation products 
of uracils exhibit the phenomenon of reversibility, 
tho irradiated uracils are stable under the customary 
pliotoreactivation conditions Under biological con- 
ditions, howovor, tho unstable initial thymine pro- 
ducts (IH) might bo stabilized by secondary linkagos, 
for example, H-bonds, m tho nucleic acids Tlio 
H-bonds so formed could bo broken by tbo usual 
pliotoreactivation conditions Thus, thymines might 
be reconstituted and again show the biological activity 
of the original bases 

This work was carried out under the terms of 
Contract j 4T(30-1)911 of the Atomic Energy Com- 
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mission with tho Physiology Department, Tufts 
University School of Modlomo X wish to thank 
if ApiooUa and B R Stone for thoir ablo assistance 
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Degradation of Thfotaurine by ionizing 
Radiations 

Tna degradation of sulphur-containing compounds 
by ionizing radiation 1ms boon oxtensi\ ely studiod 4- * 
in view of tho protective action of those compounds 
against radiation damage m animals Recently, 
tluotaurme (annnoethylthiosulphonate) lias become 
available for cbemioal and biological investigation* 1 
Since tliiotaurme was discolored as a metabolic 
product of oystmo* and cystamme 7 in the rat, and 
since it is chemically related to eystcamine, It seemed 
of Interest to study its reactivity towards irradiation 
with X rays and y rays 

30 pmolea of pure thiotourme dissolved in 3 ml of 
water were placed In a glass vessel 2 5 cm diameter 
Tho solution was irradiated for a suitable length of 
time with a Philips 60 kV X ray source having a 
beryllium window The shorter distance from tho 
window to the centre of the solution was 1 cm Tho 
intensitv of irradiation was determined with a 
ferrous sulphate dosimeter* 0 16 nil of tho solution 
was withdrawn for analysis at Intervals 
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Fla, 1 ProffTrulv© diromatofiTarn of the Irradiated aolatlcra of 
tfiloUorioowIth X nsr* D“ote(r ). left to eight 0 U 000 33,000 
00 000 84,000 120 000, 24 0 000 360 000 4SO.OOO Deseewlins 
chromatrrsrt.ro In oolllalne-futidlne dertloped with nlnhydrln 
0 5 tnciolo of Initial thlotaorlnc t potted at tho ttartlnc Hoe 
1, hjpoUnrinc R taurine C tbloUorlr* 


As soon as irradiation started it became apparent 
that some reaction uas taking place the solution 
became more and more turbid Tho degree of 
turbidity increased with the time of irradiation 
The ururradiatod control romamed clear for a long 
time 

The material which caused turbidity was identified 
as colloidal sulphur by sedimentation in n ‘Spmco 
model L proparativo ultraoentnfugo at 126 OOOp 
followed by conversion of the washed residue to 
thiocyanate by the procedure of Bartlett and Skoog* 

Some of tho compounds produced by the radio 
chonucal degradation of thiotaurme have been, 
detected by paper chromatography At intervals a 
sample of the irradiated solution wna spotted on a 
Wliatman No 4 filter paper and the chromatogram 
was run in coUidineAutidine/ water (1 1:1 v/v) and 
developed with mnhydrin Apart from a residue of 
unolianged thiotaurme two main compounds reacting 
with mnhydrin appeared on the chromatogram These 
hav o been identified, by careful comparison with the 
synthetio products and by specific reactions* os 
hypo taurine and taurine Hypotaurine is the first 
degradation product to appear , its spot appears 
after a dose of 12,000 r Taurine appears later and 
onh in small amounts 

The production of hypotaurine and colloidal 
sulphur is consistent with the following overall 
reaction 


NH t — CH, — CH,— -SO»SH — » 

NH f — CH, — XfS-g — S0,H 4- S 


wiiioh represents the reversal of tho reaction usod for 
the synthesis of thiotaurme from hypotaurine and 
sidphur* 

Essentially the same resulte have been obtained by 
irradiating a solution of thiotaurme with a compar 
able dose of y rays from a radium source immersed m 
the solution The irradiation of a solution of thJo 
taurine buffered with phosphate pH 7 4 also gave 
identical results 

It is of interest that cyst ammo, one of tho best 
known protective agents against radiation damage, 
under tho same conditions and using tho samo pro 
codure to detect degradation products, gave only a 
faint traco of taurine oven with tho higher doses of 
X roys In the light of these results tho oomparativo 
effect of oystamme and tblotaunno in tho radio- 
protection of animals is being studied 

This work lias been assisted by a grant of the 
Co mi into Nazionalo Ricerche Nuclean 
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fore, the dehydration of III is probably much faster 
than the photo addition of -water to II Tins ro\ erse 

hr, HOH 

n — n in 

-HOH 

reaction would prevent the detection of III during 
and after irradiation, and would not bo associated 
with a decrease in the absorption spectrum of II 
Actually, however, this spectrum decreased with 
irradiation, and probably was due to further reactions 
of IDE to form irreversible compounds For such 
reactions there are two possible routes 


Upon hydrogonolysis of tho 5 bromo C-hjdroxy 
derivatives of uracils, however, tho following yields 
of G-liydroxy dorivntnos woro obtamod m solution 
from uridine, 40 per cent , from 1,3 dimotliyluracil, 
80 por cont , and from uracil, 30 por cent Therefore, 
tlus suggosted that III has a much groator tendency 
for dehydration tlian uracils ha\ o Second, 1,3- 
dimothylthvmino was irradiated m aqueous solution 
until a flat ultra-violet spoctmm was obtained The 
irradiation products v oro thon soparated and purified 
Ono of tho products has been identified as N,N'- 
dimothylmothylmalonnmido (VI, mp 157-158° C 
Found C, 50 08 , H, 8 39 , X, 19 42 Synlhotic 
VI, mp 157—158° C, mixed mp until irradiation 
product 157-158° 0 Foimd C, 50 02 , H, 8 25 , 


O 



—CO 


renrr 


(mi) 



If carbomum ions (IIL4 ) were formed from III, then 
through rearrangement either VII or VTTT or both 
could be tho products If ‘oxidation’ were to occiu 
according to the route already established for uracils, 
then V would be the intermediate Upon decarb- 
oxylation Fr.N'-dimethylmethylmolonamide (I 7 !) 
would be the product* 

In order to support experimentally tho above 
arguments, the following two pomts would have to 
bo demonstrated first, tho intermediate of hydration 
(ELL) must be shown to be much more unstable than 
that of 6 -hydroxyhydrourac il s (TV) , second, one of 
the irradiation products via the intermediate (EH) 
would have to be isolated 

We have used 1,3-dimetliylthymme as a model 
compound First, 6-bromo-G-hydroxy-l,3-dimothyl- 
hydrothymme (IX) was prepared and was reduced'in 
a identical with that used for tho preparation 

of 6-hydroxy-l,3-dimethylhydrouracil 16 Examina- 
tion of the ultra-violet spectrum of the reactionsolution 
suggested that only 1,3 dimethylthvmme was ob- 
tained as the product with little indication of tho 
existence of 6 -hydroxy dor natives 


O 



H„ buffered 


pH 7 


in 


—HOH 
* II 


X, 19 G5 Tho infra red spectra of synthetic VI nnd 
the irradiation product were identical ) On tho basis 
of this OMdence wo would like to suggest that 1,4- 
addition of water to tho thymine derivatives is the 
first step in tho ultra-Molot irradiation effect 

By examination of tho quantum yields of tho 
irradiation of tlivmino both m light and heavy water, 
Shugar has drawn tho conclusion that tho uptake of 
a water molecule is not involved' From our findings 
it would appear that tho measuromonts ho made woro 
actually of tho subsequent slower steps nnd probably 
not for tho initial fast rovorsiblo stop 

Tlioroforo, from tho nbo\o findings, wo hnvo 
demonstrated that uracil and cytosine derivatives 
react similarly toward ultra-violet irradiation Tins 
emphasized tho fact that for tho photochemical 
pathway of ultra-violet irradiation offocts, tho 
differ one os m electronic distributions of compounds 
are of more importance than tho differences in thoir 
structures Thoy further suggest that tho hydration 
product (III) may be of impoi-tanco m photoroact na- 
tion reactions Although tho first irradiation products 
of uracils exhibit the phenomenon of roversibilitv, 
tho irradiated uracils are stablo under tho customary 
photoreactivation conditions Under biological con- 
dition s, h owever, tho unstable initial thymmo pro- 
ducts (ELL) might be stabilized by secondary hnkagos, 
frr example, H-bonds, in tho nucleic acids Tho 
EL- bonds so formed could bo brokon bv tho usual 
photoreactivation conditions Tlius, thymines might 
be reconstituted and again show tho biological activity 
ol the original bases 

rJ^! S 7T™,^„ eamed out the terms of 
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mission with tho Physiology Department, Tufts 
University School of Modicino I wish to thank 
M Apicolln and B R Stone for thorr ablo assistance 
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Degradation of Thlotaunne by Ionizing 
Radiations 

Tite degradation of sulphur -containing compounds 
by ionizing radiation bag boon extensively studied*-* 
in. view of tho protective action of tboso compounds 
against radiation damage in animals Recently, 
thiotaurmo (armnoothylthiosulphonate) has become 
available for chemical and biological in\ estigatKm 4 * 
Since thiotaurmo was discovered as a metabolic 
product of cystine* and cyst amino 7 in the rat, and 
since it is chemically rotated to evuteammo, it eeomod 
of interest to study Its reactivity towards irradiation 
with X rays and y r avs 

30 pinoles of pure thiotaurmo dissolved m 3 ml of 
water wore placed in a glass vessel 2 5 cm. diameter 
Tho solution was irradiated for a suitablo length of 
time with a Philips 50 kV Xrny source having a 
beryllium window Tho shorter distance from the 
window to the centre of the solution was 1 cm The 
intensity of irradiation was determined with a 
ferrous sulphate doslmotcT* 0 16 ml of tho solution 
was withdrawn for analysis at intervals 


1 

j ■ Tt §f ft 
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Tla 1 Tr ocrttilTtj chrotnatocrara of the Irradiated aohiUon of 
tWotaorlno with X rare Bote (r ).Iert to ri«ht 0 12 000 88 000 
80 000 84 000 120 000 £40,000,380 000,450.000 Deaecudlnfi 
chromatocram in collldine-latHlM dereloped with nlnhydrin 
0-5 ,tnnole of Initial thlotn urine apotted at the jfcnrtlcr line. 

A hypo taurine /{ taurine G thlotaurtoe 


As soon as irradiation started it became apparent 
that some reaction woe taking place the solution 
became more and more turbid The degree of 
turbidity increased with the tune of irradiation. 
Tho un irradiated control remained dear for a long 
tune 

Tho material which caused turbidity was identified 
os colloidal sulphur by sedimentation in a Spmco 
modol L preparative ultrocontrifugo at 125,0000, 
followed by conversion of the washed residue to 
thiocyanate by tho procedure of Bartlett and Skoog* 
Some of tho compounds produced by the radio- 
chemical degradation of thiotaurmo have boon 
detected by paper chromatography At intervals a 
sample of tho irradiated solution was spotted on a 
Whatman Ho 4 filter paper and the chromatogram 
was run in coll idme/lutidme/ water (111 v/v) and 
doveloped with ninhydnn Apart from a residue of 
unchanged thiota urine, two mam compounds reacting 
with ninhydnn appeared on the chromatogram Thoee 
have boon ldontiGod by careful comparison with the 
synthetic products and by epecifio reactions*, ae 
hj 7 >otounne and taurine Hypotaurme is the first 
degradation product to appear , its spot appears 
after a dose of 12,000 r Taurine appears later and 
onlj in small amounts 

The production of hypotnurine and oolloidal 
sulphur is consistent with the following overall 
reaction : 

NJBL| — CH* — CH| — SOjSH — ► 

NH, — OHj — CH, — SOtH 4- 8 

which represents the reversal of tho reaction used for 
the synthesis of thiotaurmo from hypotaurino and 
sulphur 4 

Essentially the same results have been obtained by 
irradiating a solution of tkiotaunne with a compar 
able dose of y rays from a radium source immersed in 
the solution The irradiation of a solution of thio- 
taunne buffered with phosphate pH 7 4 also gave 
identical results 

It is of interest that cyst amino, one of tho beet 
known protective agente against radiation damage 
under the same conditions and using the same pro 
red uro to dotoct degradation products, gave only a 
faint trace of taurine men with tho higher doses of 
X rays In the light of these results the comparative 
effect of oystomme and thiotaurino in the radio 
protection of animals is being studied 

This work has been assisted by a grant of the 
Comitate Nozioimle Ricerche Kuclean 
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GEOLOGY 

The Geological Time-Scale 

Recently Di K I Mayno, Dr R St. J Lambert 
and D York 1 proposed on oxtended geological time- 
scale which would place the middle of the Upper 
Cambrian at about 650 million years ago compared 
with 450 million years of tho Holmes scale 5 Their 
scale is based primarily on the ages they obtained by 
the potassium-argon method on biotitc from several 
British granites , howover, thoy cito manv other ago 
measuiements for secondary support It is tho pur- 
pose of this communication to point out that most 
of the cases cited are either incorrect or not definitive 
to the argument In addition, both they 1 5 and 
Prof C F Davidson 3 refer at some length to our as 
■\et unpublished isotopic study of tho Swedish kolm 
These comments contain errors of fact and interpre- 
tation which will be clarified by tho full report w Inch 
will appear elsewhere , but in view of tho widespread 
misconception concerning this interesting matorial 
somo discussion appears needed at tins time Tho 
British granites referred to above are bomg remeasured 
in this laboratory and results will bo reported later 

First, concerning tho alleged support of tho 
extended time-scale 

(1) Mayne et al 1 cite pitchblonde measurements m 
the Upper Triassic Chinlo formation of tho Colorado 
Plateau by Miller and Kulp as indicating an ago of 
about 210 million years The published abstract 4 of 
the oral paper to which thoy refer does not lmplj- 
this conclusion, and m tho full published paper 5 
Miller and Kulp discuss tho problems involved and 
conclude that “Tho apparent (i o , isotopic) ages bear 
no necessary relation to the actual time of deposition” 

(2) Mayne el al 1 incorrectly list a result of 360 
million years from the Georgia Piedmont os bomg 
Permo-Carboniferous m ago and refer to a paper by 
Kulp and Long In tho published abstract 6 tho only 
reference to this area states “In tho Southeastern 
Piedmont of Georgia there is evidence for a younger 
event occurring aroimd 260 m y ago”, but there was 
no attempt to make a stratigraphic assignment In 
the oral presentation it was noted that there might 
be a correlation betweon this 260 million year 
metamorphic event and coarso sedimentation m the 
southernmost part of tho Appalachian geosynclmo 
during Carboniferous time , but it was emphasizod 
that no direct stratigraphic correlation -with tho 
metamorphic rocks of the Georgia Piedmont is 
possible A full report on tho age work in tho south- 
eastern Piedmont ‘mil appear ©1 sou hero 7 shortly 

(3) The Beryl Mountain pegmatite is actually 
mtrudod into the pre-Sdunan Ammonoosue volcanics 
accor mg to Kruger 8 , and not the lower Devonian 

formation Even if the pegmatite were 
ntrudod at the time of metamorphism of tho Littloton 
lormation as assumed by Damon and Kulp 6 , there 
is no stratigraphic reason for suggesting a Carb- 
oniferous age as is done by Mayno et al 

(4) Tho samples of feldspar (Dubuque formation 
and Mynydd Mawr granite) and sylvitc give onlv 
minimum ages Tbe retention of aTgon m these 
materials has not been sufficiently well defined to use 
thorn for quantitative age determination Mayno et 
at 3 m their latest communication agree that' little 
importance should be attached to these dates 

(5) The Boisdale Hills granite, according to the 
latest geological information (Hurley, personal com- 
munication), is not intimately related to the fossil 


sequonco , but presumably the samo or a similar 
grnnito loss than one milo away mlrudos a sedimentary 
sequonco dated as Middle Cambrian to Lowor Ordo 
vieian Tho ago of 490 million years is tlioroforo 
much moro likely to bo a minimum for Lover 
Ordovician 1 atlier than bomg post-Lowor Devonian 
as Mayno ct al 1 stal e 

(6) Tho post-Lowor Devonian mtrusivo3 in both 
Nova Scotia and Marne as measurod by tho Massa- 
chusetts Institute of Technology group 10 givo ages 
which group at about 305 million years, not 400 mil- 
lion years as used by Mayno et al 1 

(7) Tho onors on tho rubidium-strontium ages 
on bontomtos aio too largo to allow tho ages to 
bo defimtno Tho Adams ct al 11 leport was only 
preliminary, and further York needs to bo done bo 
foro tho nppmont ages on bontomtos can bo properly 
int orpreted 

In tboir reply to Prof Da\ idson, Mnjno et al 3 
eorroctly roject those points cited by Prof Davidson 
as ovidonco against tboir oxtended scalo whero “oithor 
tho stiatigrnphv of the sample or their moastirod age 
is not froo from unwarranted assumptions” In the 
above discussion, tlieso samo criteria havo boon used 
to evaluate tho dates and localities used m tho first- 
report by Mayne cl al 1 as support for tlioir expanded 
timo-scalo Tho Russian measurements on mica 
from pebbles in Lowor Cambrian rocks, as roported 
by Davidson 3 , cannot bo disnussod so easily as Mayne 
et al 3 have done If tho measurements havo been 
properly made and tho mmorals lia\o not been 
altered since, tho results aro significant Tho two 
pobblcs which givo isotopic ages of 506 and 763 
million years could represent rocks of difToront real 
ages In this case, tho loungci ago would sot an 
uppor limit on that part of tlio Lowor Cambrian It 
is concluded that tho ovidonco for tho oxtonded timo- 
scalo lies almost entirely with tlio measurements made 
by Mayno ct al 1 on tlio Simp, Can nsmoro and Land’s 
End granites 

Tho extensivo consideration which Mayno el al 1 
and Davidson 3 gave tho kolm m tho Hppor Cambrian 
Swedish black shale is illustrative of tho importance 
of tho ago of tins formation m establishing a time 
scalo ~ Moro than twonty kolm samples from tins 
formation collected ovor a w ldo geographical area have 
boon analysod m tins laboratory. Tlio isotopic 
uranium-load ages are grossly discordant and vary 
from sample to samplo 15 Tho dotailed interpretation 
and discussion of these apparent agos aro bomg 
prepared for publication m another journal 13 From 
these measurements it has boon concluded that tho 
discordance among tho isotopic agos is causod by a 
combination of bulk lead loss and additional preferen- 
tial loss of load-206 duo to migration of an inter- 
mediate member in tho uramum-238 doeny chain 
during tho history of tho mineral On tins basis, an 
analysis of the data indicates a minimum ago for tins 
formation of about 500 milhon years Tlio complexity 
of tho leaching processes occurring is such that a 
maximum age cannot be assigned solely on tho basis 
of tho isotopic data Mayno cl al 1 attribute to us 
tbe statement, “They bolievo tho truo ago to bo no 
greater than 550 my” Tins doos not correspond to 
our opinion, and tbe roforonco they cite doos not 
contain tins statement Tho ovidonco points to tlio 
minimum ago as being nearly correct, but there is 
no unique solution of tbe data 

Davidson s 3 discussion of tho meaning of tlio kolm 
ages is erroneous He mentions that tlio formation 
contains old radiogenic lead Our data strongly 
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Tho liquid layer, situated beneath the superficial 
layer of lipids, was usod for tho electrophoresis itself 

For the agar olectrophoresiB wo usod Hhov and 
Nikolov’a -version (personal communication) of 
Grahar a tochmquo, slightly modified Instead of 
Gmbar’s original cu\ ottos, wo usod our ordinary 
containers for paper electrophoresis' with platinum 
olectrodoe 

Tho dimensions of the glass plat© were 23 5 cm x 
11 6 cm Tho agar is poured on a plate, which was 
held horizontally in Tloxiglass frames pressed 
against tho plato itsolf Double strips of filter paper 
were previously placed along the two shorter sides 
of tho plate Tho agar lavor was 3 mm thick (46 cm * 
for each plate) Throe grooves (2 cm x 1 mm ) 
were cut from oaoli plate and thoir bottoms carefully 
covered with diluted agar (0 30-0 60 per cent) 
DittmerV veronal-sodium acetate buffer (pH 8 6, 
g — 0 00) was used Tho iomo strongth of the 
buffer In tho agar gol was half that in tho chamber 
A shoot of filter paper woe placed in contact with 
the underside of the plate, tho ends of th© sheet 
being dipped in water in order to cool the plate 
During olectropborefliB the 'Plexiglass frame is 
covered with a glass pinto which is turned every 20-30 
mm A spread of 10-12 cm was rocorded after a 
6 hr migration at 180-200 V by staining with amido 
black 10B Tho elootrophorogmms wore scanned 
with the Zeiss extinction registrator IT 

Livers of 21 experimental animals were invest! 
gated Except in a few cases, two parallel eloctro- 
phero grams wore run m each case 

Thirteen well -do fined fractions were established 
These wero designated with tho letters a to in, begin 
nmg with tho globulin fractions and ending with the 
albumin fraction (Figs 1 and 2, Tablo 1) 
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W o preferred to label those fractions in tho direction 
opposite to tliat wluch is customary because tho 
initial globulin fractions wore the best defined 
Fraction o ib situated a little behind the y globulin, 
whereas fractions l and m are in front of tho albumins 
of the blood serum 

Tho interrelations between tho remainder of the 
hopatio fractions observed and tho protein fractions 
of the blood serum can he seen in Fig 2 Fractions 
h l and m occur m negligible quantities and are often 
scarcely established Fraction t in Fig 1 is not sharply 
delimited from fraction h In otlior cases it was 
cl carl v delimited so that its existence is out of doubt 
A separate fraction migrating beyond fraction a 
(fraction a ) was establish od in certain cases In 
one instance we found a fraction migrating faster 
than fraction m (fraction n) With these the total 
number of fractions observed by us was 16 In 
view of tho faot that fraction t is not ol early delimited, 
liowov or, it is probablv composed of a fow sub fro c 
tions It is possible that this may bo the case with 
fraction h also Thus the actual number of soluble 
hepatic protein fractions may be still greater 

Tho average percentage values for tho different 
fractions and the average standard donations of 
then* respective variation linos are given in Table 1 
A few of the olectropherograms were tested for 
lipoproteins by staining with Tettrot’-7-B Ciba' 

A small amount of lipoprotein could bo doteoted in 
fraction » only 

Thus our results show that, in tho separation of 
soluble hepatic proteins, agar electrophoresis has 
certain advantages as compared to free eloctrophoresis 
and to electrophoresis on paper 
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P Kttoia>o\a 

Postgraduate Medical Training Institute, 

Rofln 

* Sorof 8 and Cohen, P T J Blot Cktn 100 311 (1051) Dotolioir, 
L. Kin timber ll. and Hennlug N L Z Erp A ltd 122, 410 
(1054) KapUnakl B I , K merrier* o B Uipenikmla V D 
ilfoiAnnf« fil 400(1050) KapUmki B I OMnerltch, A K 
•od BUroMlctr* L. K ibid fc) 114 (1058) Bm*Un* B- »nd 
Koflnck, J Qt fattroenltrolceu 10 206 (10W) 

•Adjntvntli O yaiart 173 539 (1054) 174 1054 (1054) 

’ Todoror 1 and KarakMbVT A. fiamwwiw 8 "8(1056) 

Dlttraer A M I’a pi era 1 ektroph cntue " (1050) 


Abolition by Chlorpromazlne of the 
Inhibiting Effect of Iproniazid on the 
Depletion of Adrenal Catechol Amines 
induced by Reserpine 


It is woll known that reserpino induce* ft doorcano 
if cfttochol ammo* in tho adrenal medulla 1 - 1 In 
ho rat pretreatment with iproniazid, o monoamuro 
jilda*e mhibrtor eomplotolj overcome* thi* catechol 
imuro depletion*-* . . ,,,- 

In the proeont stud} tiro 
tatcchol ammo content of tho adrenal gland 
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(a) (*) 

Big 1 Adrenal medulla of rat Chromaffin reaction (a) A normal 
degree of chromaffin! tr Is detected In all cells after administration 
of iproniazid and. reserpine (6) After administration of chloro- 
promazlne in association with Iproniazid and reserpine numerous 
Islets of cells completely devoid of chromaffin material arc 
observed ( x 44) 




(a) 


W 


Fig 2 Adrenal medulla of rat Chrornamn reaction After asso- 
ciation of chlorpromazlne to the reserpine (6), a higher number 
of chromaffin-negative ccUb is obsen ed compared to that detected 
after administration of reserpine alone (a) ( / 44) 


been investigated when chlorpromazme is added 
together with reserpine and ipromazid 

40 male albino rats, Wistar stock, weighing 
approximately 250 gm were divided into five groups 
Animals of the first three groups were treated 
respectively with (1) iproniazid (100 mgm fkgm ) , 
(2) chlorpromazme (20 mgm /kgm ) , (3) chlorprom- 
azme (20 mgm /kgm ) and ipromazid (100 mgm / 
kgm ) After 5 hr all the animalB were given reserpine 
m a dose of 1 mgm fkgm. The animals of the re- 
maining two groups were treated with chlorprom- 
azme only (20 mgm fkgm ) or with reserpine only 
(1 mgm /kgm ) The drugs were injected mtra- 
pentoneally Animals were killed by decapitation 
24 hr after the last injection The adrenal glands 
were removed immediately after death and then 
treated with a potassium dichromate— chromate 
solution 

In the adrenals of rats treated with reserpine the 
chromaffin reaction shows many groups of cells com- 
pletely devoid of positive granules irregularly 
distributed through the normally stained parenchyma 
(Fig 2a) On the other hand, m the rats treated 
with ipromazid and reserpine, all the cells of the 
adrenal medulla show a positive chromaffin reaction 
similar to that observed m the normal gland (Fig la) 

The administration of chlorpromazme and iprom- 
azid before reserpine causes consistent changes as 
compared with the findings observed after the 
administration of ipromazid and reserpine alone 
In these circumstances several groups of cells 


completely devoid of chromaffin matorial can be 
detected (Fig 15) , moreover, tho number of tlio 
non-ehromaflin colls is considerably larger than m 
glands of animals treated with reserpine alone 
Similar lesults wore obtained for tho adronals of rats 
treated with resorpmo and chlorpromazmo (Fig 26) 
Chlorpromazmo alone does not cause any significant 
changes m the chromaffinity of tho modullar colls 
These results demonstrate that tho inhibiting oflect 
of ipromazid on tho adronahne and noradronalmo 
depletion induced by resorpmo can bo abolished by 
clilorpromazine , moreover, this substance alone 
does not deplete tho catechol amines of tho adronal 
medulla Since chlorpromazmo also increases tlio 
depletion of catechol amines following reserpine 
administration, one could assume that this drug can 
not only protect tho monoamine oxidase from tho 
inhibitory effect of ipromazid hut also increases the 
enzyrao activity 

We wish to thank Prof G C Dogliotti for his very 
helpful criticism in. this investigation 

F Camansi 
G M Moltn'atti 
31 Olivetti 

Medical Clinic, 

University of Turin 
March 31 

1 CarUson, A., and HHlarp, X A , Kunyl Fhynwjr Htilltl Lund 
Forh , 8. 20 (1050) 

•Kroncberc, G , and ScliOmnnn, II J , A rzncimillclfortchung, 4 270 
(1057) 

* Jtollnattl, O FL, CamannI, F and Eosana, O , Arch Ini Pharm- 

acodvn . 110, 483 (1058) 

‘ CamannI, F , Losann, O , and MollnnUi, G M , Expentnlia, 4 109 
(1058) 

* CamannI, F , and Molinntti, G "\f , Acta Endocrinol , 20, 309 (1053)’ 
•Holtz, F, Baker, II, and Wcstermann, E, Arch Exp Path 

Pharma! , 231, 301 (1057) 

’ Zblnden, G , and Studcr, A , I rpcricnlia, 34, 202 (1P58) 

* CamannI, F , Eosana, O , Molli nttl, G M , and Olhcttl, M , Arch 

Ini Pharmacodim (In the press) 


Destruction of Carotenoids in Isolated 
Chloroplasts 

Booth 1 has recently directed attention to the 
various mechanisms which aro responsible for caro 
tenoid destruction m groon tissuos, two of which, 
a photochemical reaction and an enzymic reaction, 
hat o been examined m alfalfa leaf macerates’ 
Enzymic destruction of {3 caroteno is roported to he 
greatest m plant tissues containing chlorophyll 1 , and 
we have therefore mado a preliminary examination 
of tho destruction of ondogonous carotenoids in 
isolated cliloroplast suspensions prepared from loaves 
of spinach beet 

Leaves v. ore ground at — 1° C m a modium con- 
sisting of 0 5 ill sucrose, 0 067 ill phosphate buffer 
(pH 7 3), and 0 01 HZ potassium chloride Whole 
cells and debris woro removod by centrifugation at 
200 g for 1 mm , chloroplasts woro sedimontod bj 
centrifugation at 1,000(7 for 10 nun , wushod once, 
and re sedimented beforo final resuspension in 
the medium Carotonoids were extracted from tho 
chloroplasts with acotono, separated cliromato- 
graphically and estimated speetrophotomotTlCoIly , 
The destruction of carotonoids m tho chloroplasts 
was measured by comparing the amounts prosont 
before and after reaction 

In order to separate the effect of light from that of 
heat on the destruction of carotonoids, tho expen- 
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monts on illuminated preparations were carried out 
at 16° C with illumination from a 100 watt in 
candescent lamp with a water-cooled condenser For 
the dark controls, tubes wero covered with aluminium 
foil 

When non aerated chloroplost suspensions were 
illuminated, 0 per cent of tho p carotene disappeared 
m 30 nun , compared with 4 per cent in the dark. 
Since none disappeared in boilod suspension the 
reaction was probably enzymic Bubbling air 
through tlie chloroplaat suspensions increased tho 
fight-catalysed destruction or p carotene to 27 per 
cent, while in the dark 14 per eont disappeared Tho 
relative rates of disappearance of the individual 
carotenoids were p carotono > \ lolaxanthm ^ 
lutein , tho last only started disappearing after 
1 lir Tho order of disappearance of these carotenoids 
is the same as that of tho disappearance of carotenoids 
in autumn leaves* 

The addition of Hill reaction oxidants to spinach 
beet chloroplaat suspensions gave varying results 
2,0 Dichlorophonol mdophonol* reduced tho de 
struct ion of p-earotene in non aerated chloroplost 
suspensions to 2 per cent ( controls 0 per cent), 
whereas feme oxalato-potosmum fern cyanide solu 
tion* increased the destruction to 19 per cent The 
ferne oxalate-potassium fom cyanide solution liad 
no effect- on the destruction of p carotono in the 
presoncc of light and air, but when coupled with the 
addition of phenazino methosulphate 7 there was 
measurable inhibition of carotene dcetruction 
p Carotene destruction was stimulated by tho addi 
tion of ortho plienanthroline* to the feme oxalate- 
potassium forricyamdo solution m the presence of 
light and air When rmo acetate* was also added, 
there was a further increase of p -carotene destruction 
This result wna contrary to expectations ainco nno 
acetate reverses the inhibitory effect of o phenanthro 
lmo on the Hill reaction* 

Further experiments on non illuminated prepara- 
tions were carried out In which loof preparations 
were feliaken in a water both at 30" C in the dark 
The activity of ohloroplasts from different hatches 
of Ica\ os varied considerably , in some chloroplaat 
preparations 20 per cent of the p -carotene dis 
appeared whereas m others 50 per cent disappeared 
after 2 hr 

The enzymic destruction of carotene in chloroplaste 
m the dark at 30° C was inhibited bj phenaxme 
methosulphate o Phenonthroline liad no effect, but, 
in the presence of zinc acetate o phonon throl mo 
greatl j stimulated carotene destruction These 
effects are somewhat comparable to those found in 
tiie light catalysed destruction and suggest some 
similarity between the two processor 

In an attempt to locate the enzymic system 
responsible for destruction of p carotene a comparison 
was made of tho disappearance of p -carotene in loaf 
homogenates, ohloroplasts prepared from thorn and 
the supernatant fraction which still contained broken 
ohloroplasts In spinach boot leaves there was an 
almost equal destruction m all three fractions, 
suggesting tliat tho enzymo system responsible for 
tho doetruotion was closely linked to the pigment- 
proto in complexes In sugar beet loaves, however, 
there was more destruction of p -carotono m both 
tho homogenate and the supernatant than in the 
chloroplaat fraction This could bo due to tho fact 
that in sugar boot loaves there arc at least two 
different!} located enzyme systems responsible for 
carotono destruction, which would lx> in accord with 


more recent findings (Faiend, J , and .Mayer, A M , 
unpublished work) 

Tho work described in this communication was 
earned out os part of the programme of the Low 
Temperature Research Station of the Department of 
Scientific and Industrial Research 


J Fbhend 

T 0 M. Naka\ama* 


Low Temperature Rc-soarch Station, 
Cambridge 
May 21 
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Use of Porter-Sflber and Schiff Reagents as 
Spot Tests for Steroids applied on Paper 
and their Application to tne Study of Hat 
Adrenal Lipids 

The formation of phenylhydraxonea with an 
absorption maximum at 410 mg by the method of 
Porter and Sdber characterizes steroids with a 
dihydroxyacetone side-chain These authors recently 
reported that the reaction also occurred with the 
aldehydes of corticosterone and of II dehjdrocorti 
costerone and that- with the latter oompoundB tho 
phenylhydrazono developed at a more rapid rote 1 
Tho specificity and difference in speed of the reaction 
are also ovident when it is corned out on paper A 
bright yellow colour develops a hen a region contain 
mg a minimum of 2 ggm f cm * of the chromogon is 
passed through the Porter-Silber reagent (26 ml 
water, 41 ml oono sulphuric acid 34 ml eth\l 
alcohol and 43 mgm phenylhydrazino hj drochlonde) 
The colour appears instantly with C-21 aldohydes and 
their acetates, and In 1-2 hr with steroids containing 
the dfhydroxyaoetone side-chain and their acetates 
It is stable for days provided tho paper is not rinsed 
or warmed, and under those conditions the paper docs 
not char Cortioostorono, 17 hydroxyprogeaterono 
and other steroids tested gavo no colour at a coneen 
tration of 25 ggra /cm * 

0 21 aldehydes freshly prepared oxidation with 
cupric aoetate after the mothod of Boyler and Hoff 
man*, may bo detected with a Schiff reagent (1 per 
cent pararosaniline hydrochloride in sulphurous 
aoid), if 10 pgm have boon applied over an area of 
1 era 1 A purple colour appears as tho rest of tho 
paper turns pink The development of tho same 
purplo colour In tho rest of the paper nrnj be delayed 
for a few days bj encasing the paper m ‘Scotch tape 
Steroids with an a ketol and a dihydroxv acetone 
side chain gave no reaction in amounta of 60 pgm /cm *, 
neither did a sample of aldosterone kindly supplied 
b} Merck and Co It is to be noted that freshly 
prepared aldehydes react at a lower concentration 
than material which has been stored in the rofngora 
tor or chromatographed in the tolueno-propy c 
glycol system 
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Both tests have proved helpful in the synthesis 
and purification by paper chromatography of steroid 
C-21 aldehydes When a region on paper gave a 
positive reaction to the two tests and failed to reduce 
a tetrazolium derivative, the presence of an aldehyde 
was assumed 

The sensitivity and simplicity of the Porter-Silber 
spot-test should make it a useful tool for the detec- 
tion of Porter-Silber chromogens in lipid extracts of 
biological fluids The test has helped in establishing 
the facts that tho incubated rat adrenal secretes 
little, if any, cortisol or cortisone*, that the non- 
reducmg, lipid-soluble Porter-Silber chromogen 
produced by this tissue has the same mobility in the 
toluene-propylene glycol system as the aldehyde of 
1 1-deovy- 17-hvdroxy corticosterone, and that acetyl- 
ation of the adrenal lipid yields two ultra -violet- 
absorbing, non-reducing Porter-Silber chromogens , 
a component with the same mobility in the bonzonc- 
formamide system as a product obtained by acetyla- 
tion of ll-deoxy-17-hydroxycorticosterono aldehyde 
and a more polar material 1 

Marion K Birmingham 

Allan Memorial Institute of Psychiatry, 

McGill University, Montreal 
April 27 

1 Silber, R H .nndPorter, C C , In “Method!! of Biochemical Analysis", 
4, 189 (Intericlcnce Publishers, Inc , 1957) 

•Barter, R E , and Hoffman, F ,J Amtr Chem Soc , 79. 5297 (1657) 

5 Birmingham, II K , and Kurlenta, E , Can J Biochem Phynot . 
37, 510 (1959) 
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Some Observations on Certain Mucoproteins 
containing Neuraminic Acid 

It is now well established 1 - 1 that mucoproteins, 
particularly those containing neuraminic acids, play a 
major part m tho natural defonces of the human 
body With the object of determining what part is 
played by such mucoproteins in human cancer we 
have assessed the amount and distribution of muco- 
proteins containing neuraminic acid by determination 
of the neuraminic acid content of tissues obtained in 
surgical operations for cancer of the stomach, colon 
and breast, and compared these with those of tissues 
obtained during removal of ulcers of the stomach 
and duodenum 

Each portion of tissue was extracted exhaustively 
at room temperature with acet-one and later with 
methanol-chloroform (3 1 v/v) m order to remove 
any neuraminic acid-containing ganghosides Part 
(50 mgm ) of the fat-extracted residue was suspended 
m water and dialysed against 0 01 N sulphuric acid 
at 0° for 2 days The neuraminic acid(e) in the non- 
dialysable residue was then liberated by heating at 
80° for 1 hr with 0 04 N sulphuric acid and recovered 
from the neutralized solution by dialysis The 
neuraminic acid determination 6 was earned out on 
this dialysate to avoid interference due to chromogens 
from other sugars 

When the whole of the surgical tissue from each 
operation was examined m this way the neuraminic 
acid contents of two carcinomas (0 33 and 0 43 cent) 
from the pylorus end and one (0 64 per cent) from 
the eardia end of the stomach were appreciably higher 
than those (0 11, 0 13 and 0 14 per cent) of three 
stomach ulcers or those (0 12, 0 16 and 0 18 per cent) 
of three duodenal ulcers In a more meaningful 
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Tabic I Nrcramivio Acid Contfnt iv Various areas or a 
.Malignant Growth 



Percentage neuraminic acid content 

Type of carcinoma 


In nrea 


1 

J! 

C 

Adenocarcinoma of the 




colon 

Carcinoma of the 

0 24 

0 20 

0 17 

pylorus and duodenum 
Scirrhous carcinoma of 

0 18 

0 18 

0 11 

the breast 

Duct carcinoma of the 

0 29 

0 11 

o n 

breast 

0 10 

0 15 

0 08 


comparison the tissues obtamod from later cancer 
operations were arbitrarily divided into three por 
tions (A) tho cancerous or contro of tho malignant 
growth; (B) tho invasive area in which there is an 
interlocking growth of tho normal and cancer colls , 
(G) the apparently ‘normal' area outside Tho results 
are given m Table 1 

Bearing m mind tho difficulty of deciding on the 
so called invnsivo area and tho obvious variation in 
such an arbitrary division, it is no\ ortheless evident 
that tho amount of mucoprotom containing neura- 
minic acid is almost doubled in the area of malig- 
nancy 

Several types of neuraminic acids (X-acoti ]-, 
N,0-diacetyl-, N-glycolyl-, ot-c ) havo now boon recog- 
nized Paper chromatographic and ionophoretic 
analysis rot cnled that tho neuraminic acid liberated 
by hydrolysis of the tissuo from two stomach ulcors, 
a duodenal nicer, a carcinoma of tlio pylorus, and 
from all tlireo areas (A, B, and G) of tho colon 
adonocarcinoma and tlio scirrhous breast carcinoma 
was N-ncotyl neuraminic acid Both 2sT-ncotyl 
and X,0-dincotyl neuraminic acid wero liberated 
from a malignant tumour situated at tho eardia 
end of tho stomach and involving 1 in of the 
oesophagus 

In another ospoct of tins assessment of the distribu- 
tion of carbohydrate-containing substances m 
human tumours wo havo determined* tho Iicxosamine 
contents of some of tho tissues studied abovo 
Mucoproteins almost always contain hoxosanunes, 
but the hoxosamino content of tho tissuo should not 
necessarilv follow tho nournmiruc acid values sinco 
hoxosanunes are also components of blood group 
polysaccharides and many tissuo polysaccharides 
The carcinoma obtained from tho eardia end of the 
stomach which had tho lughost nouraraimc netd 
content (0 64 per cent) also had tho highest hexos- 
amrno content (3 3 por cont) of thoso studiod Tho 
distribution of hoxosamino (1 8 per cont in A, 
1 6 por cont m B and 1 2 per cont in G) m tho colon 
adenocarcinoma also followed that of tho nourammic 
acid content Howover, tho hoxosamino content 
(2 1 and 2 0 per cent) of tho wholo of tho surgical 
tissuo from two stomach ulcors and that (2 3 por cent) 
of a duodenal ulcer differed littlo from that (2 2 per 
cont) of the carcinoma of the pylorus Analysis 
revealed that glucosamine and galoctesammo wore 
the only ammo-sugars present in tho duodonal ulcer 
(glucosamine galactosamme, 19 1) and m the 
carcinomas from tho pylorus end (glucosamine 
galactosamme, 2 1 1) and from tho eardia end 
(glucosamine galactosamme, 2 3 • 1) of the stomach 
Trypsin digestion 8 of tho fat-extracted tissues from 
the same duodenal ulcer and tho two stomach car- 
cinomas, removal of protein with trichloracetic acid 
and addition of alcohol gave crude polysaccharide 
mixtures m yields of 2 2, 2 1, and 2 3 per cent 
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respectively Aoid hydrolyms of these mixtures 
liberated hoxosaminos, fucose, and galactoso togetlior 
with small Amounts of glucoso And mannose Tins 
Biiggoetfl Hint most of tho polyBacdiando m those 
tissues waa of tile blood group substance typo Tho 
glucose probably originated from the glycogen' 
winch constituted 0 35 per cent of the duodonal 
ulcer tissuo and 0 30 and 0 29 per cent respectively 
of tho stomach carcinomas (all yields calculated an 
tho dried fat-oxtracted tissue) Ionophoretic analysis 
of the crude polysaccharide mixtures revealed the 
presence of small amounts of acidic polysaccharides 
s taming with toluidino blue 10 accompanied by much 
larger amounts of neutral polysaccharides 

We are indebted to tho staff of the West Bromwich 
and District General Hospital, West Bromwich 
Staffs, for tho provision of tissues Wo have also 
had valuable discussion with Prof J W Oit and 
Dr D L Woodhouso of the Cancer Research Lahore 
toriee Ono of us (D J T ) thanks the University of 
Birmingham for tho award of a scholarship The 
research was supported b\ a grant from the British 
Empire Cancer Campaign 

S A. Barker 
M Stacey 
D J Tipper 

Chemistry Department, 

Tho University , 

Edgbnston, 

Birmingham 15 

J H ICeekham 
(Consultant Surgeon) 
West Bromwich Group of Hospitals 
May 16 
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a Amlno-p-fpyrazolyl-N) Propionic Acid 
a New Amino-Acid from Cltrullus 
vulgaris (Water Melon) 

During recent years, several new ammo- and 
umno adds have been cliaraoterixed as components 
of the non protom nitrogen fraction of plant materials 
Another example has now been found in Roods of 
CxtruUus vulgaris (water molon, var Tom Watson) 
The structure of this now ammo-acid (hereafter 
termed $PA) is os follows 

HC=CH NH, 

hJ i— ch,— c!h— cooh 

a Amino 0-{pyr»zolyl N) propionic acid 
or /J (pyratolyl N) alanine 

This nmmo-ncid is unique in that it is the first 
example of a natural product win oh contains a 
pyrazolo ring Furthermore in contrast to the other 
hetcrocvollo ring-oontatning ammo-acids, histidine 


and tryptophan tho side-chain of fiPA is attached 
to tho pyrazolo ring through a carbon to nitrogen 
bond 

Tho presence of the amino acid was detected b\ 
two-dimensional paper chromatography (water 
saturated phenol butanol /acetic acid /water) in a 
70 per cent (v/v) ethanol extract of ground seeds It 
occupied a position very similar to that of pro lme on 
two dimensional ohromatograms Tho compound 
reacted with nmhydrm to give a normal bluish purple 
spot With Ehrlich 9 reagent (p dimethylominobonzal 
dohydo) it gave a yellow -coloured spot and it formed 
a copper complex with copper aootylocetonate, so 
indicating the presence of an a ammo group 

By ion oxchange chromatography ( Zeokarb 215 
and ‘Dowox 60-0 26 N ammonia displacement) 

3 gm of pPA was isolated from 10 lb of water melon 
seeds The ammo-acid was crystallized twice from 
distilled water (solubility approximately 4 gm / 
100 nil ), and yielded a wlute solid with on elemental 
analysis of 0, 46 7 , H, 5 7 N, 27 1 O (b> dff 
feronce), 20*4 The calculated values for fiPA are 
C, 45 4 , H, 6 8 , N, 27 0 , O, 20 8 
Therefore, tho isolated material had an empirical 
formula of C,H # N,O t , and was isomeric with 
histidine This formula provides too few hydrogen 
atoms for the more normal saturated open chain 
ammo-acid structure Tho compound was found to 
be stable to strong mineral acid (6 N hydrochloric 
acid at 100° for 24 hr ) and alkali (6 N barium hydros 
ids at 100° for 24 hr ) Treatment of the ieolato with 
56 per cent (w/w) hydnodic acid at 120° for 24 hr 
degraded, it and alanine was identified as the onl\ 
nmhydrm reactive product by comparison with an 
authentic sample of the amino -amd on paper chroma 
t-ogrnms developed m water saturated phenol butanol/ 
acetic acid/ water mixture, butanol saturated with 
2 N ammonia, and othyl occtate/pyrichno/uater 
(orgamo phase of 2 I 2 parts by \ olume mixture) 
Tlio fission of an alanine moiety in this wav not only 
indicated its presence m the structure of tho isolate 
but also suggested that tho alanine residuo was 
attached to the remainder of the molecule through a 
C — N linkage (the corr^pondin^ C— C linkage found in 
histidine is stable to hyarogen iodide reduction) 

Tho remaining atoms of tho formula are most 
simply accommodated by assuming tho prosonco of 
an imidazole or pyrazolo ring system It would appear 
that Shinano and Khyn 1 have isolated a smaller 
quantity of tho same substance from the press juice 
of water melon both isolates liad tho same elemental 
analysis and m.p (decomp ) m the range 235-238* C 
The Japanese workers suggested that then* i sola to 
was a amino (lmidorolyl K) propionic acid, although 
no defimto proof for tho presence of the imidazolo 
residue was given. Oar evidence provides no support 
for the idoa of an imidazole ring Tho isolate failed 
to give the Pauli test, and did not possess a pK in tho 
pH range 0-7, normally a feature of imidazole 
derivatives Pyrazolo derivatives hove an analogous 
pK in the pH range 2-3 , the titration curve of tho 
isolate showed a weak point of inflexion in this ran go 
Nuoloar magnetic resonance spectra* performed on the 
isolate and various N -substituted imidazole and pyr 
azolo derivatives proved almost certainly that the 
isolato contained tho pyrazolo nng system The fine 
structure of the spectrum of the isolate also indicated 
an unsubstitutod « ammo group in tho alanine 
residue and tho presonoo of a — CH« — group and 
N — 0 luiknge Thcao requirements nro nil met in too 
abovo structure for fiPA 
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Crude, small-scale preparations of fiPA and (3- 
(mudazolyl-N) alanme (piA) have been made Tlie 
silver salts of pyrazole and imidazole respectively 
were refluxed m methanol with the methyl ester of 
(3-ehloroalanme hydrochloride (prepared by the 
method of Fischer and Raske 5 ) After removal of the 
methanol and hydrolysis with 6 N hydrochloric acid, 
the reaction mixtures contained three ammo-acids 
Serme and a trace of a compound, probably alanme, 
accompanied either $PA or $IA The synthetic 
fiPA was inseparable from the isolated material on 
paper chromatograms, whereas filA was easily 
resolved from the isolate filA had an Rp very 
similar to that of histidine m water-saturated phenol , 
m butanol /acetic acid /water mixture it moved slightly 
more slowly than histidine The yields obtained m 
these preparations were low, but it is hoped that a 
future large-scale preparation of (iPA may provide 
sufficient crystalline material for comparisons to be 
made w ith the natural substance using other accepted 
physico chemical techniques 

We wish to thank the Ferry -Morse Seed Co 
(California) for supplying the seed, Dr I L Finar 
for advice on the syntheses, and Drs J H Ridd and 
R F M White for their help with the nuclear 
magnetic resonance spectra 

F F Noe* 

L Fowdex 

Department of Botany, 

University College, 

London, W C 1 
May 11 

* Postdoctoral Fellow of the American Cancer Socletv 
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3 Foivden, E Noe, F F , Rldd, J H , and White, S F M, Prof 
Chem Soe 131 (1959) 
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ANIMAL PHYSIOLOGY 

New Antiadrenergic Compounds 

We have found that the benzyl quaternary 
ammonium compounds (I, patents pending) have a 
novel and highly specific blocking action on the 
peripheral sympathetic nervous system, which 
resembles that following section of adrenergic nerves 
and differs from that produced by adrenolytics, 
ganglion-blocking agents and reserpine 



(i) 

Compounds of the above type were screened by 
examining their efficacy m relaxing the nictitating 
membrane when injected subcutaneously in the cat 
Activity was highest m the quaternary compounds 
(I , R — H) and the orf/io-substituted analogues 
(I , R — -Me, F, Cl, Br, I, and NO t ) Activity was 
also very sharply influenced by the cationic head, 
high activity being encountered in the compounds I 
with N-4 = NMe t Et, Nilfe^CHd.OH, _EfN(CHj) 4 , 
HO(CH l ) 3 N(CH 5 ) < Lower homologues such as I with 
NA = ifMe 3 , J? = Br were inactive and higher 
homologues showed much reduced activities There 
was no mydnasis or other overt effect in cats injected 
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with any of these compounds, except one (I , N-4 = 
NMe t El, R = H) which caused marked parasym- 
pathomimetic effects 

One of the most active compounds, 373C57 (I , 
= NMe t Et, It = Br), was oxammod m detail, ns 
its bromide, and the findings indicating its mode of 
notion are summarized as follows 

After subcutaneous injection of 5-10 mgm /kgm 
of 373(757 m the unamesthetized cat, tlio nictitating 
membrane gradually relaxed, becoming full} exposed 
m 4-fi hr , and lotracted only after approximately 
24 hr Similarly, m cats under chloralose anaisthcsm, 
373(757 gradually inhibited the effect of indirect 
stimulation of the nictitating membrane irrespective 
of whethor tho stimuli were applied to the pre- or 
post-gangliomc neivo, the block was most marked 
when the stimulation was continuous Tins inhibitory 
effect was accompanied by a gradual and prolonged 
fall m blood pressure often preceded, when the drug 
was givon intravenously, b} a sinnll temporary rise 
Tho response of tho heart to stimulation of the cardio- 
accelerans norvo was blocked, and tho pressor effects 
of mtravcnouB injections of adrenaline and nor* 
adronalmo wore mcreasod 

373(757 blocked tho responso to stimulation of the 
adrenergic nerve m various isolated preparations 
Thus it prevented the vasoconstriction caused by 
stimulating tho greater auricular nerve in the per- 
fused rabbit ear, tho relaxation of tho rabbit ileum 
during stimulation of tho visceral offoronts, and tlie 
contraction of the rabbit uterus elicited through the 
hypogastric nemo The effects of adrenahno and 
noradrenaline on thoso preparations were enhanced 
after giving 373057 

In tho cat, tho pressor effects of intravenous 
diraethyIphonylpipera7inium iodide and splanchnic 
nerve stimulation which are mediated by the adrenal 
medulla were greater after giving 373057, whereas 
the hypertension caused by the ganglion- stimulating 
action of dimothylphenylpipernzmium iodide m tho 
adrennlectomized animal was blockod Tins shows 
that tho antiadrenergic action of 373057 is not accom- 
panied by an interference w ith tlio adrenal mechan- 
ism, such as occurs with the ganghon-biocking drugs 
or reserpine 

Some of tho properties of 373057 resemble thoso 
of tho 2 G-xylylother of choline bromide, Til/10 1 
but unlike this compound, 373057 docs not cause 
parasympathomimetic effects or doploto the pressor 
amine content of tho rat adrenal The latter finding, 
if it applied also to tho ndronergic nerve would 
indicato that it. is unlike!} that 373057 acts either by 
depleting the local stores of catechol amines or by 
inhibiting tho biogenesis of noradrenaline in adrenergic 
nerves, ns was postulated 5 might bo tho mode of 
action of TM10 373057 caused no overt behavioural 
changes m animals, and tins togetlior with tho absence 
of depletion of tho catechol ammo content of tho 
adrenal medulla of rats is in contrast with the actions 
of reserpine 

Together with our colleagues, Drs A McCoubrey 
and W G Dimcombo, wo have studied the distribu- 
tion m tissues of 373C57 labelled w ith carbon- 14 m one 
of its methyl groups Following subcutaneous injec- 
tion in cats, much higher concentrations of radio- 
activity were found m adrenergic nerves, sympathetic 
ganglia and tissuos with a rich adrenergic innervation, 
than in other tissues The concentration of 373(767 
indicated to be present m adrenergic nerves, when 
applied topically , blocked the physiological responses 
to stimulation of the pre- and post-gangliomc cervical 
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sympathetic nerves in the cat, the visceral adrenergic 
nerves of rabbit intestine, and tho greater auricular 
nerve m the rabbit ear 

Wo conclude that the blocking effect of 373C67 on 
the peripheral sympathetic nervous system is due to 
an action on adrenergic nor\ce and that its specificity 
is related to tho solectivo accumulation of the com 


pound in adronorgio nerves following systemic 
administration 

Tho properties of 373(707 and related antiadrenergio 
compounds may rendor them useful for the reduction 
of sympathetic tone, for examplo m tho treatment of 
hypertension fhoy do not impair parasympathotio 
functions as do ganglion blocking agents nor depress 
tho central nervous system as does reeorpine 
Note added in proof We have just learned that tho 
open name, approved by the British Pharmacopcca 
Commission, for 373067 p tolueno sulphonato is 
bretvhum tosylate 

A. L A* Bouoa 
B C Corr 
A F Green 

Tho Wellcome Research Laboratories 
Longley Court, 

Beckonliam, Kent 
March 10 


*H«r U and Willey O L. Brit J Pkarmacol 6 471 (1054) 
•Cou^taod, R E and Exley K A. BrU j PUr»*cot 12 $06 

* Bain W A. and Fleldtm It. lancet 11 472 (1057) 


Action of Ganglion Blocking Drugs on 
Choline Acetylase 

The first practical hypo tensive drugs which acted 
by causing autonomic ganglionic block were bis 
quaternary ammonium salts recently substances 
containing only a single secondary or tertiary amine 
group have been introduced os hypotensive agents 
of a similar typo There are however, differences m 
the details of the pharmacological actions of the two 
types of drugs , for example the mono-amine 
compounds, rnecomylanune and pempldine, aro slower 
m onset of action bnt more prolonged when compared 
with the older group (for examplo, hoxamethonium 
or pcntoUnnun) The bis quaternary ammonium 
drugs paralyse ganglia by extracellular competition 
with acetylcholine for synaptic receptor sites, the 
differences in action might he explicable if the newer 
compounds acted in some other way for example, by 
inhibition of acetylcholine formation Their ability 
to penetrate ooll lipid membranes or barriers makes 
such an intracellular action plausible 

Choline acetylaso preparations from guinea pig 
bram hav o therefore been used to compare the 
effects of tliroo of these mono -ammo compounds with 
those of a horruchohiuum* (HO 3) a compound which 
is known to owe its high toxicity to interference with 
ncctvl cholmo synthesis 1 -* Tho enzyme preparations 
used were modifications of those previously employed 
and were moro dopondent on the addition of choline 
for thoir nctiv ity HO 3 inhibits only the weaker ‘P 
preparation , this action results from its competition 
with choline for somo limited path of entry into tho 
loss damaged particles of that preparation* 

The three mono-amine compounds tested (mecamy 1 
amine pempidmo, and its ethyl anotoguo, Imperial 
Chemical Industries Cpd 20630), showed no signifl 
cant inhibition of either enzyme preparation wlicn 
tested in the concentration (1(H iff) at which HO 3 
reduces the activity of the *P' preparation by ono 
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half Pempidmo was also ineffective at 10-* iff a 
concentration win oh would bo expected to rev cal any 
ability to interfere spocifioallv with the enzyme 
system 

Tho response of tho frog rectus abdominis muscle 
used to assay acetylcholine was affected by the 
presence of the drugs, especially by mecamylaminr, 
and it was necessary, to prevent a progressive roduo 
tlon in sonsitmty , to adopt a routine of regular 
repeated washing and resting of the tissue after each 
estimation 

Contrary to the results reported hero a brief note* 
appoorod earlier indicating that mecamv lamino can 
inhibit aeotvloholine formation but recent discussion 
with the authors has clarified tho position Tho 
suggestion arose from preliminary experiments m 
which a soluble choline acetylaso was used prepared 
from an acetone powder of rabbit bram, tlio acetyl 
choline formed being estimated colowraotncally 
Mocamylammo -was used in amounts oqmmolftr vwth 
obolin© and since the assay method odoptod neoesai 
tates a high choline concentration (10~* iff or more) 
there was a serious possibility that the Inlubition was 
non specific Subsequent studies with other secondary 
amines confirmed this and tho work was discontinued 

In their investigation of pempidmo Como and 
Edge* showed that a largo doso (10 mgm ) could 
reduce by 40 per cent tho acetylcholine output from 
the cat’s perfused superior cervical ganglion in 
response to pro ganglionic stimulation Their expun 
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f? preparation 

A re race acetrkhollne con 
tent n.moIe/roI •oaponrion 
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acetylcholine n molf/ml 
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1 7 

« 3-2*5) 

6-0 
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21 4 
(10 7-24 
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Fig 3 (above) 8ansage -shaped long human blood platelet 

(X8S0, oil Immersion) Fig 4 (below) Long human blood 
platelet ( x 830, oil Immersion) 

(PholoQrajih Robert T Duckworth) 

radicate that the presence of these cells m mammalian 
lung vessels is a normal phenomenon, where thoy 
appear to break up into platelets Thoir studios 
demonstrated that the cells seen m the lung vessels 
were identical histochemically and morphologically 
with the bone marrow megakaryocytes and that thoy 
were transported from the bone marrow to the lungs 
by the venous circulation Their histological observa- 
tions indicated that the megakaryocytes are too large 
to pass the lung capillaries intact (Fig 1) and that the 
cells appeared to break up m the capillary anastomoses 
by the pumping action of the right heart ventricle 
(Fig 2) The megakaryocytes appeared to be moulded 
into the shape of the capillaries and divided by thorr 
anastomoses It was postulated that in assuming the 
capillary outline by being pressed into the vessels the 
cells can emerge as casts of the vessels, thus occa- 
sionally being encountered in blood smears as long 
platoleta (Figs 3 and 4) It can he further postulated 
that further break up of these elongated platelets may 
occur m the eventual passage through the peripheral 
capillary vascular system It also would appear that 
the elongated forms are more commonly soen m 
individuals with high platelet counts where the 
platelets appeared freshly formed 

In summing up, it would appear that long platelets 
may be formed from pulmonary megakaryocytes by 
being pressed into the lung capillary blood vessels and 
emerge as caste of the same 


This work was supported m part by a grant form 
the Westchester Hoart Association 

J. George Sharnoff 

Department of Pathology, 

Mount Vernon Hospital, 

Mount Vomon, How York 
April 21 
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* Wlntrobe, M 31 •‘Clinical Hematologl fourth edit , 203 (tea 

nod Feblgcr, Philadelphia, 1950) 
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A Seasonal Rhythm in the Presentation 
of Bone Sarcoma in Man 

Froji a study of tho {etiology of osteogomc sarcoma 
in man cumed out during tho past four years, it has 
boon possible to domonstiate certain trends in tho ago 
and sox mcidonco of tlioso rolntivoly rare neoplasms 1 * 
Probably' tho most mtoresling features aro tho 
observations that tho tumours tend to anso at an 
earlier ago in females among ndolcsconts, and also tho 
higher mcidonco of tumours of tho arm and pectoral 
girdlo at an earlier ago compared with thoso of tho 
log and pelvis in juvomlcs of both sexes On compari- 
son of tho moan ages of groups of ostoogonio sarcomata 
m adoloscont males and females, whothor for tho 
whole skeleton or for individual hones, tho differences 
of mean ages (mnlo minus female) aro soldom 
statistically' significant, nevertheless thoy' aro almost 
invariably in tho samo direction 

Tho most likely explanation of these differences in 
ago, sox and site would scorn to ho m tho relatively' 
advanced skolotal growth of girls, and in tho gonornl 
cophalod-caudad socpionco of growth progression It 
is well known of course that tho majority' of osteogomc 
sarcomata of adolosconts ariso m tho metaphysos of 
tho major long bones, although this feature of con- 
sistent anatomical location is not so clearly dofinod m 
tumours of porsons ovor tho ago of fifty -fivo years, 
among w'hom Paget’s osteitis doformans forms the 
background of tho majority' of casos — at least m Great 
Britain 1 In this older age-group tho trends montionod 
above cannot bo shown to occur 

Among the characteristic patloms of juvomlo 
hone growth is a seasonal rliytlim with tho maximum 
velocity peak m tho spring months of April, May and 
J une Tho literature on this subjoct has boon discussed 
by Brody 3 and by Tanner 4 , tho former author 
comparing tho human growth-cyclo with othor phoio- 
poriodic phenomena of mammals and birds In 
discussing tlus topic Tanner 4 states that the monthly 
hoight-gam avorage for tho period April-Juno may bo 
as much as 2—21 times that of tho montlis Octoher- 
Decomber 

In the light of thoso considerations an analysis was 
made of the case-histories of 102 osteogomc sarcomata 
included m tho records of the Bristol Bone Tmnour 
Register , and from among thoso w r oro eventually 
separated a group of 40 tumours of Jong bones all in 
porsons less than 30 years old Tins small series was 
supplemented by the addition of a further 34 casos 
from four other hospitals, details boing furnished by 
the consultant surgical staffs and modical records 
officers of these institutions These 74 cases have boon 
plotted in Fig 1 according to tho month when thoy 
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first complmnod of anj dofiruto symptom directly 
related to tlioir subsequent clinically apparent 
tumour This initial symptom was most often bon© 
pam — less frequently pain and local swelling The 
data are ouroulativo oxer a period of 18 3 ears (1941- 
68) It will bo noted that tbo moldonce of tumours 
is greater during tho montlis Juno-No\ ember 
mcluaiv o, when tho montlilj a\ erago wna 0 2 tumours 
per month, than for the months Deoember-Ma> 
-when tho average of 3 2 tumours per month was 
encountered (This difference is statistically sigmfl 
cant x*~10 33 , P < 0 01 ) 



Jan. Feb Mar Apr Mar Jano July Aur Sept Oet Nor Dee 
♦-Max. growth— 

Fig 1 Oitcocen\c coreom* — Jong bone cues onJr all le*» than 
30 rr old. Plotted according to month of presenting aymptom 
■urnmer* period (Jnno-November Inchotvr) 55 ca*M winter 
period (May-December Inclusive) 10 cate* total 74 co»e* 

Tlie samo data wore ro examined by annual groups 
(1043-68), but oxoluding 4 tumours which were 
recorded for tho years 1941-42 Although the 
numbers each year are small, the trend of numerical 
preponderance in ‘summer still appears The annual 
distributions are shown in Fig 2 In 13 of 10 recorded 
> ears the number of tumours presenting during the 
summer’ period is greater than tliat encountered for 
tho corresponding ‘winter period (These differences 
are again significant, < = 394, P <0 01) 
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Flo 2 Oiteogenlo tarcoma— aamo «crlci aa Fig. 1 plotted by 
tw* according to tlmlnR of presenting irtnptotn Corn p* ring 

number! In turaratr’ and winter periods the dllfrrence I§ statistic- 
ally ■tgnlfieant (P < 0-01) 


For bre\ tty’s sako it mnj simph bo stated hero 
that theso difforoncos in monthly incidoneo do not 
uppoar in a similar analysis of a series of 56 osteogenic 
a~ co mat a in older persons more tlian thirty years of 
ago Tins nogfttivo result might bo expected in view 
of the modified cotiologj of bono tumours of this 
ago group 


It maj bo added that this m crease in 'summer* 
incidence m the presentation of sarcomata holds for 
either sex when the whole senes is so sub-divided 
Moreover it exists in each of the four major com 
ponent groups of cases winch were derived from 
Bristol, London Manchester and Glasgow (It has 
also appeared in a further group of 16 patients, 
dotails of whom wore received too late for inclusion 
m the present study ) 

With tho motonal available it is not j-xit possiblo 
to define tho shape of the 'summer peak ot its 
precise timing , but in all probability it appears eomo 
tune during July and August, that is, about 3 months 
after the spring peak m the bone growth velocity 
curve 

In adolescents the growth of bo no in length with 
subsequent remodelling continues tliroughoufc the 
year, and is responsible m some obscure wa\ for the 
basio monthl3 lovol of incidence of bone sarcoma The 
probablo siro of the lag period between tho two peaks 
of spring growth and presentation of bone sarcoma 
would seem however to suggest a biological linkage 
ospeciall3 m the light of collateral evidenco which 
relates theso two phenomena Inquiry has not 
indicated any extraneous factors which might other 
wise account for this abnormal distribution of tumour 
presentation during the yearly cycle 

Dr Graco M Joffroo lias assisted in this work by 
examining the case records of the Bristol group, and 
Mr G M Clarke has given invaluable advice with tho 
statistical treatment of tho material 

Dotails of patients have been freely given by the 
contributing members of the Bristol Bone Tumour 
Registry b\ Mr H Jackson Burrows, and tho 
Medicaf Records Officor and Committee of the Royal 
National Orthopaedic Hospital London bv Dr 
Ralston Patterson of tho CJmstie Hoepital and Holt 
Radium Institute, Manchester b> Mr Rowland 
Barnas, and I>r Mary Catto, of the Glasgow Western 
Infirmary and by Dr Constance A. P I\ood of 
tho Homrnerarrutli Hospital London 

This investigation was support-oil by grants from 
the British Empire Cancer Campaign 

C H G Price 

Pathology Research Laborator3 , 

Uruvornit3 of Bristol 
18 Guinea Street, Bristol, I 

* Price 0 n O JJril J Cancer 9 553 (1055) 

• Price 0 n O J Bon* end Jotal Strrg 40 674 (1053) 

1 Brody B "BloenfTgetlcs end Growth" (BeloboM Pub Corp 
kork 1946) 

4 T«nncr J JL, Growth at Adolescence" (Blackwell Scientific Pub 
Oxford 1055) 


PLANT PATHOLOGY 


Needle Transmission of a New Maize Virus 

The rough dwarf disease of maize (“Namsmo 
Ruvido del Main ’) has been known from Ital> since 
1049 1 and has latel3 been reported from Israel too* 
Tho 83Tnptoms of tho disease and its opidenuolog3 
were described in both countries* 4 with tho namimp 
tion tliat the causal ngent ir a plant virus Since no 
experimental transmission of tho disease Imd boon 
accomplished it was not certain that the agent was 
a virus All attompts to transmit tho discaso 1>3 rub 
Bi ng pap into maixo loaf blades, using vnrioiiH abm 
sum liavo failed Transmission trials with 
dodder species Cuacuta etffit SroOlox a J 
negative 
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Recently, however, transmission has been achieved 
for the first time by the following method Hybrid 
maize plants allowing severe dwarf symptoms were 
ground m a meat mincer, the sap squeezed through 
a cheese cloth and then centrifuged for 5 mm at 
3,000 rpm. The supernatant fluid was injected 
by means of a 1 c c tuberculin syringe into the 
stalks of 3-week-old hybrid maize seedlings (Neve 
Yaar hybrid 22, single cross) grown under insect-proof 
conditions The dosage was about 0 2 c c per seedling 
divided into 5 punctures at different sites A control 
series was injected with healthy sap m the samo 
manner Three out of twelve plants injected with 
diseased sap, in two different series, developed both 
stem and leaf symptoms (including the rare symptom 
of split blade) within two months As this was done in 
winter, without artificial illumination, it is believed 
that during summer the development of symptoms 
should be faster Infectivity of the sap, when frozen, 
was retamed for at least 24 hr Smce the virus 
is not transmitted by seed, the reliability of tho test 
seedlings is unquestionable 

Sim dar cases where mechanical transmission of 
plant viruses could bo obtamod by needle inoculation 
only are those of sugar beet curly top 5 and clover 
wound tumour 4 Both these viruses are leaf hopper- 
borne and, at least m the case of curly top, the virus 
is believed to exist m the phloem which might be 
considered inaccessible to ordinary surface rubbing 7 
In the case of the maize rough dwarf virus it may be 
inferred from Biraghi’s studies 4 on the pathological 
anatomy of the disease that the virus tends to 
inhabit the phloem, though its natural vector is still 
unknown 

I HaIU’AZ 

Faculty of Agriculture, 

Hebrew University, 

Rehovot, Israel 
March 31 
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BIOLOGY 

Black Marhn in British East African 
Waters 

Recently I stated that only the striped marlin 
(M audax) had been caught by the East African 
Marine Fisheries Research Organization, and records 
of the black marhn in these waters were of doubtful 
value 1 

Smce that communication I have taken two black 
marhn while using a longhne 10 miles off the Tan- 
ganyika coast at latitude 8° S , the fish were of 
standard length 2,130 and 2,325 mm and weight 
125 and 135 lb respectively On capture and com- 
parison the differences from the striped marlin were 
most obvious— a very low dorsal fin, deep body, 
steeper head profile and ‘ngid’ pectoral fins Pro- 
portional measurements confirmed the field observa- 
tions and an examination of the morphology of the 
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pectoral girdle showed it to bo similar to that do- 
scribod by Morrow 5 ns diagnostic for tho black marlin 
Colour was as follows in life, upper two-thirds of 
body and fins blue-grey and lower third of body white, 
the jom between tho two colours being distinct, on 
death, tho colour fades rapidly and tho body and 
fins become grey, a little darkor above There are 
at no time any signs of the vertical stripes or brilliant 
cobalt blue coloration of the striped marhn 
Morrow (personal communication) reveals that Ins 
Pemba specimen of marlin weighed 159 lb at 2,151 
mm and not 259 lb , ns reported in his papor on 
East African fishes 3 , and thus tho record is validated 
as that of a black marhn 

In a rocont paper on marhn taxonomy. Morrow* 
examined the pectoral girdlo of tho remains of 
Playfair’s typo specimen of TI brcvirostns from 
Zanzibar and found it to correspond oxactly to that 
of tho black marlin 3 . Tims tiro position of this fish 
is clarified, tho original proportional measurements 
and later examinations of tho typo specimen boing 
insufficient for exact identification as stated earlier 1 
Tho black marhn is rare m this area, only two 
having been caught hitherto by this Organization, as 
compared with eighty-four striped marlin 

F WlELTAMS 

East African Mnrmo Fisheries 
Research Organization, 

Zanzibar 
April 20 

1 Williams, r , Na/tirc, 183, 702 (1050) 

* 3forrow, J E , Bull Bingham Oceanogr Coll , 10 (2), 88 (1057) 

* Jrorrow, J E , Ann Mag Bat Bitt , 7 (12). 810 (1954) 

MCorrow J E , Bull Mar Set Gulf and Canaan, 8 (4), 359 (1053) 


A Chimaeric Duck with the Head of 
a Chick 

It is well known that tho cluck embryo fails to 
produce detectable antibodies against various foreign 
antigens, so providing a fa\ ourablo environment for 
culturing viruses and transplanting various tissues of 



Big 1 A duok embryo with tho smiled head of a chick, after 
28 days ofincubatlon 
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He 2 X ray photcurraph* of the »kulls at hutcWno 
(Ftf 1) riant * chick ‘ “ ‘ 


... — , Xeft a dnek centre the cblrajera 

Note the itrOdns *lmil*rity between the dock and the ehlman* 
except the upper beak* 


birds and mammals 1 It is also known from the work 
of Billingham ct al * that "actively acquired tolerance”, 
the power to react immunological!} against foreign 
homologous tissue colls with which the} have boon 
moculatod in fcotal lifo, is never developed bj birds 
and mammals, or dovolopod only to a limitod degree 
A renewed interest in hotero transplantation stim 
ulatod ua to graft various types of tissue primordia 
between ombrj-ofl of two different genera of birds, the 
chick (Galliformes) and the duck (Anserec) Using the 
same combination Hafiek arid Ins oo workers were not 
successful in inducing a tolerance for skin hetero 
grafts between young obtained by embryomo para 
hioais 9 or between young injected with eaoh other’s 
sploen or bone marrow colls shortly after hatching 4 
On the other hand, some cases of limb bud grafting 
during early days of incubation by Eastlick* Boom 
to indicate a certain degree of toloranoo, although his 
experiment was corned out from a point of view of 
tissue incompatibility in heterologous combination 4 

As one of on experimental senes of reciprocal 
chick-duck hotorotransplantation, the grafting of the 
forebram region following the technique originally 
developed by Martino vit oh on the chick embryos 1 
was performed Tho heads were severed just behind 
the optio vesicle, and were exchanged between tho 
embryos of wlnto duck and a coloured breed of chick. 
Barred. Plymouth Bock, at stages comepondmg to 
Hamburger and Hamilton's stage 10-11 TUeee 
stages were reached by tho chick after about 42 hr , 
and by the duok after about 65 hr of incubation at 
37 5* C While the chick embryos grafted with duck 
heads did not survive for long one of the duck 
embryos with the head of a chick survived through 
the whole length of its embryonic |Ufe 28 dayB of 
incubation (20 days after grafting) Fig X illustrates 
this chimteno embryo 

In size and in growth of feathers, tho chunrera 
resemble* the average duck embryo at hatching 
However, the umbilical ring was still large and tho 
withdrawal of the yolk into tho body cavity had not 
begun- Tho host duck was found by examining tho 
gonad to bo a male Tho contribution mode b} tho 
graft was represented by tho upper beak and eyos the 
under-developed crest and tho tnolanophoros Tho 
latter spread over both lateral surfaces of tho head 
for coudad beyond the auditory opening, leaving 
unpigmented only tho feathers on a mesial portion in 
tho occipital region It was clear tlrnt an extensive 
migration of tlio cluck molnnohkists had taken place 
because the ear region is obviously of duck origin 
At the top of tho head, there was a round oroa whore 
no featliora and molanophoroswero present Tho cause 
of this is not door When an X mv photograph of the 
skull of the chimrcnc embryo was compared with those 


of normal duok and chick embryos 
at hatching (Fig 2), it proved to 
resemble the former much more 
than the latter This indicates 
that skull of the chi micro was 
derived mainly from duck head 
mesenchyme 

Whil o this grafting was being 
undertaken, Marfanovitch published 
the results of grafting by the same 
method and combination* in a hicli 
considerable abnormalities were 
reported Our efforts to hatch 
those chumcras havo been tissue 
ceesful, and the proepoct is rather 
dubious (Martinovrtch P N , per 
sonal communication) However a greater possi- 
bility of survival could be expected m tho combina 
tiona of genetically more closoly related species 
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The Benthos of Soft Sea- bottom In Arctic 
North America 

Quantitative surveys of tho benthos of soft 
sea bottom wero made in Baffin Island, N W T , 
during 1954 and 1965 m Greenland during 1950, and 
in Foxe Basin, NWT, daring 1967, as part of 
expeditions organized by the Arctic Institute of 
North America and the Fisheries Besoaroh Board of 
Canada Theeo surveys, and others made previously 
in Greenland show that jHacofito calcarta com- 
munities 1 with standing crops generally greater than 
200 gm /m * (fresh weight) occur m shallow water to 
about 50 m depth in many localities in Arotio North 
America Other communities, some with very small 
crops, also occur in shallow water under localized 
special conditions They are tho "Perms jlueiuom, 
Portlandta arciica and Ohtndoihta eabint communities 
Tho soft-bottom benthos m water deeper than about 
50 m forms at least two communities, the Fora- 
mirufora and Area Aetarte ertnaia communities * with 
standing crops generally loss than 100 gm /m* 

Tho distribution of these communities can bo 
related to the environmental conditions In tlioso 
orotic regions the water at depths greater than 50 ro 
has permanently low temperatures vhfch may cither 
be just above 0* 0 or below Kkman* coll a rogions 
with such tomperaturee "low-arctic" and 'high 
arctic” respectively Howovor overlying tho deep 
water is an annually insol a ted layer * ho temperature* 
of which moy ocwiloimhy 


LoW-orotio condition* can 
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occur temporarily at the surface over lugh-arctic 
deeper water The two terms can apply to tempera- 
ture zones arranged vertically m the sea, ns well as 
zoogeographical regions As such they are convenient 
for an ecologist to use, but then significance is mainly 
as a guide to the temperatures , they imply nothing 
about the dynamics of the oceanographic conditions, 
unlike other systems of naming the arctic marine 
regions 3 

The Macoma calcarea communities have only been 
found where sea temperatures are permanently or 
seasonally low-arctic Thus they occur in surface 
insolated water in the regions farthest north, but 
may extend deeper elsewhere, for example, Spits- 
bergen, Iceland 1 They have a -wide geographical 
range, apparently because some of the component 
species can adapt thou breeding season to the time 
of year when appropriate temperatures occur, namoly , 
m summer in the Arctic, in w inter m warmer areas 
The Venus jhtetuosa and the Portlandia archca com- 
munities appear to be restricted to certain bottom 
sediments within the low-arctic environment types 
of coarse sand and fine mud, respectively The 
Clnndothea sabim communities have only been found 
m two localities, m which the most obvious common 
environmental factor is very low summer tempera- 
ture, that is to say, permanently high-arctic The 
two deeper water communities occur below the 
depths affected by insolation where temperatures may 
be either low- or high-arctic 

Scattered dredge collections from Greenland to 
Alaska suggest that communities of Macoma calcarea 
aro very widely spread m shallow water throughout 
arctic North America, but are replaced by other 
communities in deeper water This pattern of vertical 
zonation appears to be very common 

An account of the collections and a more detailed 
discussion of the ecological and zoogeographical 
concepts mentioned here is being prepared for 
publication Tables listing the species collected, and 
then numbers and weights per grab haul, aro 
mcluded m a doctoral thesis 4 deposited in the Redpath 
Library, McGill University, Montreal 

D V Ellis 

Fisheries Research Board of Canada, 

Biological Station, 

Nanaimo, British Columbia 
March 16 

1 Thoreon, G , In ' Treatise of Marine Ecology and Paleoccologj ", 1, 
Chapter 17, p 461 (Qeol Soc Amer , Mem 07, 1057) 

1 Ekman, S , “Zoogeography or the Sea 1 (1953) 

* Dunbar M J , Fish. Ecs Bd. Canad , Bull , S3 (1951) 

* B Y • ‘Marine Infaunal Benthos in Arctic North America”, 
Ph D thesis, McGill University, Montreal (1957) 


CYTOLOGY 

Nuclear Deoxyribonucleic Acid Content and 
Endopolyploidy in the Meristem of Onion 
Roots 

Photometric analysis of tho deoxyribonucleic acid 
content of nuclei would afford an interesting approach 
to the problems connected with polyploidy, polyteny 
and endomitosis, our knowledge of which is stdl 
fragmentary It would also help us to understand 
the evolutionary processes and trace the relationships 
of species If, in accordance with the hypothesis of 
deoxyribonucleic acid constancy, there is a strict 
correlation between the deoxyribonucleic acid content 
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and the number of chromosomes, or more exactly tho 
number of chromonemata, measurement of deoxy- 
ribonucleic acid would bo tho casiost way of studying 
polyploidy, polyteny and ondomitosis, particularly m 
tho mtorphaso or prophaso nuclei where tho cliromo 
somo numbers cannot bo counted Evolutionarj 
processes involving polyploidization from ono species 
to another close ono can bo traced by means of 
photometric analysis, as tho deoxyribonucleic acid 
content of tho sperm or of tho normal diploid nucleus 
appears to bo characteristic of a species The 
utilization of deoxyribonucleic acid content m prob 
lems of evolution is well illustrated by Hughes- 
SchradorV work on a number of closely related 
species of mantids tho karxolypes of wluch aro not 
analysablo by tho usual methods of comparative 
cytology The deoxyribonucleic acid content of tho 
spermatids of two spocios, ono having twice tho num- 
ber of chromosomes as tho othor, was tho saino, agree- 
ing well with cj tological studies which led to tho con- 
clusion that redistribution of chromosomal material 
rather than polyploidy was mvoh od m tho evolution 
of these species On tho othor hand, m two other 
close species tho deoxyribonucleic acid ratio of the 
spermatids was y erv near 1 2, indicating that poly - 
ploidv had plajed a port in their ovolution 

During tho course of studies on tho deoxyribo 
nucleic acid content of nuclei m tho monstom of 
omon roots 4 in ono of tho central rows of cells which 
later become central % essels an unusual prophaso was 
found in ono of tho roots Each of its chromosomes 
showed very distinctly two relationally coiled strands 
In these sections of roots fixed in acetic acid/alcohol 
(1 3) pairs of sister chromatids at prophaso usually 
appoar as single strands Each strand in this excep- 
tional prophaso, furthermore, corresponded m thick- 
ness to a w hole chromosome of a normal mid-prophase, 
and the former can bo identified as a mid-proplmse 
by tho length and relic coiling of tho chromosomos 
No doubt this nucleus has a diploid complement of 
chromosomos with four, instead of two, chromatids 
each Judged by tho number of gonomes, such a 
nucleus is essentially tetraploid This prophaso 
nucleus happened to bo completely, or practically 
completely, within tho section (15p thick) m spite of 
its largo volume of 3,638p* (ns compared yvith 903— 
l,004p s found m diploid mid-prophases) (The 
volumo in p 3 yvas computed ns V — 2hAj3 wboro 
A is area m p* of the largest cross section of tho 
nucleus measured by a plnmmoter from a camera 
lucida draw mg, and h is height m p found as tho 
average difference of four pairs of readings from tho 
microscope fine-adjustment scroyv ) Tho deoxy - 
ribonucleic acid content measured in arbitrary units, 
according to tho ty\ o wavo-longth method of Patau 3 
with modifications* was y = 46 34, almost exactly 
twice tho mean obtamed from soven diploid prophaso 
nucloi (y = 22 88 ± 0 44) which is horo taken as tho 
best estimate of 40 

Similar totraploid prophases have, of course, boon 
observed before m differentiated root tissuo (for 
example, in groat numbors in Bhoeo roots treated 
with mdoleacctic acid 1 ) What makes tho present 
nucleus highly unusual is its location well within the 
meristomatic part of tho root It is, howevei, a 
region m which the colls of tho central rows do not 
ordinarily divide any moro , instead, many or most 
of the nuclei in these rows step up their deoxyribo- 
nucleic acid content to what must be about 80 or 
more as judged by their striking combination of large 
size and intense st aining Ono of these was measured 
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The vnluo obtamod, y ™ 41 35, ib somewhat Joss limn 
80 It probably bad not finished synthesizing 
deoxyrlbonuoleic acid In sections of 15p most of 
theso nuoloi are cut so that when choosing tho 
nuclous to bo measured selection for small volume 
was inevitable This nucleus was 1,534ft*, much loss 
than the \olumo of the tetraploid prophase nucleus 
and almost tho samo ns tho volume, 1,609ft*, of a 40 
interphase nucleus (y «• 22 87) wlilch was also found 
m a central cell row A volumo of l,G34p* falls well 
outsido tho range of Interphaso nuoloi of tho diploid 
mitotic oyolo Lying in a central coll row this nucleus 
may hnvo been approaching another deoxyribonucleic 
and synthesis In tliut ovont (t w ould be moro proper 
to call tho nucleus a tetraploid interphaso I rather 
than a diploid interphaso HI (During dooxyribo 
nuoleic acid synthesis on interphase I with tho 
deoxyribonucloio acid contont 20 is followed by on 
interphaso II with intermediate deoxyribonucleic 
acid content, and this by on mterphase III with 
dooxynbonucloic acid content 40 ) Tho ambiguity 
of interpreting dooxynbonucloic acid classes m terms 
of polyploidy has already boon stressed by Patau and 
Swift* What can presumably sofoly bo said m tho 
case, say, of an 80 interphaso is that such a nuoleus 
must bo at least a tetraploid and no more than 
oc topi oid In central cell rows witlun the mens tom, 
though in its proximal part, tho nuclear dooxyribo 
nucloio acid content is occasionally stepped up still 
further Those nuoloi are usually too largo to bo 
included m ono section The two out porta (identified 
by their position rolativ e to eight surrounding nuclei 
which wore also cut) of one such nucleus m neigh 
bouring eeotions were measured separately The 
total dooxyribonucleio acid content y =* 81 60 is 
1 1 per cent less than 1(10 The difference could again 
bo plausibly ascribod to uncompleted dooxyribo 
nucleic acid synthesis, ns the volumo 4 676(i a , of this 
interphaso nuolous was not much more than that of 
the SO prophase 

It is noteworthy tliat the appearance of dcoxj 
ribonucleic acid values higher than 40 in the central 
cell row is accompanied by an almost complete 
disappearance of mitotic nuclei The tetraploid 
prophase was the only exception observed All other 
nuoloi were olearlj at mterpliase In these cells, 
contrary to those of the surrounding tliwiio tho 
initiation of mitosiB has been blockod, but dooxyribo 
nucloio acid synthesis has not Precisely tho opposito 
situation was found by Patau 4 in tho corresponding 
cell rows of Rhoto In theso, mitotic ootiv ity also 
stops long beforo it ends in tho surrounding tissuo 
but deoxyribonuoloic acid synthesis is blockod even 
earlier, for, m these rows (not only in tho proximal 
moristem but also m the elongation zono) all but a 
very few nuoloi havo tho deoxyribonucloio acid con 
tent 2(7 This moans that tho great majority of nuoloi 
after their last deoxyribonuololo acid synthesis still 
undorwont a mitosis, as tills is presumably tho only 
process capable of halving tho dooxynbonucloic acid 
contont The fact that either of tho two processes — 
deoxyribonucloio acid synthesis and mitosis — may bo 
blocked first characterizes them os cssontialij mdo 
pendent of cooli other, oven though a normal mitosis 
presupposes a previous deoxyribonucleic acid syn 
thesis 

It is concluded tliat in. central coll rows of onion 
roots mitotic activity ceases deep In tho monstera 
Instead, endopolyploid} dovolops, with tho deox} 
rlbonucloio acid content going up to SC or even 100 
Ono qmlo exceptional prophase was found m a central 


cell row in the men stem that presumably had the 
diploid number of chromosomes with four instead of 
two chromatids Its deoxyribonucloio acid content 
was SO 

Tills investigation was supported by grants to the 
JafceDr C Leonard Huskins from the American Cancer 
Sociotv upon recommendation of the National 
Resoaivh Council Commit too on Growth from 
tho RockefoUor Foundation and from tho Research 
Committee of tho Gradual o School, University of 
Wisconsin, with funds supplied by the Wisconsin 
Alumni Research Foundation My thanks are due to 
Dr K Patau for guidance 

D SRINIVASAOHAIt* 

Department of Botanj, 

University of Wisconsin, 

Madison 

• Pment *ddim Central Potato Reaeareh Institute Simla 
(Punjab) India. 

' Hnsha*.gehr*der 6 Biol HmJL 100 178 (1051) 

‘ Hoskins 0 L. and fcteloltx LIT J Heredity 39 SC (1048) 

* Patau K OAnmo*oma B 341 (105ii) 

* Patau E. Bee Gen. Sec. Amtr SI W (10Mb) 

* Patau K and flwlft H QAromoxuna 6 140 (1053) 

‘ Srlnirajcmliar D FhJ) Uttali Unlrtnlty of Wisconsin (1053) 


A Partial Chemical Characterization of 
Maize Cofeoptile Cell Walls prepared with 
the Aid of a Continually Renewable Filter 

The present work was undertaken with tho 
objective (a) of preparing plant cell wall fragments 
free of contamination by intact colls, cytoplasm, 
p last ids and other cell inclusions, but containing most 
of tho constituents of the oolt wall including protoms, 
and (6) of characterizing such a cell wall fraction 
chemically The procedure differed from tlioso 
previouslv reported in tliat a filtration techmcjuo was 
employed for purification of the cell wall fragments 
and m that isolation was accomplished in on oesen 
tiolly non aqueous media It is behoved that tho 
filtration technique may prove generally useful in the 
preparation of cellular components where purification 
by differential or gradient centrlfiigntion proves 
impossible Pro\ ioub reports of tho chemical com 
position of plant cell wall tissuo have been based on 
the residue remaining after extraction of tissue 
macoratos with water 1 Such residues undoubted!} 
contain particulate cellular inclusions 

Maize ( Zea mays) colooptlles wore chosen for the 
present study because of tho information alroad} 
available regarding colooptflo tuwuo The colooptfiea 
wore excised from 6 day old seedlings of Michigan 
360 hybrid ranizo which had boon germinated at 
26* C and 90 per cent relative humidity 25 gm of 
tlie colooptQe tissue were homogonlzod (Sorvall 
Omnimixor ) for 10 min at 10,000 rpm together 
with 180 ml of glycerol and 37 gm of gloss hoods 
200jx in diameter (Minnesota Mining and Mnnufac 
turing Company Saint Paul, Minnesota) Tho homo 
genato so obtained was permitted to stand for 1 hr 
during which timo the bulk of tho beads settled out 
The supernatant fluid (Fig 1A) was docantod into a 
160 ml coarso porosity sintered glass funnel con 
taming a filter bod consisting of 1 cm of tho 200 p 
glass bonds Filtration was accomplished at tho 
guotion pump with continual stirring at graduollv 
increasing depth in tho glass bead filter so as to 
prevent mat formation rinutids nuolof 
chondna and soluble protein nppwodm 
while tho coll wnlli remained (n tl.o Rim" »«*« 
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Fig 1 Photomicrographs of cell-wall preparations at two stages 
of purification A , crude homogenate showing cell wall fragments 
and. plostlds , B. purified cell wall fragments after fourth 
filtration 

mat The beads together with cell-wall material wore 
lesuspended m 60 ml of glycerol and the mixture 
again allowed to settle for L hr The supernatant 
fluid containing the suspended cell walls was agam 
decanted into a fresh glass-bead funnel and tho 
filtration and settling procedure repeated three times 
After the last resuspension, the beads were again 
allowed to settle and the traces of beads romauung 
removed by centrifugation for 5 mm at 600y. The 
cell-wall material was then collected as a pellet by 
centrifugation at 25,000(7 for 4 lir Purified cell-wall 
preparations so obtained constitute about 5 per cent 
of the initial dry weight of the com coleoptile tissue 
and are practically free of microscopically visible and 
lnstocbemically detectable cell inclusions as shown in 
Pig LB If the filtration fluids are reworked until all 
visible cell-wall fragments have been removed, a 
yield of 20 per cent of the coleoptile dry weight is 
obtained For chemical analysis, the cell-wall 
material was washed free of glycerol by suspension 
and resedimontation five times m a ten-fold volume 
of absolute alcohol and dried to constant weight 
The results of analysis of cell-wall preparations and 
of whole dried coleoptile tissue are presented and 
compared with those of other authors in Table 1 To 
our knowledge, no previous reports of the sulphur, 
calcium or magnesium contents of primary cell-wall 
tissue have been published In general our results 
are m accord with previously published values with 
the notable exception of the protein content of tho 
cell walls Thimann and Bonner reported 12 per cent 
protein for Avena coleoptile (corresponding to 1 9 per 
cent nitrogen) while Nakamura and Hess reported 
30 4 per cent protein for a water-msoluble fraction of 
maize coleoptile In the present work, protein, 
calculated from the nitrogen determinations, would 
he 2 5—5 1 per cent Probably the higher values 
previously reported are due to a greater degree of 


Table 1 COMPOSITION OF COLEOPTILE AND CELL-WALL PREPARATION' 
op Coleoptile of Zta and Arena* 



Whole coleoptile 
(per cent dry weight) 

Coleoptllo cell wall 
(per cent dry weight) 

Ash 

4 1. 4 4t 

0 0, 1 3f 

C 


45 

H 

— 

7 

X 

4 1 

0 4-0 8, 4-9t 

P 

0 8 

0 03, 0 00t 

s 

0 25 

0-07 

Ca 

0-05 

0-00 

Mg 

0 15 

0 07 

Protein 

26 6. 16-2t, 3 1§ 

2 5-5 1, 30 4i. 125. 0 57 

Cellulose 

14 2, 13 2t, 10 It, 11-95 

27 4, 32 7t, 425, 24 87 

8 4, 10-21, 85, 0 37 

5 4 

Pectin 

4 Ot, 2 3§ 

Lignin 

Ribo- 

nucleic 

00 

acid 

Less than 0 0 

Less than 0 16 


• We are Indebted to Dr Potcr Albcraholin for the onhjdrourunlr 
acid and to Mrs Mary A. Vncasey for the calcium and magnesium 
determinations 

t Maize coleoptile (ref le) 

| Maize coleoptile (ref 16) 

5 Arena coleoptile (ref In) 

7 Arena coleoptllo (ref 5) 


contamination of the cell-wall preparation by cyto- 
plasmic substances 

A limited characterization of tho polysaccharide 
components of the coll wall was made by tho gonoral 
procedure of Norman 3 Colluloso was extracted from 
the 0 5 per cont ammonium oxalate insoluble coil-wall 
fraction with 72 per cent sulphuric acid after hydroly- 
sis with 2 N hydrochloric acid Tho extract was 
diluted to 5 por cont sulphuric ncid, hydrolysed, and 
glucose was determined with tho aid of glucoso 
oxidaso By this procoduro tho colluloso content was 
calculated to bo 27 por cont Tho ‘poctm fraction’ 
as isolated by tho usual precipitation mothod from 
ammonium oxalate extracts constituted 28 por cent 
of tho dry weight of tho coil-wall preparation Paper 
cliromatographic examination of tho ‘poctm fraction’ 
following oxhaustivo mothylation and acid hydroly- 
sis 5 indicated that only 2-5 por cont of tho cell-wall 
weight was polyuromc acid Smco losses of uroruc 
acid by this method might bo oxpoctod, tho value of 
8 por cent obtainod by Dr AJborslioim scorns correct 
Tho ribonucleic acid content of tho coll wall wms 
found to bo loss than 0 15 per cont as dotorminod by 
tho method of Ogur and Roson 4 Tins would account 
for approximately half tho total coll-w r all phosphorus 

In summary, our present analysis accounts for only 
approximately 45 por cont of the cell-wall dry weight 
Qualitatively, it may bo stated that starch and 
dextrmos aro absent but there aro largo amounts of 
pontose and hexoso polysaccharides Fiirtlior studies 
of these as yet uncharactenzod carbohydrate frac- 
tions and tho enzymatic activities of coll-wnll frag- 


ments are in progress 

This work was supported m part by tho ^Michigan 
Agricultural Experiment Station and by tho National 
Scionco Foundation 

Aleksander Kivtlaan 
Teofila C Beaman 
Robert S Bandurski 
Departments of Botany and Plant Pathology, 
Michigan State University, 

East Lansing, Michigan 
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c, Wlitta, P Ber tehw bot Get , 60, 175 (1940) 

•Norman. A G , "Tho Biochemistry of Colluloso the Polyuronides 
Iilgnln’ , 232 (Clarendon Progs, Oxford, 1937) 

’ MoroII, S , Banr, L and Link, K P J Biol Chcm 106, 16 (1934) 

* Ogur M. and Roson 0 , ArcJi Biochem , 26, 202 (1950) 
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FORTHCOMING EVENTS 

Sunday, September 6 — Wednesday, September 9 

BETTIS H AOOCIATIOY FOR TICE A DYAX CEXEXT 0 T BCIEXOE (at 
Tort) — Continuation or Annual Meeting 

Seittfay 5cpt«mbcr 6 

At 10 30 ajn. — (In Tort Minster) — Religion* Serf Ice Preacher 
The Mo*t Reverend the Lord Archbishop of York. 

Mondiy S*ptemb*r 7 

At 10 a.m.— Prof 0 M. B Bnlmsn F R.S "Recent Develop 
merit* and Trend* In Paleontology" (Presidential Address Section <J) 
At 10 a.m. — Prof. Ian A. Richmond "The Nature and Scope of 
Archeology” (Presidential Address Section II) 

At 10 a.m. — Prof A. Hemingway Artificial Orpin* — Biological 

Application*" (Presidential Addrew Section I) 

At 8 p m. — Sir William Hlkired "International Air Transport 
Problem (Evening Discourse) 

Thursday September 10 — Friday September II 
Soctett or r3fSTRixin;.vT TcortTOLOor (at the Polytechnic. Regent 
Street London. W 1) at 0 16 a.m. Thursday and 10 aan. Friday — 
Education Conference 


APPOINTMENTS VACANT 

ArnJCATIOTS are Invited for the following appolntmenta on or 
before the da tea mentioned 

AjauruaT LEOTirax* (With an honours or special degree In p*ycho- 
loyy or equivalent) la Pstoiioloot — T he Secretary. Bedford College 
(univeTalty of London) Regent a Park London N W 1 (September 

^L&uruium ur EDT0ATI0S at the University of Otago, Dunedin 
New Zealand — The Secretary Association of Unlvenltles of the BrltUh 
Commonwealth, 36 Gordon Square London ff Cl (New Zealand 
September 20) 

LxeruxHX (with a good honour* degree In electrical engineering Or 
phyilca and Industrialor research experience In tight-current elec triad 
engineering) ly Elects! on. Eyoishxjjxo at Queen * College Dundee 
(Univerrity of St Andrew*) — Joint Clerk to tho University Court 
Queen ■ College Dundee (September 28) 

Asswtaxt Lecturer ur social Amcotoixaiiox— T he Regirtrar 
The Uni Terri ty Manchesterr 13 (September SO) 

LKCTUXEB. IX MATUEXATICg at the Unlremlty of New England 
Australia— 1 The Secretary Association of Unlvenltlei of the British 
Commonwealth 86 Gordon Square London W 0.1 (Australia 
September 30) 

LEOTUREE ly Zoo LOOT at the University of Queensland Anatralla 
— The Secretary Auodatlcm of Unlveraitfea of the British Common- 
wealth 36 Gordon Square London W C 1 (Australia, September 30) 

8EYI0R Lwtuxe* ix Pht ei os a Lxcrruauit nr Phteic* and a 
Lecturer ix Socioloot at Rhode* Unlremlty Grahamstown Booth 
Africa — The Secretary Association of UnlTemltle* of the British 
Commonwealth 36 Gordon Square London W OJ. (South ACrioa 

^EiWTURJR^rx Geoceatitt at the University of Sydney. Anatralla — ■ 

The Secretary Association of Dairen! tie* of the British Common 
wealth 36 Gordon Square, London W 0.1 (Australia October 1) 

Chair or Osbmcstxt at Bedford Oollege — The Academlo Registrar 
University of London Senate Hou*e London W 0.1 (October 6) 

Chair or FHTHIC3 In the Unlverrity of Taamanla—Tbe Secretary 
Aasodatlon of Universities of the British Commonwealth 36 Gordon 
Square London W 0 1 (Anatralla October 16) 

LEOTUBEE or AtmSTJjre Bzctuexx. (with apodal qualification* in 
physical chemistry) IX OhejosTRT— S ecretary The Royal College 
of Science and Technology Glas gow 

Mar Curator ix thb depastmext ot geoorapht axd Geo loot 
—T he Regiatrar University College of Wales Aberystwyth. 

REPORTS and other PUBLICATIONS 

(not induded in lit monthlg Booh Swottmtnl) 

Great Brluin and Ireland 

Department of Scientific and IndoririaJ Bosearch. FotmJ ftodaet* 

Research Laboratory Leaflet No 62 Grading of Sawn BrltUh Hard 
troX irTlLo odon HJL Stationery Offl« 105-9 ) 04. net. [384 
The Wellcome Treat. Second Report ocmMdng the period 1056- 
1053. Pp 72+3 plat os- (London Th© Wellcome Treat 1059) [284 
Ministry of Power Reports of HJL Inspectors of Mines and Quarries 
under the Mines and Quarries Aot 1064 for 1058. North Western 
Division ByR.IT Clough. Pp 111+44+5 plates. (London H3L 
Stationery Office 1060 ) 4* not [234 

British Museum (Natural History) Rnwetuorl Expedition 1852. 

\ oL 2 No 1 Coleoptera Chryionielidae By G E, Bryant Pp 15 
3* net. Vo I 2, Nos. 2-7 Coleoptera Plocamolrechu* By R. 

Jeannel Coleoptera Gyrlnldae By P Brine k. Coleoptera Hor 
dellldae and Scraptlidae By ALFraodseolo Ooieoptera Cantharidae 
and ifalachildae. By W Wittmer Ooieoptera Erotylldae (Cladoxeni 
nae and Lartgurilnae) By A. VLlllcrs. DIptera Oullrtdae (Dixlnae) 

Inisopodidao and ptychopterldae. By P Freeman. Pp. 17-42. 

6i net. Vol. 2 Nos. 8-10 Odcmata. Trichoptcra Ephemeroptera 

Plecoptera and Neuroptera. By D E Kim min* Pp <3-67 6» net. 

(London British Museum (Natural History) 1858 ) [284 Published «U times rer annum. 


British Museum (Natural ffistory) British Antarctic ("Terra N ova") 
Expedition 1810 Natural History Report. Geology VoL 2 No 2 
The Volcanic Rocks of Cape A dare South Victoria t>m . By W 
CuapbeD Smith. Pp 109-160+3 pistes. (London British Museum 
(Natural History), i860 ) 16*. r*34 

British Coal utllizaticra Research Association. Annual Report 
195S. Pp 1+00 (Leotherhead BrltUh Coal Utilimtlon Research 
Aasodatlon 1850 ) mg* 

Macaulay Institute for Soil Research. Annual Report 1057-1068 
Pp 55 (Craigl ©buckler Aberdeen Macaulay Institute for Boll 
Research 1059 ) [234 

Forestry Commission. Small Pulp Mill Survcy^-Economie Study 
United Kingdom. By Send well and Do Ltd. Pp lv+43 (London 
HAL Stationery Office. 1858 ) 4t net [284 

Royal Institute of Chemistry Monographs for Teachers No. 1 
Principle# of ETectrolyxls. By Prof a W Davies. Pp t+30 5* Cd 
No 2 Principles of Oxidation and Reduction. By Dr A. Q Sharpe 
Pp v+80 Sr. Qd. (London Royal Institute of Chemiitry I860 ) [xSt 
Library Association Statistics of Public (Rate Supported) Libraries 
m Great Britain end Northern Ireland (1067-1058) Pp 83, (London 
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EDUCATIONAL PROBLEMS OF THE COMMONWEALTH 


S EVERAL recent events of great public importance 
have received little or no public discussion, due 
presumablv to the stoppage In tho printing industry 
in Great Britain, Among these e\ ents tho Common 
wealth Education Conference, which mot in Oxford 
during Jul} 16-29, is outstanding As the Secretary 
of Stato for Commonwealth Relations Lord Homo, 
stated in tlio Houso of Lords on July 2, tins Con 
ferenoo was called primarily to work out detailed 
arrangements for the new sohomo for a thousand 
Commonwealth scholarships and followBlups which 
was agreed upon by Commonwealth Ministers at the 
Trade and Economic Conference held in Montreal m 
September 1058 The Conference, however, was also 
to rm lew existing arrangements for co-operation 
between the Commonwealth countries on education 
gonerolly, and although it was to aottlo its own 
agenda Lord Homo mdicotod that the supply and 
framing of teachers and scientific and toohnicnl 
education would be subjects of particular importance 
In making this statement. Lord Homo expressed 
tlio hopo that from the Conference there wonld 
emerge practical schemes for furthering co-operation 
in tins vitally important matter of education where 
the nooda aro bo great and wliere Commonwealth 
countries havo so much to offer ono another Lord 
Horae emphasizod, too, the high standing of tho 
Commonweal tli representatives at tho Conference of 
winch Lord Halifax was president and Sir Philip 
Moms was climrman and ho referred also to the 
seven study tours of the Umtod Kingdom deigned 
to give tho delegates a balanced insight into our 
present system end its working one of wluch each 
overseas dologato would mako beforo tho Conference 
oponod The contribution of the United Kingdom in 
Commonwealth education is also described in a book 
let prepared specially for tho Conference bj tho 
Central Office of Information (Horculoe Houso 
Westminster Bndgo Rood, London, SE 1) 

Tho mmplo fnot to winch also Lord Homo directed 
attention on Tuly 3, that am schemes which the 
Conference might proposo would almost movitably 
invoho mono-\ suffioiontlv indicates the importance 
of wide and informed public discussion of tho whole 
subject Tho magnitude of tho contribution which 
Britain is already making in this Hold must bo full} 
understood, l>olh in Britain and in tho Common 
weal tli, and tho implications elsowlioro in terms of 
man power o\ on more than in terms of mntonal or 
financial resources, if tho proposals of tlio Conference 
are to bo correctly appraised, still more if tbo rosourcoe 
required are to bo forthcoming Thoro can bo fow 
subjects which hotter illustrate tlio bearing of in 
formed discussion on tho functioning of domoerntio 
institutions, as thoro are also few in wluch party 
politics could bo more damaging or dongorous 
Indeed over wido areas, and especially in Africa, 
tho success of self government and tho survival of 


democratic institutions may largely dopend on our 
success in solving the problems involved in tho 
expansion of education, especially secondary educa 
tion and in reconciling the clash between the com 
parativoly slow, hoolthj growth in oducational 
institutions and tho mounting domand for rapid 
political cliange 

In opening the Conference on July 15, the Earl 
of Halifax stressed tho practical objectives of the 
Conference, and pointed out that to-day it is a quos 
tion of the right sort of oducation at the right tuno 
Freedom itself will depend upon tho oducation we 
are now providing for our young people, both because 
of tho technical skills tliat education can provide and 
becauso of the qualities of character and mind that 
go with it Lord Homo, in a speoch on the opening 
night of tho Conference, referred to tho importance 
of tho common pattern of education in the Common 
wealth and the practical co-operation on which it is 
based both m relation to the particular objectives 
of the Conference itself and in tho wider context of 
tho promotion of international understanding, to 
which tho interchange of teachers and students could 
make a most effective contribution 

Speaking in the House of Lords on Jul> 29 Lord 
Home olaimed that the Conference had been an 
outstanding success In the ton working days at 
Oxford, plans had been made not onl> to bring into 
operation tho Commonwealth scholarship scheme 
appro\ed in principle at Montreal but also to pro- 
vido for both short and longterm assistance to 
those Commonwealth countries whore a shortage of 
teachers at all levels is holding up tho development 
of odurntion and tlio progress of tho oconomy Tho 
scholarship schome itself will cost about £5 million 
during the first five vear period of which tlio 500 
scholarships provided b\ tho United Kingdom will 
tftko about half With tho 260 offorod b> Canada, 
100 each bj Indio and Australia 30 b> Pakistan, 
25 by Now Zealand, 12 each by Malaya and Nigeria 
10 each bj Ghana and Rhodesia and Nvasaland, 0 bj 
Cojlon and 4 by East Africa the target of 1 ,000 
scholarships is alroadj exceeded For the most port 
tlie scholarships -will bo given to graduates for 
resear cl i or work for higher degrees in universities 
and comparable institutions in other Commonwealth 
countries than thou* own and tho scholarships will 
be tenable for an average period of two years and 
bo comporablo in standing with tho best offorod b\ 
any other countrj or in anj other wnj 

A small number of visiting fellowships to enablo 
distinguished Commonwealth professors to \ isit other 
Commonwealth countries and to work at Institutions 


nr own c ho ico will supplement tho scholarships 
i fow scholar8lups will also bo t enable at tbo 
graduato lev ol whore tho courses required ' 
■nd i dates aro not available m t bob’ h** 

w bo recalled that tbo United ww 
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already contributed in grants and loans under the 
Colonial Development and Welfare Acts some £13 
million to higher education, and that there were in 
1968-69 more than 7,000 full-time students from 
other parts of the Commonwealth enrolled m 
universities of the United Kingdom with some 6,600 
students in technical colleges, and of these some 260 
were trainees under the Colombo Plan, so that the 
new scheme is only an extension in scale , and Lord 
Home pointed out in the House of Lords that the 
Conference itself recognized that it was only making a 
start on the most urgent and specific needs It there- 
fore recommended that anothor Commonwealth 
Education Conference should meet in 1961 to review 
progress and to make further plans 

Lord Home’s statement m the House of Lords 
showed that the Conference also frankly rocognized 
that the most serious problem is that of teachers, 
and especially of those qualified to teach m the 
secondary schools, and that this special need of the 
emergent countries can only be met by special efforts 
on the part of the semor members of the Common- 
wealth The United Kingdom is already sending 
some 2,600 teachers a year to Commonwealth 
countries, but the Conference estimated that about 
a thousand more teachers are wanted each year for 
secondary schools, and two hundred for technical 
schools , in addition, 500 are wanted at once for 
teacher -training colleges 

Lord Home said, quite correctly, that in the short 
run the quickest way is to send out teachers already 
trained to occupy key posts overseas, and this the 
older Commonwealth countries are proposing to do 
University lecturers and professors would be en- 
couraged to take up ovorseas posts, and m tlio United 
Kingdom a special effort will be made to help with 
teachers in those scientific and engineering subjects 
in which Commonwealth countries have reported their 
needs are greatest These subjects are, of course, 
those where the shortage of teachers is felt acutely 
m the United Kingdom, and Lord Home commented 
that, if the objective is to be achieved, administrative 
measures will be necessary including the topping-up 
of salaries calculated on the local scale, the provision 
of passages for the teacher and his family, preserva- 
tion of his pension rights and promotion prospects 
and assistance m resettlement on return In promising 
the Conference that the British Government would 
help with such measures, Lord Home appealed also 
to teachers to respond to the challenge presented to 
men and women of talent, imagination and sympathy 
The United Kingdom proposals provide for some 
four hundred additional United Kingdom teachers 
to serve m Commonwealth countries, but the long- 
term solution must be to build up the educational 
resources of the smaller Commonwealth countries by 
providing the staffs for new teacher -training institu- 
tions which they may decide to establish, either m 
their own territory or jointly to serve the needs of a 
particular region Accordingly, said Lord Home, we 
would provide in the United Kingdom five hundred 
more places for teacher trainees from those countries 
as from the academic year 1960-61, and £260,000 
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a year for grants to the students occupying thorn 
There woro alroady, m 1968-59, 728 Commonwealth 
students training as teachers in the United Kingdom 
and if, as Lord Home stated, Canada, Australia, Now 
Zealand, India and other countries make considerable 
contributions, the position should bo significantly 
improved when the next Conference moots 

The expansion of tochmcal education will tako 
time, but here also the Conference lias initiated now 
efforts to spood the process The need for trained 
teachers m technical subjects, tho continuing nood 
for industrial training and tho groat shortago of suit 
ablo books and equipment woro nil omphasizod In 
the United Kingdom, it is plannod that during tho 
next ten years some 4,000 additional placos will bo 
available to tho Commonwealth studonts in technical 
colloges The Fodoration of British Industries and tho 
industrial rosenrch associations havo already in- 
dicated their intention to contmuo tho facilities now 
offered to overseas studonts and to expand them m 
certain directions 

Those further projects discussod at tho Conference 
are estimated to cost at least a furtlior £5 million 
during tho next five years, of wluoh tho United 
Kingdom contribution will bo about £3 6 million, 
making a contribution of some £6 mdlion out of tho 
total of at least £10 million Tins, os Lord Homo 
observed, is a substantial contribution, and it does 
not stand alono Indeed, it is not easy to estimate the 
full financial magmtudo of tho United Kingdom con 
tnbution to Commonwealth education ovon at tho 
umversity-lovol Account has to bo takon of what 
is being done through tho British Council, tho 
Nuffield Foundation and liko institutions, and 
through the Commonwealth Umvorsity Interchange 
scheme 

Even if tho financial magnitude of tho British 
contribution could bo accurately assessed, this is 
possibly the least important aspoct Compared with 
tho magmtudo of expondituro on education m Britain 
alone — estimated as likely to oxcood £1,000 milli on 
within the next decade — it is relatively trivial, and 
it is small also m comparison until expenditure in 
Britain on scientific and industrial research, with 
which it is so closely connected Essential as it is 
that adequate financial resources should bo available 
for Commonwealth education, man-power is tho 
decisive factor, and it is imporativo that financial 
resources should be wisely applied so as to romovo so 
far as possible all obstacles to tho freo intorohnngo 
of students and teachers Tho bonofits of such movo 
mont are reciprocal, and tho Conference should at 
least havo emphasized that m such wandering 
scholars tho Commonwealth has one of its most 
valuable assets 

On that there are perhaps two points of special 
interest at tho present time Prof Kenneth Robinson 
has directed attention to the value of extending 
interchange to research and to tho need for research 
fellowships and studentships which would enable 
young United Kingdom graduates to spend a year 
or two in one of the other countries of the Common- 
wealth, studying some aspect of the history, culturo 
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or contemporary social, political or economic prob 

1 oms of that country There are, ho claims, many 
urgent and important pieces of research in this field 
which young United Kingdom graduates cannot at 
present be encouraged to undertake because of the 
lack of opportunity to spend the necessary time m 
the Commonwealth country concerned Such -work 
is at present often done by Americans, although the 
Nuffield Foundation has supported some such studies 
and the Commonwealth unrv orsitioe are fully alive 
to the value of such Rhodes scholarships m reverse 
Nevertheless, there Is an undoubted need for a rapid 
extension and increase of funds and facilities enabling 
United Kingdom graduates to spend substantial 
periods on research work overseas, and it should not 
be forgotten that a further bonefioial result would 
be to build up m Britain a growing corps of 
graduates who would have first hand knowledge of 
the problems and culture of other parts of the 
Commonwealth 

The second and even more urgent point is that of 
the supply of teachers, and especially secondary school 
teachers Prof Arthur Lewis, when economic advisor 
to tho Ghana Government, estimated that countries 
emerging from Colonial status or© not self-sufficient 
in secondary school teachers until about 4 per cent 
of each generation is entering the secondary echools 
Only m Western Nigeria is this proportion reached, 
though m Ghana groat efforts ore being made m the 
current development plan to exceed the present 

2 per cent Many othor territories, such a* Kenya, 
Nyasaland and Northern Nigeria, are far behind and 
although in some territories the primary school 
numbers ore creditable, until comparatively recently 
there has been practically no secondary education 
in many areas 

What the Commonwealth Education Conference 
frns emphasized above all is that advance in educa 
tion depends not only on sufficient financial resources 
but still more on foresight, patience and sacrifice 
Toaohers of the calibre demanded for secondary 
schools, especially for work in tho sixth forms, are 
not to be found overnight Their training colls for 
tutors of high calibre, and timo to complete that 
training not simply In secondary courses but also 
jji teachers’ training courses and eometimoe to 
graduate levol in university institutions 

This is tho real — and the key — problem in educa- 
tion for tho omergent temtonea, and it is only in 
directly and in tho long term that the scholarship 
schome at the university level will contribute to its 
solution Meanwhilo, the emergent torrltonee depend 
on tho older members of tho Commonwealth for the 
holp essential to build up os rapidly as possible 
systems of secondary education capable of mooting 
tho demands for emergent nationhood Financially, 
this is bound to imolvo expenditure for in oxcoss 
of tho £10 million immediately contemplated at tho 
Commonwealth Education Conference, including 
capital expenditure as woll as grants for recurrent 
expenditure on secondary education, whilo an oven 
greater strain may bo put on tho human resources 
of tho Commonwealth 


Of this Lord Home was manifestly conscious in 
his appeal, at the closing of the Conference, so far 
as higher education is concerned and it is no lees 
true of secondary education. Most of the senior 
members of the Commonwealth are themselves short 
of secondary school teachers — m some the shortage is 
a reeult of the racial pohoies pursued by them- — and 
special measures ore ahead} being concerted in the 
United Kingdom to meet the situation arising 
as 'the bulge approaches our sixth forms The 
moasuroe promised by Lord Home may help to 
increase the numbers of teach era which we already 
send to Commonwealth countries though it may still 
be necoesary to explore other possiblo emergency 
measures which changes m our economy may offer 
These alono will not suffice, however, without the 
imaginative response and enthusiasm for which Lord 
Home appealed To create the public and professional 
understanding on which such a response can be 
soundly based is an urgent and primary task for 
winch the Government has a pnmarj responsibility 
For this reason it is imperative to expedite as much 
as possible the publication of the full report of the 
Conference, and ensure that it is widely discussed 
both in Parliament and outside 


BERTRAND RUSSELL, 
PHILOSOPHER 


My Philosophical Development 

By Bertrand Russell Pp 279 (London George 

Allen and Unwon, Ltd , 1959 ) l&s net 


A LL those whose Btudy of philosophy is grounded 
in the empirical tradition regard Lord Russell 
as the greatest living philosopher His philosophizing 
started in the ’nineties when philosophy in Britain, 
in Europe and most of tho United States was 
dominated by idealisms deriving either from Hegel or 
from Kant After a fow years as a full fledgod 
Hegelian ’ (p 42) Russell tells us that m 1898 both 
G E Moore and ho ‘ rebelled against both Kant and 
Hegel ’ (p 54) From this rebellion sprang the current 
of erapinoist or scientific or ‘analytio philosophy 
which to-day, m one form or another, dominates 


philosophical thinking and teaching throughout tho 
English speaking world and plays an important part 
m tho pattern of our contemporary culture Although 
one should not neglect other influences — m particular, 
that of Moore, of Frege, of the Polish philosophers, of 
C S Peirce and tho American pragmatists, and of tho 
greatest of Russell’s pupils Wittgenstein (about whom 
there is a good deal in this book) — there is no doubt 
that tho main responsibility for tho present state 
of philosophy lies squarely on Russell’s shoulders 
Without his work in the first quarter of this century 
it is difficult to see how the logical positivist move 
mont could havo arisen and, if philosophers’ interest 
in tho use of language had developed independent!} 
of analytio philosophy, it would havo taken a much 
less realist form Russell fl influence has been largol} 
due to his immense fertility of idoas and to his 
willingness to publish them even though ho might 
later hare to retract or modify his oonchwlons 
There are fow philosopher* m history who hn% 
wntton important philosophical ,rorks nlmoat con 
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tinuously for fifty years Russell has added to the 
immense debt we owe him by now giving us a full- 
scale account of his philosophical development, 
written with all the clarity, verve and wit wo are 
accustomed to expect from anything he writes 
“My philosophical de\ elopment,” Russell starts 
the book by saying, “may be divided mto various 
Btages according to the problems with winch I have 
been concerned and the men whose work has influenced 
me There is only one constant preoccupation I have 
throughout been anxious to discover how much we 
can be said to know and with what degree of certainty 
or doubtfulness” (p 11) Considering rational bases 
for geometry and for mechanics led Russell back to 
arithmetic , and four chapters of this book are devoted 
to general questions involved in his attempt to dem o 
mathematics from logic, which culminated in White- 
head and Russell’s “Prmcipia Matheinatica” Russell 
gives a lucid informal account of the logical paradoxes 
which caused him so much trouble, and of the theory 
of types which he invented in 1908 to solve them 
Though systems of mathematical logic have been 
constructed recently wluch do not explicitly make use 
of distinctions of type m Russell’s manner, they almost 
all presuppose restrictions upon the use of symbols 
which are virtually equivalent to a type theory 
The phdosophical insight in Russell’s theory is that 
a sentence may be perfectly well constructed accord- 
ing to grammatical rules and yet lack meaning there 
are logical restrictions upon the significant combina- 
tion of symbols as well as purely grammatical ones 
The emphasis later laid by logical positivists upon the 
nonsensicality of many apparently sensible expres- 
sions was foreshadowed in Russell’s theory of types 
(see pp 14,160) 

Af ter 1910 Russell turned his attention to theory 
of knowledge, and m 1914 put forward his well- 
known programme of substituting, so far as possible, 
logical constructions for inferred entities This pro- 
gramme, and the similar ‘operationalist’ programme 
advanced by P W Bridgman in 1927, has made 
great appeal to philosophers of science, many of whom 
have attempted to apply it to the construction of 
various scientific concepts In this book Russell says 
that he “soon became persuaded that this is an 
impossible programme and that physical objects 
cannot be interpreted as structures composed of 
elements actually experienced” (p 105) I do not 
think that Russell ever published his reasons for his 
change of mew cogent reasons for the impossibility 
of the logical construction programme were first 
given by F P Ramsey m 1931 In Russell’s later 
writings, and in this book, similarity of structure is 
taken as being the connecting link between the electro- 
magnetic waves used m broadcasting and auditory 
sensations (p 204) Though Russell speaks (not very 
happily, I think) of scientific knowledge usmg 
“artificially manufactured entities”, “real or supposed 
entities”, “scientific abstractions” (pp 206-6), “con- 
structions composed of events and taken as units for 
the convenience of the mathematician” (p 27), he 
would not now regard these as having to be given, 
directly or indirectly, m terms of experience “I 
cannot see that there is any ground whatever for this 
opinion [that there can be nothing which is not 
experienced or experience], nor even for the view 
that we cannot know that there are things we do not 
know” (p 144) 

Other problems with which Russell has been con- 
cerned and which he treats m this book are those of 
consciousness and perception, of non-demonstrative 
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inference, of truth, of names and of language m 
general With regard to language, Russoll recounts 
how he moved from regarding it as “transparent” to 
realizing its philosophical importance Nc\ ertheleBs 
“the essential thing about language is that it bns 
meaning — 1 e , that it is related to something other 
than itself, which is, m general, non-hnguistic” (p 14) 
“In regard to truth and falsehood, a sentence is only 
important as a vehicle of belief” (p 154) Russell 
wholly rejects tho view that tlio study of language is 
an end m itself for a philosopher Nor does lie accept 
any hard and fast separation of philosophy from 
science “Philosophy cannot bo fruitful if divorced 
from empirical science” (p 254) Of tho outcome of 
lus recent work on inference lie says that “the reasons 
for accepting it are tho ordinary reasons applied m 
scientific work, not remo to reasons derived from some 
metaphysical theory There is no claim to cer- 

tainty” (p 207) In this book Russell does not (os he 
did m 1914) speak of “scientific method in philo- 
sophy”, a phrase which may mean an\ thing or 
nothing But if by the scientific spirit is meant the 
persistent and single-minded attempt to “understand 
the world” (p 230) bj envisaging bold but tentatne 
hypotheses without over losing sight of the facts which 
these hypotheses are intended to explain, Russell’s 
work exemplifies this spirit better than does that of 
any other contemporary plnlosophor 

R B BltAITHWATTE 


CATALYSIS 

Catalysis 

Edited by Paul H Emmett Vol 5 H\ drogenation, 
Oxo-Svnthesis, Hydrocracking, Hydrodesulphuriza- 
tion, Hjdrogen Isotope Exchange and Related 
Catalytic Reactions Pp vi-f-542 (Now York 
Reinhold Publishing Corporation , London Chap- 
man and Hall, Ltd , 1957 ) 120s 

Advances in Catalysis and Related Subjects 
Edited by Adalbert Parkas Yol 9 Pp xvm 4-847 
(New York Academic Press Inc , London Aca- 
demic Books, Ltd , 1957 ) 10 dollars 

V OLUME 5 of “Catalysis” continues the descrip- 
tion of various hydrogenation processes winch 
has already extended through the previous two 
volumes , and the allotment of so much spaco, even 
m a major treatise on catalysis, is in itself a sign 
of the importance which this type of reaction has 
attained in modern academic and industrial chemistry 
Following an introductory section on tho general 
reactivity of carbon monoxide, I Wender, H W 
Sternberg and hi Orehm contribute a well-written 
chapter on the high-pressure hydrogenation of mix- 
tures of carbon monoxide and olefines to long-chain 
ketones by the oxo reaction. In this, considerable 
interest is attached to the use of soluble catalj sts 
derived from cobalt or nickel carbonyls since, m this 
waj', homogeneous liquid hydrogenation systems can 
be obtained A good survey is also given of the 
general theory of the reaction mechanism involved and 
of the part played by carbomum ions in this The 
next chapter, by G Natta, U Colombo and I Pas- 
quon, deals with the use of promoted mixed-oxide 
catalysts for the hydrogenation of carbon monoxide 
to higher abphatie alcohols and supplements a section 
m an earhei volume on tho synthesis of methyl alcohol 
There is, in this field, abundant scope for the further 
study of the basie^ mechanism of promoter action, 



NO 468Q 


751 


September 1 2, 1959 NATURE 


about which rolatn cly little ib known in spite of the 
\ery largo amount of work which has been dono on 
the subject 

The long monograph on the hydrogenation of 
aronmtio compounds by H A Smith, who has himself 
contributed considerably to our knowledge of this 
subject, stands out os a comprehensive survey and 
reviews systematically a very large number of papers 
covonng the catalytic reduction of carbocyclio and 
heterocyclic substances This detailed treatment also 
occurs in the chapter by T^ I Taylor on the use of 
hydrogen isotopes for the detection of subsidiary 7 
processes involving hydrogen exchange, bond raigra 
tion or o tlicr reactions which arc superimposed on tho 
hydrogenation itself and, m many cases cannot 
easily be recognized in other ways In addition, the 
method throws considerable light on tho internal 
complexity of hydrogenation generally Finally, the 
article by J B McKinley on the hydrodeeulphunzation 
of liquid petroleum fraotion* gives an authoritative 
survey of a type of process which has dono much to 
unpro\ o tho general quality of commercial motor 
spirit and which has only become practicable econo 
i m colly by tho recent availability of very large 
quantities of by product hydrogen derived from 
hydroformmg reactions 

In a major work of this type, published with 
rather long intervals of time between tho issue of 
tho individual volumes, it is difficult to avoid some 
lack of logical sequence for example, the wide 
separation of the article on the synthesis of higher 
alcohols in tho present volume from that of methyl 
alcohol m Volumo 3 and the chapter on the hydro 
genation of aromatic compounds from those on the 
reduction of olefines and ooetylonlo derivatives This, 
however, is a minor criticism , and the work as a 
whole is to bo recommended as an up to-date treatise 
on catalysis, which Bhould bo of great value to the 
many chemists who are in teres ted m tills subject 

The publication, as a volume of “Advances in 
Catalysis’ , of tho 84 papers which were read at tho 
international congress on catalysis held in PhUa 
delphia In 1050 constitutes an alternative policy to 
the spreading of theao contributions In a single and 
rapidly growing field of knowledge among a relatively 
large number of individual journals some of which 
may be accessible only with difficulty to ohemista 
working in smaller institutions In addition, it 
forms one way of relieving the increasing pressure 
which is bomg folt by Bomo of the various publishing 
Bociotios in providing adequate space for the accom 
mod at ion of all the otherwise suitable) papers now sent 
m to them 

Following introductory addresses by Sir Hugh 
Taj lor and by Sir Eno Rideal on general aspects of 
catalysis and on tho course of its development from a 
historical point of view, tho largo mass of new material 
has been arranged m four main groups covering 
respectively the chomistrj and physics of solid 
catalysts homogeneous catalysis, surface chemistry 
generally, and miscellaneous catalytic reactions, 
many of those groups being subdivided into sub 
sections "While it Is difficult m a short review to 
select individual papers for special comment, con 
eidernblo interest is attached in tho first of these 
groups to tlio contribution by R E Cunningham and 
A T Gwathmoy on tho relative rates of hjdrogena 
tion of othyleno on the various orvBtal planes which 
are exposed as outcrops on the surface of a spherical 
singlo nickel crystal Tlio relative rates obsenod 
0 ould not be explained in terms of the easo of geo 


metrical accommodation, without undue Btram, of 
the ethylene molecule and it is probable tlint bulk 
dislocations, which begin within the catalyst, load 
to unusual in t era to mi o distances in the surface 
lattice Prof J H do Boer amplifies this point by 
discussing the part played by pore structure in pro 
vi ding sites for rcaotion within the gross extomal 
surface of supported and other catalysts 
In a further introductory address. Prof W E 
Gamer gives a good account of the present state of 
work on reactions involving electron transfer on and 
in mixed oxide catalysts, including semiconductors , 
and this is supplemented by a number of further 
papers m tins field, including one by Prof G M 
Schwab in whioh the effect of illumination on electron 
transfer processes between tho surface of semi 
conductors and catalysable substrates is discussed 
Reaction paths and energy barriers in homogeneous- 
catalytio systems have been dealt with by Prof D D. 
Eloy, who also Include* processes catalysed by on 
zymes Later sub sections contain a largo number 
of papers on the relation of eurfo.ee chemistry to 
catalysis, the catalytio reactions of hydrocarbons 
(which is introduced by Dr E J Houdry) tracer 
techniques with an introduction by Prof P H 
Emmett and miscellaneous catalytio reactions Tlio 
subsequent discussions to all the papors are printed 
m full E B Maxted 


INTRODUCTORY ELECTRONICS 


Principles of Electronics 

By Prof M R Gavin and Dr J E Houldin (Phytn 
cal Science Texts ) Pp xii + 348 (London English 
"Universities Press, Ltd 1059 ) 30* not 


T HE trouble with this book is that it is not really 
clear for whom it ts written The general editor s 
foreword states that each volumo in the senes 4 is 
designed to give tho reader an integrated account of 
a subjeot up to the le\el of an Honours Dogrce of 
any British or Commonwealth University’ But tho 
authors claim that it is only a general introduction to 
the subject of electronics or, as shown on the dust 
cover, 4 an introductory course for a first degro o or 
diploma in physics or electrical engineering" , then 
they go on to claim that, for most of tho book tho 
standard of mathematics required is no more than 
that of the Advanced Level of tho General Certificate 
of Education Whato\ or the intentions there is little 
doubt that the book is % cry suitablo for tlio early years 
of an electrical engineering coarse but will scarcely 
cover tho requirements of tho final stages of an 
honours course in oloctncal engineering 

Within the restrictions mentioned nbo\ o, tho book 
is a good one Its descriptions are extraordinarily 
lucid and straightforward' — almost anyone could 
understand them , and the book might be usoful 
even to technicians It is a book one can enjoy rend 
ing , tlio s abject-matt or is well selected and strikes 
a pleasant balance between thermionic valves on 
one hand and transistors on tho other botwocn 


P hysics on ono hand and circuits on tho othor 
he coverage of the subjoct-mattcr is wide including 
tho basic electron physics (nearly 100 pages), ompli 
tiers (about 00 pages) oscillators (sinusoidal and 
relaxation) \or\ nigh frequency \ nlvr* rectification 
modulation and detection wave-shaping an 
It „ not surprwlnp that tho nutl 
for communication and control avatoma 
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study of passu e circuits The book is not at any 
stage abstruse, and unimportant and irrelevant matter 
seems absent A very valuable feature is the inclusion 
of about 250 examination-type problems The pro- 
duction is very attractive and the price is reasonable 
Not only can the book be recommended as an 
introductory text for electrical engineering students, 
but it may also prove useful to many fully fledged 
engineers and physicists who wish to get up to date 
on the proper relationship of thermionic and tran- 
sistor circuits It compares favourably with other 
recent books on this subject 

One or two faults in the book should be mentioned 
The reviewer did not take kindly to the split infinitives 
on p 28 — “to just ionise” and “to just excite”— nor 
to the spelling “alinement” on p 37 There is an 
error in the analysis of a circuit on p 242 (and 
another similar one on pp 251-2) where the authors 
neglect the existence of the voltage across the load 
of a diode D G Tucker 

HISTOLOGY 

Textbook of Comparative Histology 
By Dr Warren Andrew Pp xix-f-652 (London and 
New York - Oxford University Press, 1959 ) 120s net 
Histochemical Technique 

By Dr W G Bruce Casselman (Methuen’s Mono- 
graphs on Biological Subjects ) Pp 205 (London 
Methuen and Co , Ltd , New York John Wilev 
and Sons, Inc , 1959 ) 18s net 

A SURVEY of the histology of both invertebrates 
and vertebrates in a smgle volume is indeed 
a formidable task, and even partial success must 
rank as a considerable achievement Certainly a 
cursory examination of Andrew’s book does throw 
its deficiencies into some rehef, and more continuous 
reading is required to reveal its virtues The tempta- 
tion of saying too little about too much is not entirely 
avoided and rather many topics are treated too briefly' 
to be easily intelligible, nor is the difficulty over- 
come of bemg reasonably up to date, for references 
from the last decade are somewhat infrequent The 
chapter bibliographies are unduly short , for the 
excretory organs of all invertebrates there are thirteen 
titles ending at 1940, and m general they refer mamly 
to American and older German work , there is little 
attempt either to include all the great classical papers 
or to present a scheme for further reading The cover- 
age of the subject is often correspondingly restricted 
and there are some disappointing omissions Never- 
theless the advanced undergraduate audience for 
whom the book is primarily intended will find m it 
much pleasant ancillary readmg, arranged in a 
manner which should stimulate their further interest 
The broad comparative and essentially functional 
approach emphasizes the general similarities of the 
problems facing all animals, and brings out under- 
lying analogies in their solutions The illustrations 
are numerous and well chosen and the writer’s 
style agreeable, so that such a volume might well lead 
a student towards one of the most attractive entries 
into the practice of zoology 

The scope and precision of classical histology have 
been rapidly extended in recent years by the increas- 
ing use of physical and chemical methods, and any 
further assistance in their technical application is 
welcome Casselman opens with some interesting 
chapters on the general methods, potentialities and 
limitations of microscopical histochemistry, followed 
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by succinct accounts of the mam groups of substances 
studied by these techniques The chapter on lipids 
and their separation, at least to the degreo of separa- 
tion so far feasible, is particularly helpful, but that 
on proteins does seem to under-estimato some of the 
technical difficulties involved The point of view 
throughout is chemical and the book can be recom- 
mended to biologists primarily as a very useful addi- 
tion to the other texts now available T Kerr 

GENETIC ANALYSIS 

Trends in Genetic Analysis 

By Prof G Pontecorvo (Columbia Biological 
Senes, No 18) Pp x-f 145 (New York Columbia 
University Press , London Oxford University 
Press, 1959 ) 25s net 

T HE past fifteen years have seen a revolution m 
genetics comparable to the introduction into 
physics of quantum theory Several lines of research 
have contributed to this revolution- The study of 
biochemical genetics established the concept of ‘one 
gene, one enzymo’ The analysis of transformation 
and transduction in bacteria showed that hereditary 
information is carried by nucleic acid Theso two 
conclusions made clear tlio need to analyse the struc- 
ture of nucleic acids, to relato this structure to the 
processes of replication and of protein synthesis, and 
to seek for the kinds of changes in proteins which 
result from genetic mutation But most important of 
all has been the increase in what Prof Pontecorvo 
has called tlio “resolving power” of genetic analysis 
This lias caused the abandonment of tlio old picture 
of chromosomes consisting of a senes of hereditary 
units or gene3 connected by regions at which, and 
only at which, recombination can tako place, and the 
recognition that genes themselves have a linear struc- 
ture resolv able by crossing ov er 

Prof Pontecorvo’s book is mainly' concerned with 
this last field of research, although conclusions from 
other fields are mentioned where they are relevant 
The six chapters deal with genetic analysis and its 
resolving power, nllehsm, the structure and function 
of the genetic material, recombination, mappmg 
chromosomes via mitotic recombination and novel 
genetic systems 

This is an exciting book, partly for the logic and 
clarity 7 w ltb which new ideas are presented, and partly 7 
because the problems wluch it raises are as fascinat- 
ing as the ones which it answers Prof Pontecorvo 
has himself made a decisive contribution to tho studv 
of the fine structure of genes by bis recognition and 
subsequent demonstration that tlie phenomenon of 
“position pseudo-allelism” described by E B Lewis 
is not a genetic anomaly, comparable, for example, 
to the Notch deficiency m Drosophila, but is a typical 
effect, to be expected if the genetic material is linear 
m its fine structure as well as in its gross morphology, 
and if its proper functioning depends on the integrity 
of functional units, which Benzer has since per- 
suaded us to call cistrons For the general biologist 
who wants to know how this idea has been developed, 
and how it has been combined with discoveries in 
other fields to give a coherent picture of what genes 
are and what they do, this hook is an admirable 
although sometimes a difficult guide 

But the book is mainly intended for geneticists, 
and it seems unlikely that many will be so unwise as 
to leave it unread For them. Prof Pontecorvo’s 
greatest virtue is his gift for throwing into relief what 
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vro do not know The search is already on for the 
geneticist's Rosetta Stone, that is, for a protein 
which can be analysed in the same detail as hromo 
globin, detorminod by a gene the fine structure of 
which can be resolved in the samo detail as Benxer has 
resolved the rll locus in phage I'A But there are 
other probloms to which no answer is at present in 
sight One is the relationship botween the structure 
of deoxyribonucleic acid, and tho processes of 
chromosome replication and recombination , it is 
not clear at present whether replication and recom 
bination are separate processes or different aspects of 
the some event A still more fundamental difficulty 
is the relationship between gene action and morpho 
genesis If the revolution m genetics achieves its 
present objectives, we shall know how a fertilised 
egg receives the instructions whioh tell it how to 
roako a large number of specific proteins , but there 
is a big difference between a bag of proteins and an 
animal or plant J Maynard Smith 


A NEW APPROACH TO IMMUNITY 

The Clonal Selection Theory of Acquired Immunity 
By Sir Mocfarlane Burnet (Tho Abraham Floxner 
Lectures of Vanderbilt University, 1958 ) Pp 
ix 4* 209 (Cambridge At the University Press , 
Nashville, Tennossoo Vanderbilt University Press, 
I960 ) 22a 6d not 

HpHE basic problem of immunology is to understand 
1 how the body responds by making antibodies 
against foreign macromolecules while refraining from 
making antibodies against the groat variety of macro 
molecules whioh ore present in its own tissues No 
satisfactory instructive theory has been yet put 
forward to explain how the presence of the antigen 
t auses cells to synthesize antibody molecules with a 
complementary surface structure In the Abraham 
Flexner Leoturea given at Vanderbilt University for 
1958, and published in this book, Sir Macfarlnno 
Burnet has approached the problem at quite a 
different anglo He postulates that individual 
mesenchymal oolls are genetically endowed with the 
potentiality for rooking globulin capable of combining 
with a particular antigenic configuration In the 
adult organism, contact of tho mesenchymal cell with 
tho right antigen causes that coll to proliferate and 
to differentiate so as to produce a done of colls 
making or capable of making antibody whioh 
combines with tho antigen Tho mesenchymal colls 
are regarded as being subjoct to a high rate of somatio 
mutation, so that, when a clone proliferates, somo 
members will produce globulin bettor adapted to the 
antigen, and those cells in turn will be stimulated 
selectively to proliferate, and so on. In this way, 
more and more cells will produce antibody capable 
of combining with more of or more firmly with, tho 
antlgon surfaco Tho problem of antibody production 
in response to an antigenic stimulus becomes there 
foro a problem m cell population dynamics, and the 
often amazing specificity of antibody for tho antigen 
is achiov od by a selective rather than by an ms true 
f i\ o, process To account for tho phenomenon of 
immunological toloran-o, and the failure of antibodies 
to bo formed against molecules present in tho organ 
ism at birth Burnet suggests that, during tho stage 
of immunological immaturity contact of antigen 
with cells potentially capablo of making antibodv 
against it results not m stimulation but in dolchon 
of those clones Hence tho adult animal possesses cells 


capable only of being stimulated by molecules with 
surfaco configurations not shared by its own com 
ponente All other donee become forbidden 

If this ingenious theory is correct — in essence even 
if not in detail — a fairly ready explanation is available 
not only for many of the cardinm features of immune 
responses, such as the difference between primary 
and secondary, or immunological memory and 
anamnestic reactions, but also for the development 
of auto antibodies According to the olonal solution 
hypothesis auto -antibodies could be evoked by body 
constituents which were screened from mesenchymal 
colls during the stage of immunological immaturity 
(for examplo Ions protein, or thyroglobulm) or which 
only developed later (for example spermatozoa) They 
might also ariso by somatic mutation in adult life of 
clones of cells capable of responding to forbidden 
patterns, «u oh as to nudeio add Burnet makes the 
good point that antibodies are normally never farmed 
against oven heterologous deoxyribonucleic acid, but 
that whon for somo unknown reason they do appear, 
m persons with disseminated lupus erythematosus, 
they react with deoxyribonuoloio acid from all sources 
including the nuclei of tho sufferer’s own colls On tho 
basis of Ins theory olones capable of making antibody 
against any deoxyribonuoleio acid are forbidden, and 
eliminated, for the \ory reason that whon antibody 
t& formed, os a rare result of a somatio mutation it 
will be an auto antibody 

This examplo illustrates the self consistency and 
the attractiveness of tho theory It is important to 
remomber, however that there is \ory little direct 
evidence to support its mam assumption that olones 
of mesenchymal oolls have a built m response to a 
particular antigenic pattern, or to explain their 
deletion during embryonic life and stimulation later 
Tho subsidiary hypothesis that lymphocytes, macro 
phages, plasma oolls and primitive reticulum colls are 
all mtorconvertible is one the truth of which is con 
venient rather than proved and so is the assumption 
that mesenchymal cells ore hypermutablo ns regards 
somatic mutations Biocltormcally minded readers 
may be disappointed by the frank rejection of a 
biochemical approach and by tho relegation to chonco 
a nnations m a basic globulin structure of tho problem 
of how antibody is synthesized with a pattern com 
pieman torj to the antigen Some may oven be 
stimulated to try to show that a single coll can 
produce two or more unrelated antibodies at tho samo 
time — a finding whioh would bo difficult to nccom 
modato into the theory and on whioh the ovidcnco 
Is at present conflicting 

The later chapters set out to show how the theory 
would apply to a wide range of phenomena from 
collagen cltseaeo to cancer, and to some of the latest 
experimental findings m immunology Burnet 
man ages with elegance m some coses ingenuity in 
others and occasionally a good deal of stretching to 
accommodate them all — including at least two crcpen 
mental findings which havo since bocorno highly 
suspect or been withdrawn This last is mentioned 
no more than as a wnmlng that Sir Macfarlano has 
such enthusiasm and confidence in his latest ideas 
thnt ho can sweep up ovcrytlung, including the renders 
m hia path Tho ideas are in am o\ emt, original and 
stimulating and ha\o been carriod further than nnv 
one has tried to carry any of tho alternative hypo 
theses It is likoly thnt a good deal of future work w PI 
be mflu on cod b\ them for their outlaw Iim a reputM^ 
of having hit tho right nwl on the jfjtnlnnn* 
occasions in tho past 
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Statistics of Extremes 

By Prof E J Gumbel Pp xx + 375 (New York 
Columbia University Press , London Oxford 
University Press, 1958 ) 120s net 

T HE theory of extreme values is concerned with 
the probability distribution of the largest values 
encountered m samples of finite size it has many 
applications inclu din g the occurrence of floods and 
droughts and the breakdown of materials, such as 
aircraft components, subject to varying stresses and 
strains 

Prof Gumbel has for many years been a lead- 
ing authority on the subject and his book is 
likely to become a standard work Although the 
book appears to contain httle essentially new theory, 
it collects and elaborates previous work hitherto 
widely scattered in the statistical literature and con- 
tains many tables and graphs of functions occurring 
m the theory There is an excellent bibliography 
containing references to both theoretical and applied 
work The text includes numerous exercises for the 
reader The eight chapter headings are “Aims and 
Tools”, “Order Statistics and Their Exceedances”, 
“Exact Distribution of Extremes”, “Analytical 
Study of Extremes”, “The First Asymptotic Distribu- 
tion”, “Uses of the First Asymptote”, “The Second 
and Third Asymptotes" and “The Bange" 

Although several examples of applications are 
discussed, this book is not a ‘cook-book’ of practical 
methods, but it should prove extremely useful to the 
statistician required to analyse extreme-value data 
The scientist interested m practical applications will 
need considerable mathematical and statistical 
experience to follow the rather concentrated and 
sophisticated mathematics In particular ho mav 
find difficulty m assessing the practical importance 
of some of the concepts defined and some of the 
results derived 

The high cost probably makes this book one for the 
library rather than for the individual and is presum- 
ably due to the large number of graphs it contains 

R, N Curnow 

The Chemistry of Natural Products 
Vol 1 The Alkaloids By II W Bentley Pp vn + 
237 4 dollars Yol 2 Mono- and Sesquiterpenoids 

By P de Mayo Pp vn + 320 62s Yol 3 The 

Higher Terpenoids By P de Mayo Pp vn-f 239 
42s (New York Intersoience Publishers, Inc , 
London Interscience Publishers, Ltd , 1969 ) 

B OOKS on natural products have in the post 
usually suffered from several disadvantages 
they have tended to consist of catalogues, and quite 
frequently have been written by specialists who had 
rather lost contact with the general body of advancing 
science and did not emphasize relations to chemistry 
m general A very welcome tendency is for young and 
enthusiastic men, themselves deeply involved in tl\e 
subject from the research side, to summarize fields of 
research m what might be described as super Ph D 
theses The advantage of their approach is that it 
is fresh, but nevertheless authoritative, and that their 
acquaintance -with modem theories of reaction 
mechanisms and biosynthetic theories enables them 
to produce monographs which are of general interest 
and general importance The three books in the title 
are in this class They should interest and inform 
adi anced undergraduates, research students and 
university or college teachers who have not had the 
tune to keep up with the literature They are not 
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perhaps exhaustive enough for research specialists 
but should provrdo useful starting-points for research 
The general resemblance to theses, particularly m 
the formulae, will not please lovers of beautiful 
books, but presumably they would otherwise have 
been more expensno They can he heartily recom 
mended to all who are interested in rapidly advancing 
fields whether as teachers, students or research 
workers A J Birch 

The Psychology of Social Class 
By Maurice Halbwachs Translated by Claire Do 
lavonay (Hoinomann Books on Sociology ) Pp 
xvu + 142 (London William Hoinomann, Ltd , 
1968 ) 16s not 

M AURICE HALBWACHS was a Froncb socio- 
logist w’ho learnt m his early' manhood to share 
tho liberalism and democratic principles which 
deeply influenced tho generation do 3 troy r od by tho 
First World War It was his inheritance of these 
principles which lod to his own death m Buchonwald 
in 1945, and it is for this that lie must bo remembered 
and honoured His work as a sociologist is typical of 
a transitional ago, and lus writings on tho sociology' 
of class distinctions and behaviour aro of interest m 
so far as they illustrate tho swing-over from tho ovor- 
sy'stamatic thinking of tho sociologists of tho nine- 
teenth contury to tho empiricism which appears to 
bo gaming ground in tho second half of tho twentieth 
It is ovidont, liowoior, tlint Halbwachs had not 
shaken off lus attachment t o abstract theorios oven 
as lota ns 1938, whon bo wrote this book , morouvor, 
it is also ovidont that bo bad not mastered tlio diffi- 
culties of basing generalizations on ovidonco m sucli 
a way r that a framowork of truly scientific tkcon 
might be constructed On one hand, Halbwachs 
was unablo to resist tho temptation to quota from tho 
works of tho groat classical philosophers, as well ns 
tho theorists of Jub own ago, such, as Durklioim and 
Web or On tho other, he was only too ready to pre- 
sent a mass of often undigested information domed 
from such soutcos as tho Gorman Govomment’s 
survey of working-class budgets, carried out m 
1927-28 What was lacking m lus work was a serious 
attempt to relate the evidonco to tho generalizations 
founded on it T S Simey 

Toward a Systematic Pragmatics 
By R M Martin (Studies m Logic and tho Founda- 
tions of Mathematics ) Pp xv + 107 (Amsterdam 
Nortli-Holland Publishing Company', 1959 ) 245 

T HIS recent addition to “Studies and Founds 
tions” is a valuablo monograph in a highly 
specialist field, and adds lustre to that distinguished 
series The mam discussion concerns type-theoretical 
systems, pragmatical mota-language, analytic truth 
and absolute intensions These subjects arc mtro 
duced by' a preliminary' chapter on tho nature of 
pragmatics In brief, languago-sy'stems can bo either 
syntactical, semantical or pragmatical, and this cor- 
responds to tho order of abstraction 

Thus, m syntax, it is only the signs or expressions 
(and their inter-relations) which aro interesting In 
semantics, tho objects winch tho signs denote come 
into the picture Finally, m pragmatics, tho speakers 
or users of the language aio mvolvod Tho author’s 
point of view' is wholly extensional, whereas that of 
Carnap is mtensional The power of extensional 
meta-languages to cover a large part of mathematics, 
physics, and even biologv, is cloarly advantageous 

FIG Rawlins 
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STRONTIUM-90 IN THE AUSTRALIAN ENVIRONMENT, 

1957-58 

By Du, F J BRYANT 

Atomic Energy Research Establishment, Harwell 
AND 

L J DWYER Dr. J H MARTIN and Prof E W TITTERTON, C M G 

Australian Atomic Weapons Tests Safety Committee 


Introduction 

D URING the post four or fivo years a considerable 
offort baa been made notably In tho United 
States and tho United Kingdom, to gain precise 
information on tho world wido distribution of radm- 
actno fallout from nuclear weapon tests Results 
of such measurements to about mid 1957 wore 
included in tho ertensivo review of tho subject 
prepared by the U,N Scientific Commit too m August 
1958 1 Further results for 1057 and also for 1058 
for the United States, the United Kingdom and other 
areas havo since boon publishod, notably by Bryant 
rt al Stowart ei al* and tho U S Atomic Energy 
Commission Health and Safety Laboratory*'* 

In April 1957 tho programmo of fallout measure 
inentB, initiated by tho Australian Atonno IV capons 
Tosts Safety Committee 1 * -14 to oovor local weapon 
tests and to monitor global fallout, was oxt ended to 
mcludo tho determination of strontium 00 in repre 
sentatno Australian materials Arrangements wore 
modo for tlie sampling of sod, powdorod milk, 
cabbages and human and slioep bono tissue* All 
wimples Moro sent to the Unitod Kingdom for radio 
diomical analysis by tho Atomlo Enorgj Research 
Establishment Group at Woolwich Arsenal, under 
tlie direction of ono of tho authors (F J B ) In this 
report results are presented for the early port of tho 
programme* extending from May 1967 to September 
1958, during 'which period 243 samples v. oro processed 
In order to minimize tfio radiochonucnl effort, a 
numl>er of tho bono samples were bulkod and tho 
actual dionrueal analyses Mere reduced in this waj to 
148 

Sampling Programme 

It is 11011 known that strontium 90 in global fallout 
enters tho human body mamlj os a contaminant of 
dietary materials , tho uptake through inhalation is 
vory small by comparison 1 * Therofore, tho sampling 
programmo was designed to monitor levola of ttron 
tium 90 in materials which aro representative Of tho 
phases botwoon deposition of strontium 90 on the 
ground and its absorption into human bone Tho 
primary material of the programme was human bono 
tiflauo Because milk products, gonorall} , aro a major 
contributor of calcium and strontium 90 to tho 
Austmlmn diet mtfk was cho#on as tho important 
roproeontatu o diotarj material and for convonionce, 
samples of powdered milk woro taken for analysis , 
liowover cabbages woro included to monitor tho 
contribution to tho diet modo by loaf crops Soil 
and yearling sheep bono tissuo wore assajod to 
pro\ Ido information on tho accumulation and rato of 


deposition of strontium 90 at ground loiel , measure 
ments were also modo on total precipitation collect od 
m stainloes steel pots during the latter half of 1958 

The materials selected, and tho sampling procedures 
adopted ware not oxpoctod to allow a completo 
examination of the uptake processes Tins can most 
satisfactorily bo done by controlled experimentation 
witlun a laboratory , of the typo carried out b\ 
Russo ii and his Agricultural Reeoarch Council 
group 1 r “ t# 

Samples of human bone tissue, powdorod mdk 
cabbages and soil woro taken from tho Berth 
Adelaide, Molboumo, Sydney and Brisbane arcus 
dunng 1057 and 1968, while sloop bones woro 


Table la STEoTHira 90 nr AtnmLiUAX mnuw boss bamium* 
DecraraEa 1057-SEmjcnrR 19SS 
Uyant ft Y*a*b 


Locality 

Bone 

Age* 

strontium 

cal 

00 (RR. /pro 
dura) 

Analytical 

remit 

Mean 

Perth 

femora 

Stillborn 

0 3 

0 ft" 




0 3 



Femur 

4 m 

0 3 




9 m 

14) 




1dm 

l 3 



\ertebne 

31 J- 

0-G 


Vdebldc 

femur 

1 d 

0-fi 

0 53 


Femora 

1 d end 3 d 

0-2 




19 d *nd 24 d 

0 4 




I ra. ami 3 tn 

0 3 



Femur 

3 m 

0 35 




4 m and ft ra 

o - 




7 m 

J 3 




~ m 

0-0 




13 ra 

07 


Melbourne 

lertebn* 

2d ~d Sid 





and S m 

0 35 

0-69 



ftm and 10 m 

0-6 



Crania 

23 in and 





24 m. 

o-eu 




30 nu 

J 4 




31 r 

0 4 


Sydney 

femora 

Od and 1ft d 

0 3 

0-01 


femur 

3 m. 

o a 



femora 

0 m era 7 





m and 7 m. 

0 -fi 



Femur 

11 m 

0 5 



Femora 

2u m. 23 m. 





and 24 m. 

04S6 



Femur 

30 ra 

1-0 



\rrtebrr 

Stillborn and 





11 ra 

0 - 


llrlibanc 

1 ertebnr 

I ra and 7 m 

1-0 

0 70 



18 m 

0 45 




24m and-Q m 

0 7 




28 in 

0-4 




3 S 

0 75 




ft r 

0-ft 


Total 

52 

a 


fo-noj-o ml 


* The *00 distribution of tb« «*wlmen» l» ** la **** 1 




Perth 
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Table li Strontium 00 nr Australian Human' Bone Samples* Dpcfhbfr 1057-SEPTFMm n 105S 

All Ages 




Under 5 years 





Mean 

stron- 


No of 

No of 

tlum-90 

Bone 

samples 

analyses 

WJ /gm 
cal- 
cium 

Vertebra 

1 

1 

0 57 

Femora 

0 

6 


Femora 

13 

0 

0 63 

Vertebra 

0 

O 

0 69 

Crania 

4 

3 


Vertebra 

O 

1 

0 04 

Femora 

12 

0 


Yertcbrrc 

8 

0 

0 70 


52 

33 

0 00 
±0 10 


5 jears-20 years 


Mean 

stron- 

No of Vo of tlum-00 
samples analyses /// ic /pm 
cal 
clnro 


Over 20 years 


Vo of Vo or 


Strontium no 
/</<c Ipm 
calcium 

Normal 
Wean lzcdt 


Femur 



* The ago distribution or the specimens Is shown In Fig 1 

t Normalization or the analytical results or the adult tissue 1ms been performed using the factors of Scliulort ct at (ref 22) 

Table le STEONrnnr-00 lv Australian ITcmav Bonf Samples* 

December 1057— September 1019 
All Ages and Localities 


Age group 


Under 24 months 
24-50 months 
5-20 years 
Over 20 years 


mo /gm 
calcium 

Mean 

/i//c /gm 
calcium 

Mean 

apo 

/i/ic Ism 
calcium 

Mean 

age 

1'1‘C /gm 
calcium 

0 64 

0 m 

0 57 

0 m 

0 85 

23 m 


(30, 10)t 

30 m 

(ll.fi)t 


(2 l)t 



1 0 

0 01 

30 m 

0 9 

33 m 

. 

(1.1) 

8y 

(0,6) 


(2,2) 



0 34 

0 31 

12 y 

0 36 

7 > 

0 3 

(8.3) 

00 y 

(8,4) 

67 y 

(8,1) 


(l.Dt 

0 04 

0 23 





(10,1) 


(49,4) 






* The ago distribution of the specimens Is shown In Fig 1 
t Number of samples , number of analvses 


supplied, from 23 localities throughout Australia tration among tho bono types employed Became 

during the same period , these materials were taken tho proportion of calcium in bono ash is appro\imatol\ 

from sites across the continent within a range of constant 11 , tho bulking of specimens was performed 

latitudes of 20°-38° S Tho analytical methods on tho basis of equal masses of ash 

used for the determination of strontium-90 woro Tho final stago of tho radiocliomical analysis took 
those described by Bryant et al 13 > 10 * 0 ono of two courses depending on tho activity of tho 

Sampling Methods and Results ^ PERTH i 22 


The results are given m Tables 1-5 and wherever 
possible mean values and tho corresponding errors 
have been derived to facilitate comparisons with the 
results of similar surveys conducted elsewhero 

(a) Human Bone Tissue Botween December 
1957 and September 1958 pathologists in the five 
capital cities supplied a total of 142 specimens of 
human bone tissue For each area the specimens were 
divided mto three age-groups, namely, under 5 years, 
5-20 years and over 20 yoars In the latter two 
groups some bulking of material was employed to 
reduce tho number of analyses, while tho majority 
of the infant specimens were analysed individually 
In all, 47 analyses were performed 

It was impracticable to restrict tho survey to a 
single type of bone, and samples of vertebrae, femora 
and crania were accepted , whon adult femora were 
supplied only the shafts were analysed, but whole 
bones were mcluded for tho youngor specimens 
Each specimen comprised at least" 20 gm of wot bone 
For each age-group and area the various bone 
types were not mixed in tho bulking of material 
prior to analysis Information could, therefore, be 
obtained on any variations of strontium-90 concen- 



AGE IN YEAOS 


1 Age distribution of the human bono specimens 
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extracted strontium iso tepee, 
strontium 89 and 90 Whore 
possible yttrium 00 was sop 
arated for counting after 
equilibration with mother 
strontium 00 on the other 
hand, for low activities the 
unwanted strontium 80 was 
allowed to decay for about 
two half lives and the stron 
tium 90 content estimated 
Both methods gavo consistent 
results. 

Fig 1 shows the ago dis 
tribution of tho specimens 
collected, from which it will 
bo seen that tho unequal avail 
ability of material, particu 
larl> in the middle years, lias 
lod to omphasia on very young 
and old tissue Tho complete 
data are recorded in Tables 
la b and c and tho distribu 
tion of strontium 90 conoen 
trution with ago is exhibited 
m Fig 2 Tho moan value® domed in the tables, and 
also those plottod in Fig 2, are considered to refer to 
strontium 90 levels in human bono at May 1958 

Table lo shows that there is no evidonce for a 
bone variation in ago groups up to 20 y oars , however, 
for older tissue, vertebra have a considerably higher 
contamination than fomora, as reported by tho 
Lamont Group* 1 -* 4 , from more extensive measure 
mente Tho results for adults, therefore, havo been 
normalized to tho skeletal mean using tho factors 
derived by Bchulert et aZ ** 

No significant variations of strontium 90 in. human 
bone wore obsorvod botween tho fivo capital cities, 
and so the five groups of data wore combined to give 
tho moan strontium 90 concentrations in ago groups, 
plottod in Fig 2 The estimated standard deviations 
and tho number of spocunons on which the mean 
values were based are also shown A distribution of 
strontium 90 concentration with ago, computed by 


Table I Swoirmni-OO w ArmuimK roTroraro bxmplzs* 


Cmlnc 
locality of 
cattle 

Aucuat 

1057 

March 

1958 

IU infall 
Aujnut 
1037- 
Kareh 
1053 

(In.) 

Amrust 

1058 

Rainfall 
March 
1958- 
Aminat 
1058 
(in ) 

8tron 

ttmn-0O 

add tun 

Stron- 
tium -00 

ealdmn 

Stron 

tlmn-90 

PPCJgm. 

caldam 

Brtmawiek 

Junction 

90 mile* arnrth 
of Perth 

2-0 

l-e 

5-0 

4-0 

20-0 

Mt Compau 

50 mile* tooth 
of Adelaide 

4 2 

3 8| 

C-flt 

7 7 

23 3{ 

Malft* 

llOmllwesilor 

MeTbonme 


2 7 


4 4 

7-0 


m 



1 8 

8-0 

Mary lUrer Vallcr- 
100 miln north 

of BrUhano 

■ 

2-4 


0 1 

24 -C 

5fC*Q 

8 8 
±1-0 

(2 4 
±0*8) 


(5-0 

±1-0) 

■ 


TUch sample *u at least 1 5 kRm. t Taken In January 1953 
t IUlntall period! taken to and from January 1053 


Kulp et al ** givoe a good desorption of thoir North 
American and European bono tissue data of January 
1958 This distribution is shown ns tho full curvo 
in Fig 2, while ns the broken curve, it has boon 
scaled down by 2 to faoflitnto comparison with 
Australian data of May 1958 

(6) Milk The powdered milk samples wore 
taken from factories supplying tho fi\o capital cities 
in August 1967 and March and August 1958 In 
each case tho milk was of known ago and origin and 
the later samples were takon from cattlo grazing m 
the same locality, although not necessarily the same 
pasture All but a fow samplos wore full -cream 
powdered milk. 

Tho analytical results are gi\en in Tnblo 2 and 
show the March 1968 lords to bo lowor than those 
for August 1957 and 1958 suggesting a seasonal 
variation of the typo noted by other authors, for 
oxamplo, Stewart et al ttl 

(c) Cabbages During August- 1957 and 1958 two or 
three cabbagos grown within tho ncinitj of each of 
the five capital citioe wore ashed for analysis without 
prior wosliing or other preparation. Before tho 
determination of both calcium and strontium 90 
contents the ash from oaoh sample was decomposed 
with a mixture of HF and HCIO, in tho prcscnco 
of strontium and barium carriers Tho analytical 
results ore presented m Table 3 

(rf) Sheep Bone Tissue This maternal was 
inoludod in tho programme because tho strontium 90 
accumulation in tho bones of yearling shoop can bo 
used os a monitor of fallout deposition Moreover, 
through thoir habit of grazing oxtonBndy, shoop 


Table 3 S no stick 00 ix ArsTkiLU* CxBBiaw 


Locallt} 

Atom 

1 1957 

Amro* 

1053 

Caldmn 

In ash 
(percent) 

Btrontlom 

00 

lipC.ISTCL 

caldmn 

Caldam 

In **h 
(percent) 

Stronllnm 

90 

pp c^etn 
calcium 


8-0 

■rn» 

12-2 

keh 


6-0 


11 1 


Melbourne 

7 7 




Sydney 

"■0 




Brisbane 

0-6 

■BfiMg 



Mean 
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tend to integrate out local variations in fallout 
deposition, and slieep bone tissue is available m 
areas of Australia where othor repi esontative samples 
are difficult to obtam 

The first collection of sheep hones was made from 
13 widely sepaiated areas during May— Juno 1957, 
and further collections were made from 10 areas in 


September J.2, 1959 

August 1957 and 1958 Tho grazing localities are 
shown m Fig 3 In onch case representative long 
bones uoro selected from tho logs of up to throe sheep 
each of which had giazed ovor natural grasses 
throughout most of its life 

In all, 59 analysos v, ore performed on material 
collected from 89 sheep during tho throe survoys and 


Tabic 4 STROvrnjM 00 in Ar strati At. Sheit Hone Samples 



Alt 

Ij-Junc 105 

I 

August -Scptomb 

t 

'r 1057 


August 1055 

■1 



Approx- 

Stron- 


Approx- 

Stron- 


Approx- 

Stron 

Locality 

Xo of 

lmate 

tlum 90 

Xo of 

lmate 

tlum 00 

No of 

lmate 

tlum 90 

sheep 

age 

/t/ic Ism 

sheep 

npc 

/i/ic lent 

aheep 

ape 

ll/lC /Rill 


(months) 

cnlclnm 

(montlis) 

ralclum 


(months) 

calcium 

Beeerlee 70 miles E Perth 

3 

8 

5 3 

1 

12 

7 0 

3 

13 

0 4 

Salisbury 

20 miles X Adelaide 

2 

8 

21* 

1 

15 

7 r > 

3 

14 

8 8 





1 

15 

0 1 








1 

15 

0 5 




Quorn 

180 miles X Adelaide 




1 

15 

10 2 

3 

15 

10 





1 

15 

7 0 








1 

13 

11 




JIarree 










300 miles X' Adelaide 

i 

S 

3 0 

1 

14 

2 1 

1 

12 

3 7 





1 

14 

1 0 




Ingomnr 










430 miles X X A\ Adelaide 

3 

12 

5 7 








— 

12 

5 4 







Coober Pedv 










470 miles X X W Adelaide 




1 

15 

5 5 

3 

15 

4 7 





1 

15 

7 7 








1 

15 

3 0 




Atabel Creek 










480 miles X' X W Adelaide 

o 

12 

0 5 








— 

12 

7 3 







E\elvn Downs 










530 miles X X W Adclaido 




1 

14 

7 0 



3 S 





1 

14 

C 1 



Alt AVlllonghbv 










550 miles X X 11 Adelaide 

2 

10 

10 








— 

12 

11 







Victory Downs 










700 miles X X AV Adolalde 




2 

10 

4 0 

3 

12 

4 2 

Tarra Valiev 










30 miles E Afelbourne 

o 

8 

13 








T 

s 

14 







Yarrawonga 










140 miles X X E Melbourne 




i 

n 

12 

3 

13 

7 9 

Sydney 

i 

9 

12 

i 

13 

S 2 

0 

11 

C 9 

Canberra 

1 

S 

7 3 







Dnbho 










180 miles XW Sjdnee 




i 

11 

4 6 

O 

13 

3 8 

Bonrkc 










400 miles XW Sidney 

i 

0 

3 8 








i 

8 

2 7 







Llsmore 










370 miles X X.E Svdncy 

i 

S 

5 8 







Brisbane 

3 

8 

1 5 

i 

12 

1 0 

1 

14 

1 2 

Southport 










50 miles S 8 E Brisbane 




i 

11 

8 1 

2 

12 

0 3 





1 

11 

0 2 



Rockhampton 










320 miles XXW Brisbane 




i 

11 

5 3 

i 

13 

4 0 

Chnrleville 










430 miles W Brisbane 

1 

0 

8 0 

i 

12 

7 2 

2 

12 

6 3 

Townsville 










6S0 miles X A\ Brisbane 




i 

11 

0 1 

o 

12 

3 9 

Cloncurry 










000 miles AV X W Brisbane 





i 

12 

1 0 

3 

10 

1 5 

Alcan 

Total 

Xo of analyses 

25 

18 

(7 9 ±2 2) 

20 

25 

(0 0±1 5) 

34 

10 

(0 Oil 5) 


* The sheep from which this bone tissue was taken grated In the Art Compass area 
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Table 5 Stho stick - 00 nr Acstiuijax Soil 8aktle8* 


Loealltj 

— 


Aujuit 1057 


Auiaa 

10oS 

Rainfall 

Baraplo 

area 

(m *) 

Calcium 

ffm /kgm. 

Sollmrfnee 

density 

kioiu/m.* 

Strontium 

00 

me./fcm * 

Sample 

area 

(m,*) 

Caldnra 

Stm/kum. 

Soil Burfacc 
denalty 
kpHLfm.' 

Strcratlum- 

00 

me /km 1 

Animt'lOBS 
(In ) 

Perth 

0-041 

0 fl 

134 

2 7 

0-041 





Adelnldr 

0-041 

3-0 

20 

1-0 






Melbourne 

0-041 

2 7 

10a 

3 4 

0-030 





Sydney 

0-030 

2 3 

so 

2 5 

0 040 





Brisbane 

e 0-04 

1-0 

00 

2 

0-041 

0-0 

41 

1-0 

3*> 

Mean 




(2 4±0 4) 




(2 5±0 7) j 


• Top 10-cm ion pUu ■orface matt 


tho results aro shown in Table 4 Romilta wluch aro 
systematically lcrw for all tlrroo surveys aro apparent 
for fcomo areas These low values may be associated 
with variations in rainfall, soil and grazing conditions 

However, Tablo 4 also shows that the mean 
strontium 00 lovel in yearling sheep bone is virtually 
constant for tho three successive surveys This 
implies that tho strontium 90 lev els in sheep bone 
tissue of tins ago depend mainly on tho rate of 
deposition of fallout lending support to Russell’s** 
recent suggestions concerning tho relative roloe of 
total fallout and tho fallout rato in the tako up of 
strontium 90 into plants 

Apart from the systematic variations at particular 
locations roferrod to above, tho skeletons of yearling 
sheep throughout Australia appear to be contaminated 
with strontium 90 to approximately the same extent 
Fallout is therefore* uniform across tho continent 
the slight latitudinal variation suggested by other 
measurements* 7 is not reflected m thoso results. 

(e) Soil During August 1967 and 1968, snmploe 
of soil to a depth of 10 cm were takon from uncul 
tivnted land within each of tho fivo capital cities At 
each sito succeeding samples camo from the same 
immodiato vicinity but tho sites themsolvee were 
associated with neither milk production nor market 
gardening Tho eurfaco dimensions of tho samples 
Jay between 0 04 and 0 06 m * , the mirfaco matt 
was analysed with the soil 

Tho 10 samples were treated using the hydro 
chloric acid leaching method which is considered to 
give complete extraction of both calcium and stron 
tium 90 Tho analytical results shown In Table 6 
would imply that within tho errors thorc lias boon 
no o\omll accumulation of strontium 00 m Australian 
soils during tho period of tho investigation Tins 
conclusion is unacceptable becauso measurements of 
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total prooipitation collected m open pots at eight 
sites in Australia during part of this period and 
discuBsod below, suggest an annual deposition rato 
of nearly 1 me /km * This figuro is similar to 
that reported for Australia b\ Alexander* 7 , in tho 
course of a world wide survey of strontium 90 in 
rolI , lus results for 1960 and 1958, for samples 
takon at six Australian sites, are shown in Tablo 0 


Table 0 Sthoxtiu* 90 nr ArrroiiiAX Son SAxrww* 
(Taken from *Stront!inn-00 DUtt (button u determined by the Analyali 
of So Hi" by L. T Alexander (ref 27) ) 


Locality 

May 10M 

March 1058 


(me /fcm f ) 

(mc./lon ) 

Perth 

1-0 

1-8 

Adelaide 

2-0 

4 G 

Ilobajt 

0 5 

4 3 

BrfibaDe 

1 3 

4 G 

Alice Springs 
Katherine 

0 7 

1*2 

1-S 

Mean 

(1 1 ±0 4) 

{3-0 i 1-0) 


• (l)Top lS-cm toll jilm *urface matt (4) two •ample* of 0 123 m * 
wore taken on each occasion at each site Retails quoted are are rapes 


This conflict Ire tween the two sets of results is 
most probably related to certain characteristics of the 
soil samples Although tho same sites wore revisited 
annually, as Table 6 shows tho samples showed 
considerable) fluctuations of donsily and calcium 
content and such factors might account for the 
low values recorded for tho accumulated doposit of 
strontium 90 

Taken at face value tho present data lead to a 
mean level at August 1968 of about 2 5 me /km *, 
somewhat lower than the mean value 3 0 me /km *, 
of Alexander s data for Australia 

(/) Total Precipitation Commencing m Juno 1958 
stainless stool pots, 12 m in diameter and 12 m 
high woro oxposod continuous!} at tho eight stations 
shown in Fig 3 This aspect of tho fallout monitoring 
programme was carried out m co-operation with the 
XJ 8 Atomic Energy Commission, as part of its 
open pot sampling offort*"* 

Both precipitation and solid deposition were 
collected ovor montld> periods and in each caso tho 


Table 7 Acsbuuax Ilian Waiam Pot Sinna Jcws-DEcorem 
IBM 


Locality 

Period 

Accumulated 
*trontltrm 00 
(me /lrm. 1 ) 

Ibtlmated 
annual rate 
(me /tan, 1 ) 

Perth 

Jtm e-Novembcr 19ad 

0 38 

0 8 

Adelaide 


0 "4 


Melbourne 

October 

0 38 




0-3S 


Sydney 

, hOTCmlXT 

0-30 

l 3 

Briihane 

Jutjr 


I 4 

TcnnwrlBe 

June 



Darwin 

July 





__ -J 

(J -SjfcO 1) j 
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catch was analysed for strontium-90 by the Health 
and Safety Laboratory of the U S Atomic Energy 
Commission , the results are shown m Table 7 

Taking into account the seasonal variation in 
Tallout rate the moan annual rate of deposition of 
strontium-90 for Australia approximates to 1 me / 
km 8 Further work, now m progress, will establish 
this rate more definitely 

Comparisons of Australian Strontium-90 Levels 
with those in the Northern Hemisphere 

The nearly uniform fallout of strontium-90 in 
Australia contrasts with considerable fluctuations 
■observed in the United Kingdom and the United 
States, where the bulk of northern hemisphere 
measurements have been made Nevertheless, rough 
average levels can be compared m those cases whoro 
data are available for the appropriate time (the 
United States does not moasure sheep bones or 
cabbages) 

The human bone rosults given in Fig 2 show that 
the Australian levels are somewhat loss than one-half 
those for the northern hemisphere In the cases of 
milk and cabbages, comparisons with American 8 
and British 4 data again indicate levels which aro 
about one-half the northern hemisphere values while 
Australian sheep bone rosults for 1967 indicato levels 
less than one-half those in the United Kingdom 4 
at that time 

Australian soil-levels ho between one-fourth and 
one-third of those of tho more densely populated 
regions of the northern hemisphere 17 , while tho 
open-pot measurements indicate a strontium-90 
fallout rate of less than one quarter that oporativo 
in the northern hemisphere 

Conclusions 

(1) Within the sampling errors, and apart from 
some local variations noted, tho levels of strontium-90 
m the material examined aro uniform throughout 
Australia This indicates that the strontium-90 
fallout over the contment arisos from high -yi old 
fission weapon tests overseas , as expected tho 
contribution from local weapon tests is too small to 
be detected 

(2) The rate of deposition of strontium-90 and 
its accumulation m Australian soils aro one -fourth to 
one-thud those in tho more densely populated areas 
of the northern hemisphere The levels of strontium- 
90 m Australian human bone tissue and milk ho 
between one -thud and one-half those m tho northom 
hemisphere This level is a httle higher than would 
bo expected from the fallout rate and tho soil data, 
but the difference is not estabbshed statistically If 
furthor experiments prove this difference to bo real 
it would be hard to explain satisfactordy 


A similar difference between bono and soil-levels 
was roported by Kulp cl al 85 for othor southern 
liomisphoro samples and thoy considered that it 
might bo duo to tho movomont mto tho southern 
hemisphere of foodstuffs containing sirontium-90 
producod in tho northern homisphoro Tins explan- 
ation is unsatisfactory m tho Australian case for tho 
contmont is solf-sufficiont m most primary production, 
especially of milk and corenls Further rosults from 
tho Australian survoy should olucidato tho position 

(3) Tho possiblo biological eonsoquoncos to tho 
population of Australia, of tho fallout-levels roported 
m tins papor, havo boon assossod by the Australian 
National Radiation Advisory Committee 7 " Tho 
Committee concluded that tho possiblo hazards aro 
very small m comparison with thoso already' accoptod 
in tecluucally' advancod communities 


‘UK Scientific Commlttco on Uic Fifertg of Atomic Radiation 
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York, 105S ) 
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W obber, T J , A E R B Report C/R 2583 (5taj 1058) 
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’US A.E C Health and Safety Laboratory, KASL 51 (November 
10, 1058) 

• U SAM! c ncaltli nnd Safctj Laboratorj , If .A S L 55 (Fcbnmry 24, 

• U S A E C ncaltli nnd Safctj Laboratory, 11AS1 05 (May 29, 

3050), 
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II Butomont, W A S Dwyer, L J , Jlnrtln, L H . Stevens, D J, 

nnd Tlttcrton, E W , Ami J Set ,21,03(1053) 
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A E R E Report, J7F/R2050 (September 1050, Mny 1057(nmcnd )) 
11 Annual Report, Geochemistry Lnbomtorj, Lnmont Geological 
Observatory, Columbia University, NT (1058) 
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Energy, U S Congressional Hearings, Jlay 6-8, 1059 
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EVOLUTION OF HOST-PARASITE RELATIONSHIPS 

P ROF JEAN BAER (Neuchatol) opened a sym- was limited to biting and Bucking lico, fleas and vormB 
posium held by Section D (Zoology) at the recent parasitic in vertebrates, bocauso tho taxonomy and 
British Association meeting m York on tho “Evolution host distribution of thoso parasites have boon well 
of Host-Parasite Relationships” He began by analys- studied, their life-oyeles aro usually complex and 
mg an ecological survey of such relations The survey diverse and thoir host-relations show groat diversity 
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Tho host or host-group is comparable ecologically 
to an. island tho parasites representing the endomic 
fauna, and tho more Isolated tho Island, or tho more 
specialized the host, tho higher is the dogroo of 
ondoraioity of its fauna Tlioro is a great deal of 
e\ idonco shearing that both morphological and 
physiological specialization of tho parasites is a 
consequence of their adaptive ovolution to distinct 
groups of hosts 

A. reliable impression of host-distribution can be 
di rived from histograms of tho numbers of gonera 
of parasites in particular host ol asses, and from tho 
individual distribution of oftoli group may bo deduced 
its probablo age 

Mallophaga, for example, occur exclusively on 
birds and mammals, and havo ovolvod moro oxten 
hu ol} on the former than on tho latter Monogenoa 
are parasites on elornnobronchs, tol costs, amphibians 
and reptiles but are far moro widely specialized on 
tcloosts than on olasmobronclis and only very slightly 
on amphibians and roptilos Costodoa occur tluough 
out all the major groups of vortobrates tlie greatest 
nunibor of genera is found m birds and in olasmo 
bra nohs, whereas tho largest number of gonera of 
tnmatodos ia found in teleosts ovon though treraa 
todes lia\e boon reported from all the major groups 
of \ertebratcs 

Host-parasite relationships os expressed by tho 
number of genera of parasites associated with a given 
group of hosts also imply that tho age of tho parasites, 
that Is, tho time when they first adopted parasitism 
as a way of life, vanes considerably For example 
fleas, lice and Mallophaga are unknown from hosts 
other than birds and mammals and it is oxtromoly 
unlikely that such parasites existed before tliorr 
hosts themselves appeared in late Cretaceous times 
Monogonea and coetodoe were already most certainly 
associated with tho precursors of modem sliarks and 
appear to liavo accompanied tho aquatic onoeetors 
of the land-dwelling vertebrates Moreover, octo 
parasitic Monogenoa have only boon able to survivo 
bv seeking ref ago within the mouth cavity, oeso- 
phagus and urinary blnddor of their hosts and since 
thoir life-cycle restricts them to an aquatic habitat, 
tliov are associated with vertebrates suoh as amplub 
urns and freshwater tortoises On the other hand, 
tapeworms Uving invariably within tlio gut of thoir 
hostB have evolved together witli tho latter and as 
thoir life oycles also became adapted to terrestrial 
intorroodlnto hosts, it is natural that thooo parasites 
occur m land-dwolhng vortebratos, tluit is in reptiles 
birds and mammals 

These parasite* of vertebrates were discussed 
ecologically, separately as octoparositos and os ondo 
parasites, and as to whether the larval forms had a 
tree-living stage or not The ectoparasites with no 
froo living stage were the Mallophaga end tho Ano 
pleura and with a free-living stago, tho terrestrial 
biphonoptoro, and tho aquatic Monogonea Tho 
ondoparoaitcs wore tlioso with a gradual mota 
morphosifl, tho nomatodos which might or might not 
lmvo an intermediate host and thoso in tho meto 
morpliosis of which distinct stages occurred, tho 
trematodos, cost odes and Aconthocophala, all of 
which hod at least ono intermediate host 

An analysis of tho results from an ecological 
approach to host-paras it o relationships clearly shows 
tho presonoo of two factors responsible for host 
distribution, namol} , (a) the physiological roquire 
monte of oach of the stages of tho lifo-oyelo , (6) the 
degree of morphological differentiation of tho in 


festive larval stage Theso factors being inherent 
to the class to which tho parasite belongs, must have 
boon acquired genetically and aro thorofore subjeot to 
mutation and to evolutionary pressures 

Each successive stage of any life ojele does not 
neccssarilj havo identical physiological requirements 
but tho moro highly specialized tho latter tho greater 
tho degree of intimacy between tho parasite and tho 
host In tromntodos for example, host-spocifioitv 
for tho first intermediate host is more pronounced 
than in any of tho subsequent stages, wlioroaa in 
tapeworms the greatest dogroo of intimacy occurs 
with the definitive host In trematodos and ncantlvo 
coph aliens tho mfestive larval stag© is already a 
completely formed young worm that only noods to 
mature and to grow to become adult Sinco the 
distribution of those parasites in thoir dofimtivo hosts 
mostly follows the ecological pattern, it is probablo 
that tho physiological requirements of tho adult 
worms are not lnglily specialized On tho other hand 
the infest i vo larvro of monogenoans and tapeworms 
on reaching tho definitive host must undergo further 
metamorphosis before acquiring adult characters 
Tho necessary conditions appear to be very strict 
and tho more considerable tho metamorphosis tho 
greater the degree of hoet-spooifioity, tho latter follow 
mg the phylogenetical pattern Although there is, as 
yet insufficient evidence for parasitic nematodes it 
seems, however, that there might bo a spociflc meoh 
ani*m that triggers tho final moults of tho infective 
larva 


Free living flea larvto require strict conditions as 
to temperature and degree of humidity implying 
that thoir physiological requirements may bo rather 
specialized But tho legendary mobilit} of ndalt 
fleas and thoir resistance to starvation orrnblo them 
to survive but not necessarily to reproduce, b} prao 
tislng the art of host hopping 

Ehiring thoir ontrro life-cyolo biting and sucking 
bee remain attached to tho hoot So it is not astonish 
ing tlrnt their physiological requirements appear to lx? 
highly specialized as regards hair and feather struo 
ture In birds thoir host distribution appears to 
refleot principally tho lAttor 

Summing up tho ofTocts of both external anti 
internal factors responsible for parasite relationships 
wo find tliat parasites do not select their habitat but 
tliat tho latter is imposed by ecology Tho resulting 
distribution, however also reveals another eolootho 
moohamsm, runnel} , tho dogroo of physiological and 
morphological adaptation of tho parasites themselves 
Prof W E Kershaw (Livrr-pool School of Tropical 
Modioinoh in discussing tho ovolving human Alarm, 
suggested that it was moro pertinent to consider 
their present ovolution rather than what had happened 
in tho past This wna poosiblo because of precise 
information of tho&o pathogenio human parasites 
wluoli it had been nooossary to obtain urgently in 
order to devlso economic and practicable control 
measures Thoir complicated hfo cycles involved 
man, possibly other animals, and usually multiple 
gpeoios of vectors each vector with its own soquonco 
of environment a Tho parasite, thorofore should be 
regarded as ono componont of a parasito-hoxt-\ cctor 
complox Tho truo ovolving entity was thorofore not 
tho parasite but tho complox which was ovohing 
as were tho soparato components, and it was bo 
ha\iour rather than structure wlucli was end /cm 
Loa loa a parasite responsible for tlio reonrre»J, 
nnd crippling so-collnd CnUlxu- Iutr<u ,iio- 

Wost find Contml Africa Tl.oro ««” ‘ 
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host-vector complexes, an infection occnning in man 
and transmitted by two species of tlio vector genus, 
which bite during the day, and another occurring 
in three or more species of monkey which are adapted 
to different but related species of the vector winch 
bite during twilight and at night Both parasites 
were very closely related and differed only m their 
general dimensions and in thoir adaptation to different 
vectors Each was well toleiated by the different 
vertebrate hosts and equally woll transmitted by all 
the related vectors in the laboratory, but httlo inter- 
change between these two populations occurred m 
Nature 

Malayan filariasis caused recurrent lymphatic 
inflammation and fever and often resulted later in 
the disabling permanent swelling of the limbs and 
the genitals known as elephantiasis , ono form 
occurred in the north-west (periodic) and tho other 
m the south and oast of the Pomnsula (non-pcuodie) 
The parasites responsible had only trivial structural 
differences, differing mostly m behaviour In the 
‘periodic’ form the larval wore rarely found m tho 
blood during the day, being most numorous at night 
In the ‘non-periodic’ form, the larv re w ere apparent 
during the day and night m similar numbers The 
larvse of these two forms behaved differently in tho 
blood, they had different groups of voctors, and 
though both could be transmitted easily to cats, ono 
form is not so well adapted to animals and occurs 
naturally only m man , whereas tho othor form is 
well adapted to animals and occurs naturally m man, 
in several species of monkey, in tho domestic cat and 
m the pangolin 

In addition to these two infections m man, one of 
which is shared with many animals, there was a 
further and separate parasite which behaves a little 
differently from the other two, was transmitted by 
vectors somewhat different from the others and 
occurred m a very large rango of animals, including 
the dog, the domestic cat, two spccios of wild cats 
and the civet cat, the tiger, the pangolm, tho moon- 
rat and the slow loris, and could be transmitted 
experimentally to man and to the domestio cat It 
had so far been found m tho State of Pahang 

Work in East Africa had disclosed a fourth parasite, 
occurring in animals but not so far in man, closoly 
related m structure to tho two forms of human 
filariasis m Malaya and to that described m the Stato 
of Pahang occurring m a large range of animals 
There were four related parasite-hosb-vector com- 
plexes, one of which had separated from the other 
three and was so far believod to be restricted to 
East Africa, and three occurred m Malaya Those 
three m Malaya are now evidently undergoing further 
divergent evolution, though then overlap is still very 
considerable 

Onchocerciasis caused skin changes and was 
associated with blindness m Central America and m 
tropical Africa In the Americas, the adult worms 
occurred in nodules in the head and neck and eye 
changes were common, while m Africa they occurred 
on the lower part of the trunk and tho logs, and oyo 
changes were less common and occurred mostly in 
old-standing infections, so that they wore once thought 
to be due to different parasites In Africa the dis- 
tribution of the larvse m the skm had a very clear 
pattern both on the surface and in depth, and m 
early infections these larvre were limited to the legs 
Only when exposure to the infection had been repeated 
for many years did the concentration of larvie nso 
and were they to be found m the upper parts of the 


body Wide similar precise information was lacking 
m tho Americas it seemed likely that tho larvie wore 
most numorous in tho head and nock Tho vectors m 
Afuca bit on tho anklo and log, and in America on 
tho head and neck Those two different pnrasito- 
hostr-vector comploxos have tho samo host and tho 
same parasito, but differ m thoir manifestations 
becauso of tho different boliaviour of tho tw o different 
groups of vectors 

The fundamental research undertaken to mako it 
possible to doviso economically practicable control 
measures lias disclosed evolution m progress 

Dr C A Wright (British Musoum, Natural 
History) discussed tho relation botwcon tromatodcs 
and molluscs Tho problom of spociation in the di- 
gonotic tromatodcs had recoivod httlo attention 
Isolation of some kind is an ossontinl factor in tho 
evolution of now Bpecies, and it is suggested that tho 
part played by tho molluscan intermediate host is of 
considerable importance in tho spociation of flukes 
Tho effective geographical range of a parasito is that 
area where all of tho hosts nocessary to tho completion 
of tho hfocvclo occur together Tho ocological ro 
qurromonts of most molluscs are such that a species 
is seldom uniformly distributed throughout its range 
but is brokon up into soparato populations botween 
which there are varying dogrees of isolation Tlieso 
populations sorvo ns tho foci for tho completion of 
fluko lifo-cyclcs and it is aroimd theso centres that 
tho gono pools are formed from which now species 
nmv miso Tlioro are three mam factors in tho 
maintenance of tho purity of tho gono poo), the 
geographical isolation of tho locality, movomont of 
tho definitive host and tho longovitj of tho adult 
parasite w’lllun that host Tho third factor may 
partly offsot tho second for, if tho parasito matures 
quicklj , la>s its eggs and dies, thoro is less chance 
of tho oggs reaching othor centres whoio tho cyclo 
could bo completed oven if tho dofimtivo host is very 
mobile 

Tho importanco of host-restriction in tho parallel 
ovolution of host and parasite is of great significance, 
and tho dogreo to which this plionomonon is shown 
in tho relationship betwoon larval flukes and thoir 
molluscan hosts is far greater than it is botwcon tho 
adult flukes and thoir vertebrate hosts In those 
flukes which havo a froo-sw imming miracidium there 
are at least two ways m which now fluko-niollusc 
relationships may occur In the process of host-loca- 
tion by tho miracidia tho first stago is a response to 
physical stimuli which bring tho larval into tho 
region of tho host-habitat Tims, tho substitution of a 
different mollusc having tho samo ocological require- 
ments ns tho normal host may result m tho adoption 
of tins now host if its tissues provido an acceptable 
environment for further development of tho larv.e 
Tho last stago of tho host-finding pattern by miracidia 
is a response to a chemical stimulus Papor cliromato- 
graphy has shown tho presonco of spocies specific 
substances in tho body-surfaco mucus of freshwatei 
snails and it is possibly theso substances which enable 
miracidia to discriminate botwcon potential hosts 
It has now* boon shown that thoro ovist differences 
in tho composition of the mucus of snails of tho same 
spocies from different populations and tlus may hav o 
great significance m the ovolution of new mollusc- 
fluke relationships 

Dr Thoresa Clay (British Museum, Natural 
History) mado some suggestions about tho ovolution 
of host-parasite relationships m tho Mallophaga of 
birds It was possible that tho breaking up into 
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non broedxng unite by the birds during thoir evolution 
would result in isolated populations of Maliophnga 
and woe analogous to the situation found on a group 
of continental islands the populations of which had 
Iiecome isolated by the disappearance of land con 
nexions Later socondory infestations of Mallophaga 
from one host group to another are analogous to the 
trans-occonic colonization of ocoonic islands Success 
iv© colonizations and the occupation of tho different 
ecological niches on tho body of the bud could explain 
the number of different genera and speoios of Mallo 
phaga found on one host species During the tlmo 
that tho Mallophaga wore still partly free-living and 
before they had developed any close adaptation to 
life on tho bird or to a particular bud apeoioa, inter 
cliango of host was presunmbh more frequent Thus 
although birds within an order or sub-ordor are 
usually parasitized by related mallophagan faunas 
v hich ha vo presumably ovol\ ed on these orders tho 
origins of related mallophagan faunae on different 
ordors aro difficult to assess In tho affinities between 
mnllopliagan faunas of the birds 1 , a diagram meant 
to demonstrate factual!} those affinities and not 
necessarily to suggest affinities between tho host 
groups, tho similarity of tho mallophagan faunas of 
tho Procollarnformes and those of tho Cl larodrn formes, 
fur ov ample, ma} show no more than an ecological 
relationship members of both ordors living m the 
same environment The foot that In general the spocios 
on the two orders are now well differentiated suggests 
that if this distribution is due to secondary infests 
tions, it could not liavo boon recent and supports 
tho theory tliflt establishment on a new host took 
place mainly m the oarly dayB of tho ovolution of 
host and parasite 

Mr P F Mattingly (British Museum, Natural 
History) stated that the complete restriction of 
human and simian malaria to anoplielino vectors 
suggests that this group ma\ originally havo e\ olvod 


mainly as feeders on mammals Bird malaria on 
the other hand was earned exclusively by cul oino 
mosquitoes which might thus have orjgmatod as 
foodera on birds The fact that human filanosis was 
earned by both anophelino and culicine mosquitoes 
suggested that it may have ontered tho system com 
parativoly recenth Tho comparative phy-Biology 
and biochemistry of blood meal utilization m 
mosquitoes had been very inadequately studied 
This was a particularly promising Sold for research 
which might throw light on many problems 

Prof G C Varley (Oxford) boliovod that host 
specifioity needed careful definition Not only must 
both host and parasito be acouratoly identified butalso 
those cases where a parasite can only oomplote part 
of its de\elopment roust bo distinguished. Published 
lists unfortunately often gave equal emphasis to 
unique records and to regular parasito relationships 
Prof Baer considered that the relation between 
a parasite and a group of hosts related by ecology or 
phylogenv was biologically significant, whereas tho 
relation between ono parasite and one host meant 
hftlo 

Prof Baer boheved that tho biochemical approach 
to species determination should bo encouraged in tho 
wav that Dr Wnght was applying it to snails, and 
that isolated proteins and carbohydrate fractions 
from hosts and parasites might bo used 

Dr J Sandground (Now York) doscribod his 
experience with onchocerciasis m Guatemala and in 
the Gold Coast and referred to Ills demonstration 
some twenty } ears ago that the parasites m the Now 
and Old World were identical He b©ho\od that 
much more work remained to be done m oncho 
ceroiaam before the infection could bo understood 
adequately and bo fore control would be easy 

William Kershaw 

*CUy. T Pint gyro poil urn on Ho*t Spoclflcitj a mono Pinulte* 
of Nertebrate* Nmcfallcl 150 (1057) 


ANIMAL CLOCKS 


T HE significance of rhythmic activities in animal 
physiology is becoming increasingly evident 
toda\ Fo* this reason the symposium on ‘animal 
olooks hold in York on Soptombor 4, by Section D 
(Zoology) of the British Association for tho Advance 
ment of Science, was well timed 'During tlio morning 
sessions Dr L Harrison Matthews section president 
was in tho chair 

Tho first speaker, Prof F A Brown, jun (North 
western Umvorslty) described recent rcsoarch carried 
out in his laboratory In 1048 ho had established that 
tho froquoncj of tho rhytlrm of colour cliango in fid 
dlor crabs was independent of temperature over a 20 
dog C range Later it was shown that this 'indicator* 
process was itsolf regulated b> a more fundamental 
rhythmic element and tliat two control centres wore 
im olved Although tho concept of an autonomous 
clock is retained by most investigators Prof Brown 
now postulated that tho period ism* which comprise 
basic biological clock Rystoms aro imposod bj environ 
mental changes ovon in conditions luthorto presumed 
to l>o constant This hypothesis ho supported by a 
detailed statistical analysis of data obtained by means 
of an automatic recording respiromoter from organ 
Isms as unrelated es fiddlor-craba and potatoes which 


had been honnotioall} sealed in constant conditions 
including pressure for several days at a timo 

Although other spoakers did not agree with tins 
v low, all must ha\o been stimulated to look more 
carefully at thoir own data Unfortunately, it has so 
far proved almost impossible to devise a roall} 
critical experiment that will differentiate botweon 
an mnato clock mechanism and one derived from 
exogenous sources, since it appears possiblo by 
analog} , to alter the position of tho bands of tho 
clock relative to tlio works lust as it is difficult to 
conceive of a distance judging moclianlsm mdepen 
dent of space, bo a clock system presumably requires 
some fixed points of reference 

In a paper on the influence of tho environment on 
tho c> cl i cal biting bohaviour of mosquitoes Dr 
A J Hoddow (director of tho East African Virus 
Research Institute) pointed out that every species 
so far studied has shown a 24 hr periodicity In 
some, this is merely nocturnal or diurnal but in 
others most of the activity is confinod to ono or two 
short and precisely dolimitcd periods Those wju/o 
usual!} verv constant for a gi% on environment may 
bo entirely different in another Further Him my 
show \ory striking differences at different MvcM 
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above ground within tlio same environment At 
present, no single explanation fits all known cases 
The complexity of natural internal timing mech- 
anisms was illustrated by Dr Janet Harker (Depart- 
ment of Zoology, Cambridge), who described a sories 
of eleg an t experiments by which she had been able 
to slow down part of the mechanism In cockroaches 
a hormone has now been discovered which increases 
the activity of the animal, and which is secreted in 
strict 24-hr cycles This hormonal clock can be 
stopped by chillin g the secretory cells while the rest 
of the body is kept at a normal temporature, and 
when this is done a second clock associated w ith tho 
nervous system is revealed When tho secretory 
clock is allowed to start again, provided it has not 
got too far out of time with tho nervous clock, it is 
reset by the latter However, m normal conditions 
the secretory clock acts as the mastor-clock, and 
smee, hke tho nervous clock, it is not affected by 
sudden short changes m light conditions, the diurnal 
activity rhythm of the animal is little upset by such 
changes Tins may be important, m Nature, for 
animals which experience short periods of darkness 
during the day (for example, by going under a 
stone), or hght at night (for example, bright moon- 
light or artificial light) If those minor changes in 
hght conditions were to reset the clock, tho animal 
would soon get out of time with day and night On 
the other hand, the fact that the secretory cycle can 
bo affected by the norvous system clock towards the 
beginning and end of the dark period, and the 
activity rhythm can bo immediately reset at tlieso 
times, suggests a way m wluch tho animal can allow 
for changing day-length 

The morning session closed with an account by 
Dr C S Pittendrigli (Princeton University) of a 
coupled oscillator model for studying tho behaviour 
of tho innate circadian (‘about a day’) rhyd-hm of 
cells and organisms Its further utility was noted in 
explaining recent discoveries in thormo- and plioto- 
periodism Studies on the effects of single perturba- 
tions of the oscillator by hght or temperature reflect 
the behuviour of a common underlying biological 
mechanism m some organisms, tho phase of a 
rhythm can bo shifted by a hght signal as short as 
1/2,000 sec It was concluded that tho cell must 
comprise many diverse circadian oscillations, and 
disturbances of their mutual pliaso relations may 
lead to physiological stress or damage 

Prof G C Yarley (University of Oxford) presided 
over the afternoon sessions m which plant clocks 
were described by Dr M B Wilkins (King's College, 
London), with special reference to lus own observ n- 
tions on excised leaves of Bryophyllum fcdlschcnhoi 
placed m continuous darkness and temperature 
These maintain a 22 4 -hr rhythm in the rnto of 
carbon dioxide output for sovoral days Tho clock con- 
trolling tho rhythm is extremely sensitivo to changes 
in external conditions of temperature and illumination 
to which tho loaves are subjected Continuous 
illumination inhibits the clock which re commences 
when darlmess is restored, tho phaso of tho sub- 
sequent rhythm being determined by tho timo at 
which the hght was extinguished Tho phaso of a 
rhythm persisting in darkness is reset by applying a 
3-hr hght treatment to the leaves botwoon the peaks 
but not at the crest of a peak Red hght inhibits the 
rhythm, but blue hght has no effect A rhythm can 
be mduced m illuminated leaves by reducing the 
hght intensity by at least 80 per cent, and it was 
later found that tho phase of such a rhythm could 


be reset by applying a 3-hr daik treatment at tho 
crest of a peak, but not between tho peaks Tho 
rhythm is inhibited when tho tissuo is placed m an 
atmospliero of mtrogon and its ponod vanes with 
temperature It is apparently unaffected by solutions 
of mitotic inhibitors such as plicnylurelhano and 
eolchicino 

Dr C G Butlei (head of tho Boo Research Depart 
menl, Rothamstod Experimental Station) then sur 
voyed tho development of Imow ledge regai ding tho 
tnno-senso of tho honoy-bco since its fortuitous 
discovery in Juno 190 r > by tho famous naturalist, 
A Forel It was not until more tlinn twenty years 
lutor that Ingoborg Boling carried out lior extensivo 
experiments in which bees were trained to visit a 
feeding placo at different times of day under constant 
conditions Later woikors have since obtained data 
which support the v low that a honev dice's tnno sonso 
depends in some way upon motabohe rhytlim, since 
it can bo speeded up or slowed down bv the use of 
appropriate drugs Finally, boes trained m Pans to 
visit a feeding dish at a definite tune each day have 
continued to maintain their feeding schedule under 
constant conditions after being flown to Now York, 
thus demonstrating that tho time bouse of tlio insects 
is endogenous 

Di A J Marshall (St Bartholomew’s Hospital 
Medical College) introduced an exotic note when ho 
discussed tho possible influence of tlio internal rhythm 
of reproduction in tho control of trans cquntonnl 
migration of birds living botveen Europo and Africa 
and Tasmania and tho Aleutian Islands Ho pointed 
out that although somotlung nkm to a clock was 
involved, it had to bo likened, novertholess, to a 
somewhat imprecise, chain-store variety’ in that it 
had to bo ‘corrected’ by’ environmental factors at 
least onco duiing each annual cycle Work carried 
out bv’ Dr D L Sorv enty’ and himself had made it 
clear tliat oven vvlion shearwater petrels (that breed 
on islands oil tho Southern Australian coast) were 
kopt captive under vudolv varying conditions nnd 
day-length, they’ nevertheless came to breeding con- 
dition at the Btimo timo os tho free birds that had 
made thoir astonishing circum Pacific, trans equa- 
torial journey’ 

Noxt, Dr J L Cloudsley -Thompson (Kings 
CoIIego, London) discussed tho synclironization of 
animal clocks m general, pointing out that endo 
gonous rhythms are frequently correlated with 
environmental changes although tliov aro not neces 
sarily’ a dn ect response to them Thus, if cockroaches 
are subjoclod to alternating 12 hr periods of hght and 
darlmess, locomotion may actually’ begin shortly 
before tho hght is extinguished We liavo therefore 
tlio concept of an innate rhythm synchronized by 
changos m environmental factors such ns hght, 
temperature nnd humidity’ which should bo regarded 
as ‘duos’ rathor than stimuli 

Tlio field cricket, Qrylhis campcstns, placed m 
aktograph apparatus, can bo scon to bo activo m 
tho day-timo w’lth a rhythm that is ondogonous and 
independent of tomperaturo When tho 24 lir 
ponodicitv lias died away’, howovor, after wcoks in 
constant conditions, it can bo re established by a 
single exposure to hght or by’ a return to lughor 
temperatures after a poiiod at 5° C Tlio crickets 
clock can bo resot in this way, ovon when activity is 
completely suppressed by drought 

Although light intensity is tho chief factor bv 
which animal clocks aro syncln onr/ed, regular tom 
poraturo changes can also bo effective When night- 


NO 4600 


705 


September 12, 1959 NATURE 


active animals suc h as whito rats deer mice and 
millipedes are placed m constant light, it is found 
that thoir rhythms tend to bo dela\ od while those of 
day actno forms are accoleratod Tho oonverso often 
occurs m constant darkness In tins way, diurnal 
rhythms can bo shifted as tho days lengthen or draw 
m according to tho season Synchronization with 
environmental clinngos cannot bo achieved both at 
dawn and dusk as the time of oach of these is altering 
Tho cluo tends to be dusk in tlie caso of nocturnal 
forms dawn in that of da} -activo animals 

The symposium concluded with a papor by Dr 
Mary 0 Lobban (Deportment of Physiology, Cam 
bridge) who said that m most communities man’s 
activities are geared to a 24-hr day Tho clock 
which governs this periodicity is often difficult to 
reset, as those who travel great distances at tho speed 
of m adorn aircraft well know It is, however, possible 
to separate different physiological rhythms and to 
got them adapted to different dogrocs and at different 
rates Recent work with indigenous Arctic pooploe — 
Indians and Eskimos — indicates that environmental 
factors may influence physiological diurnal rhythms 
more tluui wns hitherto thought Tomperature and 
physical exertion may woll oxert a profound offect in 
deciding whether an individual will bocomo adapted 
successfully to a now tune routine and oven whether 
ho will bocomo adapted at all 

Both sessions wore followed by lively discussions 
which eorvod to omphomze the diversity of approaches 
to be found among workers on rhyilimio plienomana 
For oxnmple, Dr William Gooddy (London) noted 
that no definition of a olook had boon given by any 
speaker tbo papers wero concerned with tho forms 
of rhythms and thoir possible causes Tho definition 
of a clock as somo form of regularly repeated natural 
phenomenon implies tho presenco of an obeerrvor 
and oach speaker liad mentioned only those rhytlimic 
rocessofl which he had solocted to bo clock forms for 
im Since it is poesiblo to study innumerable timo 
syBtoms from the human time senso to tho ‘tides’ 
mside single colls tho multiplicity end interaction of 
tho mechanisms oro ovidont It might bo wise to 
investigate organisms with nervous systems sopor 


atoly from plants Though the cycles of some systems 
oro rolatoa to the great events of astronomical 
observation they will bo modified by all other 
systems porliaps giving rise to circadian cycles 
rather than exact 24 hr cycles Final or simplo 
rhythms of an organism, including those described, 
must represent the a\ emgo effect of all the possible 
clock Farms observable by biologists m that organism 
Too much analytical work on a system in isolation 
might obecuro the general principles which may 
one day oxplain tlio mysteries of the human time 
sense 

Mr P F Mattingly (London) point od out that tlio 
study of arthropod borne \ irus diseases luul made 
it abundantly clear, despite tlio isolation of the virus 
in an intracellular environment that its o\olution 
has been conditioned by external factors no less than 
has that of the host The integration of cyclical 
rhythms m animals is not merely a physiological 
problem but forms the basis of organic o\olution 
itsolf 

Dr E T Burtt (Newcastle upon Tyno) inquired 
whether different rhythmio activities might not 
profitably bo regarded as portions of a continuous 
spectrum but Dr Cloudsloy Thompson replied that 
ho boliovod tlio re to be a hierarchy of mutually 
regulatory rhythmio patterns Another speaker 
suggested that porliaps too much work had boon 
devotod to arthropods smeo inter -cellular irons 
ferenco of hormones is not tho aame in those animals 
as m vertebrates (An instanco is affordod by tho 
sox hormones, tho inter -cellular mo\ ement of which 
is so much roduced among insects tlrnt mosaic 
individuals can be formod ) 

Dr Sydney Smith (Cambridge) emphasized tho 
dangers of lumping together a number of unrolatod 
phonomona under ill do fined names such as rhythmic, 
or cellular activity — a trait as seductive as it is 
misleading Finally Dr Harkor pointed out that 
undor conditions of doeiccation tho distribution of 
hormones within the insect body becomes blocked 
owing to reduction in the amount of blood Tins 
would explain tho phenomenon obsor\ od in tbo field 
cricket T L. Clottdslev Thompson 


THE CONTINUED PROGRESS OF SATELLITE I9586 2 
(SPUTNIK III) 

By B R MAY and D E SMITH 
R*dlo Research Statfon Department of Scientific and Industrial Research 
Ditton Park, Slough Bucks 


T HE progress of tho thud Russian Earth satellite 
10588 # launching on May 15, 1958, until 
October 31, has already been reviewed by D G 
King Holo 1 From tho lattor date the responsibility 
of following tho progress of tho satellite and pro 
dieting its flight wn% taken over by tho Radio 
Research Station Slough 

For prediction purposes a period- time cur\o has 
boon plottod, using radio and optical observations 
and this is shown in Fig 1 It is noticoablo that tho 
slope of tho curve Has boon decreasing steadily 
throughout tho period Deocmber-Apn 1 ** i^Nov 
ember 1 to December 20, 1058 ^^>0 

of chango of period was about V 


from Doccmbor 20 to February 28 about 
1 17 *ec /day , and from Fobruary 28 to March 31 
about 1 11 sec /day This decrease in slope which 
arises from a lessoning of atmospheric drag in very 
probablv a consoquonco of tho fact that tho southerly 
latitude of pongeo tho point in the orbit at which 
tho satellite experiences tho greatest atmospheric 
drag has boon increasing smeo Ootobor 24, tho dnlo 
on which it crossed tho equator This movement 1ms 
resulted in a not increase in tho height of pongee 
nbovo tho Earth’* mtrface slnco tlio rate nt wlpcli 
tho Earth’s radius has boon decreasing with _ 
has boon greater tlmn the rate At \\U i 


distance of tho orbit 1ms boon d 
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Tnblo 1 OnrnTAL EIiFWF\ts lOlt Sltfllite 1953<5* 


Date 

Nodal period 
of revolution 
(min ) 

Scml major 
axis 
(km ) 

Eccontilcltv 

Perigee 
distance 
(km ) 

Apogee 
distance 
(km ) 

Orbital 
Inrllnntlon 
(dog ) 

Date of 
rotation of 
orbital piano 
(dcR/daj) 

Argument 
of perigee 
(aeg ) 

105S 

No\ 1 00 

103 35S 

7205 8 

0 0970 

0 0908 

0583 3 

0589 4 

R003 3 

8002 2 

05 10 

2 07 

350 

Dec 1 00 

102 004 

7203 18 


0537 3 

05,38 0 

7030 0 

7937 7 

05 15 

2 71 

344 

1059 

Jan 1 00 

102 013 

7232 0 

0 0894 

0 0891 

0580 2 

0587 9 

7879 0 

7877 3 

05 14 

2 74 

331 

Feb 1 00 

101 407 

7203 0 

0 0869 

0 0S50 

0585 1 

0537 3 

7822 7 

7820 4 

05 13 

2 73 

310 

liar 1 00 

100 701 

7174 8 

0 0823 

0 0320 

0584 0 

0530 0 

7705 2 

7703 0 

05 13 

2 82 

303 

Apr 1 00 

100 202 

7147 0 

0 0789 

0 0785 

0582 9 

0585 8 

7711 3 

7703 3 

05 12 

2 84 

293 

Maj 1 00 

0f> 047 

! 

7120 0 

0 0757 

0 0752 

0581 8 

0585 1 

7000 1 

7050 8 

05 11 

2 88 

2,30 

Accuracy 

; ±0 005 

: 

±0 2 

±0 0005 

±1 0 

A10 

±0 01 

±0-02 

±1-0 


Note Upper figures In columns 4, 5 and 0 aero obtained assuming a scale height or 55 0 4m (30 nautical miles), the loner figures 
correspond to a \alue of 37 1 km (20 nautical miles) 



of atmospheric drag follows from this increase in 
height Some idea of the increase in perigee height 
with increasing southerly latitude can bo obtained 
from the following figures at latitudes 0°, 40° S 
and 00° S , the perigee heights woie 210 9, 216 4 and 
222 6 km , respectively, for a scale height of somo 
46 km (25 nautical miles) It is interesting to note 
that smee March 25, 1959, the pongoo of Sputnik III 
has been at a greater latitude than any other estab- 
lished satellite 

Superimposed upon the smooth curve are numorous 
irregularities implying changes in the effective cioss- 
sectional area of the satellite, or as is moro likoly, 
irregularities m atmospheric donsity at perigee Sug- 
gestions have been made as to the causes of those 
irregularities discontinuities of density at tho boun- 
dary of the light and dark sides of the Earth 1 , solar 
disturbances 5 — though a discontinuity at about 28° 
S , corresponding to one detected at about 28° N by 
King-Hole*, has failed to make an appearance 

The irregulai lties in the period — timo curve havo 
made it difficult to forecast with any certainty tho 
date of descent of the satellite During December 
1958 a theoretical date of descent of about December 
15, 1959, was indicated, but at the present time tho 
expected date is nearer January 5, 1960 


As an object for optical ob 
scr\alions, tho sntolhfo has been 
compnratn olv faint sinco Octo 
bor 1958 duo to its hoiglit, 
•which lias not boon less than 
460 km m tho latitude of Great 
Biiinin On only n vorj few 
occasions hns it boon obsoned 
visunlly nt stollar magnitudes 
brighter than 4- 3, and most 
observations hn\o been made at 
magnitudes + 5 to +7 Dor 
mg May when tho satellite was 
visible two and throe tunes each 
nicht, its bughtness remained 
fanlv constant (though of an 
unpredictable magnitude) on any 
one transit, m contrast with 
the flashing nature of its appear 
nnco earlier this year Tho 
sntollito is still transmitting on 
n frequency of hot w con 20 004 
and 20 005 Me /s , though it has 
fiom Australia 5 that tho satellite 
transmit a modulated signal whon 
it is in tho Earth's shadow Radio observers in 
Groat Britain havo had httlo opportunity of verify 
mg this since, on transits within rndio-rango, tho 
satellite hns not boon m tho Earth’s shadow sinco 
April 28 

Tho initial dements of tho oibit of tho satellite, for 
opoch May 15 3, 1958, woro nodal ponod, 105 975 
mm , eccentricity, 0 111, porigoo hoiglit, 226 km , 
apogoo lioight, 1,879 km , and argumont of porigoo, 
58° Tho elements for tho period November 1, 1958- 
May 1, 1959, are given in Tnblo 1 Tho nodal periods 
havo boon takon from tho period — timo ourvo used 
for prediction purposes Tho sonu-mnjoi axis, 
cccontricity, porigoo distance, apogoo distnneo and 
tho rate of rotation of tho orbital piano havo boon 
calculated from tho periods* Tho oibitnl inclination 
has boon obtained by comparison with Sputnik JII 
rocket (19588!), and tho argumont of porigoo from a 
mean cuive plotted using valuos from various sources 
including tho Smithsonian Astropliysical Obsorvntorj 
As the value of tho scale height at hoights in tho 
region of tho porigoo is uncertain, tho occontncitv 
tho porigoo and apogoo distances havo boon 


boon reported 
doos not now 


and 


calculated using two valuos of scale hoights, 56 6 km 
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and 37 1 km , tho limite within which the true value 
kj thought to be 

We should like to tako this opportunity of thanking 
all those who havo sent us observations on satellite 
19588,, both radio and optical 
The work described above was carried out as part 
of tho programme of tho Radio Research Board and is 
publish od by permission of the Director of Radio 


Research of the Department of Scientific and Indus 
trial Research. 

1 King Hele D a baiurt 183 1409(1058) 

* OroNT* 0 V AaOfff 182 1533 (1958) 

•Nonwelkr T B. Nature 188 453 (1058) 

* King HeJe D O *nd Walter D if. 0. Ntlurt 182 800 (1058) 
•Monro G H Nateu 181 1540 (1050) 

* Klag Hele D 0 »nd Walker D 3L C J JJrii I*Urptan ,$oc 1? 

2 (1050-60) 


OBITUARY 


Sir lan Hellbron, DSO , F R.S were P^^P 8 unoqualled Ropeatedly he equipped 

laboratories with unsurpassed vision so tlmt each is 
Sir Iah Heilbron died m London at the age of now a tlinving centre of research Above all, he 
seventh two, following a abort illness on September inspired o host of younger chemists many of whom 
14 Ho woe bom in Glasgow in 1880 was educated now occupy leading positions in universities or 
at tho High School and graduated from the Royal industrial life in Britain and abroad 
Technical Collogo there He had aa he was fond of The Seoond World War naturally brought Heilbron 
recalling decided upon ohomistry as lus career against again to the service of his country ultimately as 
family advice but his choice was soon confirmed scientific adviser to tho Ministry of Production, 

undor tho inspiring guidance of the late Prof G G where ho playod an important part m mtroduomg 

Henderson, for whom Heilbron acquired a life long DDT, and as a result was knighted in 1040 All 
admiration It was at Henderson s suggestion that those duties discharged with a precision and pene 
Heilbron spent a two years tenure of A Camogte tration which constantly surprised his associates 
fellowship from 1909 with Hcmtzsoh in Leipzig wore assumed however, in addition to his academic 
Here, a close companion of the late Prof R Robison, work, which wont on at an accelerated rather tlian a 

Hoilbron dovolopod a lasting interest in the applica reduced rate and led later to a now spato of publica 

tion of spectroscopy to structural organic chemistry, tionfl on such different topics as the chemistry of tho 
and this oxpononco seems to have lod to tho emergence steroids, acetylemo compounds and penicillin More 
of one of his marked characteristics, namoly, a con over, by this tuno his urnquo experience was widoly 
stout readiness to extract all posmblo assistance m sought in such capacities as chairman of the Colonial 
tho study of natural compounds by applying new Insecticides Committoe, as o member of tho Advisory 
physical tecluuques Buch as molecular distillation, Council of the Roy al Military College of Scionco and 
chxwintography and countercurrent distribution of the Advisory' Council to tho Committee of the 
However, his academic career at tho Royal Technical Privy Counoil for Scientific and Industrial Research, 
College Glasgow, whore he was locturer until 1014 and in reorganizing the International Union of Pure 
and whore ho worked m purely synthetio organio and Applied Chemistry Whilo in tho midst of those 
chemistry, was interrupted by the First World War, activities lie relinquished his academic post at tho 
fn winch lie served with groat distinction, oven t uni ly Imperial Collogo of Science and Toclmology , London, 

as assistant director of supplies in Salonika, and was to bocomo director of the Brewing Industry Research 
awarded tho DSO After tho War, ho spent a short Foundation (1949-58) which owes so much to his 
time with the then newly formed British Dyestuffs versatility, onergy and genius 

Corporation but soon embarked upon a brilliant Hoflbron’s scientific life began when the study of 
ncndemio career in which he sucoessivoly held pro chomistry and particularly of natural compounds 
fossorial chairs in Glasgow (1919-20), Liverpool was scarcely more tlian an academic pursuit , but 
(1920-33), Manchester (1933-39) and London (1938- ho lived to see many of tho methods and techniques 
40 } which ho had sponsored become go no ml tools of 

Hoilbron’s groat and pioneering contributions to research and many of his research projects dovolop 
tho study of natural compounds commenced in into subetantial segments of chemical industry It 
Liverpool His early studies on tho constituents of is not surprising therefore, that ho received wido 
fish liver oils notably squalono, lod m turn to Iub recognition in tho form of numerous awards and 
inf reduction into Britain of micro methods to further honorary dogrecs, both m Britain and overseas Any 
his many investigations on tho fat solublo vitamins more cataloguo of those achievements and distinctions 
A and D, with which was associated in duo course could, lion over, convoy httlo real impression of Jus 
still wider exploratory work on steroids and caro great qualities as a man Lucidity , constructive 
tonoids generally It is perhaps ironical that ho imagination and an almost intuit ivo insight into tho 

himself rarely snared fully m tho culminating syn complexities of scientific effort wore among many 

thotjo triumphs which were often based on tho similar clinractcristiea winch wore almost mimeriiatoh 
difficult and arduous work which ho had long ago apparent to all with whom ho came into contact 
instituted with such conspicuous aernnon, courage Thoso somewhat closer, ns m tho departments which 
and dotormmatkm Howovor, outstanding as wore ho directed, came also to recognize his goncrositv 
Ills irnmv direct contributions to knowlodgo ns sorupulous fairness and invanablo fooling of fntherJv 
reflected for example, in roino threo hundred original concern for oven tho most junior mcnabor* of hi* 
publications, and his bringing into being with H M staff To those privileged to know him still hjtjjr 

Bunbury tho “Dictionary of Organic Compounds his quick sense of humour, keon i«iom 

his indirect contributions to chemistry in general arts and nbovo nil, the *pont«ncotu* 
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■with which his lively lmnd abounded, made him an 
unforgettable and delightful personality Ho is sur- 
vived by two sons, but the sudden death of his wife, 
Elda, m 1954 was a sad blow which affected him far 
more deeply than many who know him may have 
realized A H Cook 

My close friendship with Ian Hoilbron dates from 
near the end of the First- World War and arose 
from many common interests and activities Theso 
mcluded consultation with industrial research groups, 
membership of committees under government auspices 
and tenure at different times of tho chairs of organic 
chemistry at the Universities of Liverpool and 
Manchestei Heilbron was, of course, an illustrious 
organic chemist whose roputation w r as world-wide 
and whose original work could justly bo described as 
pioneering As Dr Cook has pointed out, lie did not 
always enjoy the full fruits of his labours Others 
stood on his shoulders and w'ero thus enabled to roach 
higher A part of Ins work was m fields of potential 
commercial importance and doubtless for this 
reason somo of his discoveries wore impatient h 
exploited 


NEWS ai 

Astronomy at St Andrews Prof E F Freundlich 

Prof E Finlay Freundlich, who four years ago 
retired from tho Napier chair of astronomy at St 
Andrews, relinquishes now also his directorship of 
the University Observatory Prof Freundlich started 
his astronomical life some forty years ago at tho 
Berlin Observatory Much of his w ork was determined 
by an early association with Einstein which made 
him pursue the question of obsorvational tosts of tho 
theory of relativity In ordor to investigate the 
predicted red-shift of spoctrum lines, Froundhch 
cieated m the early ’twenties at Potsdam tho woll- 
known Einstein Institute with its tower tolescope 
The new solar installation, among tho bost- of tlio 
time, produced new observational ovtdonco on tho 
‘limb’ effect, and also important pioneer work on line 
profiles Freundlich ’s mam contribution to the fiokl 
of relativity astronomy is undoubtedly his eclipse 
work on the deflexion of light at the Sim’s limb His 
results of 1929 aro still among the best obtamed on 
this oxtromely difficult problem, and his conclusion 
that the observed deflexion oxcoeds tho tlioorotical 
value is now generally accepted Prof Froundhch 
loft Germany m 1933 and after a few years m Istanbul 
and Prague settled m St Andrews in 1939 Hero he 
bocame interested m the design of a largo Schmidt- 
Cassegrain telescope A 19-m pilot model was sue- 
cessfully sot up m 1950, and the mam parts of tho 
full-size 37 in telescope are now nearmg completion 
In tho University, Freundlich instituted an honours 
course m astronomy, m which he paid particular 
attention to his favourito subject of colostial mech- 
anics It is pleasmg to know that when Prof Fround- 
hch returns to his nativo Rhineland, an association 
wuth the University of Mainz w ill allow him to retain 
an active interest m astronomy 

Prof D W N Stibbs 

Dr D W N Stibbs succeeds Prof E Finlay 
Freundlich m the Napier chair of astronomy at 
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Heilbron had much courage of his vory firmly hold 
convictions, and did not fail m finding words to 
oxpross thorn Ho caused many a breath of fresh 
air to pass ovor tho conforonco tablos, especially 
when ho thought progioss was too slow or whoro lio 
detected evidence of rod -tape mentality 

His contributions in tho Socond World War wore 
oxtromely valuable If ho had not boon a scientist 
ho could liavo bocomo a most successful business man 
and his executive activity was characterized by 
promptitude and officioncy Every laboratory which 
camo undor his chaigo was greatly improved, not 
morely by now construction but also by bettor 
considered orgnmz-ation of oxmting facilities His 
attention to dotail in those connexions was vory 
characteristic As an investigator bo also oxcolled m 
planning tho campaign and was instrumental m tho 
introduction of important nov ol techniques 

In pi lvate lifo his frionds found him quite dimming, 
an oxeollont host and a greatly approcintod guest Ho 
was fastidious and had a most sonsitivo appreciation 
of tho fine arts Above all ho was a warm-hearted, 
gonorous man who devoted lumsolf to public somco 
and to tho progi e c s of science R Robinson 


d VIEWS 

St Andrews A graduate of tho University of Svdnov 
m physics m 1942, Dr Stibbs gained his early astro 
nomical training at the Commonwealth Observatory 
under tho Astronomer Royal, Dr R v d R Woolley , 
afterwards thoy wero co-authors of tlio well known 
monograph “Tlio Outer Layers of a Star” Engaged ns 
lecturer in mathematical physics at Arondalo in 
1942, Dr Stibbs was seconded from tliero to work 
for tho Rojnl Australian Aar Forco on tho influcnco 
of tho lonosplioro on radio direction-finding Ho re- 
turned to Canberra after tho War and was appointed 
RadcliiTo Travelling Follow in Astronomy in 1951, 
and worked first at tho Rndclifib Obsorvatory, Pro 
tona, and afterwards at Oxford wliero ho gained his 
D Phil in 1954 In 1955 ho joined tlio Theoretical 
Phjsics Division at tlio Atomic Weapons Research 
Establishment, Aldermnston, where ho lias been 
engaged m theorotical research on the interaction 
between radiation and matter under stellar condi- 
tions Ho is probably best known for bis fundamental 
w ork on tho motions of tlio southern galactic Cepboids 
as determined from lus own consummately planned 
observations at tlio Rndclifib Observatory In a 
discussion of tho motion of these stars and of thoso 
oarhor obsorvod by Joy at Mt Wilson, Dr Stibbs 
rovealed a marked discrepancy in tlio neighbourhood 
of tho galactic centre between tho rotation of tho 
Cophcid System and tho noutrnl liydrogon clouds 

California Institute of Technology 

Dr Richard P Feynman 

Dr Richard P Feynman lias boon appointed 
Richard Chaco Tolman professor of theoretical 
physicB at tho California Institute of Tcclmology 
Tho trustees created tho now chair m physics m 
honour of tho memory of tho lato Dr Richard ToJman, 
an internationally known thoorotical physicist and 
chemist who for years was dean of graduate studios 
at tho Institute Dr Foynman is considorod to bo 
one of tho world’s outstanding thoorotical physicists 
tor his contributions to tho understanding of aionuo 
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structures and quantum rnoohanica Recently in 
collaboration with Dr Murray Goll Mann, of the 
California Institute of Technology, lie doyoloped 
n theory of weak Interactions, which genera the 
electron and positron m wnlioaotzvity Dr Foynmnn 
graduated from tho Massachusetts Institute of Toch 
nology and roooi\ od his Ph D at Princeton University 
.tls a scientist with the Manliatlan Project, ho is 
credited with making important contributions toward 
do\ eloping tho atomic bomb In 1954 ho won tho 
•Ubort Einstein award one of America’s highest 
scientific honours 

Ministry of Supply Director of Materials Research 

and Development 

The retirement of Dr H Sutton m August from 
hm present post na drrootor of Materials Rosoarch 
and Development (Air) marks the end of the full timo 
service of a most distinguished motallurgist who has 
given the whole of hie professional life to tho public 
pcr\ ice Dr Sutton was educatod at Kang’s School 
Macclesfield took hm first degree m olimru strv at tlio 
Lmversity of Manchester, later tho degroo of M 80 
and m 1035 he received tho degree of DBc In the 
First World "War he served ns research assistant to 
Prof C A Edwards, who was then tho regional 
controller and advisor In Manchester to tho Ministry 
of Munitions His departure therefore savors ono of 
tho rnro personal links of the present Ministry of 
Supply with ono of its predecessors, tho Ministry of 
Munitions Joining tho Reyn I Aircraft Establishment 
at. Famborough in 1018 ho -wan appointed the head 
of its Department of Metallurgy in 1025 a post ho 
retained until 1943 whon ho was transform! to tho 
headquarters post whioh ho has built up largely 
tlirough his own personal and professional qualities, 
to the important position it now holds in tho field of 
British metallurgy especially in relation to apn 
amities 

Dr Sutton was a pioneer m tho work on ho 
formulation and fabrication of light metal alloys 
without wlnrh aircraft in their present form would 
not be known Ho whb also early In foreseeing some 
of tho special dangers to which they are subject In 
relation to crack formation brittlonoss and tho liko 
In later years wlnlo never discarding his first interests 
jn aluminium liased alloy's ho lias boon forward m 
promoting work on titanium and other possible moro 
no\ 0 l motftls At tho same time as tho scope of his 
duties has widened ho has seen to it that muoh 
attention has ?>oon given to tho non metallic materials 
that play so important a part in tho construction of 
modem mrcmft A prolific author of papers on 
metallurgical subjects published in most of tho 
metallurgical journals ho lina boon honoured during 
hm career by Bio award of Bio Simms Gold Modal and 
tho Silvor Modal of tho Royal Aeronautical Society 
He is a Fellow of tho Royal Aeronautical Sociotv, a 
founder Follow of the Institution of Metallurgists and 
n member of all tho relevant professional societies 
His professional ndv ice lias boon widely sought by 
committees in government and industry and ho has 
Ixwi unsparing in forwarding thoso mibjcots to which 
he lias doy otc<l his hfo 

The Council for Nature 

At tho recent annual gonornl mooting of tho Council 
for Nature tho following resolutions wore passed 
‘Tho Council for Nature fully sliaros tho great 
concern of rial urnlists in Britain at tho threats to tho 
remaining undeveloped areas of the country’s coast 


line by' industrial and other dovolopmonta and con 
aiders that the importance of those areas both for 
scientific study ana for the conservation of wild hfo 
no less than for the preservation of amenity and 
opportunities for recreation calls for a halt to the 
process of spoliation Tho Council therefore urges 
that a meeting of tho national bodies interested in 
tho matter should be convened by the Nature Con 
ncrvnncy at an otirly date with a viow to pressing for 
vigorous action including a review of the principles 
at present governing tho siting of nucloar powir 
stations 

“The Council for Nature welcomes Bio public 
spin tod action of a large firm of manufacturers in 
withdrawing rocontly thoir supplies of arsenical spray 
Tho Council, while recogmzmg Bio nood for the use 
of toxic sprays (subject to proper eofoguard) urges 
the Government to control tho wholesale application 
of agricultural sprays tho cumuJativo oflfect of which 
is still unknown, but whioh have been, or may bo 
damaging to so many plants and animals, including 
such useful insects as boos Tho Council urges further 
that tho uao of arsenical sprays should bo prohibited 
or restricted forthwith, and that tho Government and 
its agencies should givo high priority to tho research 
needed into the long term offect of toxic sprays on 
the complex Hfo of tlio countryside * 

Canadian Institute of Oceanography 

The Canadian Government os well os tho univor 
eitiee are showing rapidly growing internet in tho 
sclontifio study of the oceans An annual grant of 
90,000 dollars to Dalhousio University was mndo by 
tlio National Research Council of Canada for tho 
establialimont of an Institute wiBun tho University 
to toach and promoto research (roe Nature, 183 1101 
1959) Tho Department of Minos and Technical 
Survey's has now announced its intention to sot up a 
new Biroo-milhon dollar laboratory m Bedford Basin 
at tho hood of Halifax Harbour only a fow miles from 
tho Umvorsity Tlio projoct means tho budding tip m 
tho neighbourhood of Halifax and Dartmouth of a 
strong centre for rnnruio sciences. It will include the 
Atlantic and sub Arctio soot ions of tho Canadian 
Hydrographic Sorvico tho ocoanogrophors hvdro 
graphorB and goologists who work in tho Arctic and 
tho Atlantic Ocoanographicnl Group of tlio Fislionos 
Research Board Ten now ships to serve thorn are 
already being planned and tho first the C G 8 Hudson 
costing rovon million dollars is oxpoctod to lie com 
missioned m 1901 Tlio mam purpose of the new 
laboratory which will ho called tlio Bedford Institute 
of Oceanography, is to study tho physics of tho water 
and tho sea bod, hut provision is made for close co 
operation and liaison among aTl nspocts of tho subject 
and wiBi tho rapidly growing oflort on tho Pacific 
coast and work on tho Great Lakes In making the 
announcement tlio Ministry of Mmos and Technical 
Surveys stressed the importance of a bettor under 
standing of tho oceans to science, defence commerce, 
and dovolopmont of tho country s resources 


Reconstruction of Brazilian Library 
An appeal for holp to reconstruct Bio library of the 
Brazilian Centre for Physics Research damngod m a 
*occnt fire has boon launched Ijy Unesco and the 
international Atomic Energy Agency At a moot mi, 
t>f Unosco’s Executive Board in Paris in Juno Pro 
[» doB Cnmoiro stated that tho Centro 
3 f works on nuolcar phvsies and , 1 P ^ n j IBJ , boon 
tho only ono of its kind in Latin 
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almost entirely destroyed The Executive Board 
responded to the appoal by recommending a number 
of measures to provido international aid from Unosco, 
the International Atomic Energy Agency and the 
TJ N Technical Assistance Administration The 
library has boon added to the list of projects for which 
Unesco gift coupons may be given Universities, 
libraries, technical institutes, non-govommont organ- 
izations, and governments of Unesco’s Momber 
States havo also been asked to contribute Organiza- 
tions or individuals wishing to help m tho restoration 
of the library may write to Contro Brasiloiro do 
Pesquisas Fisicas, 71 avomda Venceslas Braus, Rio 
de Janeiro, Brazil All offers of books, micro films, 
extracts or other documentation should bo made 
directly to the Centre Gifts of monoy may bo sent 
m the form of Unosco Gift Coupons, about which 
information may be obtained from the Public Liaison 
Division, Unesco, Placo do Fontonoy, Paris 7o 

Grants for U K Students 

The 1959 Grants Year Book, tho fourth to bo issued 
by the National Union of Students (1959 Grants 
Year Book Local Education Authority Awards to 
Students Pp 107 London National Union of 
Students, 1959 2s 0 d ), compuses a dotailcd guide 
to the values of awards paid by tho Ministry of 
Education and the Local Education Authorities to 
students taking courses of higher education and to 
the regulations governing those awards Thcso 
details are arranged by counties and county boroughs 
and there are appended notes on university and 
technical college awards, on training collcgo awards, 
postgraduate awards of the Department of Scientific 
and Industrial Research, and other bodies An 
account of tho new system recently introduced in 
Northern Ireland is included, and thero is a general 
survey of awards, 1958-59, based on information 
received since November 1958 An introduction to 
the Year Book urges the importance of furthor 
expansion of the teacher training colleges and 
stresses the need for a national scale of minor aw ards 
assessed on the same basis and principles ns tho 
major awards to eliminate the presont wido variation 
m minor awards for technical and similai coursos 
Attention is directed to tho wide variations between 
the local education authorities in number of awaids 
shown by the Ministry" of Education’s publisliod 
statistics 

Research in Dairying 

It is not often realized that tho milk produced in 
tho United Kingdom nowadays amounts to about 
2,200 million gallons a year and is worth about £1 
million a day An industry" of such magnitude and 
importance surely deserves a first-class research 
service The fact that it lias got such a servico can 
bo soon from the annual report of the National 
Institute for Research in Dairying for 1958 (pp 154 
Shuifiold National Institute for Research m Dairy- 
ing, University of Reading, 1959 4 a ) It is clear 

from the report that the Institute is making a very 
thorough study of the scientific principles on which 
the art of denying is based, by doing research work 
of a high quality on fundamental problems, such as 
digestion and metabolism in the ruminant, the 
biochemistry and physiology of milk secretion, and 
also on problems of an immediately practical nature 
such as those concerned with the growing of crops 
for feeding dairy cattle, the milking technique itself 
and many technical and engineering problems 


associated with tho handling and processing of milk 
and the manufacture* of milk products Tho roport 
contains an mformativo description of tho work that 
is being done in each department of tho Instituto, 
and some of the more significant of the rocont findings 
are summarized m a brief oulhno which givos mfornia 
tion on about thirty of tho many differont items 
under investigation A w'oll-dcsorvod tribute is paid 
to Prof H D Kay, who rotirod last yonr after being 
director of tho Instituto for moro than twenty -fivo 
years, and also to tho Earl of Ivongh, who has 
rosignod fiom tho bomd after a long ponod of servico 
m which ho did so much for tho welfare of the In- 
stitute and its staff Tho roport includes a detailed 
list of 182 papers that woro published in tho period 
under re\ icw 


Mathematical Games 

Among tho many nspocts of Japancso culture that 
havo recontly engaged tho interest of Americans is 
‘origami’, tho ancient Jnpnnoso art of paper-folding 
Sovornl books on tho subject nro now available m 
English, an origami workshop flourishes in Mnnlmttnn 
and tlio country's first pnpoi -folding exhibit was 
opon to tho public at Cooper Union’s Museum for 
tho Arts of Decoration m Now York (Scientific 
American, 201, No 1, July 1959 ) 

Tho ongins of origami nro lost in cm ly Oriental 
history Foldcd-papcr birds appear os kimono 
decorations m oightoonth-contury Jnpnnoso prints 
but tho art. is many centuries older in both Chinn nnd 
Japan At one tnno it was considoied nn accom- 
plishment of refined Japancso ladies , now its thief 
practitioners scorn to bo goisha gills and Japanese 
clnldion who loam it in school Dining tho past 
twenty "soars thero 1ms boon a marked upsurge of 
interest in orignnn m Spam and South America 
Traditionally, origami is tho art of folding realistic 
animals, birds, fish and otlior objects from a single 
shoot of papor, without cutting, pasting oi docointing 
Tho attraction of origami lios m tho extraordinary' 
realism that can ho obtained with nothing moro 
than a squaro of paper and pair of doft hands A 
shoot is folded along gcomotncal linos Suddenly 
it is trnnsfonnod mto a dehento pioco of mirunturo 
somi-abstract seulpturo of considornblo beauty 

In viow of tho gcomotncal aspect of paper folding, 
it is not surprising that many mathematicians hn\o 
boon fnsematod by" this art. Low is Carroll, for 
example, was nn enthusiastic pnpor-foldor Tho 
litoratmo of recreational mathematics includes many 
booklets and articles on folded-paper models, includ- 
ing those curious toy's colled floxagons Tho folding 
of regular polygons, though not part of classic oi igami, 
is a challenging classroom exorcise Tho equilateral 
tnanglo, squaro, hexagon and octagon mo quite easy 
to fold, hut tho pentagon offers special difficulties 
Papor can also bo folded to produco tnngonts that 
havo ns their onvclopo various low -Older curvos 
Tho parabola is particularly'’ easy" to demonstrate 
Closoly related to this folding procedure nn interesting 
problem m elementary calculus can bo demonstrated 
Tho most remarkable of all origami constructions is, 
how over, tho bird that finjis its wings A numboi of 
origami animals havo action foatures a fish that 
opens its mouth, a frog that hops whon its bnck is 
stroked, and so on 


WHIUUiUOr, ,/m.^iu,,! 

The roport of the Seventh Symposium (Intc 
national) on Combustion, tho first of tho Intc 
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national Combustion Symposia to be held out-sido 
the Urn tod States has been pubhshed (Pp xxvi + 
059 London Buttorw ortha Sciontifio Ikiblications 
1050 224s) It contains 124 original papers presented 
during August 20-Septombor 3, 1058, at Oxford 
Few who have a serious interest m oombustion 
will fail to profit from a study of its pages The 
largest of tho olaven groups of papers concerns 
the chemistry of combustion reactions and thoro 
arc throe important groups dovoted respectively to 
deflagration, detonation and oombustion in flowing 
systems Smaller sections are concerned with 
spectroscopy, ionization and turbulence in flames, tho 
last containing particularly welcome contributions to 
a difficult and until recently, neglected subject Tho 
soction on ignition and limits of inflammability 
attracted mainly papers on the former subject, while 
that on the interaction of flames with surfaces proves 
to bo a repository for papers on a variety of loosely 
related topics The soction on special fuels is 
disappointingly short and the final group of papers 
on instrumentation is characteristically misoel 
laneous 

The editors and publishers are to bo commended 
on at least two counts For tho first time the volume 
appoared with a delay of littlo more than six months 
after the meetings Furthermore, thoro is for the first 
time a rational and almost complete record of the 
dismissions One suggestion still remaining to bo 
implemented is that the papers should be provided 
with a uniform type of summary or abstract Will 
tho Eighth Symposliun book display every virtue of 
its kind ? The present volume lias not fallen far 
short of doing so 

Computer Applications 

The report of the proceedings of tho fifth annual 
Computer Applications Symposium held in Chicago 
during October 29-30 1958, has now been published 
(pp x + 163 Chicago, 111 t Armour Research 
Foundation of Illinois Institute of Technology, 1969 
3 dollars) It co\ ere the whole range of applications of 
computers and some two thirds of tho papers are 
concerned with data processing or computer organ 
i ration, ovon though sometimes labelled as engineer 
ing and scientific, os for exampio, tho papers by 
R A Haortlo on “Uso of a Computer in tho ‘AC’ 
Spark Plug Division of General Motors”, and by 
E M Chastain ond J C McCall on “Computer 
Sliaring by a Group of Consulting Engineering Firms” 
At first reading it would appear that tho Umtod 
States is muon ahead of Britain technically in 
dealing with data processing and largo -scalo eoiontifio 
woric, but perhaps it is in the attitude of mind to 
wards application of the computer to this type of 
work tliat Britain is really liohind Tho breadth of 
MBion shown in papers such as that of Col Eliott, 
dealing with tho data processing for air material 
command, and the willingness to attempt tho ‘blue 
pkies approach indicated both there and in tho paper 
by R D 'Whislor on work at Johnson’s War, is 
very impressive It contrasts markedly with tho 
timid and hesitating steps being taken w Britain 
and is a measure of the confidence now folt m tho 
United Statoe in tho capacity of computers to carry 
through data processing economically On tho toch 
meal si do, ono or two papors are of particular interest, 
such as that of R W Hamming on * Frontiers of 
Computer Technology”, and that of TV F Bauer on 
“Tho Future of Automata) Programming” On tho 
whole, it la an interesting report, but not of special 


interest to tho general scientific road or, except to 
demonstrate tho very wide field over w hi oh com 
patera are now applied 

Guatemalan Flora 

The Flora of Guatemala is continued with a part 
dovotod to a number of families of Gymnospemis and 
Monocotyledons, including tho largo Cyporoceao 
Palmoceae, Araceae and Bromeliacoae {Chicago 
Natural History’- Museum. Fielcbana Botany 
Vol 24, Part 1 Flora of Guatemala By Paul C 
Standloy and Julian. A Steyormark. Pp ix 4-478 
(121 figures) (Chicago, 111 Chicago Natural 
History Museum, 1958 ) 8 dollars) Thoro jb a 

numbor of holpful illustrations It must be romem 
bored that this work also deals with tho flowering 
plants (and their vemaoular names) of British 
Honduras, * since on both goographic and botanical 
grounds it is essentially a port of Guatomala Tins 
part opens with a plan of tho Flora and mentions 
certain, areas of Guatemala which still nood further 
oxploration 

Space Projectiles 

The Russian journal Prtroda has reoently pub 
1 1 shod a senes of articles dealing with various 
tvpos of space projectiles launched in the Soviet 
Union and the typo and methods of observations 
connected with theeo project lies Thus Y L. Alport 
(10, 71 1968) discusses tho study of the ionosphere 

V L Krasovsky (12, 71 , 295S)— -tho study of tho 
upper atmosphere, A. E Chudakov (12 88 1958) — 

tho study of photons, N A Dobrotin (1, 67 1959) — 
tho study of cosmic rays N S Yakhontova (4, 5 
1069) presents an account of tho small artifioisl 
planet launched in January, and, flnnllv , Y L Kurt 
(5 74 j 1059) discusses the artificial luminous sodium 
comet 


New Radioisotope Training Programme 
The Atomic Energy Commission of tho United 
States line anno uncod a now programme which will 
provide students of undergraduate colleges with tho 
opportunity for specialized training m tho tochmqucs 
of using radio isotopes The now prograramo will 
utilize a mobilo training laboratory winch can bo 
moved to the oollogo campus for presentation of a 
short (two -week) con centra tod courso on tho basic 
techniques of handling radioisotopes Tho laboratory 
will be similar to ono presented last year to tho 
International Atomic Enorgy Agonoy by the United 
Statoe Further information is availablo from 
University Relations Division, Oak Ridgo Institute 
of Nuoloar Studios, 7? O Box 117 Oak Ridge 
Tcnnocaoe 


Animal Health Trust Awards, 1959-60 
The Animal Health Trust has announced the follow 
mg senior awards for tho period 1959-00 Wcllcomt 
Ftllcncfihipt Mr P IT Lnmont to undoriako invtwli 
gation of enterovirusos of tho pig and their possible 
rolo, m drsoAse at tho Department of Animal Patho 
logy, Cambridge, under Prof TV I Bovondgo , Mr 
I R Falconor to study thyroid-m arinn-pituitnrv 
interrelationship at tho Department of Biological 
Chemistry, University of Abordoon, under Dr H. A 
Robortson Vilamcalo Felloxoshtp This now award 
was foundod to commemorate tho 70tli b*muU> ° 
Lord Honk ond hr* clc*o osooemtion , ~dh WnmJnrn 

Ltd , bv Y.hom it ™ " „!£* on ionv. 

, 9 Mr D B Ro*, rrho !* to oontlnno rvor 
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of the more fundamental aspects of magnesium 
metabolism, particularly intestinal absorption Initi- 
ally Mr Boss -will -work at the Department of Animal 
Pathology, Cambridge Research Training Scholar- 
ship Mr WAG Charleston to undertake an 
investigation into the mechanics of the quadrupedal 
vertebral column, with special reference to the dog 
and the cat, under Prof C W Ottway at the Depart- 
ment of Veterinary Anatomy, University of Bristol 
Eight Evans Final Year Scholarships have also been 
nw arded 

The International Nickel Company of Canada, Ltd , 

Fellowship 

The establishment of a fellowship to honour tho 
visit of HM the Queen and HRH Prince Philip, 
Duke of Edinburgh, to tho nickel mmes m tho Sud- 
bury area has been announced by the International 
Nickel Company of Canada, Ltd , and tho Canada 
Council (the latter being a body established by tho 
Canadian Government for tho encouragement of the 
arts, humanities and social sciences) Tho fellowship 
will be called ‘The Queen Elizabeth II Fellowship 
(The International Nickel Company of Canada, 
Limited, Royal Tour, 1959)’ The award will bo a 
postdoctoral fellowship tenablo for two years 
Research can be undertaken m the chemistry or 
physics of metals, geophysics, geology, metallurgy, 
mineralogy, or mining Candidates must be Canadian 
citizens and holders of a doctor’s degree and tho 
fellowship must bo held at a Canadian university 
The International Nickel Compnny has deposited 
15,000 dollars with tho Canada Councd, which will 
supervise all arrangements for tho fellowship 

The Night Sky in November 

Fuel Moon occurs on Nov 15d 09h 42m u t 
and New Moon on Nov 30d 08h 46m Tho following 
conjunctions with the Moon take place Nov 4d 
16h , Saturn 5° S , Nov 27d 021i , Venus 0 6° N 
In addition to these conjunctions with tho Moon, 
Mercury is m conjunction with Jupiter on Nov 7d 
lOh , Mercury being 3 4° S , Mercury w ith Antares 
on Nov lOd 05h , Mercury being 2 0° N , Jupiter 
with Antares on Nov 15d lflli , Jupiter bemg 
5 2° N , Mercury with Jupiter on Nov 17d OCh , 
Mercury being 2 1° S , Mercury with Antares on 
Nov 17d 21h , Mercury being 3 3° N , and Venus 
with Spica on Nov 30d 05h , Venus being 4 5° N 
Mercurj r is too close to the Sim for observation 
Venus is a mommg star, rising at 2h 35m , 2b 55m 
and 3h 25m on November 1, 15 and 30, respectively , 
its stellar magrutudo is — 4 0 Its distance increases 
during the month from 55 to 77 million miles and tho 
visible portion of the apparent disk inci oases from 
0 443 to 0 598 Mars and Jupiter are too close to 
the Sun for observation Saturn sets about 2 hr 
after the Sun, and will be visiblo low m the south- 
west after sunset , conditions are not favourable for 
observation Oecultations of stars brighter than 
magnitude 6 are as follows, observations being made 
at Greenwich Nov 4d 17h 47 6m , Y Sgr (D) 
Nov 5d 17h 23 7m , p Sgr (D) , Nov 14d 3h’ 
53 9m , 5 Ari (D) , Nov lCd 18h 32 0m , a Tau 
( D ) , Nov 16d I9h 28 9m , a Tau (R) D and R 
refer to disappearance and reappearance, respectively 
The Taurid meteors are active during tho first fort- 
night of the month, conditions being moderately 
favourable , the radiant is near R A 3h 36m , 
Dec + 14° The Leonids are active during November 


15-17, but conditions are unfavourable for obsona 
tion 


Announcements 

The first Polarographic Society Modal lias boon 
awarded to Prof J Boyroysky foi his discovory of 
tho polarographic method m tho ninotoon-tw ontios 
and for tho subsoquont major contributions to the 
subject by himself and his studonts 

Dr IV M Hampton, of Chance Brothers, Ltd , 
will dohvor tho Fifth Chanco Memorial Locturo of 
tho Society of Cliomical Industry’ under tho title 
“Tho Development of Furnaces for Glass Molting” 
Tho Locturo will bo doliverod on February 9 m 
Birmingham 

Dr Arts s ley Joao, of tho Department of Physio- 
logy', University of Edinburgh, has boon appointed 
by tho Royal Socioty to a Locho Research Follow ship 
Dr Iggo will continuo lus lesearcli at Edinburgh on 
unmyelinated afferent norvo fibres tlioir ponphoral 
specificity and their central connexions 

Prof A L Hodgkin, Royal Socioty lesearcli 
professor in tho University of Cambridge, and Prof 
R Mdnes Walker, professor of surgery' in tho 
University of Bristol, have been appointed mombors 
of tho Medical Research Council in succession to 
Prof R C Garry' and Mr H J Soddon, who arc 
rotirmg aftor their normal four-year term of service 
Tlio Committeo of Privy' Council has also rocontlv 
appointed Sir Hugh Linstoud ns tlio House of 
Commons member of tho Council in succession to 
the Into Richard Fort 


Tire Bibliography of Scientific Publications of 
South and South-East Asia for Juno 1960 (No 6, 
Vol 6) compiled jointly' bv tho Unesco Science 
Co operation Offices for these nrens and published by' 
Insdoc, National Physical Laboratory, Now Delhi, 
lists by subject a further 102 titles 

The Committeo on Firo Resonrch and tho Fire 
Research Conference of tho Division of Engineering 

and Industrial Research of tho U S Nntionnl Academy’ 
of Scionccs-Nationnl Research Council is planning 
a two day' international svmposium on tho theme 
“Tho Use of Models in Firo Research”, to bo hold at 
the National Academy of Sciences in Washington, 
DC, during Novombor 9-10 Further information 
can bo obtained from Mr D W T Thornhill, Executive 
Socretary', Committee on Fire Research and Firo 
Research Conforonco, National Acadomy of Sciences, 
2101 Constitution Avonuo, Washington 25, D C 

Awards for studv m statistics by persons whoso 
primary' field is not statistics but ono of tho physical, 
biological or social sciences to winch statistics can bo 
applied aro offered bv tho Department of Statistics 
of tho University of Chicago Tlio awards rango from 
3,000 dollars to 5,000 dollars on a nmo months basis 
or 4,400 dollars to 6,000 dollais on a basis of olov’on 
montlis Tho closing date foi application for tho 
academic yoar 190O-G1 is February' 15, I960 Furthei 
information can bo obtained fiom tlio Dopartmont 
of Statistics, Eckhart Hall, Umvorsity of Chicago, 
Chicago 37, Illinois 


Erratum In tho communication ontitlod “Incor- 
poration of dl-[ 2- I4 C] Movalomc Acid Lnctono into 
Polyisopreno”, by R G O Kokwick, B L Archer 
f al m Nature of July 25, on p 270, col 1, lino 1, 
for activo” read “inactive” 
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THE NATIONAL PHYSICAL LABORATORY 


T HE National Physical Laboratory hold two open 
days on May 27-28, when about 3 500 guests 
from industry, tho universities and Government 
department* viewed 150 exhibits covering the mam 
items of tho current research programme* As lost 
\ oar, the exhibits wore choeen to illustrate* cortmn 
selected topics, but arrangements wore made for 
visitors to disc usb with specialist members of the 
staff ltoms of work not on display 

Tho nmo scientific divisions of tho Laboratory 
function largely os indejKindont units, but in a 
number of caeca tho programmes rnvolvo close col 
lab oration botwoen divisions Tills is particularly tho 
caeo with the work of Mathematics Division, much 
of tho work of which consists of providing advice 
and computing facilities to other divisions Excellent 
oxamples of the frmtfulnoss of such collaboration 
wore scon in tho work on machine tool control by 
tho use of diffraction gratings, shown by the Light 
Division, and m a now infra red spoctroraotor ox 
hibitod by tho Basic Physics Division 

The measurement of fundamental standards lias 
always boon ono of tho basic responsibilities of the 
Laboratory and a reorganization of Divisions m 
1958 brought such measurements mainly within tho 
fields of the Standards nnd Applied Physics Division* 
vMth the newly created Basio Phymcs Division con 
corned with more fundamental research in some 
newer fields 

In an experiment domgned to measure tho gyro 
magnetfo ratio of tho proton, apparatus for winch 
was oxhibitod the Standards Division is extending 
its field of endeavouring to relate measurement to 
atomic constants A mngnotio fiold about twenty 
time* the strength of the Earth’s fiold is produced by 
means of a known oloctric current m wire coils of 
known dimensions At the contro of the coil system 
a spherical container is fillod with water the source 
of tho protons Tho latter are polarized In a direction 
perpendicular to tho known fiold by a current main 
lainod for a few seconds in a cofl surrounding tho 
sphere When this polarizing fiold is removod tho 
protons return to a stato of equilibrium over a period 
of about 2 boc , during which time on o m f 
is induced in the polarizing coil now usod as 
a pick up cofl Tho frequency of tins c m.f., about 
40 ko l» , ib measured, and from it and the known 
applied field tho gyromagnotic ratio is calculated 
Tills constant is of importance for do fining stronger 
magnotio fields whioh may then bo usod for tho 
determination of e/m for fundamental partfeloe 
Tho tondonev to relato all standards to more funds 
mental quantities is also soon in tho uso of mono 
chromatic radiation as a fundamental standard of 
length The prociso mtereompanson of wave lengths 
has thus bocomo of increased importance and a 
high resolution spectrometer for this purpose was 
shown It uses tho motived of ntr pressure variation 
to scan tho fringes of a Fabry-Porot intorforomotcr 
but, since tho instrument is illuminated with light of 
tho two wave lengths to be compared in very rapid 
alternation it is not necessary to moosuro tho 
absolute pressure of tho air very oxactly In syn 
cliromsm with tho rotating ‘clvopper shutter tho 


output of the receiving photomultiplier Ib switched 
to two amplifiers Errors due to changes of source 
intensity are eliminated by an additional photocell 
moosunng the ratio of transmitted to incident light 
The variation m intensity of tho centre frrngo with 
pressure for the two sources being compared is 
recorded on a fcliart recorder Arrangements nro also 
fit tod for digitizing the records on punched tape 
which can then be fed to a computer for Founer 
analysis to obtain data on phase shifts at the semi 
reflecting Biirfacee and other information The 
instrument will bo u*od for comparisons of standard 
wave- lengths, measurements of isotope shifts and 
work with sources at liquid lielium temperatures 

Another new field of standardization, undertaken 
m tho Applied Physics Division, is that of neutron 
sources, required to produce known neutron fiuxos 
for work in problems of reactor design Tho strength* 
of the sources are compared by suspending them 
overnight by a flno thread at tho centre of a largo 
spherical container filled with manganese eulphnfo 
solution A correction is applied for the neutrons 
escaping from tho vessel The amount of man 
gonoso 5G producod is determined by p-docay 
measurements, whioh are compared with those 
obtained offer tho addition of n known amount of 
notivo manganese to tho samo container It is also 
hoped to obtain a confirms tern, measurement from 
the amount of helium producod m three boutccs 
ovor a period of time Six British sources have 
boon compared with a Canadian standard 

The same Division has sov oral rooms specially 
designed for the measurement of sound, but this is a 
field in which subjoctivo measurements nro of more 
than usual importance The results of extensive 
experiments on the loudness of directional sound 
fields, aa measured by pressure at tho listener’s oar, 
wore shown Such measurements however do not 
indicate the total loudness to a listener owing to tho 
odditiv o ©fleet* of both oars Charts were also shown 
for a group of observers showing that tho directional 
arrival for maximum loudness varies in a com 
plicatod way with frequency An approximate 
binaural summation theory ha* been developed 
from which some calculations of loudness Irnvo been 
mndo theeo compare fafrlv well with tho results of 
direct measurements 

Tho newer programmes in tho Basic Phy sics Division 
are only now coming into operation An interesting 
infra rod spectrometer of novo! type for study of tho 
wa\ o length region 5%-l mm, was shown This 
region is of particular import onco in tho thoory of 
superconductors and of radiation from tho Earth s 
atmosphere A Micholson interferometer is used to 
scan tho spectrum, tho output intensity being received 
by a Golay coll Tho resulting interferogrnm is then 
translated into a spectrum by digitizing the m forma 
tion and food mg to a computer Tho instrument has 
considerable advantages ovor a conventional infra 
red spoct remoter in speed in a typical oxamplo the 
range 100-30%, was observed in 25 min with « 
resolution of 0 4 cm -1 and computed in B min It 
is hoped that with further development 
advantage* in resolution will also ° * 
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The same Division also showed an ultiasomc 
goniometer In this dovice the critical angle of 
reflexion of an ultrasonic wavo (5 me /s ) incident 
upon an area of about 1 cm a of the surface of the 
specimen is measured In metals of marked elastic 
anisotropy, any preferred orientation introduced 
dm mg fabrication can bo dotectod from the chango 
m this critical angle It is, for example, in some 
cases possible to determine the rolling direction of a 
plate By varying the frequency of the incidont 
wave (2-15 me /s ) some information on tho dopth of 
surface effects m texture can bo obtained 

In the Metallurgy Division results of importance in 
the fundamental theory of metals aro bomg obtained 
from transmission eloctiomnicrograplis of thin iron 
fods Strip, 0 02 m thick and representative of bulk 
material, is thinned by eleotropohshmg to 2-3000 A , 
at which thickness electrons can penetrate it Tho 
idea that m alpha iron two dislocations with < 1 1 1 > 
Burgers vectors unite to form one < 100> dislocation 
with a saving of energy has been confirmed by tho 
observation of a hexagonal network formed by tho 
interaction of two dislocation systems Distortion in 
parts of this network, shown m some of tho photo- 
graphs exhibited, can also bo explamed m terms of 
the interaction of stranger dislocations Photograplis 
were also shown of precipitates, about one hundred 
atoms thick, growing from a supersaturated alloy in 
dendritic form on dislocations 

The recording of creep strain data is often a major 
item in the progiammo of a largo metallurgical 
laboratory, and a new electrical recording oxtonso- 
meter, developed in the Division, promisos to simplify 
this problem The movements of tho oxtonsometor 
are measured by tho changos in inductance m a 
linear differential transformer fitted to tho oxtonso 
meter hmbs Tho transducer is built into a bridgo 
circuit, in which an electronic detector is used to 
determine the balance conditions, and measurements 
are mdependent of zero drift or changos in ampli- 
fication Long-term stability, of great importance m 
tests lasting 10,000 hr or more, is dependent only on 
the stability of the transducer and resistors Olhor 
advantages of the eqiupment, the sensitivity of which 
is comparable with that of a mirror oxtonsomctoi , 
are the possibdity of measurements ovor a large 
range of strain without readjustment, and the 
application of automation to the recording of tho 
data 

Other Divisions of the Laboiatoiy are concornod 
more with developments m applied scionce, with 
particular reference to problems of interest to 
industry, and Control Mechanisms and Electionics 
Division demonstrated a technique for tho manu- 
facture of radial coded plates for recording digitally 
tho instantaneous position of a revolving shaft Tho 
individual code zones are generated circumforonlinlly 
in succession, by optical reduction from a 35-mm 
film in conjunction with a dividing macluno, and tho 
precision of the latter is tho limiting factor m tho 
angular resolution obtained Tins procoss is muoh 
quioker, particularly for complicated codo systems, 
than earlier methods of programming a sot of evonts, 
for example, lamp flashes, to produce ono olomont of 
all the code zones simultaneously m a radial direction 
An example was shown of an eighteen-code system 
with a resolution of 0 01° and a total radial width 
of 0 1 in 

An application of radial diffraction gratings was 
shown in a system for measuring the torque in a 
rotating shaft Each end carried a radial grating m 
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conjunction with a sumlai stationary grating, p ro 
ducing an alternating signal by interruption of an 
optical beam Any toique on tho shaft is manifested 
as a pliaso difference botwoon tho signals from tlio 
two onds , ouch a system is sonsitivo to a fow r seconds 
of arc 

In addition to tho work on tho uso of diffraction 
gratings m machine-tool control, sovoral no\el uses 
of tho interferometric pimciplo wore exhibited by tho 
Light Division, a Kbstois prism bomg used as n 
compact Micliolson mtorforomotor When usod to 
measure tho angle of tilt of a reflecting surfneo by 
tho alignment of white light fungcs such a system is 
sensitno to 1/10 soc of arc Tho mstnunont, with 
both coarse and fino adjustments to facilitato sotting, 
has possible applications in engineering molrologv 
Tho Kostors prism is also used as a reverse shearing 
mtorforomotor for testing tho revolution symmetry 
and nsphoricity of largo minors In another mothod, 
in which no test pinto or comparison system is 
neodod, such larger systems aro oxammod by tho 
superposition of tho scattoiod light from two identical 
plastic scattonng scrcons Tho mtorforonco colours 
soon on tho minor mdicato directly' to a millionth 
of an inch how far each point of tho surfneo is nbo\ o 
or bolow that of an imaginary porfcct splioro 

Tho work of tho Aoi ody’namics and Ship Divisions is 
from tho nature of tlioir subjocts ratlior more special- 
ized than that of other divisions Perhaps tho field 
of groat cst topical interest on display m Aero 
dynomics Division was that concerned with tho now 
aerodynamic problems that occur in hypersonic flow 
(that is, at speeds great or than about fi\ o times that 
of soimd), particularly' tlioso associated with tlio 
tomporaturo of sovcrnl thousand degrees centigrade 
that ariso from aorodymamic heating Tho Di\ isioii 
is dovoloping a shock tunnol, in which tho flow 
duration is about a millisecond, and a ‘hotshot’, in 
winch about twenty' 1 nnos this flow duration can bo 
obtained Two small shock tubes wore shown m 
which Bpoctrogrnplnc and microwavo techniques aro 
bomg developed for temperature measurements and 
for studying tho offocts of dissociation and ionization 

Also of current interest is tlio design of slender 
w 'mgs, tho planform and section shape of which com- 
bine to give tho required low drag at cruising speeds 
of about twuco tho speed of sound, togothor with 
satisfactory stability characteristics and good landing 
and take off performance Vortox-tvpo flow sopam 
tions fiom sharp odges aro bomg studied in transomo 



Fig 1 y'ortex waho behind a swept bach w Inn at low spoedB as 
shown In a tuft ffrld placed behind tho model 
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And supersonic flow and appoar to l>eha\o in a the non linear growth of small disturbances, measure 
remarkably similar way to those at low speeds monte of surface friction, and studies of turbulent 
(Fi^ 1) Tlio work shown included detailed quanti boundary layer development wall jots pipe flow, and 
tatn e explorations in a low spood tunnel and flow the flow up an abrupt step at a Mach number of 2 5 
visualization experiments on a wing oscillating in a As part of a long term programme of research into 
water tunnel in which qualitatno observations wore ship vibration, the Ship Division demonstrated 
being made on the flow in those dynamic conditions apparatus for determining the cliaracteristics of the 
Results wore also displojod from on extensive oscillatory pressure distribution around modoi pro- 
sories of investigations into tho aerodynamic design pollers A large dynamometer for propellers up to 
of swept wings for aircraft to cruiso m tho Mach 24 in in diameter measures torquo ana thrust oloc 
number range 0 8-1 2. A special design of wing tricallj by movement of a balanced armature trans 
section has been do\elopod to delaj the drag nee former, connected to a bearing m a holical slot on the 
that occurs at transonic speeds and methods of shaft m one case and to a floxiblo coupling allowing 
combining a high drag rise Mnoli number with a largo onlj axial movement in tho ofchor A now 12 in 
drag nee/buffet margin are boing sought To enable open dynamomotor was also displayed this has a 
drag rise and buffet boundaries to bo prodioted a capacity of 5 lb /ft torquo and 60 lb tlirust at 0 to 
semi -empirical theory has boon dovelopod for cal 2 000 r p m., torque being measured bj balancing tho 
dilating prossuro distributions in two-dimensional reaction on the motor casing and thrust by balancing 
transonic flow The effects of wing plan form, camber the axial load on tho shaft Both components are 
and twist have also boon studied, together with the measured by dead weight and spring systems, 
design of the junction betweon wing and fusolage recording on a built in chart recorder 
with the object of maintaining tho full sweep of tho On tho Lithgow water tunnol, techniques for auto 
isobars o\er tho wliole of tho wing span One of the mntio data recording and analysis have been installed 
biggest problorns is to reduce tho required body Measurements of the physical quantities are con 
‘waist ing to on amount acceptable for civil aircraft verted into either rotation of a shaft or into voltages 
Research displayed on boundary layer and Bhear shaft digitizers or digital voltmeters thon turn thoso 
flow’s included thooretical and experimental investi into ooaed electrical pulses suitablo for feeding to 
gatlons into the mechanics of transition following computers 


THE BRITISH GLASS INDUSTRY RESEARCH ASSOCIATION 

NEW LABORATORIES 

T HE official openmg of the newly built laboratories until 1938 when, with tho financial support of 
of the British Glass Industry' Research Associa the glass industry, the present Department was 
tion by the Right Hon the Earl of Halifax, chancellor built by addition to a large house occupying 
of the University of Sheffield, which took place on extensive grounds adjoining tho main University 
June C, mnrkod a noteworthy stago in the develop tomtory 

mont of industrial research for the British glass Aftor tho Second World War it bocamo apparent 
industry Co-operatlvo research has been continuously that the requirements of industrial investigations 
expanding since the inauguration by WES Turner and that part of tho research work which formed 
of a Department of Glass Manufacture in the Univor their immediate background, in\ olvod so much tune 
srty of Shoffleld in tho autumn of 1016 Prof Tumor that staff could not efficiently conduct them com 
then a lecturer in chomistiy in tho University, cidontally with teaching and long term research 
pioneered the establishment of a centre of organized duties. Prof H Moore who succeeded Prof Turner 
scientific research into tho physical and ohomical on his retirement in 1016, therefore advocated the 
properties of gloss, to provido technical and scientific establishment of a research association as a separate 
advdoo to tho industry, and to include facilities for entity, the function of which would be to attack the 

teaching Under his influence and professorship (he industrial and development problems, leaving tho 

occupied tho chair from its inauguration in 1020 University Department free to con cent rote upon 
until his retirement In 1946) tho Department of Glass fundamental research and the education of glass 
Technology , as it was renamed became known and technologists On the retirement of Prof Moore in 
respected throughout tho world bj thoso interested 1956 this plan was adopted, Prof R W Douglas 
in the manufacture and uso of glass being appointed to tho chair of glass technology, and 

In his early endeavour to found tho Department Dr R G Newton as director of the newly formed 
of Glass Manufacture, Turner recoh ed groat en Research Association From this time until tho occu 

couragement from his profoasor, the lato W P patlon of its new building in January 1059, tho 

Wynne who loaned him a small chemical laboratory Research Association’s staff was succcsafuUv aceom 
for his investigations and a tiny attic to house his modated in the University Department’s building, 
glass molt mg furnace Ho also reoeivod tho onthusias despito tho rapid expansion of both organizations 
tio support of gloss manufacturers — partloularlv thoso The foregoing will have indicated the close connexion 
of south Yorkshire and of Lancashire With increase between the University, the Research Association 
of work and staff, Tumor expanded his Dopartmont and the glass industry the now buildings oftho 
to occupj first a sect ion of tho applied science building Research Association, built to tho design of Pro 
of tho Umv orally, and when this became insufficient, Stophon Welsh now stand adjacent tothounw^^ 
tho site of a dorehot glassworks in the Attercliffo Department which will tno « ^ 

district of tho city The latter site was occupied tho past to bo maintained 
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Fig I The British GInss Industry Research Awoclnllon laboratories 


The British Glass Industry Research Association 
is supported by eighty -nine subscribing member firms, 
forty-seven of vluch are engaged in glass molting, 
the remainder being closely associated with glass 
manufacture through the supply of raw materials or 
are connected with the manipulation of fabricated 
glass, as, for example, the formation of articles from 
glass tubing The strong backing of the British Glass 
Industry Research Association by industry is denoted 
not only by the fact that approximately half its 
mcome is derived from members’ subscriptions but 
also from tho fact that the fortj-sovon mombeis pre- 
viously noted as bemg concerned with the actual 
meltmg of glass together melt 98 per cent of the total 
glass melted m the United Kingdom Strong fin- 
ancial support is also provided to tho Association 
by the Department of Scientific and Industrial 
Research 

Following the opening ceremony, mombors and 
guests of tho Association wore invited to tour tho now 
building and inspect numerous exhibits which illus- 
trated the type of work bemg carried out by tho 
Research Association The laboratories are section- 
alized to conform so far as possible with tho typo of 
problem to be dealt with The two-story building, 
which has a total superficial area of 20,000 sq ft , 
is of Tj 1 -shaped plan, the ground-floor housing 
administrative offices, a section dealmg wnth fuel, 
furnace and instrumentation problems, laboratories 
for the study of glass technological problems, a 
refractories section, and a furnace room with its 
associated batch miung shop The furnace room is 
sited at the extreme end of the wing and occupies 
a smgle story only so that heat and noise will not 


impedo tlio work of other sections The first floor 
is occupied by n reference librnrj and information 
section, with associated rending rooms and mooting 
room, "work studj section, drawing office, and with 
tho ph's sicnl and chemical laboratories Each of the 
Iattoi two sections is subdivided into main and 
subsidiary laboratories In the chemical section, for 
oxamplo, a Boparato division has been made to enable 
the durability of glass to \nnous attaching media 
to be studied without t ho influence of tho gonernl 
atmosphere of tho mam chemical laboratory Muffles 
and load-lined fume cupboards for decomposition 
with hydrofluoric acid lmvo also been segregated, and 
a soparate division foi spcctrogrnplnc work bns been 
provided 

A somi-basoment extending beneath opproxi- 
matoly half tho ground-floor area contains an ex- 
cellently equipped workshop, a pot room and a ■ p° 
drying-room for tho manufacture of small melting 
pots and otlior refractory nrdclcs The remainder o 


tho basement area is givon to storage space, 
houso, and a glass grinding, cutting and polishing l,n 
Numorous demonstrations illustrating the typo 
work done by individual sections wore presonte , 
which only a limited number may h° 
witlnn tho compass of tins shoi t review Tlio vie , 
furnace and instrumentation section domonstratec 
methods of surface tempornturo measurement an 
the estimating and recording of oxygon content ot 
waste gas from furnaces, togothor with results ot 
furnace heat surveys earned out at moinbor-firms 
factories with the viow of assessing furnace perform- 
ance under varying conditions Tlio physios section 
demonstrated laboratory apparatus for tlio detorm- 


boiler- 
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mation of tensile strength and thermal expansion, 
the latter by instrumental recording of the rate of 
expansion, thus eliminating the necessity for lengthy 
periods of direct observation Tins section also 
demonstrated a pressure teat ng for glass panels in 
■which deflexions from fifty individual points on the 
glass surface were simultaneously displayed on scale 
instruments and cino photographed at second inter 
\als during the loading oyelo The performance of 
different types of refractory materials for glass 
furnace oonst motion had been tho subject of 1 m cstiga 
lion by tho refractories section, and a demonstration 
of a corrosion-erosion test rig was given The glass 
technology section showed a novel rotating hearth 
furnace designed to give identical thermal treatment 
simultaneously to a number of experimental glass 
batch mixtures This apparatus is to bo used for 
study of the influenoo of raw materials on the rate 
of founding of glass The chemical section m addition 
to numerous examples of analytical techniques in 
Hihcato analysis, demonstrated apparatus for the 
determination of the durability of glass to aqueous 
attack, and gave an excellent demonstration of the 
analysis of gaseous inclusions in glnas Tho demon 
st ration showed methods of extraction of minute 
bubbles of gas from Bolid gloss and of thoir analysis 
to tho component gases carbon dioxide, carbon mon 


oxide, sulphur dioxide, sulphur tnoxido and oxygen 
Such studios have an important bearing on the problem 
of melting high quality glass at maximum rate The 
work study section illustrated tho use of one second 
interval cine photography for the study of manual 
operators in foot ones, and has shown that this 
technique can prove of value when n number of 
individual manual operations have to be co ord mated 
with each other or with the operation of a machine 
Speakers at tho official luncheon marking the 
opening ceremony reviewed the origin and future 
objectives of the British Glass Induatrv Research 
Association Dr L H. A Pilkington, chairman of 
the Council of tho Association, directed attention to 
the man power deployed on research m glass tech 
nology at the present time, estimating this to be 
some 200-360, and forecasting that tho figuro would 
increase to 760-900 within a fho-year period 
Mthongh smaller in numbers than a forco of some 
750 at present employed in research bv four of tho 
largest glass manufacturing firms of the United 
States, those men managed to keep us abreast of 
developments in many fields and definitely ahead m 
some Mr A W Clark, chairman of tho Gloss 
Manufacturers’ Federation, referred to tho value of 
research associations to smaller firms the resources 
of which could not justify individual research units 


COIL SPRING FEDERATION RESEARCH ORGANISATION 

NEW LABORATORIES 


T HE Coil Spring Federation Research Organise 
tion, which has been in existence for fourteen 
vears, has for the majority of this time con fin od 
its research activities to extra mural work in unlver 
hi ties, although tho long term mm of the spring 
industry has always boen to operate its own research 
and development laboratories whilo maintaining 
tho oloeo links it lias established with universities 
Tins has now boon achieved by the sotting up or a 
now reecarch contro tho construction of wliich lias 
J>cen financed from reserves set aside for the purpose 
The two- story laboratory block recently completed 
m Doncaster Street Shefflold is probably the moat 
comprehensive of its land for research into all forms 
of springs and Bpring materials 

Tho ground floor, in addition to tho usual reception 
facilities, contains laboratories for heavy fatiguo 
testing general mechanical testing experimental heat 
treatment and oloctroplating In tho fatigue testing 
laboratory arc housed 12J h p machines capablo of 
npph> ing a dynamic load of 0 tons, which aro used for 
fatiguo testing heavy coll springs up to eighteen 
springs may bo tested at ono t imo Other machines 
usod for fatiguo testing springs of tho internal com 
bustion angino typo aro capable of infinitely vorinblo 
apoeds of oompr«wion of up to 4 000 per min Fatiguo 
tests in repeated torsion aro carried out on torsion 
bore and aro used to produco data from which an 
nfiftcesniont of tho offecta of composition heat treat 
mont and surfaoo condition can bo made prior to the 
manufacture of experimental helical springs A special 
feature of this laboratory is tho Round proofing and 
anti vibration features incorporated m both the 
suspended coiling and tho floor 


The mechanical testing laboratory houses a variety 
of conventional machines used Tor determining tho 
properties of both specimens and springs, covering 
the range of material diameters 0 004-2 0 in Ono 
machine, for oxample, is capablo of dm eloping a 
maximum torque of 120 000 in lb and is used to 
investigate the effects of hordenability on tho static 
torsional properties of large diameter spring steel 
bore 

Many roscarchos relate to the load -do flex ion 
characteristics of springs and tho Organisation Jins a 
comprehensive) range of machines, capablo of applying 
statio loads from a few ounces up to 30 tons Tho 
determination of fatiguo charnct eristics of drawn 
wires of diameters 0 01-0 26 in is provided for by 
high apoed rotating beam fatiguo machines which can 
completo up to 100 million cycles in os littlo tirao as 
ono week The study of corrosion and protection of 
spnng materials and tho effects ofhydrogen embrittle 
nientdue to electroplating has had an important placo 
m tho Organisation’s programme for many years 
Tho work is being continued In a now laboratory 
specially fitted out for tliis purpose tho plant in 
it lias boon presented by Messrs Canning “Ltd , tho 
Birmingham manufacturers of oloctroplating equip 
raont Facilities aro available for electroplating 
copper, zinc, tin, cadmium and nickel The oxpen 
mental licet- treatment laboratory is equipped with 
fully instrumented electric furnaces for gonorot hoat 
treat mont, and high temporal uro hoat treatment 
under various types of protective atmosphere 

Tho laboratories contain a n VT^,nL^i/oaJlj 
tools nml a Bhot-poonlnff anit wh^h ^ (m m' 

rotates the object under treatment while n 
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time traversing it with the shot stream It is being 
used in a fundamental study of the effects of shot- 
peerung and optimization of it, together with an 
assessment of possible methods of measuring intensity 
The first floor is devoted to light laboratories (con 
taming small static testing machmes, general scientific 
instruments and equipment), administrative officos, 
and a conference room The materials testing labora 
tory contams machmos for determining macro- 
liardness, tensde and torsional properties of wires 
and load-deflexion characteristics of small sprmgs 
Metallographu) facilities are provided in specially 
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fitted rooms for rough sample preparation, fine 
polishing and etching, microscopical examination and 
photography The microscope room contains a high 
poworod binocular bench microscopo, projection 
inicroscopo and micio-hardnoss testing oquipmont 
The Organisation is studying spring materials 
for elevated tomporaturo applications, m particular 
the stross-temporaturo relaxation properties of sprmgs 
made from a very wido rango of alloys A batten’ 
of spring creep testing machmes is installed which will 
enable the hohayiour of springs to bo determined 
up to 850° C 


NATURE 


CHEMISTRY OF PROPELLANTS 


A MEETING was recently held in Paris (June 
8-12) under the auspices of the Combustion and 
Propulsion Panel of the Advisory Group for Aero- 
nautical Research and Development, w ith “Chemistry 
of Propellants” as the mam topic It was felt that 
such a meetmg could contribute to a useful exchange 
of research information and discussion of current 
problems among North Atlantic Treaty Organization 
countries Its importance can be judged by the 
attendance of nearly two hundred obseriers from 
eleven countries, nominated through thoir Advisory 
Group for Aeronautical Research and Development 
national delegates 

The meetmg was opened by Dr von Kannan, w ho 
was supported by Dr Seitz, the science advisor to 
the North Atlantic Council, and his recent, predecessor. 
Dr N F Ramsey Later m the week Dr G B 
Kistiakowsky, the new scientific adviser to the 
President of the United States, attended and took 
part in the proceedings Those could be classified 
under three mam headings, namely, propellants or 
associated features for liquid rockets, solid rockets 
and air-breathing engmes, and the papers presented 
covered reviews of existing knowledge, reports of 
recent work and assessments of future problems 
The first technical session was mtroduced by a 
paper by S Greenfield (United States), who reported 
on an experimental evaluation of liquid-propollant 
data This was based on a research programme to 
compare differences in behaviour of various hydro- 
carbon fuels when burned with liquid oxygen The 
fuels were pure samples of each of the chemical types 
such as paraffins, aromatics and olefins togother with 
a reference fuel specified as JP-5 The main results 
covered liquid film heat transfer coefficients and their 
variation with heat flux and combustion stability, 
specific impulse variations -with mixture ratio, and 
effect of aromatics on available energy m fuel-rich 
gases suitable for turbo-pump operation An mterest- 
mg feature of this work was the precise measurements 
achieved and the important influence of combustion 
chamber length (or L*) on performance The con- 
clusion was drawn that naphthenics are beneficial 
in a mixed fuel, but normal paraffins are of doubtful 
value 

This paper was, to some extent, complementary to 
another by R J Thompson (United States) covering 
theoretical performance evaluation This work was 
earned out on an electronic data-processmg machine 
and presented a vast tabulation of thermodynamic 
functions and propellant parameters which were 
discussed and illustrated The mam propellant com- 


bination discussed was liquid oxygon and korosene, 
although data on fiuoiino-liquid hydrogen wore also 
used to illustrate tlio calculations Additionally , 
thermodynamic properties as functions of tompora 
turo for cloven of the more important olomontan 
monatomic gases woro given It is cortam that those 
two papeis will bo of great uso m future studies of 
propollants 

The next paper in this group was by D L. Arm- 
strong (United States) and reviewed tho characters 
tics of liquid propellants dosired and achieved in 
rocket engines Tho important physical properties 
included vapour pressuro, density, viscosity, specific 
heat, boiling and freezing points, and other features 
which woro tabulated and discussed Chemical pro- 
perties were also enumerated nnd montion was mado 
of reactivity, solf-igmtion, combustion kmotics, 
stability nnd corrosion Tho author also gave somo 
indication of performance, manufacturing processes 
and suggested propollnnts for various missions, but 
much more dotailod and relevant papers on these 
aspects woro presented by W G Parker and G Rus- 
ton (Groat Britain) on tho merits of utilizing high- 
energy propellants, and S H Dolo nnd M A Margolis 
(United States) on tho sources, availability and 
estimated cost of propollnnts The formor took a 
slightly unusual lino m dismissing tho majority of the 
exotic propollnnts from consideration, first, becauso 
of the unfavourable properties such ns extreme 
reactivity and toxicity, nnd soeondly, beenuso the 
advantages of highor specific impulse become loss 
marked boyond valuos of about 320 sec Tlieir con 
elusions wore that liquid hydrogen w'os w orth develop 
mg because of its probable uso in nuclear rockets, 
but it should bo m combination with mtno acid or 
hydrogen peroxide rnthor than liquid oxygon The 
accidental combination of hydrogen and oxygon liquid 
or vapour could bo too great a hazard to risk Tho 
paper on costs pointed out that prices of many pro 
pellants would bo significantly altered if production 
demands increased, but oven allowing for this, it was 
clear that the cryogenics would give a bettor perform 
ance than the storablo liquids for a given cost Costs 
should, however, include the overall system cost, 
and some curves woro given showung flight, vehicle 
cost against total impulse required for solid propellant, 
storable and oryogonic At the higher values of total 
impulse, the cost of using these propollants was in 
descending order Tins was strongly challenged by 
of sohd propellants during the discussion 
papers on sohd propellants were given by 
R Stemberger (United States) on tho properties of 
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double base forma with a corresponding one by 
P Tavernier and J Boisson (France) on composite 
forma and ono on burning rate control byQ H 1 oung 
(Great Britain) All these appeared to suffer from the 
limitations imposed by ‘security’, but the first two 
ga\e useful accounts of the standard materials and 
processes in manufacture It was interesting to com 
paro these and from this pomt of view they wore 
nn informative contribution Stoinborger, however, 
included a good deal more on the life expectancy of 
double base propellants Tills 1 a not surprising m vimr 
of the much longer experience of them which exists 
The pnpor by Young covored some of the same ground 
and, rather than a discussion of burning rate control 
w as limited to descriptions of methods of measuring 
burning rate and the rango of burning rates aohieved 
The diflicultiea imposed on this author by the classified 
nature of his subject were obvious and it was generally 
agreed that it could only rcooivo suitable treatment 
at a closed session 

The papers on air burning fuels included one on 
properties and preparation of ramjet fuels by 
M Barrere and G Fran 901 s (Franco) one on per 
formnneo evaluation by E Perchonok (United 
States), one on dopoeits m jot engines by R Broit- 
wioser (United States) and a final one on phyaico 
chemical reactions during nozzle flow by J F 
Moms (United States) The first two covored the 
mam features found necessary in tho spocial con 
ditions of ramjet operation and collected much data 
which will be useful for future reference Both papers 
dwelt on the use of solid fuols in slurry form and the 
attractions of boron hydrides and othor compounds 
but the American paper emphasised somo additional 
considerations if ramjets nro to bo operated at hyper 
somo speeds For oxomplo tho need for regenerative 
cooling of engine walls will limit the use of JP -*. t fuel 
to speeds ofAf-0 Tho high gas temperatures result 
mg from these b poods also have an important effect 
on dissociation conditions and thrust available 
With frozen gas exit flow , the thrust mn\ be reduced 
ns much as 58 per cent at Jlf = 8 compared with 
equilibrium flow Thin problem was treated by 
Moms, who reviewed the background of relaxation 
rnto theory and discussed tho gaps in knowledge 
which will onablo predictions of non-oquflfbrium 
flow of both mtomni and external gas for hypersonic 
\ohicles Tho long list of referencoe appended to this 
paper calls for special mention as it extends to more 
than four hundred The other papor in tills group 
emphasized tho problems of solid deposits in engines 


and pointed out that these became more serious with 
some of tho high-onorgy fuels now being considered 
Boric oxide is one combustion product which may 
form on engine surfaces in largo quantities Somo 
measurements on convergent— di\ ergent nozzles 
allowed losses in total stream momentum of more 
than 5 per cent within 20 sec of initiating com 
bustion Other sensitive components are turbine 
stator blades and combustion ohambers Two 
mechanisms of deposition were discussed consisting 
of diffusion of particles less than ip diameter and 
of impact by particles of 5 g and larger Tho former 
was analysed theoretically and compared with 
measured deposition rates Although good agree 
mont waa claimed, this analysis recoi\cd somo 
criticism during the discussion 

In addition to the papers, a round table discussion 
on basic probloma in propulsion waa held with Ur 
von Kerman m the chair Tho discussion was initiated 
by A D Boxtor (Great Britain), who summarized tho 
merits of liquid propellant rocket engines and out- 
lined some of the remaining lines which require 
research Those included physical problems such as 
heat transfer and combustion chamber design para 
meters and chomical problems associated with pro 
pcllant stability ignition delay’s and reaction rates 
H W Ritchey (United States) then presented a 
similar case for solid propellants and was followed 
by throe speakers giving views on futuristic possibi 
lities G B Kistiakowaky (United States) spoke on 
solid propellant horizons, J \V Bond (United Stales) 
on electromagnetic and nuclear thermal propulsion, 
and A Fern (United States) on composite launchers 
The hurt, was a stimulating argument m fai our of air 
breathing engines as tho first stago m multi stago 
rocket vehicles One of tho ad\ outages would be 
the ability to fit aerodymomfo lifting surfaces and fly 
the launoher back to the tako off point Tho dis 
cussion was so successful that it was continued nt tho 
final session of the meoting, ranging OAer a broad 
fiold Points brought out wore the comcrgenco of 
design features m solid and liquid propellant engines 
the question as to how vital improved specific impulse 
was, tho problems of size in rockets and tho future 
of nuclear rockets 

Tins discussion waa a fitting climax to n successful 
meeting and no doubt, whon tho edited proceedings 
are published, they Anil bo found to pro\ ido a \ aluable 
addition to the literature, not only bocmiso of the dat a 
mcludod but equally because of tiie excellent bfbho 
graphioa attachod to most papors A D Baxtfr 


CLAY MINERALS 


T WO senes of mootings on clay minerals wore 
held in Yorkshire during April The first at 
Slioffiold was arranged by tho Clay Minerals Group 
of the Minernlogical Society Taa o sessions on April 15, 
in the Metallurgy Department of tho University, -wore 
dov oted to tho reading of scientific papers, wlifle on 
April 10 visits ware mndo to tho works of Thomas 
Marshall at Loxloy and Gonoral Refractories at 
Whamcliffo The chair at the scientific sossions was 
occupiod by Dr A F Hallimond (London), chair 
man of the Group, m the morning, and by Prof J 
White (Slioffiold) in tho afternoon 

SeAoral papers concerned the industrial application 
of clay mineralogy In tho first of these, E H 


iteger (London) discussed various problems m ci\il 
nginccnng in avhich clay's are implicated and dealt 
articulnrly with aoil stabilization b\ mjoction of a 
lutablo clay suspension into sands, etc T1 10 factors 
ecefisary to givo good results are broadly known, 
ut much work on fundamental aspects w «till rc 
mred In the discussion, tho difficulty of replicating 
iborntory findings in tho fiold yvns Avidcly referred to 
Di% ergent viowb upon tho relationship between tho 
nnoralogical constitution and tho firing projxrtiofi of 
rays were expressed by Prof G W Urindle\ nm 
Udngnrva (Pennsylvania) and by Dr K 
Watford) Tho former doscribod 
Bing’ clay, from ,n»w. of “D-™, I 
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minerals over a range of compositions, it is possible 
to make some forecasts regarding the behaviour of 
natural clays from a rapid check of thou* minoralogical 
composition This techmquo enables immodiato 
rejection of completely unsuitable clays, but those 
which appear of possible use still havo to bo tested 
individually Dr Nurse, on the other hand, could 
find no correlation between firing properties and 
minei alogical composition for a sonos of clays of 
various geological agos 

The use of thermal expansion measurements m 
indicating the mineralogy of clays 1 was considered 
by D A Holdndge (Stoko on-Tront), vho showed its 
apphcation in quartz determinations Tlio significance 
of the same test after firing was also discussed 
Dr R F Youell (Leeds) described how X-ray data 
on heat-treated silicates, which ho had obtainod 
earlier, were explicable on the basis of silicon- 
containing spinel structures 1 He particularly referred 
to the composition of tlio spinol phases and tho 
occurrence of ordered transformations In discussion, 
the propriety of using the term ‘silicate’ for a silicon- 
containing spmel a as questioned and tho frequency 
of occurrence of ordorod transformations was stressed 
Three general papors were also read In tho first 
B D Mitchell and Dr R C Mackenzie (Aboidoon) 
described a relatively moxpensix o controlled atmo- 
sphere differential thermal analysis apparatus and 
illustrated its applicability to investigations m 
nitrogen, oxygen and steam, nlulo in tho otlior tuo 
Dr H G Midgley (Watford) — tlus papor a as road 
in his absence by Dr R W Nurse — and W Wmdlo 
and E K Cimdy (St Austell) described occurrences 
of sepiolite and zinnwaldito, rospectivoly, m Cornwall , 
chemical, X-ray and other data wore given 

This meeting not only brought to notice rolativoly 
new uses of clays in industry (such as their uso in 
soil stabilization) but also raised tho practical question 
of the value of minoralogical analysis in assessing 
clays Difficulties encountcrod in rolating tho 
mineralogy of a clay to its firing properties could, 
for example, be due either to incomplete minoralogical 
data or to effects being not truly additive tho 
observations reported rathor suggest tho latter 
The Sheffield meeting was followed by ono at Leeds 
during April 17-18 arranged by the X-ray analysis 
Group of the Institute of Physics Tins meeting 
included a session on clay minerals as xvoll os ono on 
biological fibres , only tho former is reportod hero 
No outstanding advance in structural investigations 
of the common natural clay minerals was forthcoming 
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at tho mooting Prof G W Brindloy, m an intro 
ductory address, pointed to tho valuo of oloctron 
diffraction techniques m such investigations Ho ves 
able to roport a vory promising approach to tho 
problem of thormal changes in knohnito by Ins 
collaboratoi , M Nakalura, using small single crystals 
Tlus v ork suggosts that tho ‘spinel’ phaso is really 
a silica-alumina crystallization structurally similar 
to spinol 3 , and appoars to havo furnished cloar ovi- 
donco that tho mucli-discussod motakaolm is not 
amorphous, but is an intermediate stage in tlio 
formation of spinol, having a substantial degree of 
cry stallimty 

Tlio dehydration products of kaoliruto voro also 
discussed by F Vauglian (Stoko on-Tront) D A 
Holdndgo showed tho possibilities of thermnl ex- 
pansion measurements for studying phaso changos on 
firing Quart 7 content, notably, can bo estimated 
by this means 

Interesting structural studies on scarbroilo woro 
roporfed by Dr J Goodyear and Dr W J DufTin 
(Shoffiold) and on lddingsito by G Brown and Dr 
I Stephen (Harpondon) II P Rooksby (Wcmbloy) 
reported on further detailed work on iron and 
aluminium oxides 

Tho question of surfaco structure m clays is ono 
of fundamental unportanco, about wluch there is still 
much uncertainty An oxtensixm, many sided 
approach to this problom is being mado by Prof 
J J Fnpiat and collaborators m Bolgium undor tho 
auRpicos of Institut National pour l’iltudes Agron 
omiques du Congo Belgo Among tho techniques 
undor study nio measurement of surfaeo hydroxyl 
groups by oxchango with lieax-y uator xapour, and 
mothylation and acoty lution for determining acidic 
groups 

Dr D M C MocEwnn (Dundee) reported on nn 
extensive series of calculations on diffraction effects 
from mixod-layor structures, non being carried out 
with electronic calculators The resulting curvos mil 
bo published ns a spocial monograph by' the Spnnish 
Consejo Suponor do Invostigncioncs Cientificns 

Study of a Gorman ‘firoclay minornl’ by Prof 
A L Roberts and Dr W E Worrall (Leeds) pro 
xndod furthor support for Schofiold’s theory' of tho 
oxistonco of isomol plious substitution in kaolms 

R C MACKENZIE 
PMC MacEwax 

1 or nroucli, J , and Roberson, 11 IT S, Clay Min Bull , 3, 221 
(195S) 

’Stcndmnn It ,nnd Youotl.R T Katun , 180, 1000 (1057) Urlndlej, 
0 yy , ami Nnknlilrn, M , Xatnrt 181, 1333 (103S) 
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THE COUNCIL FOR SCIENTIFIC AND INDUSTRIAL RESEARCH 


T HE second report of the Council for Scientific 
and Industrial Research covers tho year 1958 
m wluch the Department’s gross expenditure was 
£9,453,052, compared -with £8,255,561 m the previous 
year, and reduced to £8,367,913 by various receipts 
(£404,713 being from the National Physical Labora- 
tory) for work done for Government departments or 
for industry', the net mcreaso on 1957 being £1,108,070 
Grants to students amounted to £444,958, the number 
of students in training being 1,681 and m 1957, 1,301 
of whom 781 m 1958 and 653 m 1957 were new ’Tlio 
advanced course studentships increased from 162 m 
1957 to 201, of which 184 were new, and of 26 research 


fellowships (18 m 1957), 14 lvoro now Grants for 
spocial researches totalled £475,754, numboring 239 
compared with £303,884 and 193 m 1957, and of those 
147 were now Of those grants 106 woro m phvsies 
45 in chemistry', 32 in biology and hiochomisti 
24 m otlior engmooring, 11 mgoology, 7 in mathematics, 

0 in chemical engineering and metallurgy', and 3 m 
electrical engineering Chemistry claimed 593 of 

1 eseareh students, physics 300, biology and bio 
chemistry' 208, mathematics 144, chemical onginooi 
mg and metallurgy 110, otlior ongmoormg 100, 
geology 99, eloctncal engineering 50, and human 
sciences 17 
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Expenditure on the National Chemical Laboratory 
dooroasod slightly, from £100 404 in 1957 to £155,010, 
and thcro wore also slight decreases m oxpondituro 
on fuel research (£330,502-£320,899) and lire research 
(£38,746-£37,174) , but with those exceptions expen 
d i tore increased on all branches of the Department b 
work, tho biggest increases being in road research 
(£500,813 comparod with £441 702 m 1957), the 
National Physical Laboratory (£737,068 compared 
with £038,031) headquarters administration (£377,905 
compared with £307,430) mechanical engineering 
research (£507,104 compared with £454 810) and the 
Geological Sun, oy and Museum (£328,320 compared 
with £282 370) Expenditure for other sections in 
1068 was os follows, the 1957 figures being given in 
brackets building research £541 371 (£521,005) 
forest products research, £135 646 (£128,250) , hyd 
raultca research, £100 050 (£91,007) , pest infestation, 


£89 309 (£83 341) , radio research £150 398 

(£135,057) and water pollution research, £103 882 
(£00,020) Besides tho National Physical Laboratory 
considerable payments for work done for othor 
Government deportments and industry wore xocoivod 
m rospoct of firo research (£143,330), the National 
Chemical Lahoraton (£104,716), the Geological 
Survey and Museum (£97 527) road research (£59 182), 
hydraulics research (£44 710), building research 
(£33 879) and mechanical engineering research 
Contributions to European nuclear rosea rob increased 
from £930,000 to £1,100,000 and of the grants for 
special researches authorized during the session 
October 1 1057, to September 30, 1068 by for tho 
largest is the £365 000 over four years from January 1 
1958 to Prof 0 0 Butler of tho Imperial College 
of Soience and Technology for tho conduction of a 
largo liquid by drogen bubble chamber 


ROTHAMSTED EXPERIMENTAL STATION 

REPORT FOR 1958 


T HE report of tho Rothamsted Experimental 
Station for 1958* is a book of 283 pages con 
taming accounts of tlio work of somo twenty separate 
departments It follows tho pattern of previous y ears 
m that it is mtroduaod by a genorol report by tho 
Director in which tho more interesting departmental 
results are commented upon This is particularly 
valuable in that it onabloa tho reader to approomto 
something of the scopo and cohesion of the Botham 
sted work and those who frnmo tho Station policy 
are to be commended on the blond of ccionco and 
practice that characterise the roeonrch programmes 
Thorr reward is tho use mado of thou results in tho 
practical world of farming m Britain and overseas 
The Chemistry Department has studied tho action 
of organic mattor in the soil, and popular conceptions 
of this may hn\ o to be somewhat modified in that m 
Iieavy sod, os at Rothamsted its bonefioial action 
appears to he derived sololy from its nutrient content 
and no measurable eiToct from physical sources was 
found By contrast, in lighter soils organic matter 
is apparently necessary to maintain structure Work 
lias continued on tho mam plant nutrients in sod and, 
in pari lcular, attomptB are being mode to ovolv o a more 
accuroto method of assessing available phosplinto 
Soil analysts would wolcomo progress in this matter 
Tho Physics Department has studied tho oloctncal 
cl larges on clay, soil aeration soil water, and the 
ofibet of crop rotation on soil structure Tins last 
experiment Slowed that using boot and carrots os 
tho teat crops tlio offoct from modification of stmc 
tore duo to rotation was Inrgolv confined to tlio 
period during and immediately following, seod 
germination. Tins ogam mav surprise practical 
growers Studies in agricultural motoorology have 
continued and progress has boon made with the 
onnlyrifl of temperature, humidity and \ontilation 
data in spring wheat collect od during tho three 
summers 1955-57 A dotailod survey is promised m 
a lator report Tho minrrological studies of tho 
Pedology Department havo been continued on native 
and foreign soils and tho results as tlio\ accumulate, 
may -well load to a Rounder basis for soil classification. 

* Rotham»t*d T" rprriir^nlot felrtk* Jlrport Tor 1WR Pr 253 
( Karpcivlcti Ilotluututcd tfUtlon 1050 ) 10f 


Microbiological investigations liavo doalt with tho 
decomposition of cellulose and somo of the newer 
chemicals used m agriculture Many of those hn\o 
provod to be Bnbjoct to attack and therefore will be 
removed from tho soil in time, a point of considerable 
practical importance Asjioctfl of nodulo formation 
on legumes liavo also rocoivod attention Although 
it has long boon known tliat nitrate at tho con con 
tmtions usually employed m nutritional work will 
depress nodulation, it was found that as little os 
2 5 p p.m of nitrato mtrogen would doloy nodulation 
of white clover bv two days A similar offoct was 
given by nitnto but not by ammonium salts nspnr 
agino, or urea all of whicl) are assimilated by tho 
host plAnt at about the snmo rato 

The Botany Department at Rotliamstod has been 
interested for somo time m tho development and use 
of methods of growth analysis and thowo are now 
producing information on various aspects of crop 
growth Gibborellio acid was foimd to mcroaso tho 
yiold of potatoos in tho year luidor review This 
offoct was only observed when mtrogen was high, and 
spraying actually reduced yiolds whon this olomont 
was low Additional data suggest that tlio ofTectiv e- 
ness of gibberelljo acid depends also upon tho time 
and froquoncy of application. Wood studies reported 
upon inolude an evaluation of competition effects 
between, crop and wood plants an a tho possible 
excretion of tome substances by Agropt/ron repent 
No evidence of this was found in living material tho 
loachato from water cultures of this grass, in fact 
actually increased tho dry wolght and loaf area of 
tomato and knlo plants 

Tho hlackoning of potatoes on boiling was the 
subject of a biochemical study that supported tho 
belief tliat this discoloration is duo to a complex of 
ferno iron and dihy droxy phenols Boiling is hollovod 
to liberato ferrous iron which combines with the 
dihy droxy phenols in tho potato to givo relatively 
colourless ferrous complex oe which blacken whon 
oxidized in tho air to ferric oomploxoe Other work 
in this Dopartmont concerned mitochondria, tlio 
enzymio breakdown of chlorophyll in 
and tho properties, particularly tl*> fnfb<rf 
tobacco mosaic virus fragmontn 
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Research in plant pathology covers a wide field 
Progress has been made in devising staining methods 
for preparations of plant viruses for electron micro- 
scopy at high resolution This is new work, but 
enough progress has been made to encourage the 
hope that the methods -wall contribute usefully to 
the further elucidation of particle structure The 
increasing importance of cereal viruses in agriculture 
adds to their interest, and useful information on 
mfectivity and host ranges has been obtained 
Experiments on initial field establishment of potato 
blight (Phylophthora mfestana) have shown that this 
may occur without the normal stem-infccting stage 
It is likely, however, that infection from contaminated 
soil can only occur m a wet season such as 1058 
Trials on the susceptibility to unit ( Fusartum oxy- 
sporum f pm) of pea varieties commonly grown m 
Britain have shown that resistance exists, but tho 
parasite itself is so variable that tho breeding of 
lesistant varieties will not be easy 

The Nematology Department has conducted studies 
on the changes m eelworm populations under different 
rotations and individual crops These together "with 
concurrent observations on the mo\ omont of eel- 
norms in soil and over plants should mt crest tlioso 
concerned with the conti ol of these pests in tho field 
Frit fhes, gall midges, wheat bulb flj , slugs and 
earthworms are included m tho wide range of animals 
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studied by tho Entomology Department A short 
section deals with tho ecology of tho natural onomies 
of aphids Tho Boo Dopartmont, ns a result of 
improved mothods of assay, has learned moro of 
tho nature and function of ‘quoon substanco’ pro 
duced in tho mandibular glands of queen lionoy boea 
It has been shown that ‘queon substance’ contains 
an inhibitor which, when fed to queen lionoy bees, 
can provont them from quoon rearing and which can 
also inhibit o\nry development in quccnless worker 
honoy bees 

As a result of tho disastrous epidemic of virus 
vollowsof sugai beet m 1957, tho staff of tho Dunholmo 
Field Station organized a survey of crops and issued 
spray warnings when needed As a result, 100,000 
acres w'cio sprayed w ith \ ory satisfactory rosults when 
compared with unsprnyod aroas in Soptombor Tho 
value of spraying against aphids to check tho spread 
of virus yellow s is now firmly ostablishod 

This account hns necessarily omitted much worthy 
of mention, but it is impossible, in n short review, to 
do justice to all tho work described in this loport and 
the selection of items for particular mention hero is 
obviously open to eiiticism Tho oxtiomely useful 
list of publications for the voar 1958 each w'lth an 
abstract of tho contents, w ith which tho l oport closes, 
is a fitting indication of tho \nluo of Rothamstcd to 
biology and agriculture alike J H Western 


AUSTRALIAN DEFENCE STANDARDS LABORATORIES 

REPORT, 1957 


T HE mam sections of the annual report of tho 
Australian Defence Standards Laboratories for 
the year ended June 30, 1957 (Pp ivd-GO Mari- 
bymong, Victoria Defence Standards Laboratories, 
Department of Supply, 1959), are dovoted to a 
statement of the functions of, and scopo of work 
undertaken by, the Laboratories and descriptions of 
some of the more important projects and investiga- 
tions carried out by the Divisions of Chemistry, 
Metallurgy and Physics 

In the Metallurgy Division work lias continued 
on the production and investigation of chromium- 
base high-temperature alloys The ultimate aim is 
to develop alloys suitable for use in gas turbines 
operating at rotor blade temperatures of 950° C or 
higher The plant for the production of pure chromium 
has operated satisfactorily and a total of 475 lb of 
metal was produced during the year It has been 
shown that ductile chromium can be made from 
suitably pure electrolytic chromium Investigations 
mcluded experiments on the tensile properties of 
annealed chromium, the influence of pre -strain on 
ductility, precipitation hardening effects and croep 
behaviour A fractographic study, augmented by 
!X.-ray diffraction tests, was made of the cleavage 
surfaces m cast chromium In addition, work has 
been done on titanium alloys , cathodic protection of 
ships and naval structures , and the mechanism of 
polishing and the nature of mechanically polished 
metal surfaces 

Tho activities of the Physics Division are discussed 
under the headings of chemical physics , radio- 
logical physics , the development and testing of elec- 
trical and electronic components for use by the armed 
services , and metrology The study by the micro- 


wave interferometric tcclmiquo of tho propagation 
of dotonation has been most fruitful Radiation 
alarm systems and otlior safeguards against, tho 
mishandling of radioactivo sources ha\o boon de- 
veloped and work has continued on the determination 
of tho energy and angular distributions of tho radia- 
tion intensity in air at various distances fiom a point 
radionctno sourco Facilities for the piociso calibra- 
tion of end standards of length have been nnproied, 
and standardizations of lengths up to 40 in 
based on tho wave length of light can now bo 
made A technique hns been developed for determ- 
ining the mean diameters of capillary tubes by 
the mercury content method to an accuracy of 
0 00004 in 

The Chemistry Division has been active in a variety 
of fields, including tho determination of gases in 
metals and alloys , tho microdotormmntion of silicon , 
infra-red spoctroscopy , adsorption , and organic 
and polymer chemistry 

The annual report lists tho various porsonnol of 
the Laboratories and thou status, and gives dotails 
of tho publications by mombors of tho staff during 
the year under review' Papers wore presented by 
mombors of tho staff to tho thirty-second mooting 
of the Australian and Now Zoaland Association for 
the Advancement of Science hold at Dunedm dming 
January 1957 and to tho Institute of Physics 
Conforonce on Contemporary Optics m Sydney during 
September 1956 Noteworthy visitors to the Labora- 
tories during the year wore Su Owen Wansbrougb- 
Jones, chief scientist of the British Ministry of 
Supply, and Su Leslie Martin, chairman of tho 
Australian Defence Research and Development 
Policy Committee 
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THE IMPERIAL CANCER RESEARCH FUND 


T HE fifty sixth annual report of the Imperial 
Cancer Research Fund*, for 1057-68, describes 
tho linos of investigation in progress m the labora 
tones at Mill Hit! and Lincoln's Inn Fields They 
can be sub-divided as follows 

(1) Tumours t nducrd by viruses 
Work continues on the virus tctiology of cancer 
by studying the mechanism whereby the virus gams 
access to the coll it infects the virus's moao of 
replication and its specificity Attempts are being 
made t-o grow the mouse leukromta inducing virus 
in tissue cultures of ombryo fibroblasts, and by 
reciprocal transplantation experiments to find 
whether the cellular elements in such transplants 
survive or whether virus is liberated to produce a 
new tumour by infection of the host's own cells” 

(2) Tissue culture studies of tumour oclls 
The reaction of tumour cells to environmental 
changes is being studied by observing the effect of 
variation in the tension of carbon dioxide on cells 
of the mouse sarcoma 37 

Tho not m ties of individual colls in culture of the 
venous mouse tumours are being examined by time 
lapse cinematography BPJSO and BASfbQ ascites 
tumour cells show tails’ which may attach to the 
gloss and which have groat tensile strength and 
elasticity Tho undulating surface membranes of 
these cells show very active pLnooy losis and unusually 
large volumes of culture medium may bo injected 
in this way ” 

(3) Preservation of tumours tn the frozen state 
“The frozen tumour bank preserves tumours in an 
unaltorod gonelio state and theso con therefore be 
used to check the respective inbred strains of mice 
for am genetic divergence which affeots histo 
compatibility In this way it has boon shown with 
n strain A specific tumour, not only that A t O mice 
ore gonoticallv distinct from true A but that the 
genetic change occurrod prior to 1952 * 

(4) Hetcrotransplaniation of human tumours 
Human sarcoma tissuo is being maintained by 
subcutaneous, intramuscular or intra peritoneal trans 

• Imperial Canctr Research Fond. nny-*iitL Annual Report. 
1W7-195S. Pp, 30 (London Imperial Cancer Research Fond 1950) 


plantation m cortisone treated hamsters, subcii 
taneously in cortisone treated mice and in the 
anterior chamber of the eje in normal guinea pigs 
Tho attempts to grow human lung cancer in guinea 
pig anterior chamber or m organ cultures were 
unsuccessful, but 25 per cent of human embryonic 
lung tissue graft b survived 22-49 days in mice 
treated with cortisone 

Other human embryonic tissues such as bone and 
bowel, somo human adult tissuo, for example skin 
and transitional opithelium, and human prostatio 
carcinoma and adult rodent lung and prostate have 
all been maintained in fluid media Organ cultures 
of mouse prostate have been employed to etrnlv 
the direct action of cestrogens and androgens on 
glands from mice of different ages The cestrogens 
produced opithelial atrophy and testosterono a 
stimulation ' 

(6) "Hormone-dependent breast cancer 

About 50 per cent of human breast cancers ceaso to 
proliferate if they aro totally deprh od of tho hormones 
whioh control cell multiplication in the normal breast 
At present the operative technique of cutting off 
tho supply of hormones is by the surgical removal 
of the ovaries, both adrenals and the pituitary 
This somewhat drastio treatment mn\ give spec 
tacular growth regression and clinical improve 
ment, but unfortunately these have provod to be 
temporary 

(6) A prcg«anci/-dejMtuf«nf mouse tumour 

Tho spontaneous mammary tumour BRG lias tho 
peculiarity of always first appearing during pregnancy 
and mostly regressing after parturition Tho tumour 
incidence is very high (in excess of 07 per cent in 
more than 400 mice that liv od longer than six months, 
had more than two litters and where tho mothors had 
developed tumours) Under certain conditions somo 
females not only r remain tumour froo but give rise 
to tumour free sub lines which “ appear from 
transplantation experiments to be genetically dif 
foront from tho tumour prone line and one aspect of 
this genetic difTercnoo may bo a greater androgen 
production by the mnles of tho tumour prono linos 

1 Hieoeu 


BEHAVIOUR OF SEA URCHINS 


M ANY of tho habits of sea urchins wore observ ed 
by A N Sinclair during day and night diving 
in tho waters around Sydney with members of tho 
Underwator Research Group of Now South Wales 
An aqualung and a waterproof torch were used 
(Austral A tus Mag , 13, No 1 , March 16, 1059) 
When diving in daylight Sinclair was impressed by 
tho numbers of tho large rough spined sea urchin 
OenfrosfepJianua rodgersu Many of these were seen 
in hollows carved m tho snndstono rocks, and often 
the hollows were deep enough to contain tho whole 
urchin, but wore iiovot os deep comparatively, os 
tho sharply etched hollows earvod by tho smallor 
urchins Jlchocidans erythrogramma Other urchins 
appeared to bo motionless, with tho spines sticking 


out at right angles to the body surface in a typical 
hodgehog’, or defence, position 
It was found that after darkness set in the urchins 
bocamo active Within an hour or two of sunset 
numbers of Oentrostcphanus wore seen ‘out walking’ 
on the rocks but thoy did not aoem to fnvour 
walking on tho sand Tho spines at such times were 
generally arranged m groups or cones If a torch was 
shone on tho urchin Tot a short timo no reaction to 
tho light could bo observed, but if tho urchin was 
touchod it immediatolv assumed tho hedgehog’ 
position seen m day light 

Result# of marking upoclmans of O " 

Clovolh Boy, Sidney had ” I In 

moved up to 3 or 4 ft from tl.nlr rook nolo* 
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two hours of sunset and returned to then own holes 
by the next morning, though often each was lying 
tinned round from its origmal position 

During daylight it was common to soe vacant rock 
holes, which, by the absence of weed growth, appearod 
to have been recently vacated Usually, however, 
these holes were again occupied witlun a week, hut 
tagging techniques had been inadequate to reveal 
whether the occupants were tho original ones or non - 
comers 

Unlike most of the finer-spined urchins, tho slate 
pencil urchin, Pliyllasantlnis parmsptnus, appearod 
not to live in holes, preferring crevices botv. con locks 
In more than 200 sightings of these urchins, only one 
had been seen m a sphorical rock hole Most were 
in crevices, during daylight, hut wero so securoly 
wedged in that they could only be moved by breaking 
spines Other haunts of tho slate pencil urchin wero 
on the floor of forests of wood or kelp Like C 
rodgersn these urchins seomed to prefer dooper w ator 
and were more numerous in 20-30 ft of w ator 
Although each slate pencil urchin did not have its 
own particular rock hole, it returned to a particular 
locality 

The slate pencil urchins wont out ‘walking’ at 
night, often covering 1 ft m 20 mm , and wero soon 
attacking whelks bigger than themselves 

The commonest urchin at shallow lovels within 
about 0 ft of the surface was Hchocidans crythro- 
gramma This was the dommant species, and prac- 
tically the only urchin present m the intertidal zone 
It lived in crevices and holes in tho rock, which 
could be almost honeycombed It appoared to dig 
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holes much doopor in relation to its sizo than any 
other species This urchin appoared m many colours 
greens, reds, browns and purples , a now ono being 
revealed at almost every dive Tho spmos wero 
smooth and relatively short Ono of tho most inter- 
esting combinations of spmo shapo and colour in this 
urchin was in tho blue or mauvo spocimons 

Tripncustcs gralilla, a w andoror from tropic soas, 
apparently had tho distinctive habit of being uncon- 
cerned with tho ncod for sholtor It w as usually 
found on tho walls of ca\es or m tho open many 
yaids from tho nearest sholtor It was a largo-bodied 
urchin with vory short wlnlo spmos tipped rod or 
mauvo Tho rounded body had a plain darhiBh 
colour, or was white with fivo dnrkor major bands 
and fivo secondary bands Somo of those urchins 
carried small piecos of shell or wood, presumably for 
sheltering from tho light T gralilla was usually 
seen at doptlis of 10 ft or moro 

Most of tho usoful observations made by diving 
wore of an ecological, rathor than a systematic, 
nature, and an obscr\ntion lodgo had boon cnrofully 
watched at frequent intervals during tho past sovon 
montlis , howovor, otlior observation points will bo 
established after a tweho months period has boon 
completed A handicap to observation was tlint 
many local residents had dovolopod a taste for eating 
sea urchins and tho colony risked extinction 

In summer tho colony compused twontj C 
rodgersn , ono II tubcrculala , and ono P parti- 
sptnus By cnrlv Jul} tho numbors of C rodgersn 
had fallen to fourteen, and later m tho month had 
boon reduced to ton 


JOURNAL OF APPLIED POLYMER SCIENCE 


T HF, study of polymeric systems originated largely 
from technological considerations, but has now 
grown into a scientific subject m its own right, with 
its own techniques and outlook Tins change has 
occurred in a very short time, and its rate of growth 
can be illustrated by the increasing size of tho 
Journal of Polymer Science, which attracts contribu- 
tions from both chemists and physicists interested m 
tho preparation and properties of these interesting 
materials From the origmal Polymer Bulletin, 
published m 1945 with 158 pages, it lias progressed 
stepwise 1946-50, 598 to 800 pages , 1951-54, 

1460 to 1,864 pages , 1955-57, 2,432 to 2,420 pages , 
1958, 4,256 pages This seven-fold increase in thirteen 
years shows no Bign of slowing down, and tho pub- 
lishers have therefore decided, as a transition measure, 
to split the journal, the origmal journal to continue, 
but in addition to publish tho Journal of Applied 
Polymer Science * The latter is intended to deal with 
the properties of industrially significant materials, 
leaving articles of a definitely basic character to the 
origmal Journal 

It is difficult to see how this distinction can bo 
maintained Tho first number of the Journal 
includes papers on such basic matters as thermal 
expansion and transition temperatures, impact 

* Journal of Applied Polymer Science Vol 1, No 1, January - 
■February, 1060 Pp 127 Published bl-montUly covering two volumes 
annually Subscription price 17 50 dollars per volume (New York 
and London Intersclencc Publishers Inc , 1959 ) 


strength and spheral 1 to growth, and anisotropic 
properties of strained visco olastic fliuds Porhnps 
a hotter groujnng of subject-matter would bo— 
preparative techniques , physical properties, char- 
acterization and constants, and applications 

Tho present tendency for publication of specialist 
journals, as distinct from the journals of learned 
societies of w ider scope, must bo taken ns an inevit- 
able consequence of increased specialization Although 
it mav facilitate tho task of tho scientist w ishing to 
keep together papers on his own research subject, 
it has made it almost impossiblo for him to pay for 
the subscript ions Tho stage has been reached where 
ovon tho smaller scientific libraries cannot liopo to 
purchase moro than a small fraction of tlioso specialist 
journals Tins situation is likely to worsen, and tho 
research man will liavo to visit largo central libraries, 
or rely on abstracts to track down new' pnpors of 
interest to him Perhaps ono solution is for tho smaller 
libraries to pool 6omo of their resources on a local 
basis, by arrangmg regular circulation through 
several laboratories In any event ono would like to 
see an extension of tho system of reduced rates for 
personal copies Tho increased cost cannot ho blamed 
on the publisher , the cost per page has remained 
constant at 2 5 cents since ] 952 Tho now Journal 
is somewhat larger m page size than tho earlier publi- 
cation, and this has improved tho presentation and 
layout 
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MEASUREMENT OF COSMIC NOISE AT LOW FREQUENCIES 
ABOVE THE IONOSPHERE 

By J P I TYAS, C A FRANKLIN and A R MOLOZZI 

Defence Research Telecommun fatten* Establishment Ottawa 


T HE Canadian Dofonoc Research Board, in co 
operation with the National Aeronautics and 
Space Administration is at present designing a 
2 -16 Me /a swept- frequency ionosphere Bounder to 
be launched as an Earth satolhto by a Unitod Stntoe 
vehicle The preliminary design objective calls for 
operation ovor a ono year period in an olhptic&l orbit 
with a per i goo and apogee of 300 and 1,200 miles, 
respectively Power will bo derived from the Sun 
via solar ooIJjb and nickel-cadmium rechargeable 
batteries 

bvstora studies have shown that cosmic no iso is 
likely to he an important factor in determining the 
minimum sounding power for a satisfactory signal to 
no iso ratio Published figures for cosmic noise at 
3 Me /e give brightness temperatures varying between 
7 10* °K 1 and 120 x 10* *K. ,a Measurements on 

the Earth s surface particularly at such low fre- 
quencies, inevitably involve assumptions concerning 
transmission looses through the ionosphere and for 
frequencies less tlion approximately 15 Mo /a the 
accuracy of oxlsting data on cosmic noise is question 
able* • A direct measurement of this noise using 
cither a rockot or satellite is therefore indicated, and 
the results obtamod would have tho added merit of 
being of considerable interest in the flold of radio 
astronomy 

Ground based radiometer* boro boon described by 
bov oral authors* T and design tochmques nppropnato 
to tho ground env ironraont are by now well estab- 
lished By comparison, a radiomotor for use m a 
sounding rockot or a satellite is severely limited m 
its dimensions, weight, and powor consumption In 
addition, it must also survivo tho mechanical and 
thormal shocks associated with a rapid ascent 
through the Earth's atmosphere 

It is found thot tho successful instrumentation of 
such a radiometer depends critically on tho design of 
a smtnblo low frequency nonal and reference no iso 
Bouroo Tho use of one or more Hertzian dipoles on 
a spfleo vohiclo, poses a formklablo aerial calibration 
problem whioh bocomes increasingly serious as tho 
froquoncy is reduced This approach was tho re loro 
abandoned m favour of tho mngnotie dipole winch is 
easier to calibrate sinco it is relatively unnffoctod by 
the proximity of tho ground or other conducting 
surfaces 

Optimum utilization of a given volumo of ferrite 
has boon investigated, and it is of interest to consider 
tho design and efficiency of a pair of Joop aerials at 
3 Me /s using 300 gin of ferrite 
Two 18 cm Y 3 cm x I cm rectangular cores, 
each mado up of three plates of ferrite were space 
wound so that each wind ing covered 80 per cent of 
tho longth of its ferrite core Tho calculated radiation 
resistance of each aorlal was 

4 x lo- 1 n 

and was foimd to bo noghgibly small compared with 
tlio equivalent series resistance duo to core and 
copper losses 


For a bandwidth of SO kc /eoc and with tho two 
aerials connected m senes, the power available at 
tho input terminals of tho receiver is 
4JF x 1(H* watte 

wliere E is in pV /motre This powor is 30 db below 
that avaOablo from a matched, loss less half wnv o 
dipolo 

Transistor receivers with equivalent input noise 
temperatures of 000° K at 3 Mo /s liavo boon con 
slrucrtod and if tho brightness tom pore turn of tho 
cosmio noise is 120 x 10* *IC-, tho signal to noiso 
ratio at the recoiv or output will bo 11 db This 
includes an additional aonal loss of 3 db duo to the 
random polarization of tho noise 

Errors duo to clianges in tho gam and band width 
of tho recoiv or are reduced by continuously switching 
tho recoiv or mput between the aerials and a reference 
noiso source At tho output terminals of the rooeivor 
tho ratio of the switclied power lov ols is 

OjPlf + Pa j) ~ Px ± Pt, i 
GPv, Px* 

and is independent of tho rocoivor gam (Pj> is tho 
noise power from the aerials, is the equivalent 
mput noiso powor due to tho recoiv or wlion connected 
to the aerials Py, is the mput noiso power duo io 
the receiver and reference noiso source when the 
aerials are disconnected and Q is tlio powor gam of 
the receiver ) Tho addition of an A G C loop in 
creases the dynamio range of tho receiver to approx 
imately 60 db and converts the output into a v oltogo 
suitable for tolemctenng to tho ground If the 
A G C time constant is short compared with tho 
period of rotation of tho rockot or natollito tho 
exist on co of directional properties m tho cosmic noise 
may be observed 

Tlio overall accuracy' of tho instrument depends 
fargoly on tho stability of tho reference noise lovol 
and tho accuracy with which tho aerials can bo 
calibrated on tho ground An avalanche diode is 
used ns a rofcronco noise source and its cose tom 
point lire is monitored on a separate tolcmetrv 
clmnnol Laboratory testa on this radiometer indicate 
an ovornll probnblo error of less tlian i 2 db in the 
measured cosmic noiso intensity 

Errors due to atmospheric and man made inter 
forenco (including radiation from ground based trails 
nutters) will bo negligible at frequencies loss Ilian tho 
minimum penetration froquoncy of tho F t layer 
Sinco tho radiometer will bo operating in an ionized 
medium tho electron density in its immediate) v icmity 
will sot a lower limit to the frequency at which cosmio 
noiso can bo measured. In practico, this low froquoncy 
cut off will bo modified by tho Earths mngnotie 
flold and may also bo higher than the local plasma 
frequency if regions of increased electron density 
exist above tho radiometer At vorv high altitudes 
it is po«siblo that tho Van Allen belie may play a 
significant part in Cltenng out tlio low frequency one 
of the cosmic noiso spectrum 
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A prototype radiometer is undergoing \ elude 
acceptance tests and the final instrument is expected 
to make the first measurements of cosmic noise 
above the ionosphere at 3 Me /s m tho near 
future 

The sensitivity and accuracy of the ladiomoter 
could be unproved by having a controllable noise 
source and using the receiver as a null detector, a 
technique w idely used on the ground A silicon diode 
operating m the avalanche mode generates noise, tho 
level of •which can be controlled by varying the duect 
current flow mg through the diode 8 Thus, ono 
lias a semiconductor analogue of a tomperaturo- 
limited diode, and radiometers of tho typo 
described by Ryle 9 become practicable for space 
vehicles 
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The experiment will be extendod at a lator date to 
obsorvo changes in tho cosmic noise-level v. ith frt 
quoncy using a sw ept-froquoncy receiver By 
observing tho wavo-longth at wlucli tho noiso level 
starts to mcreaso rapidly, plasma frequencies, and 
therefore oloefron densities, can bo deduced at 
various heights over different parts of tho world 
from a satellite travelling in an olhptical orbit 

1 X'nUoiinl Bureau of Standards Circular X'o 557 (1055) 

* Rebcr, G , and Bills, 0 It . J G'ophyt R't , 61, 1, 1 (1050) 

» Rebcr, G , J Geophys Rn , 63, 100 (1053) 

* Roman, Dr X , X A S \ , UnsldnRton (private communication) 
>Qc tmantsci G Q , Glnrburp, V L , ami ScliklovsMi, I 3 , U F.A , 

68 No 2, 157 (1053) 

•Dlcko R II , Rcc Sc, Irvttr , 17, 203 (1040) 

> Rjlo, At Proc Uov Soc , A, 211, 351 (1052) 

* Chunplin K S J -tpp Phyi 30,7,1030 (1950) 

•Rjle, VI and Aonbtrf:, D I) Proc Hoy Soc , A, 193, 09 (1913) 


SURFACE TOPOGRAPHY OF THE ANTARCTIC ICE SHEET 

By Dr J F NYE 

H H Wills Physics Laboratory, University of Bristol 


I T has been reported by Lister and by Pratt 1 - 
that the surface of the Antarctic ice sheet over much 
of the route of the Trans-Antarctic Expedition con- 
sists of a series of undulations with wave-lengths of 
5-30 km and a mean amplitude of about 20 m In 
this respect the surface differs markedly from that 
of the Greenland ice sheet, which, except near the 
margins, is generally much more uniform 5 3 Tho 
question then arises as to whether the undulations 
seen in Antarctica are due to some effect of wind, 
which causes the snow to accumulate preferentially 
m certain places, or whether they are the result of 
unevenness in the rock bed upon which the ice sheet 
lies The following analysis leads to the conclusion 
that the latter explanation is the right one, and that 
we may hope to discover much about the topography 
of the bed simply by an inspection of the surface 
Owing to the higher temperature of the low er lay ers 
of ice, and the large effect of temperature on the creep- 
rate of ice, the outward motion of the ice sheet 
probably takes place almost entirely by sliding on 
the rock bed (combmed w ith rapid shearing m a very 
tlun layer at the bottom ) 4 The velocity of sliding u 
will depend on the shear stress i at the interface, the 
effective roughness of the bed, and the temperature 
(and possibly on the hydrostatic pressure) At a 
given place on the bed let us assume that 

" = G )" 1 (D 

where A and m are constants According to Weert- 
man a calculation 5 , which is appropriate w here the 
ice in contact with the rock is at the pressure melting- 
point (which may be the case m parts of Antarctica), 
he value of m is 2 or 2 5 - is given approximately 6 

by Pghci, where p is the mean density, h is tho thick- 
ness, and a is the^ (small) slope of the upper surface 
averaged over a distance li Hence 



u at a pomt is thus determined by the slope of the 
upper surface and the thickness at that pomt On 
the other hand, m a steady state, where the accumula- 
tion of snow on the upper surface is just balanced by 
the outward flow, u is also determined by the rate of 
accumulation of snow, integrated between the place 


under consideration and tho ‘centre’ of the ico sheet 
17ns makes it possible, in principle, to calculate tho 
steady -state profile of tho upper surface, and with 
certain simplifying n&sumptions, such ns uniform 
roughness of the bed, some analytical solutions can 
he domed 4 

Our present concern, however, is with departures 
from tlio stead v state, and hero tho appropriate 
analysis has already boon performed by Wcertman" 
He uses equation (2) nnd considers an ice sheet mo\ mg 
down a uniform plane bed of slope p m the direction 
Ox the assumption of uniform slope is not m foot 
necessary, and we may put p a function of x without 
altering tho result (Tho effect of non-umform rough- 
ness is treated in rof 4 ) In tho steady state, the 
thickness is h 0 {x), tho velocity' is u 0 (x), and tho thick- 
ness of ice added at the upper surfaco per unit time is 
a(x) We put (lh 0 /dr = —90 (90 i*s positive) and 
ct» = 90 + p, so that a 0 is tho steady-state slope 
of tho upper surface Let there now be a departure 
h j (r, () from the steady -stato thickness, where 
h t <^h 0 , dh j j dx 9 ,,, dhjdv a„, d'-h^dx* dx 0 /dx 
Weertman then shows, solely' from equation (2) nnd 
an equation of continuity, that tho subsequent historv 
of this perturbation is given by 


dhy 

dl 



D 


dx s 


( 3 ) 


B, C and D being fixed by tho steady-state parameters 
as follows 


U — yn -p L) (9 0 U 0 -t- n;//i 0 

C = {(m -f 1) («„ + 9„)n 0 - (mi - l)a}/a„ 

D = mujio/a. o 

Tho three terms on the right in equation (3) have 
simple meanings’ Tho term — Bh 1 represents an 
exponential decay with a time constant B Putting 
m = 2 5, h B = 3,000 m , «„ = 20 m /yr , 90 = 3 v 
10' 3 , o=01 m /yr gives B~ l — 5,000 yr Tins 
term is concerned with departures from tho equili- 
brium thickness, rather than from the equilibrium 
slope It shows that such departures, extending, 
as we shall see, over long distances comparable with 
the size of tho whole ice sheet, can persist for several 
thousand years— long, that ,s, compared with tho 
period for which the rate of accumulation can he 
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considered steady The term — Cdhjdx represents 
n travelling wavo of const ant A, moving with a velocity 
O Tins wave is akin to the kinematic waves of 
Ligkthill and Whitham* Putting e= ip, and the 
other values os before gives O ™ 00m/\r (We may 
note in passing that for small t/*, C can bo negative 
that is, the mi e can trai el upstream This happens 
up to distances of about 200 km from the centre ) 
The term Dd'h^Bx', -which is tho one of primary 
interest in tho present application, represents an 
outward spreading and broadening of an initial dis 
turbanco in accordance -with the diffusion equation 
The charactenstio timo for the diffusion’ process will 
depend on tho length of the wa\ ea If there are sur 
faco wa\es of wavo length X, the characteristic time 

/ 4jr*DV l 

will bo* (^J3 + — ) Putting in numoncal values 

os before and taking X «» 12 km (tbe mean observed 
wave length), we find tho tone to bo 0 07 yr (B is 
negligible here) Thus surface waves ns short as 
12 kin will disappear in a matter of months In 
order to survive for ono year a wave would nood to 
have 7 > 40 km , and for 10 years, > > 140 km 
A wavo with X/2 equal to the width of the ice sheet 
(4 000 km ) would last for 6,000 y ears At the other 
evtromo wo must recognize that tho approximations 
of the theory break down when tho wave length 
becomes smaller tlian the thickpess of the ice sheet 
say , 3 km , and waves with X 3 km — sastrugi 
for examplo — will not bo eliminated by the above 
mechanism Thus wo conoludo that departures from 
tho equilibrium form of the ice sheet cannot survive 
for longer than one year if thoir wavo lengths are 
between about 3 (or less) and 40 km 
The physical reason for this result may bo explained 
as follows The upstream sido of a crest will have a 
smaller slope than normal, and the downstream side 
will have a greater Blope This causes a greater shoor 
stress on tho bed, and therefore a greater velocity, on 
tho downstream side Tho crest is thoreforo stretched 
and flattened If, however, tho crest is narrow com 
pared with the depth of the ice sheet, ns m sastrugi, 
the changes of slope do not affect tho shear stress on 
the bed, and so tbe crest survives At tho othor 
extreme, if tho crest is vory extensive tho additional 
curvature of tho surfaco is so slight that a long time is 
needed to eliminate it Between these two extremes 
thore is a range of wa\o lengths where the crests 
disappear m times less than one year 

It follows from this analysis that, if comparatively 
long lived undulations are observed m tho range of 
wavo lengtlm whore waves ore quickly eliminated, 
they cannot bo departures from the equilibrium 
profilo but are tho result of tho topography of tho 
bed This conclusion, from purely mechanical reason 
mg, will apply to the surfaco waves with 7 ~ 13 km 
scon in Antarctica provided tho waves cannot build 
up by preferential accumulation in very short times. 
According to tho abovo figures they could only bo 
duo to preferential accumulation if thoy wore built 
up within a fow months — and this Booms oxcocdinglv 
unlikely m view of tho measurements of annual 
accumulation interpreted from cores drillod on the 
waves by tho Trans Antarctio Expedition during 
tho crossing 1 * Incidentally, if our conclusion that 
tho waves are tho result of bed topography is 
correct, ono might oxpoct to find tho accumulation 
rather greater in tho sheltered hollows than on the 
exposed crests, and this does nppoar to bo tho case 1 
Wo must now ask how tho topography of tho bod 
will mfiu on co tho surfaco If in wore infinite, equation 


(1) shows tliat the velocity of sliding would bo 
zero up to a critical shear stress A, and when t *= A 
« could take any valuo Putting m infinite m fact 
leads to tho oldor theory* in which - was regarded as 
constant everywhere on tho bed of an ice sheet 
In this approximation therefore A is proportional to 
l (a Using tlus approximation, Bourgom* has 
succeeded m making a detailed correlation botween 
the very slight relief of the surface of the Greenland 
ice sheet and tho relief of the bed measured by seismic 
sounding He found tliat an unevenness of tho surface 
of ns little as 10 m between two points 30 km apart 
denoted the presonoo of a hdl in the bed rock about 
360 m high This thoorv can now bo improved by 
using the more general relation (1) m wluch m is 
finite and which allows for changes in t It is then 
found* that a hill on tho bed of hoighfc p, a here 
p <^h, produces (o) a change in height of the surfaco 
which is an order of magnitudo loss than p, (b) a 
change A a in surface slope where 


— «=. m + 1 P ~ a. Z 
a m h ~ * A 


w 


and (c) a change At of shear stress on the bod -where 


Ax 
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1 P 

m£^ 04 


P 

h 
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Thus a mountain 300 m high oo\ ered b\ ice 3 000 m 
thick shows itself as a ohnnge m height of the surface 
small compared with 300 m (as verified by Bourgom s 
work), a change m surface slope of 14 per cent and 
a cliange of shear stress on tho bod of 4 per cont The 
smallness of this last figure la tho reason for the 
success of the older theory m which twos regarded as 
constant 

In order to deduco the height of a buried mountain 
from tho change of slope of tho surface that it pro 
duces wo write (4) as 


m A Act 
m-f 1 a 


0 7 


A Aa 


<«) 


Tho valuo of p deduced bv putting m infinite is 
h A a/a Thus with tho now thoory , winch allows 
t to vary, wo deduce values of p which are 70 per cent 
of thoso deduced on tho older thoory Genernlh 
speaking the accuracy of tho seismic methods used 
in Greenland (and Antarctica) is not vot sufficient to 
chock this chnngo in the theoretical prediction 
Tho fluctuations of surface slopo observed in 
Antarctica nre oomparablo with tho avorago slope 
lt&clf, and it follows from (4) that tho heights of tho 
submerged mountains ore a largo fraction of tho 
total thicknoss of tho ice sheet Wo are thus left 
with tho conclusion that tho surface v\ ave* m Antarc 
tica small os thoy ore, reflect a very considerable 
relief of tho rock bod — a rohof wldoh is already 
becoming apparent from the seismic and gravity 
work Greenland is very different there tho bod is 
eompamth oly uniform in tho regions so far studied, 
and this shows itself in tho extreme uniformity of tho 
surface 
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NUCLEOTIDE-PEPTIDE COMPOUNDS OF SACCHAROMYCES 

CEREVISIAE 


By G HARRIS and J W DAVIES 

Brewing Industry Research Foundation, Nutficld, Surrey 


Synthetic ‘Active’ Nucleotide-Peptide 
Compounds 

T HE recent demonstration 1 of the prosenco m 
stiams of Saccharomyces cercmsiac of nuclootide- 
peptide compounds containing an activo carboxyl 
group m the peptide moiety and the isolation of 
individual compounds of this nature 5 , which may 
function as protein procursors, made it cloarly desit - 
able to prepare model ‘active’ compounds 

Methods already available 3 " 8 for the synthesis of 
the related amino-acid adenylates have therefore 
been applied to the elaboration of certain nucleotido- 
peptide compounds For oxample, application of the 
method of Berg 3 , as modified by Kingdon cl al * to 
the condensation by means of dici/c/ohoxyl carho- 
dnmide m aqueous pyridine of adonylic acid with 
leucylglycme, has yielded a mixed nucleotide-peptide 
anhydride, although only in small yield The crude 
product was ob tamed from the reaction mixture b\ 
precipitating it by means of acetone, extracting the 
dried precipitate with weak aeotato buffor at pH 4 0 
and removing contaminating adenylic acid and poly- 
mers by adsorption of these impurities on ‘Don ox- 1’ 
(formate) It was further purified by chromatography 
on Whatman 3 MM paper m the solvent system, 
n propanol-ethyl acetate-water (7 1 2, v/v), olution 
with cold water and o\ aporation of the resulting 
solution in the cold 

The product had an Rf value of 0 20 in the above 
chromatographic solvent and was therefore woll 
differentiated from unchanged leucylglycme having 
an Rf value of 0 32 It gave a characteristic red 
coloration with mrihydrin reagent on paper and a 
strong red-brown coloration due to the formation of 
a feme liydroxamato on treatment with hydroxyl - 
amine follow ed by feme chloride under the conditions 
recommended by Konmgsberger el al 1 These colour 
reactions and the behaviour of the compound on 
‘Dowex-1 (formate) resemble closely those given by 
the corresponding products from yeast With the 
lattei , the synthetic compound shares also the further 
characteristic properties of migrating towards the 
cathode on electrophoresis on paper m acetate buffer 
at pH 4 0 and of having an ultra-violet absorption 
spectrum of the type given by the corresponding 
nucleoside From a consideration of its properties, 
the mode of synthesis and the fact that the compound 
yielded on hydrolysis oquimolar proportions of 


adenine, riboso, phosphoric acid, loucino and glvcme, 
it may bo deduced that tho nucleotido-poptido lias 
tho structure (1) This rosombles closely certain of the 
yeast constituents which, however, contain uracil m 
placo of adenine, and it is of interest to record that 
replacement in tho above synthesis of adenylic acid 
by uridylic ncid results in tho formation of a product 
of vory similar properties with tho exception that it 
is less leadily desorbed from ‘Dow ox- 1’ (formate) 
Again, tho substitution of tho tripoptido DL-lcucjl 
glycvlglycino for tho abovo dipoptido violds analogous 
pi oducts, and present offorts nro thoroforo boing made 
to extond tho synthesis to cortum of tho natural U 
occurring nuclootido-poptido compounds 


A Second Nucleotide-Peptide Compound 
from Brewers’ Yeast : Isolation and 
Structural Observations 

Tire initial discovorv 5 of a nucleotido-poptido com 
pound in cold ethanol oxtracts of a brow or ’s v cast 
and tho possibility that such compounds might play 
a part in protom synthesis prompted a search for 
other substances of this naturo It has now been 
obsorvod that extraction of Saccharomyces cerciisiae 
(No 240 of tho British National Collection of Yeast 
Culturos) by means of hot aqueous othanol, follow mg 
inactivation of tho colls with cold othanol and other, 
yiolds a mixture containing sovoral nuclcotide- 
peptido compounds Treatment of tho extract with 
‘Dow ox- 1’ (chloride) rosultod in adsorption of cortum 
of those compounds among others on tho rosin, wlnlo 
desorption of somo of tho adsorbed material was 
acluovod by troatmont of tho rosin with aeotato 
buffor solution at pH 5 0 Tho concentrate thus 
obtained w os freed from various nuclcotidos, poptidos 
and ammo-acids by successive adsorption of these 
compounds on ‘Dowox-1’ (formate) and ‘Amborlito 
00 50’ (acid form) and was tlion subjected to olectro 
phorosis in aeotato buffor at pH 4 0 on Whatman 
No 3 papor Elution by moans of cold water of that 
material on tho final oloctrophorograin which had the 
properties of (a) migrating towards tho cathode, 
(6) reacting with hydroxylammo to form a liydroxamic 
acid 1 *, ond (c) yiolding a coloration w'ltli nmhydrin, 
gave a preparation, which on froo/o- drying and 
freeing from salt by solution m wot othanol, followed 
by precipitation with other, yiolded a homo- 
geneous nucleotido-poptido 

Tho product migrated as a singlo narrow 
band on electrophoresis as abovo and 
formed one woll-dofinod chromatographic 
7ono m tho solvent systems composed 
(a) of butanol, acotic acid and water (4 1 1. 

v/v) , and (b) of ethyl acetate, propanol 
and water (17 2, v/v) As indicated 

abovo, it formod a liydroxamic acid on 
reacting w ith hydi oxylamine under tho 
conditions described by Ivonmgshorger el 
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al 1 and it ga\ o a red coloration on heating with 
nmhydrm In acid solution, its absorption apoctnun 
displayed maxima at 236 and 205 mp, tho peaks 
corresponding presumably to tho absorption duo to 
the poptido and nucleotide moieties, respectively 
The molooulo was broken down into its constituent 
parts by treatment with cold alkalis, for oxamplo, 
sodium hydroxido, aqueous ammonia or hydroxyl 
ammo, tlio nuclootido portion display mg tho 
chromfttographio 7 , oloctropliorotic and light absorp 
tion properties characteristic of uridino 5' phospliate 
Tlie peptido hydroxamio acid formed by treatment 
of the original nuclootide peptido with hydroxyl 
ammo bohavod chromatographlcally as a smglo 
substance which on hydrolysis with acid yielded 
only arginmo and a alanine as judgod by chromato 
graphy and colour reactions 1 The treatment with 
alkalis naturally resulted in the loss of rooctivity 
towards hydroxy lamino 


OH 



(ID 


whoro It represents a totrnpeptido rcslduo consisting 
of two arginmo and two a alaruno unite 

Tho presence of a itridylio acid rosiduo m tho 
nuoleotide-poptido compound was oonfirmed by 
hydrolysing tho latter material (a) with forrruo acid 
to produce uracil, itself estimated by i on -exchange 
cliromntographv \ (6) phosphate 10 (1 molo), and 
(c) nbose (I mole) 11 ** Tho composition of tho 


peptido was ascertained by hydrolysis witli hydro 
chloric acid followed by chromatography on paper 
The arginmo and a-alanme woro olutod by moans of 
diluto acid and estimated by tho oolorimotno method 
of Yemm and Cocking 13 , whereupon it was found 
that tlie molooulo contained two residues each of tho 
abo\o ammo acids Tho evidence indicates that the 
nucleotido-peptide now described is a mixed an 
hydrido (II) of undino 5 phospliato with a totra 
poptido containing two units of a nianino and two 
units of arginmo Tho site of tho ‘ootivo anhydrido 
grouping at tho 6 position of tho uridino 6 phospliato 
is indicated (o) by the loss of reactivity towards 
hydroxylamino coincident with fission of tho molo 
oule by means of alkalis, (6) tho formation of a 
poptido-hyxlroxamio acid and (c) by the fact that 
tho compound itself is immediately attacked b\ 
periodate thus demonstrating tlie lack of sub 
etituonts on the 2 and 3 positions The closo 
structural relationship between the nuclootido- 
poptide here described and the mixed 6' phospho- 
anhydridee of adenosine 6 phosphate with various 
singlo ammo aoids, takon together with tho fact that 
tho latter anhydrides are held to be implicated in 
protein synthesis, suggests that tho poptido deriva 
tivos also might play a part in cell growth 
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SYNTHESIS AND PROPERTIES OF l-GLYCERYL-2-MYO-INOSITYL 

PHOSPHATE 


T HE simplest member of tho glyconnosityl 
phosphatidcB 1 is considered to bo n diacvl 
domative or 1 glyceryl 2 myo inosityl phospliato 
(I)*- 1 , sinco on hydrolysis it yields glyocrol myo 
inositol, glyooryl phosphate, myo mosityl phoephato 
and fatt\ acids, tho ratio fatty acids glycerol 
inositol, phosphorus being 2 111 


1 gly oeryl 3 myo inosity 1 phospliato for comparison 
with tho natural product This was kindly under 
takon by Dr J N Hawthomo, who found our syn 
tliotio produot idontical with his own spocimon 
isolated from ox liver and with a spocimon synthesized 
by n different routo (boo second communication) 

T Malkin 


OH O 

HO /( k O— k-O— CH, 

K. ° HO ) i)H iiHC 

\_J/ L 


CHOH (Aoyl) 
(Aoyl) 


Although there is strong e\idcnce for formula (I), 
doubt still exists concerning tho position of tho 
phospliato group boenuso of its tendency to migrato 
to adjacent hvdroxyl sites under tho conditions 
of hvdrolvsifi 4 * W o have therefore svnthesized 


Synthesis of l-GlyccryI-2-myo-lnosltyl 
Phosphate 

3 4 6 0-TKTiiACFTYn-nn/o inositol 7 m pyridine 
vhen treated with 1 25 moles of acetyl ohlondo in 
Kinzone yielded 1 3 4 5 0 pontncetyl myo inositol 
n 78 per cent y told, shown by mixed m p 172—74° G 
tnd mLxed m p of p nitrobonzoyl esters 232-35* C 
o bo identical with tho pontacotnto obtained b\ the 

torco8pccifiorcductionofpontacetyl-^cyWo inososo* 

Chis pcntacetate, wlion treated with phrny P 1 
ihorodichlondo 1 1 moles fn lutfdme n 
18 hr followed by addition of 1 r - ^>r^l > 
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glycerol, 6 moles, at 50° C , and stirring for 36 lir , 
gave 1 2-isopropylidene-glyceryl-pentacetyl-2-w2/o- 
mosityl-phenylphosphate, as colourless crystals from 
ethanol, m p 140-42° C , m 62 per cent yiold (found 
C, 61 0 , H, 5 7, P, 4 7 Cj 8H 3: O 10 P requires 
C, 50 9 , H, 5 6 , P, 4 7 per cent Hydrogono- 
lysis m ethanol or ethyl acetate, in the presence 
of Adams’s catalyst, removed tho phenyl group, 
and the resultant acidity was sufficient to cause tho 
loss of the tsopropvlidene group, on dissolution in 
water and standing overnight Evaporation of tho 
solvent at < 40° C gave the glyceryl-pentacotyl- 
mosityl-phosphate as a dehquescent glass, which 
was characterized as the ci/cZohexylammo salt, m p 
204° C (found C, 46 2 , H, 6 7 , N, 2 2 , P, 4 7 per 
cent , C.jH^tO^P N requires C, 46 6 , H, 6 5 , N, 

2 2, P, 4 8 per cent Sodium methylate m methanol 
converted the pentacetyl compound into sodium 
glyceryl-mi/o-mosityl-phosphate, which was separ- 
ated in a centrifuge and converted into tho free acid 
by passing an aqueous solution down a column of 
‘IB 120’ resm Evaporation to dryness at < 40° C 
gave a dehquescent glass, which was quite unsuitable 
for characterization or for handling Sodium, 
potassium and barium salts were made by passing 
an aqueous solution of the phosphate down a column 
of ‘IB 120’ resm in the appropriate basic form Both 
the former aro very dehquescent, but the latter is 
less so and can be handled reasonably well Tho 
removal of protectmg groups is carried out with an 
overall yield of 70-75 per cent 

Smce most of the natural glycoryl phospliatides 
occur in the L-form, we have earned out the same 
synthesis, using D-isopropyhdeno glycerol 11 , which 
yields the L-glyceryl phospliato , but although various 
optically active intermediates were obtained, tho 
final glyceryl-inosityl-pliosphate was inactive Race- 
mization is, of course, to bo expected, once tho pro- 
tectmg wopropylidone group is removed, becauso of 
the phosphate equilibrium between tho 1 2-positions 
of the glycerol, and this appears to be particularly 
rapid, when all the protectmg groups aro removed 
It is, however, perhaps too early to discu&s this 
aspect of the work in detail, as so little is yet known 
about the activity of tho natural compounds 

L-tsopropylidene-glycoryl-1 3 4 5 C-pentacetyl- 
myo-mosityl-phenyl-phosphato was made as described 
for the Decompound The m p and mixed m p 
wnth the Decompound are surprisingly the same 
(140-42° C ) , [a] y ° -+- 2 34° C in ohloroform, [a]V° + 

2 4m ethyl acetate 

Hydrogonolysis of the above and neutralization 
with jV/ 10 sodium hydroxide (phenolphthalem) 
gave sodium L-isopropyhdene-glyceryl-1 3 4 5 6- 
pontacotyl wi/o-mosityl -phosphate , '[a]';° + 3 25° C , 
m chloroform (found C, 43 3 , H, 5 2 , P, 5 0 
C I2 H 3 ,O is P Na requires C, 43 5 , H, 5 2, P, 5 0 poi 
cent) Tins, on deacotylation, gave sodium L-?sopi o- 
pvlidene -glycoryl mi/o-mosityl-phospliato as a de- 
liquescent white powder , [a]V° — 1 04° C inwatoi 

Bor comparison with tho natural products, wo 
sent the barium salt of glyceryl-myo mosityl phos- 
phate, prepared from D-wopropyhdene glycerol, to 
Dr J N Hawthorne Our own hydrolysis and paper 
chromatographic comparisons showed it to bo 
identical with that obtained from inactive isopro- 
pyl] dene glycerol 

J H Davies 

T Malkin 

Department of Chemistry, 

University of Bristol 
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l-GIyceryl-2-myo-inosityl Phosphate : 
Alternative Synthesis and Behaviour 
on Hydrolysis 

By a mild alkaline hydrolysis of livor phosphatidyl 
inositol (Formula I, previous communication) tlio 
tw’o fatly acids hnvo boon selectively removed, and 
glyceryl-myo-inosityd phosphato propared After 
purification on an ion-o\chango column, it has been 
broken down to a mixture of glycoropliospliato and 
mositol monophosphate bv hydrolysis with 0 5 N 
sodium hydroxide at 100° C for 40 min 11 For 
comparison with gly ceryl-»!?/o-inosif yl phosphate 
piepared in this way, a synthetic sample was required 
1 -Glyceryl-2-?/ii/o-mosilyl phosphate was clioson for 
this work 

Tho mothod of phosphorylation used in tho present 
synthesis is that which has been do\ eloped by Gilliam 
and Kliorana 13 a phosphato monoostor and an 
alcohol, under tho infiuenco of dici/clohexylcarbodi 
mndo m anhydrous pyridmo, condense togethor to 
give a phosphato diester (Tins work began before 
the method of Gilliam and Khornna appeared "Wo 
are grateful to Dr Kliorann for sending details m 
advance of publication ) This method has not 
previously been applied to the syntheses of phospho 
lipids or their intermediates 

The alcohol used in tho present work was dl wo- 
propyhdeno glycerol 11 and tho phosphate monocstcr 
was 1 3 4 5 0-pentn-acoty l-mi/o-mositol-2 phos 
phato This latter compound w'as prepared by a 
modification of Isohn s fivo stage synthesis" mi/o 
inositol was oxidized bv Acctobaclcr suborydans to 
scyllo - mososo This was acotvlatod to its ponta- 
acotato with acotic anhydride containing 0 3 por cent 
porcliloric acid Tho catalytic reduction of tins 
compound is difficult 10 , presumably becauso tho 
carbonyl group is slorically hindered and it was 
ovontually found necessary to carry out tho hydro 
gonation m glacial acotic acid Tho leaction is not 
completely' storeospocific in this solvent and a mixture 
of myo-inositol and scyllitol pontn-ocotatcs is formed 
Tho mixturo was phosphors latod with diphenyl 
pliosphoi oclilondato in pyridmo at 80° C for 20 la 
Tho product, rocrvstalhzod from dry ethanol, had 
mp 183-88° C Tho yield was 66 por cont Tho 
phonyd groups woro removed bv hy r diogonoly r sis m 
dry otlianol with Adams’s catalyst, and tho contam- 
inating scyllitol isomor w as then romo\ od by fractional 
crystallization fiom tho concentrated otlianol solution 
at room tompoiaturo , tho pent a acotvl scyllitol 
phosphato had mp 249-51° C , yield 5 poi cent, 
tho penta acotyl mositol phosphato had m p 230- 
32° C aflor roraystallizing from dry otlianol, yiold 
04 per cont 

dl ?sopi opyhdono gly'corol (0 5 ml ) and pontn 
acotyl mositol-2-phosphoric acid (0 2 m molo) woro 
allow oil to react, togotlioi in anhydrous pyridine 
(5 ml ) with dicyclohoxy'lcaibodiimido (1 5 mmoles) 
for 2 day's at room tompoiaturo Wat or was added 
and tho precipitated dici/clohoxyluroa romoiod by 
centrifugation Tho isopropyhdono group was ro- 
mov od by st irring with a largo oxcess of ‘Zeo-Karb 225 
(H+-form) overnight Tho solution was concentrated 
to a small volume tn vacuo at a bath tompomturo 
of loss than 40° C and tho acotyls romovod os their 
liydroxamatos hydroxylamino w'as proparod lit 
reaction of its hydioclilorido with tho calculated 
amount of sodium motal m dry methanol and added 
m oxcess to tho phosphato solution Tt was allowed 
to react for 20 mm 
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Tlio reaction mixture contained 26-30 per cent 
ghcorjl myo mosityl phosphate, froo inositol mono 
phosphftto, and a third component wluoh is probably 
bis inositol pyrophospliato Those compounds were 
separated by chromatography on Dowox 1* using 
borat o-format o mixtures for elution 11 Tlio synthetic 
glyceryl -myo mos i fcvl phosphate was oluted at tho 
same formate concentration as tho natural material 
Determination, of glycerol by tho chromotropic acid 
method 4 * showed a glycerol to phosphorus molar 
ratio of 1 0(03)/l 

Tho synthotic product was subject od to the same 
alkaline hydrolysis that has been usod for the 
gl\ cervl myo mosityl phospliale isolated from the 
inositide The hvdrolyrsato, comploxed with borate in 
tho usual manner, was analysed into its components 
on a Naloite SA1V column 16 No phosphate was 
now oluted with the glyceryl myo inosityl phosphate 
eluting agent but two peaks appeared in tho positions 
where inositol monophosphate and glycorophosplinto 
are known to occur Only tho second, corresponding 
to gh ccrophosphato contamod glycerol 31 per cent 
of tho phosphorus was present in tho inositol plios 
phate peak 

For comparison, tlio barium salt of gly coryl myo 
mosityl phosphoric acid prepared in tho Bristol 
laboratories was hydrolysed by tho same method 
Anahsis b\ tho cliromotropic acid mothod showod 
that it contained the theoretical amount of glycerol 
Tho inositol monophosphate and glycorophoephato 
produced by hydrolysis wore separated on a column 
as abovo In two analyses 31 and 35 per cent of the 
phosphate in the hydrolysate was in tho form of 
inositol monophosphate 


URE 

This hydrolytic pattern agrees well with that 
obtained with glycoryl myo inosityl phosphato pro 
pared from the liver phosphatidyl inositol 1 * In 
addition Hanahan and Olley 1 * found tliat alkaline 
hydrolysis of tho lipid itsolf ga\o 35 per cent phos 
phorus m tlio form of inositol phosplinto It is 
likely, therefore, that tho natural product lias a 
similar configuration, in\ oh ing mositol 2 or 1 phos 
phato A decision between those two sliould be possi bio 
since only tho 1 -compound is optically active 1 * 

R B Ellis 
J N Hawthorne 
Department of Medical Biochemists 
and Pharmacology, 

Medical School Birmingham 16 
Juno 0 
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FUNCTIONAL ORGANIZATION OF THE RESPIRATORY CHAIN 
IN LIVER MITOCHONDRIA 


By Dr. TOK.UJI KIMURA and Dr THOMAS P SINGER* 

Edsel B Ford Institute for Medical Research, Henry Ford Hospital Detroit 

T HE question of whether the mitochondrion is Tho following possibilities hn\ o boon considered in 
compartmentalized into bo pa rat o respirators tho present study (1) Thoro may be a soparato and 
cliams serving tho individual cytochrome linked distinct cytocliromo chain scrv ing oacli cytochrome 
dchydrogonasos and acting mdopondently of each reduoing dehydrogenaso in nutochondna, with no 

other or -whether all or most of those dehydro interconnexion between tho clinins (2) Two or more 

tre noses are structurally and functionally linkod to dohydrogonascs may bo attached to any given cluun 

a common electron transport system, lias boon an but there is no functional interconnexion betwoen 

opon and much debated one In tlio post, two major tho cliams (3) Thro or more dohydrogenasea may be 

approaches lm\ o boon used to explore this question, linkod to a gi\ on oytochrome chain, and thoro is inter 

One ontatls tho isolation of mitochondrial fragments communication (that is, electron transport) among 

capable of oxidizing only ono subfit rat o at significant all tho chains in a given mitochondrion Tho third 
rates (such as a reduced dipliosphopvridino nuclootide altomatn e recognizes tho least degroo of specialization 
oxidase preparation 1 ) and the other tho measurement for tho electron transport system- Both alternatives 

of tho oxtent of reduction of tlio various cytocliromo (2) and (3) poso tho further question oa to tho point 

components in anacrobiosis in intact nutochondna* in the cliain at which a bifurcation to tho various 

Elsovshoro*, woliavo discussod tho limitations of thoeo doby drogo noses might occur In tlio present in\ cstiga 
methods and tho consequent uncertainties of tho tion those oltomativos were oxominod in sucrose 

conclusions dem ed from their application, A series mitochondria of rat liv or, using tho succinic and 

of alternative methods hnvo boon employed by cholmo oxidoso systems as indicators, srnco both 

Rrnglor and Singer* 1 to a study of tho respiratory spccifio dohy drogonases liav o been isolated and mifil 

oludn in brain mitochondria and bo mo of the enmo cienlly characterized to permit tho conclusion tlint 

methods Ixavo been applied by l\u and Tsou* to thov aro flav oproteins Tho tocluuqucs employed 

Koilm-Hartrco preparations of pig hoart in thorr study in order to decido among tho aforementioned ponsl 

of tlio interrelation of succinic and rodncod dipliospho bllitios included (o) a study of tho rnto of 
pyridmo nuclootide oxidases reaction in anaorobiosfs betwoonjh^^j 1 ihcrro/i ; 

• Eittbllihed Inrertlcator of Uw Atnrrknn Heart A Modal loo gonoscs ami of tlio effect o 
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Table l Competition of Succinic and Choline dehydrogenases 
for the Respiratory Chain 


Experi- 

ment 

Electron 

acceptor 

Substrate 

Oxygen 
uptake 
(n atoms) 

Fumnrntc 
formed 
(ft moles) 


Rcsplratorv 
chaln cyt a , 
limiting (3 3 

Succinate 
Choline 
Succinate -f 

40 0 

20 0 

30 0 


m3f azide) 

choline 

35 0 

28 0 

I 2 

1 

1 

Plienazlne 

motho 

eulplmte 

Succinate* 
Choline 
Succinnto* + 
choline 

51 2 

55 4 
112 


3 

Resplratory 
chain, cjt 

6 — c i limit- 

Succinate 
Choline 
Succinate -f- 

oo o 

12 5 

22 8 


lng (0 3 v 
lO^’Af quino- 
line oxide) 

choline 

30 1 

24 0 


* Succinic dehydrogenase activity depressed b> titration ivltli 
malonnte to the level of choline dehydrogenase 

Conditions llanometrlc assays nt 30°, pH 7-0 In the presence 
of 0 02 M succinate and/or 0 017 M choline and sucrose mitochondria 
of rot liver Tlie reaction period and the amount of mitochondria 
were varied In the different experiments, bnt the results are expressed 
for a l&-mln period and 1 ml mitochondrial suspension The latter 
contained 25 2 mgm protein In experiments 1 and 2, and 25-0 mgm 
in experiment 3 In experiments 1 and 3,0 5 mgm cyt c was added 
Fumarato was determined, after dcprotelnlzatlon, with crystnlllno 
fumarase and the malic enzyme of L arabmosut (ref 9) 

(b) comparison of the quantitative effect of the 
titration of mitochondria with respiratory chain 
inhibitors on tho two enzyme systems , (c) a study 
of the effect of depletion and re-addition of a specific 
component of the respiratory chain on tho two 
activities , ( d ) competition experiments between tho 
two enzyme systems for specific components of tho 
respiratory chain 

The im estigations of Slater® and of Wu and Tsou 1 
of the reduced diphospliopyridine nucleotido and 
succinic oxidases of heart and of Rmgler and Singer 3 4 
of the succinic and a-glycorophosplioric oxidases of 
biam have ruled out tho possibility that separate 
and specific cytoclirome chains serve thoso dohydro- 
genases m the tissues mentioned, but did not permit 
distinguishing between alternatives (2) and (3) In 
contrast, the results of a comparison of tho behaviour 
of cholme and succinic oxidases in rat In or did not 
seem to be readily reconcilable with the operation of a 
common respiratory chain and suggested that at least 
a part of their cytochrome chains may operate inde- 
pendently of each othor Tims, anaerobically, no 
oxidation of cholme by fumarato could bo dolected , 
the oxidation of cholme and succinate via tho com- 
plete cham was additive, not competitive , addition 
of cytochrome c to partially depleted mitochondria 
stimulated succinate oxidation three- to four-fold but 
did not affect cholme oxidation, and titration with 
azide, evamde, antimycm a, and 2-n-heptyl-4- 
hydroxyqumohne N-oxide (quinoline oxide) inhibited 
succinate oxidation at much lower concentrations than 
cholme oxidation (Fig 1) Further, amytal completely 
inhibited choline respiration -without inhibiting 
succinate oxidation 

Smce during the steady state both cholme and 
succinate reduce all the known cytochromes of liver 
mitochondria (6, c 4- c„ a, a 3 ), although to different 
extents 8 , and smce the differential effects of amytal 
were readily explained, without postulating separate 
pathways, by the finding that this inhibitor acts 
between choline dehydrogenase flavoprotem and 
cytochrome 6®, it was desirable to establish whether 
the differential effects on cholme and succinic oxidases 
might not be the results of the greater activity’- of 
succinic than of cholme dehydrogenase and of tho 
consequently greater demand it puts on the respira- 


tory cham In order to tost this possibility’, succinic 
dehydrogenase activity was depressed by malormto 
to a point whoro it equalled cholino dohydrogonaso 
activity Undoi thoso conditions, external cyto 
cliromo c no longer stimulated oithor succinic or 
cholino oxidnso, sinco tho residual cytocliromo c in 
washed sucrose mitochondria was sufficient, to sup 
port this lowered rato of respiration Similarh, 
when succinic and cholme dohydrogonaso activities 
were equalized by malonato titration, tho titration 
curves of cholmo and succinic oxidases (and of tho 
corresponding cytocliromo c rcductasos) with all the 
respiratory chain inhibitors mentioned coincided 
Since tho activity of cholmo oxidnso in rat In or 
mitochondria is only' 20 -25 por cent ns high ns that 
of succinic oxidnso, it scorned possible that tho 
turnover -rato of tho slowest, mombor of tho cyto- 
chrome cham m liver nutocliondria (supplemented 
with cytocliromo c) may oxceed tho combined aetiv ity 
of tho two oxidasos and that, tlioreforo, m order to 
demonstrate a competition between tho two oxidases 
it is necessary to dopress tho turnover of ono of tho 
components of tho respiratory cliarn Indeed, when 
tho turnover of cytochroino a, was dopressod by 
titiation with azide, tho mutual competition of cholmo 
and succinic oxidasos could ho readily demonstrated 
(Table I, exp 1) Significantly’, ns in tho mutual 
competition of succinic and a-glycoropliosphonc 
dehydrogenases in brain mitochondria, when tho two 
substrates are simultaneously' oxidizod, the rate is 
less than that of tho faster of tho two oxidations 
Tho reasons for this have boon discussed elsowhoro 4 
That tho depression of succinate oxidation is tho 
direct result of tho operation of cholino dehydro- 
genase is shown bv tho fact that tho addition of 
3 mill amytal, under tlicso conditions, completely 
inhibits cholmo oxidation and re-estabhslios tho rato 
of succinnto oxidation and fumarato formation to 
tho lovol found with succinnto alono picsont When 
tho respiratory cham is bv-pnssod by intercepting 
electrons with pliomizino mothosulphato (oxp 2), 
tho competition disappears and a strict, additiveness 
is obtained It mnv be concluded that tho electrons 
originating from tlicso two dehydrogenases flow 
through a common transport systom, at least at tho 
level of cytocliromo oxidase 



Fig 1 Titration of sncclnlc Oxidase and cholino oxidase activities 
of snerose mitochondria of rot liver with respiratory cltaln 
Inhibitors llanometrlc assay of uptake of oxygen at 30 s ns In 
Table 1 The Inhibitions wore calculated from tho linear rate of 
respiration In tho interval 5-20 min after addition of the sub- 
strate Tho Initial rato or respiration (0-5 min ), before the 
inhibitor-resistant oxidation or cholino Is manifest (cf below), 
gives similar differences in tho titration of tho tv o oxfdases, bnt 
the Inhibition of both enzymes reaches completion 
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Whon antimyoin or quinoline oxjdo mu used to 
limit the mto of the cytochrome b — >- Cj step, instead 
of competition, additive rates wore obtain cxl (oxp 3) 
This is mtorprotod to moan that the cytochrome 6 
moioties serving succinic and cholino doliy drogonnsea 
are not the same nor in diroot mt orco mm im (cation 
Further support for this conclusion enmo from a 
detailed study of the azido , CN" , nntimy cm and 
quinohno oxj do resistant oxidation of cholino (Fig 1) 
Using an oxygen oloctrodo, it was demonstrated that 
unmodiately following tho addition of cholino to nuto 
chondna, treated with any of these inhibitors in 
o\ces8 tlie oxidation is complotoly inhibitod, but after 
3-5 nun at 30° C or after 10-20 mm at room torn 
peraturo a rospiration resistant to nil these inhibi 
tore begins Tho cvtoclirome b linked to cholino 
dohj drogonaso (but not that hnkod to succinic 
dohy drogonaso) appoars to bo tho site of tho ‘leak and 
tho resistance to inhibitors is thought to represont a 
conversion of this cytochrome b to an auto oxidixnble 
form for tho following reasons (1) Choline dohydro 
gonnso ia not auto oxidizablo (2) Amytal mldbition 
of cholino oxidation is complote but nntiraycin or 
qmnohno oxido inhibition is not Thus the leak’ is 
between flav oprotein and cytoclirome (3) Cholme 
cytocliromo c reductase is completely blockod by all 
tliroo of tlioso inhibitors (4) Tho auto-oxidizable 
component through which succinate and cholme 
oxidations occur with excess azido or ON- present is 
tho same, sinco under theso conditions tho rate of 
respiration per mgm. mitochondria ib equal whether 
succinate cholme, or both aro present Thus, the two 
doby drogonaeos compote for the leak (6) That the b 
component linked to choline dehy drogonaso (and not 
that serving sucomio dehydrogenase) is the site of the 
leak ia indicated by the fact that while cholino 
oxidation ib partially resistant to antimyoin and 
quinolmooxide (agents wliich inhibit the b —*■ Oj 
step), sucomio oxidaso is completely inhibit od by 
tlioeo compounds 

Tho auto oxidation or reduced cytochrome b in 
certain typoe of heart musclo preparations in the 
presence of oyanido was first observed by Keilin 1 * 
Rooontly Clianco 11 questioned the evidence for tho 
direct reaction of cytocliromo b with oxygen at a 
significant rate In view of tho slow rate of 
tho development of the cyanide and azide resistant 
respiration m liver mitochondria, tho auto oxi 
dation of cytochrome b possibly may escape 
detection in spootrophotomotnc oxponmonts of very 


Succ D — *-b — *-i, — *c — ► a -* n .— 


ChoL D — >b— * 

»_ _ 


Succ D — »■ b — * 


FJc 2 Schematic reptrvnUtlon of th« InterTelatiom cr mdnlo 

&od choline oildwe* In nit liver mitochondria 

short duration, as employ od by the Philadelphia 
group” 

Tho findmgB suggest tliat the respiratory chains 
of liver mitochondria, at least bo far as tho succmto 
and cholino oxidase systems are concerned aro not 
compartmentalized, but are interlinked at and above 
the oxidation level of cytochrome c „ although tho b 
components do not appear to be on a common path 
(Fig 2) Intercommunication between tho chains 
(alternative (3) above) is indicated by tho fact tlint 
tho quantitative offect of titration with an inhibitor 
such as an do or cyanide, deponds on tho relative 
turnover ratoe of the d ol i ydrogo naso and tho cyto 
ohromo component being titratod, respectively and 
may he altered by depressing the oetiwty of tho 
dehydrogenase Noitlior mechanism (I) nor (2) is 
compatible with thiB behaviour but it is to be 
oxpooted from tho third one 
This work was supported by grants from the 
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IS THE MULTIMAMMATE RAT A NATURAL RESERVOIR OF 
BORRELIA DUTTONI ’ 


By Dr. F ZUMPT 

Department of Entomology South African Institute for Medical Research, Johannesburg 


F OR about two years now the Entomological 
Department of tho South African Instituto for 
Medical Research, Johannesburg, has boon carrying 
out transmission experiments and epidemiological 
investigations on relapsing fever (Dorrcha duttoni) m 
Bochuannlnnd m collaboration with the Medical 
Department of that Protectorate 
With tho holp of Dr E L Szlamp, medical officer 
m Maun a strain of Borrcha duttoni was isolated 
from tampans [Orntthodoros inoubata) col looted in a 
hut in Maun inhabited by a native suffering from 


an aoute attack of relapsing fover Eleven sjiecimons 
of O moubata were collected on December 5 1058 
and wore injected into six whito mice on Deoombcr 17 
All tho roico beenmo positive between Docembcr 23 


nd 29, 1958 

Tins ‘Maim strain was then used for a groat 
umber of transmission experiments on which a 
>port will bo given in a later paper Up to now 
mto a few interesting results lmvo boon 
ut one ,* of special interest and te 
rcliminnm note In our scorrli for 
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resen oirs of African relapsing fever, which I expect 
to find among wild rodents, i\e also injected sev crol 
specimens of the mdigenous multimammate rat 
(Railus natalcnsis = Mastomys coucha) with the 
‘Maim’ strain and found that this wild rat is very 
highly susceptible to Borrcha duiloni although, 
judging from the general appearanco and behaviour 
of the animals, there are no ob\ ious clinical symptoms 
The same is true for the white mouse, but m the 
multimammate rat the parasitscmia of the blood is 
much higher, and persists, almost without interrup- 
tion, for a longer period A photomicrograph of a 
blood smear of a white mouse at the peak of the 
blood-parasitremia (ninth day after subcutaneous 
injection) is shown in Fig 1, and ono of a blood- 
smear from a multimammate rat at a corresponding 
peak (eleventh day after injection) is given in Fig 2 

The course of the infection m the above-mentioned 
white mouse was as follows It w as mfected on 
June 2, 1959, with an emulsion of eggs laid by an 
infected O monbata The first few spirochretes w ere 
detected m the blood-smear on June 10 The next 
dav the smear was positive (Fig 1), and it did not 
reach this degree of parasitaemia again On June 13, 
only a few spirochretes were present m the field On 
the two following dav s the blood smears were negative 
On June 17 the result was recorded as + + A feu 
spiroehfetes were agam detected m the smear on 
June 20, 24 and 27 On the intervening days, and 
after June 27, all smears were found to be negative 

The specimen of multimammate rat was injected 
on June 2 with a bram emulsion from a white mouse 
On June 9, the first spirochretes appeared in the 
blood and w ere recorded as -f The next day no 
spirochretes could be detected m the smear Thev 
re-appeared on June 11 and increased steadilv until 
June 15, when they reached the peak shown m 
Fig 2 The rat then remained highly positive until 
June 27 On the following two days the blood was 
negative , then another peak w as reached on July 3 
The rat was then still in the best condition of health, 
and its progress is to be followed up Similar results 
were obtained with other specimens of the multi- 
mammate rat 

These results, which are to be consolidated by 
further experiments, have suggested several inter- 
esting problems One is that the multimammate rat 
used in this Institute for some time for many inves- 
tigations on plague, cancer and bilharzia, is evidently 
a much better experimental animal for investigations 
on relapsing fever than the white mouse It mav 
perhaps prove to bo an ideal biological test-animal 



Jig 1 Blood smear of white mouse on the ninth day after sub 
cutaneous infection with Sorreha dullom 



Fig 2 Blood smear of multimammato rat on the eleventh day 
after fubcntancous Infection with llomlia dullom 


for silent infections m humans, where spirochretes 
are so rare in the blood that thev cannot bo detected 
bj tlio usual laborntorv methods 

Another problem is an epidemiological one It is 
now almost certain that the natives get their tampans 
from the burrows of wart-hogs All the wart-hog 
burrows winch 1 have been able to check m the 
Bechuanalond Protectorate have been highly infested 
with tampans winch, according to Dr G A M niton 
(by letter) nre, with scarcely nnv doubt, morphol 
ogiealh nnd phv siologicnllv identical with thore 
found m the huts m Maun nnd other places in the 
Bechuannlnnd Protcitorate and the Northern Trans 
vanl But the ticks collected bv us from burro'V3 
in these areas, nnd also those collected b> other 
authors m Central Africa, have never been found 
infected with Borrcha Further, the wart-hog itself 
has never been found infected and is refractor! 
when infected experiment ally (comp Geigv and 
Mooser*) Evident lv the warl-liog is not a natural 
reservoir of African relapsing fever, and the ticks 
maj acquire their infection from another animal 
Incidentally, the ‘wild’ Ormthodoros moubata from 
the burrows of wart-hogs can easily be infected 
experimentally with Borrcha duttoni 

The multimammate rat is a wild rodent which lives 
m close contact w ith man m Africa nnd in the nature 
villages it plavs the same part as the hou=e rat 
(Rattas tatlus) nnd the Norwegian rat (Ratine norvuii 
cue) in the towns m Africa nnd in human habitations 
throughout Europe and Asm Tampans brought to 
the huts bv nntivc hunters, for example, sooner or 
later come into contact with the multimammate rats 
there Is this rnt perhaps the natural reservoir, or 
one of them, of Borrcha duttom 1 "Wo have not vet 
looked for natural infections in this rnt, but the 
experimental picture shows that it would bo an ideal 
reservoir, ns it remains highly positive for a long 
time without its general condition of health being 
influenced This problem is being investigated more 
thoroughli 

I w ish to thank Prof J F Murray nnd Dr B do 
Meillon of this Institute for their intei ost and help, 
Mr D H S Davos, Medical Ecology Centre, Union 
Health Department, for providing the wdd rodents, 
and Drs B T Squires, B O Wilkin and E E 
Szlamp of the Medical Department, Becliuannland 
Protectorate, for their support The photomicro 
graphs were prepared by Mr M Ulrich of the Photo- 
graphic Department, South African Institute for 
Medical Research 

1 Gelgy , It , and Moostr, II , J Trop Med llpy , 58, 199 (1955) 
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CHEMISTRY AND TAXONOMY IN THE DIPTEROCARPACEAE 


By Dr. E C BATE-SMITH 

Low Temperature Research Station, 
Cambridge 


Dr. T C WHITMORE 

Botany School University of 
Cambridge 


L IVING specimens of the Dipterocarpocoao are 
not apparently available m Great Britain, and it 
has so far not been possible to fndudo them m surveys 
of the phenoho constituents of plants 1 ** Recently, 
however, through the kindness of the Director Forest 
Research Institute, Kepong (Selangor), froah loaves 
of twenty eight species of dipterocarps have boon 
received from Malaya, and these ha\ e been examined 
by tho methods previously described ( loo c it ) The 
results are interesting because the species were selected 
from a largo collection 00 as to be representative 
not only of all tho available genera but also of the 
recognized groups of Shorca , the largest genus m this 
family, which, because of its valuable timber and other 
economic products, has received a groat deal of 
attention from tho forestry officers and official 
taxonomists m the Indomalaysifln countries 

Consideration of the phenolic constituents of tho 
loaves of a large number of Dicotyledons has indicated* 
that throe olinraclcrs are particularly valuable from 
tho taxonormo point of view preeenoe or absence 
of leuco-anthooyamns , presence or absence of 
vicinal trihydroxy groupings in the phenolic con 
stituonte , and tho presence or absence of the poly 
hydroxy and hydroxymothoxy aromatic acids, caffeic, 
ellagic, ferulio and smapio ooids It is often of value 
also to noto other constituents, not necessarily 
identified, which are present in some, but absent 
from other, species in the some or different genera 
as indicators of poesiblo relation between the species 
possessing them 

The results of the ohromotogmphio examination 
of tlie hydrolysates of the leaves of tho 28 species 
are given m Table 1 The constituents recorded are, 


from loft to right, in order of increasing Rf m aqueous 
acetic acid-hydrochlono aoid (Forest al solvent), 
M — myncetin, D « dolphinidin {formed from Ieuco 
delphinidin), E ** efiagio aoid, Q = quercetin, Cy — 
cyanidin (formed from leuoocyonidin), K =* kaemp 
ferol, Cqff — caffeio acid, S *** smapio acid, F «=> feru 
ho aoid In the last column are recorded other const* 
tuents visible in the ultra violet with their Revalues 
in Forestal solvent and their appcaranco m ultra violet 
before and after ( -►) fuming in ammonia vapour The 
abbreviations used are bl = blue, bm « brown, 
gr = green, F — violet, y ■= yellow, br ». bright, 
d «= deep, dk r=, dark, f — faint, l «« light, v =» 
very Smapio aeid and femho acid are identified on a 
separate chromatogram run m toluene-acetio aoid 4 
The genera ore listed in the order given by 
Symington* Tho specios ore listed m alphabetical 
order within tho genus, except for Shorca which is 
divided into groups acoordmg to the same author 
Symington considered these groups to bo natural 
subdivisions of the genus, perhaps worthy of gonorio 
status, but was not prepared to givo them definite 
botanical names or status until tho whole genus was 
revised taxonomically This revision has still not 
been made for it awaits tho collection and description 
of the rich Bornean dipterocarp flora Desdi** 
working on the timbers of Shorca independently 
established four groups based mainly on gross timber 
characters which correspond closely to Symington's 
subdivisions The groups are named D — balau 7 , If 
and R = yellow, white and rod meranti respectively 
within each thoro is considerable homogeneity in 
characters of the living trees including tlie colour of 
tho wood and sliced bark and the dead loaves 
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The data in Table 1 suggest that the genera can 
be arranged in groups, in the first instance according 
to the abundance and type of the leuco anthocyanms 
present Dipterocarpus and Dryobalanops, abundant 
with consistent L-D , Shorea (and one Vatica sp ) 
less abundant, with both L-D and L-Cy , Hopca, 
Balanocarpus, Anisoptera, and two Vatica spp with 
little or no L-A , and XJpuna with none of the 
common phenolic constituents 

Dipterocarpus and Dryobalanops agree also m 
having consistent and often abundant myricotin, and 
no subsidiary constituents In both Shorea and Hopca 
many of the species havo a subsidiary constituent 
Rf 0 68-0 7 with intensely blue fluorescence, which 
may or may not be the same in all species Those 
two genera havo also numerous other subsidiary 
constituents Hopea, Balanocarpus, and one or two 
Shorea spp also have caffoic acid, absent from the 
other genera All the genera except Anisoptera and 
XJpuna have ellagic acid, Shorea foxworthyi having in 
addition (probably) gallic acid 

Overall the grouping suggested is Dipterocarpus 
with Dryobalanops , Shorea with Hopea and Balano- 
carpus , Vatica rather closer to Shorea than to Hopea , 
Anisoptera and Upuna uncertain 
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Tho groups of Shorea are not very distinct , neither 
yellow nor wluto moranti havo much L-A, and L-D 
is absent from both sections, but spocios in both tho 
balau and tho rod moranti groups havo the same 
constitution Tho nature of tho pigments responsible 
for tho colours of tho sliced baric is unknown , it is 
not oven known whothor tboy are phenolic, so that 
there is no pnma facie reason to oxpoct that tho 
phenohe constituents m tho loavos would follow tho 
proposed subdivision of tho gonus 

One further pomt is worth making Balanocarpus 
Bodd has become a repository for all wingless fruitod 
diptorocarps B hcimii should probably bo mcludod 
in Hopea on floral characters 1 * and wood characters' , 
and now wo can roach tho same conclusion from tho 
chemistry Tho suggostod rogrouping of otlior spocios 
is also supportod by the prosont evidonco 

‘.Bate Smith. E 0 , Sci rroc J toy Dublin Soc , 27. 105 (1050) 
•Batc-Smlth, E C , and Mctcalfo, C It , J Linn Soc (Hot ), 65, 009 
(1057) 

* Bate Smith, E C (In preparation) 

4 Bato-Smlth, E 0 , Chon and Indutl , 1457 (1054) 

* Symington, C F , ‘ToreatorB* Manual of Dlptcrocarps", Malay 

For Fee , No 10 (1041) 

* Bosch, II E , “Commercial Timbers of the Malay Peninsula (1) The 

Derma Shorea Matay For Fee , No 12 (1030) 

4 Desch, IT E , * Dlptorocarp Timbers of tho Malar Peninsula” 
Malay For Fee, No 14(1041) 


PLANT-GROWTH SUBSTANCES AND THE COPPER CHELATION 
THEORY OF THEIR MODE OF ACTION 

By Cr C H FAWCETT 

Agricultural Research Council Unit on Plant-Growth Substances and Systemic Fungicides, 

Wye College, University of London 


F OLLOWING the observations that certain com- 
pounds possessing chelato groups can exhibit 
significant plant growth-rogulating activity 1 , several 
workers have been trying to demonstrate the con- 
verse, namely, that highly active plant-growth regu- 
lators can react with metal ions to form chelate 
complexes The discovery by Cohen, Ginzburg and 
Heitner-Wirgum 1 that tho ultra-violet absorption 
spectra of 3-indolylacetic acid and 1-naphthylacetic 
acid aro profoundly altered in presence of cupric, 
but not calcium or magnesium ions, lod thorn to 
postulate that the cupric ion reacted with the 
carboxyl group in these acids to form a copper com- 
plex which then formed a chelate by employing the 
aromatic ring as the second complexing group 
After repeating their experiments using solutions 
obtained by dissolving cupric nitrate trihydrate m 
60 per cent aqueouB ethanol, I obsorved that with 
3-indolylacetic acid the optical density of each 
solution m the series measured at 300 mg did not 
remain constant but tended to increase slowly (cf 
ref 3) Smce with cupric nitrate and 1-naphthylacetic 
acid, measured at 330 mg, the optical density of each 
solution remained constant for soveral minutes, this 
system was used for comparison with the cupno 
mtrate/1 -naphthoic acid system measured at 348 mg 
It was found that the relationship between optical 
density and acid /copper ratio is similar for both 
l-naphthylacetic acid (Fig 1) and 1-naphthoic acid 
Thus, the enhancement of ultra-violet absorption is 
not limited to the highly active 1-naphthylacetic acid 
but occurs also with the relativolv inactive 1 -naphthoic 
acid 
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FI? 2- Tho r«Utloa»hlp between the JoHl*] pH of fiO per cent 
ftquflon* etlianol. eonUlnlna the Add Indicated, and the deercMe 
In pH (A) on dlnolrine 4 -S3 mem. cuprio nitrate trlhydrate io 
10 ml Adda added to obtain Initial pll 1 nitric S formic 8 
S t-dlchlorophetKnjttceUe 4 l naphthoic 5 rocclnlc, 6 benzole, 

7 acetic 8 1 naphthpUcetlc, 0 3-lndolylaceUc and 10 trlmethyl- 
aecWoaeM 

Tho general reaction in aqueous ethanol between 
cupric nitrate and I nuphthylacetio acid can bo 
written : 

(to per cent acraeoua etlianol) 

SC^HtCH.COOH + Cu(NO,)* ^ 

Cu(O lt H,CH,COO) t 4* 2HNO* 

In writing tins oquation tho various ionic epociee 
which may exist m solution have, for simplicity, 
not boon characterized For each 1 naphthylocetio 
ao id /copper ratio tho optical density of the solution 
at constant temperature should be independent of 
whether the equilibrium is attained by using reactants 
which give tho forward reaction or reactants which 
give tho reverse reaction. Accordingly, cupnc 

1 naphthylncetato was synthesized and used stoioluo- 
metricoUy with nitric acid in aqueous ethanol to give 
the ro verso reaction and reconstitute the solution 
having a ratio 1 naphthylocetio acid /copper equal to 

2 0 Tho optical donsity of this solution in whioh 
tho reverse reaction had occurred was found to be 
identical with that of tho solution containing tho 
products of tho forward reaction (Fig 1) Further 
more, addition of oupno nitrate, sufficient to lower 
the 1 naphthylocetio ncid/oopper ratio to 1 0 in those 
reconstituted solutions, increased tho optical density 
to the value found for this ratio when using the 
reactants of the forward reaction (eoe Fig 1) Since 
tlie equilibrium may be roach od from either side 
without adding a cholate group it is conoludod that 
a reaction involving chelation is not roqiurod to 
account for tho exaltation of ultra violet absorption 
given by oapric nitrnto with 1 naphthyl acetic 
acid 

By measuring tho pH Cohen tt al * also confirmed 
tliat ctiprio nitrato reacted differently from calcium 
and magnesium nitrates when added to solutions of 

3 mdolylacotio acid and 1 naphthylocetio acid m 
aqueous ethanol Furthermore, they found 
that whilo tho pH of these acids in solution was 
lowered duo to reloase of hj drogen ions by complex 
mg of tho copper ion with tho carboxyl group yet 
undor the eamo conditions only slight complex! rig 
occurred -with acetic acid or indole The results were 
interpreted ns ovidenco for tho entire aromatic ring 


functioning as a second compleoring group thus 
resulting in chelate formation. 

In a study using aqueous ethanol solutions of 
bo vend cloaoly related acids, comprising active and 
inactive growth regulators, it was found that in 
general tho addition of cupnc ions lowers the pH 
Some of the results are shown in Fig 2 The observed 
pH changes however, do not correlate with plant 
growth regulating activity , thus the oromatio curb 
ox} lio acids (for example, bonxoio and 1 naphthoic), 
and the nlkanocorboxylio acids (for example, formic, 
acetio ond tnmethylacetio), whioh aro all inactive* 
m tho wheat cylinder elongation teat exhibit an 
effect m presenoo of copper ions similar to that found 
with highly active 4 3 mdolylacotio acid, 1 naphthyl 
acetic acid and 2 4- diohlorophenoxy acetic acid. 
Furthermore, the results show no difference which 
would indicate the occurrence of cholation involving 
the oromatio ring (Fig 2) 

In the pH range studied two mechanisms o 
hydrogen ion formation are apparent Mechanism If 
which operates over a pH region known to bo of 
considerable physiological importance in plant cells, 
produooe a large effect ( A), winch is the same for all 
the different compounds examined (Fig 2) It is 
significant that at highor initial pH values, that is, 
when the concentration of carboxylic acid for adjust- 
ing the pH is decreasing, the effoct (A) obtained by 
adding the copper salt is increasing lmearly , and 
when no carboxylic acid is added to the aqueous 
ethanol solvent the effect (A) is the largost throughout 
the pH range investigated The results load to the 
conclusion that the effect (A) between pH 5 4 and 7 
depends upon hydrolysis and they indicato that 
hydrogen ion formation oocurs by a reaction of the 
following type 

[Cu(H t O) x ]~ ^ [Cu(OH) (H,0) r -i> + H* (I) 

The cupno ion is represented hero an described b\ 
Orgel, and tho reaction written bj analogy with his 
example for iron* On tho other hand, mechanism II 
appears limited to the pH region below obout 0 4 
The effect (A) is smaller, different for tho different 
structures examined, and zero for nitnc acid There 
appears to be a correlation botwoon tho offect (A) 
and the pK value of caob acid and further work on 
this aspect is proceeding The results suggest that 
hydrogon ion formation by mechanism II doponds 
upon salt (that is complex) formation, which 
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0 senmbihs followed the application of the Ptendium 
factor with a delay of betwoen and 3 days at all 
tested concentrations 

The first-formed Anemia initials attorned tho four- 
cell stage, that is, the number of cells contained by 
mature anthendia, between 34 and 4 days after the 
active substance was applied No difference could 
be detected between the rates at which tho first- 
formed antheridium initials attained tho four-celled 
stage over the applied rango of concentrations On 
the other hand, an increase from 1/16 to £ full 
strength of the added Anemia medium increased tho 
proportion of responding protlialh from about 15 t-o 
100 per cent If the Anemia factor was supplied to 
5-day-old prothalli which comprised a maximum 
of 3 green vegetativo cells, then between 3 and 
34 days elapsed before the first antheridium initials 
could be seen, that is, about 2 days more than 
in both the 12-day-old and the 18-day-old pro- 
thalli It thus appoars that the ovents leading to 
the appearance of antheridium initials proceed moio 
slowly m very young prothalli Alternatively, tho 
very young prothalli may lack competence to rospond 
to the active factor 

As indicated above, tho Pleridmm factor brings 
about antheridium formation in a large number of 
fern species It should also be emphasized, though, 
that the minimally effective concentrations vary so 
widely that the prothalli of some species (for oxamplo, 
Dennstaedtia punctilobula) must bo supplied with that 
factor at a concentration moro than a liundrod times 
higher than those of other spocios (for example, 
Onoclea sensibilis) The possibility must thus bo 
considered that the mduction of antheridia m 0 
sermbilis and in A pliyllitides is controlled by tho 
same factor at different ranges of offoctivo concentra- 
tions Ptendium medium (octivo toward the protlialh 
of 0 sensibilis to a dilution of 1 30,000) was inactive 
toward the prothalli of A pliyllitides at all concentra- 
tions which, "with a ddution factor of 3, ranged from 
4 to 1/100,000 full strength In turn, tho prothalli 
of 0 sensibilis were unresponsivo toward Anemia 
medium (active toward the prothalli of A pliyllitides 
to a ddution of 1 300) at all dilutions which rangod 
again from £ to 1/100,000 full strength 

It is, therefore, difficult to avoid the conclusion 
that the mduction of antheridia in A phylli tides and 
in 0 sensibilis is controlled by chemically distinct 
substances This conclusion receives support from 
the demonstration that the antheridium-inducing 
activity of the Anemia medium is stable to boiling 
for 10 mm at pH 12, whde the Ptendium factor was 
labde under those conditions* Tho antlioridium- 
mducing activity of tho Anemia medium was further 
found to be stable to boiling for 10 mm at pH 2 
and to autoclaving at pH 5 4, the pH of the culture 
medium , it was destroyed upon ashing and adsorbed 
on charcoal The latter properties are similar to 
those of the Ptendium factor* 

The Anemia factor failed to promote antheridium 
formation in prothalli of Osmunda claylonvi (checkod 
15 days after inoculation, 2 days prior to the onset 
of spontaneous antheridium formation), which wore 
also unresponsive to the Ptendium factor Tho 
prothalli of Lygodium japonicum, another species un- 
responsive toward the Ptendium factor, wore Bhown 
to elaborate, and to secrete into the medium, a sub- 
stance which greatly hastens the onset of the anthen- 
dial phase m this fern species winch, like A phyUttules, 
belongs to the family Sohizaeaceae Preliminary 
investigations indicate that this substance is chem- 


ically distinct both from tho Ptendium factor and 
from the Anemia factor 

It is apparent from tlioso studies that nnthoridmm 
formation is controlled by difforont substances in 
different groups of ferns It should also be recalled 
that witlun the wido rango of spocios rospomsivo to 
tho Ptendium factor, tho minimally offoctivo con 
contentions vary widoly Tlius, tho prothalli of 
Dennstaedtia punctilobula failed to rospond unless 
thoy woro supplied with tho Ptendium factor at 
a concentration about 125 timos highor than was 
nocossary to mduco antheridia in prothalli of 0 
sensibilis In tho prothalli of TToodsia obtusa tho 
minimally offoctivo concentration of tho Ptendium 
factor oxcoodod that roquirod for anthoridium 
formation in tho prothalli of 0 sensibilis by a factor 
of about 25 Tho possibility must thoroforo ho 
considorod that tho factors controlling anthoridium 
formation in theso spocios aro actually difforont but 
structurally so closely rolatod tlrnt tho factor pro 
duccd by P aquilinum is capablo of bringing about 
anthoridium formation also m Dennstaedtia punch 
lobula and in Ifoodvia obtusa if it is suppliod at n 
high onougli concentration. Rapor* also considers 
tho possibility that hormonal specificities account 
for tho failuro to obtain oosporos in somo of tlio 
attempted mtor-spocios and mtorgononc crosses of 
wator moulds 

Tho abovo results raise a quostion of biological 
specificity Tho work of Kluyvor and Van Niol has 
directed attention to tho sirmlanty, ovon identity, 
of many basic biocliomicnl patterns in taxonomically 
widely separated organisms It is tempting to 
postulate that tho metabolism associated with 
anthoridium formation, an ovont that wo concoivo 
of mainly m morphological terms, is also similar m 
difforont forn spocios Tho abovo rosults may be 
roconcilod with such a postulate if wo consider that 
tho induction of an anthoridium is likoly to mvolvo 
many reactions and compounds Anthoridium 
formation in P aquilinum might thus bo controlled 
by a difforont fact-or than m A pliyllitides bocauso a 
difforont reaction bocamo rate-limiting during evolu- 
tion Alternatively, wo might bo witness to ovolution 
on a molecular lovol On this assumption tho inducing 
moloculo lias undorgono a gradual structural modifica- 
tion probably concomitantly with changes m a 
receptor moloculo Tho isolation and characterization 
of tho two substances should yield portmont mforma 
tion In tho moantimo, an attempt is bomg mndo to 
assay for similarity between tho tw T o factors based 
on the postulate that ono factor might bo a prooursoa 
of tho other or that ono factor might boliavo os e 
chemical onaloguo of tho othor and thus intorfors 
with its synthesis or with tho function it porformr 
m tho initiation of antheridia 

I am grateful to Dr Armin C Braun for tho 
oncouragemont he lias givon this investigation and 
for a critical reading of tho manuscript I am also 
indebted to Drs Ralph H Wotmoro and Max Ward 
for supplying plants and spores of A pliyllitides 

This investigation was supported in part bv a 
National Scionce ^Foundation Rosoarch Grant (0-3225) 
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FORTHCOMING EVENTS 

(Afrrtfog* atari*! with an aderlti • art open to tit public) 

Monday November 2 

Institution or Electrical ENamnaiR Electronic* and Co* 
MUEiaATtOM Suction fat Savoy Place London W C.2) at 5.30 p m 
—Hr A IT Karbowiak ‘Some Comment* on the Cl***lfleatlon of 
Waveguide* Modes” itr L. Lewin gome Comment* on Qmsl 
Optical Method* at MUUmetre Wavo-lrngths” 

U f XVXTUUTT o* Lent DOS (at the School of Oriental and African 
Studies London, W 0 1) at 6 . SO p.m. — Prof A. de Almeida (Ll*bon) 
Muouepe* — a Native People from the irocAmede* Deterf (Tint of 
three lecture* on The Non Bantu People* from Angola” Further 
Lecture* on November 3 and 6,)* 

Society or OncurciAi, Industry London Section (at 14 Belgrave 
Square London 8 W 1) at 0.30 p m. — Dr Otto Horn Chemical 
Research In Germany' 


Friday November 6 

Institute OF Pjnrtnos (at 47 Belgrave Square London 9 W.1), at 
0 p J -*L;r¥ r ^ D , Moore -The Role of Physics In the Investigation 
and Treatment of Heart Disease'' 

Society or Dyers and Ooloctuiti (at the Royal Society Burling 
ton Houte Piccadilly London. W 1) at 0 p.m.—Str D F Amtead 
Tire U*e of Colour In Co one tic*' 

Societt or Came cal Industry, FctB Chemicals Grout (at 
U Bclgrare Square London 8W1) at fl.30 p m— Ur BCD 
Weodon Electrolytic Method* In Preparative Organic Chcrnlitxy" 

Royal Institution (at 21 Albemarle street London W 1 ) at 
0 pra. — Prof H Bondi FJL0. *What Goe* On I ruble the Star*” 


Saturday November 7 

Lot dos County Council (at the Ilornlman Museum London 
Road Forut HID London 8JL23) at 3 30 p.m —Mr B B Boycott i 
“Devilfish — Oetopuae* Squid* and CutUefljW • 


Tuesday, November 3 

UrmRjrrr or London (In the Anatomy Theatre University 
Co liege Gower Street London, W C 1) at 116 pm. — Mr N J B 
PJomley The Taamonlan* on Extinct Raoe” • 

Institution or Electrical engineers Measurement and 
Control Section (at Saroy Place, London W C.S). at 5.30 p m, — 
Mr P Olegharn “An Analogue Electronic Multiplier using Tran 
siator* a* Square WftTe Modulator*” 

University or Loedox (at Imperial College of Science and Tech 
oology London g 17 7), at fl 30 n.m. — I'rof, K C Cherry ‘Tele- 
communication a* Social Science ' (Inaugural Lecture) 

UxmnwiTT or Loedoi (at the London 8chool of Hygiene and 
Tropical Medldue, Keppol Street Gower Street. London W C 1). at 
6 30 p m.— Dr j it. Mltehlson ‘The Life Oycle of Growing Cell*” 
(Sixth of fifteen lecture* on The Scientific lla*l*of Medicine orgonlied 
by the Britlih Postgraduate Medlml Federation Further lecture* on 
November 5 10 12 17 10 December 1 3 8 10 ) 

Plastics Institute (at the Wellcome Building 183-193 Euaton 
Road London KW1) at fl.30 p m. — Dr W F WaUon “Recent 
VUrmnce* Jn Synthetic Robber* 1 

Society or Chemical IsfDUsmT Plastics akd Polymer Oboup 
( at 14 Belgrave Square London 8 W 1) at 0 30 p m. — Dr CFG. 
lturntt ‘Delrln Acetal Re*ln 
TuxntB In s t i t u t e (at the Chemical Society, Burlington Hotrac 
Piccadilly London W 1) at 6.30 p.tn — Mr J David ‘Modern 
Proofing 1 

Wednesday November 4 

BRrmn Dmrnmox or Radio Exoixeerb (at the Loudon School 
of Hygiene and Tropical Medicine Kcppcl Street Cower Street 
London, W C 1R at 3 pm. and 0 p m. — Half-day 8ympo*lmn on 
iDput/ODtput Device* ’ 

Intrmurw or Pftrolbum (at fli New Carendl«h Street, London 
W 1) at D 30 pm — Mr W 8 Ault “Oil and Transport*' 

Royal Meteorological Society (at 40 Cromwell Road London 
8 W 7) at 6 30 p m — Mr H Charnock i Ocean Current* 

Societt tor Analytical Onixirrar (at the Chemical Society 
Burlington nou*o PleeodlUy London W 1) at 7 p.m. — Meeting for 
reading of Original Paper*. 


Thursday November 5 

University or London (at the Foitgrodoate Medical School of 
London Du cane Road London, W 12) at 4 p m.— Dr T Alpcr, 
Dr M. Ebert and Dr R. II Tnomllnaon “Biological Effect* of 
Radiation — General Survey” (Flmt or »lx lecture* Further lecture* 
on November 12 19 26 December 3 and 10 )• 

Rotal Bocirrr (at Rurilngton Hou*e Piccadilly London. W IK at 
4 30 p m. — Prof A. V Hill F.R.S and Mr J V Howorth The 
Reversal of Chemical Reaction* In Contracting Mu*cle During 
an Applied Stretch” Mr i W Darwin and Dr J W 8 Pringle 
FJLfl The phyiiology of In*ect 1 IbriRar Mnwlo 1 Anatomy and 
Innervation of the Baialar Miracle or LamelllcornBeetlr* Mr 
K. E. Machln and Dr J W fl Pringle. IRS ‘The PhrMology 
of Insect Fibrillar Mu*de 2 Mechanical Proper tie* of a Beetle 

Flight Muicle 

Utrrmtsrrr or London (la the Pbyalology Theatre. University 
College Gower Street London. W 0.1) at 6pm.— Dr P N Campbell 
*-1110 Synthe*l* of Protein by Uie Ortoplaxmic Component* of Animal 
Coll* (Pint of three lecture* Further lecture* on November 12 
and 19 )• 

iNTrrnrnoN or Electrical Engineers (at Savoy Place London 
W O.,). at 5.30 p.m, — Mr M. 0 Crowley Milling ‘The A ppll cation 
of Irradiation In Industry” 


OjrtTEtstTT or London (at the London School of Hygiene and 
Tropical Medicine Kenpel Street flower Street London wOl) at 
5.30 p.m. — Prof 0 Pontecorvo flenetk Analyil* via Somatic 
CUl* 1 (Seventh of fifteen lecture* on The Scientific 11**1* of Medl 
cine” oraanited by the Britlih Poatgraduato Medical Federation 
> uxtlier lecture* on November 10 12 17 19 December 1 3 8 10 >• 


Societt oy Chemical Ixdustet Microbiology Oeoup (Joint 
meeting with the Agriculture Group at 14 Belgrave Square London, 
8 W 1) at fl 15 P.m. — Dr M. E. Brown ”i lant Root* and Soil 
Mlcro-Orparilim»“ Dr R M. Jockion The Leo logical Significance 
of the Rhlro*phere“ 


APPOINTMENTS VACANT 

Attuoatiohs are invited for the following appointment* on or 
before the date* mentioned 

Director and an Amotant Dirmctor of the DrltUh Imtltute of 
Illjtory and Arthaxdogy In Eait Africa (Headquarter* at Dar ex 
Salaam and Kampala)— The Secretary The Britlih Academy Bur 
Jlngton Uou»* riceadllly London W 1 (November 10) 

Lecturer (preferably with *pecial experience In the field of organic 
eheml*try)iE CmrMwrmT at Victoria tfnlTeralty of Wellington, New 
Zealand—’ The Secretary A**oetatlon of UnlTerritle* of the BritUh 
Commonwealth 30 Gordon Square London WOl (New Zealand 
November 16) 

Dctxrial CjmnoAL Industries Fhllow (preferably under 29 rear* 
of age) at Durham or Newcaatle for re»cartU in Engineering Cl>eml*try, 
Phy*Ic* and allied *ubject* Including the biological application of 
ehemDtry— The Reglatrar Unlvertity Office 4fl North Bailey Durham 
(November 16) 

1 lant PHT8IOLOOIST (honour* graduate In *dence or agricultural 
aclence (or equivalent) with *omc year* relevant postgraduate rcnenrch 
experience) at the Irrigation Research Station OS I R G Griffith 
New South Wale* Australia to lnve*tlcate effect of water Mir** in 
plant* In new laboratories containing controlled environment chamber* 
—Chief Scientific Liaison Officer Australian Scientific LlxUon Office 
Africa House Klngsway London W 02 , quoting Appointment 
Vo 600/115 (November 20) 

Mulurd Research Fellow (pteferably with a Iffi-D degree or 
equivalent re* earth experience) ix Phtsic* for research In various 
branche* of solid state physic* with particular reference to defect* 
semiconductor or •arface propertle* — The Registrar University 
College of North StafhmlMilre Kecle Staffs (November 30) 

PEixctPAL (with high academic qualification* wide experience In 
admlnHtratlon nnd conversant with development* In technological 
education) — The Clerk to the Governing Body B»tter*e* College of 
Tedinology London 8 W 11 (November 30) 

Senior Lecturer in Physical Chkmistuy in the dreartxkxt 
or Ouimrtrt and Chemical Enoineerixo — P rof F Sebba Ihofcaor 
of rhynleal Chemistry University of the Wllwaterarand >01ner Fork. 
Johannesburg South Africa (November 30) 

Ldcturer lx Theoretical Physics and a Lecturer ix Physics 
• — T he Registrar (Room 22, O RJ) ) The University Reading (Decern 
her 7) 


REPORTS and other PUBLICATIONS 

(not included in tit w onWy Book* Supplement) 

Great Brluln *nd Ireland 

Pore* try Commix*! on Bulletin No 31 Code of Sample Plot 

Procedure IlyDr F C Hummel. 0 M. L. Locko J N R. JeiTer* and 
J 31 Christie Pp.v+113. (London II JL Stationery Office 1959) 
l&t net [13o 

Commonwealth Bureau of HelralntlKSogr Supplement to the Nem* 
tode Paratlte* of Plant* Catalogued Under Unelr Ho*U, 1955-1058. 
By Dr J Basil floodey^ Dr Mary T Franklin and David J Hooper 
Pp 111 + 64 (Faraham Royal Commonwealth Agricultural Bureaux 
1950 ) 7t flrf (13* 

Chelsea College of Science and Technology Prospectus Bex* I on 
1959-60 Fp 3j (London Chelsea College of Science and Tech 
nolozy 1059 ) U83 

Ubrary Aatodatlon Special Subject U»t No 30 II nodi capped 
Children In Britain — Their Pro Id cm* and Education. Compiled by 
Mr* W A AxfortL (Book* and Article* published In Great Britain 
Rom the 1914 Education Act to 1958 ) Fp 63 (London Ubrary 
Association, 1M9 ) 4t (185 

Current Medical Research a reprint of the article* In the Report 
of the Medical Re* earth Council for the year 195“-106S. Pp Ill-+~4C 
(London H Stationery Office. 1059 ) 3r fld net [168 

World Power Conference Annual Report 1958. Pp 20 (London 
World Power Conference 1050 ) . VP 3 

Ministry or Agriculture Haherle* and Food. FGbc^lnrMtica 
tlon* Series 2, \ol 22 No 7 : Tho Spawning of 
(rUaronetifiplahua) In the North Be* Ity ^ 

(London IOL Stationery Office JOW I ^ fbr tb* period 

Office 1069 ) h W E*t 




Fig 1 Obnnol absorption sp^stnim of Ornnus A in the vicinity of 1 310 Me /» TIic Btnmlnril deviation of each point i* »lionn i>) t n 
vertical lino (a) Bnnd-width = 100 kc ft (6) Band-width — 700 Ic /s Tho full line plot (c) shows tiie Biiapo tint would be record'-d Yor_n 

Gnusslnn absorption spectrum with - t =0 003 


profile m terms of optical dopth was made by intro- 
ducing a small square-wave signal mto the inter- 
mediate frequency channel which produced a deflexion 
on both the switched and total-power recorders 

Frequency scans on local hydrogen at about 
1,420 Me /s showed the expocted emission temper- 
atures and m addition the absorption spectra m local 
hydrogen of Cassiopeia-M, Cygnus-M and Taurus-M 
were all m good agreement with the results given by 
Muller 3 

The measurements were made in two groups using 
the receiver m different modes of operation to eliminate 
spurious effects so far as possible 

(а) February 14-23, 1959 Band-widths of 8 and 100 
kc /s were used The frequency range 1,330-1,365 
Me /s was investigated by scanning 4 Me /s through 
the intermediate frequency bandpass by means of a 
variable-frequency second local oscillator A series of 
first local oscillator frequencies was used to cover tho 
frequency -range The resultant spectrum of Cygnus -A 
showed no absorption feature down to a limit of 
peak optical depth r o =0 01 This may bo compared 
with a positive effect of t o =0 09 indicated by tho 
Lilley and McClain results 

(б) May 22-June 8,1969 Band-widths of 100 and 700 
kc / s were used and the stability of the receiver was 
improved The frequency range 1,316-1,436 Me /s 
was covered by setting the second local oscillator at a 
fixed frequency and tuning the first switched local 
oscillator over a range of 11 Me /s about a series of 
fixed frequencies These results obtained in the 
vicinity of 1,340 Me /s are plotted m Fig 1 They 
show A-, the optical depth at the low frequenoy minus 
that at the high frequency, plotted against the 
frequency of the two switched receiving bands 
Each point is the average of the corresponding points 
from a number of sets Its standard deviation is 
represented by a vertical line Fig la gives the 


results of tho 100 kc /s switched rceoitci over n 
frequency rnngo of 1,332-1,349 Me /s Fig 15 gnes 
the 700 kc /s band -width results m tho range 
1,325-1,359 Me /s Thcso points are made up of tlireo 
frequency groups each having tho numbor of sots 
shown Tho systematic shift of tho points in thcso 
figures is duo to somo small but unresolved effect , 
this displacement amounts to 1 dog K on tho 
snatched rocords Any absorption would appear on 
these plots in tho form of a convolution of tho true 
profile with two band -shapes of opposite sonso spaced 
by 0 Me /s Tho response would bo an upward 
excursion at 1,340 Me /s on the high-frcqucncy 
channel and a downward excursion at 1,340 Me /s 
on the low-frequency channel This is shown by the 
full -lino m Fig lc in which tho lesponso is drawn for 
a Gaussian absorption profile with a width to lialf- 
mtonsity of 2 Me /s (400 km /sec ), t o =0 003 and 
centre frequency 1,340 Me /s Both excursions must 
bo present if any real absorption occurs The 
100 kc /s results show no absorption effect greater 
than to=0 005 and tho 700 kc /s results point with 
certainty to an upper limit of r o =0 003 and to a 
probable limit of perhaps half this value 

Thus the present results do not confirm the Lilloy 
and McClain observations Tho radio-frequency 
confirmation of the distance of Cygnus -A no longer 
holds and moreover, the measurements piovido no 
check that the radio and optical cosmological red 
shift velocities are tlio same 

It D Davies 

J odrell Bank Experimental Station^ JENNIS ° N 
University of Manchester 
Sopt 14 
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Association of Radio Outbursts 
with Solar Flares 

Several authors have paid attention to the associa 
tion of radio outbursts with Bolar flares, for exampio 
Dodson 1 and Loughhead, Roberta and McCabe* 
Outstanding flaro events are \orv commonlj accom 
pan led by a radio event at decimeter and/or metro 
wave-lengths but only a minor fraction of tlio lees 
important flares produce a distinotivo radio event 
Since tho beginning of the International Goo 
physical Year tho flaro patrol coverago has been very 
nearly completo whereas for radio frequencies 200 and 
645 Me /s complete radio information is available 
from the obsen atory Nora (Holland) and associated 
observ mg stations at Paramaribo (Surinam) and 
Hollandia (Now Guinea) At frequencies near 3000 
Mo /a nearly complete coverage is accomplished by 
the observatories at Ottawa, Tokj o, Berlin and Nera 
Tho great amount of information non a\ ailable 
enables a detailed investigation into tho relationship 
between solar flares and associated radio events 
In order to v’cnfy whether the association of out 
bursts with flares of a special tvpe or belonging to a 
particular sequence is above or below normal wo 
derived mean frequencies of occurrences of ‘radio 
flares These figures were obtamod b} carefully com 
paring our records with the list of flares compiled bj 
tho Mcmdon Observatory for the Quart erlt/ JJuUelm on 
Solar Acttntij As in many cases there is a close 
correspondence in time betwoon tho starting times of 
flaro and outburst, wo allowed no time differences 
exceeding 10 mm bo tween the two events unless there 
woro indications that there still existed a physical 
relationship (for example, if both flare and outburst 
wero very outstanding) 

In troatmg the data covering the period July 1957- 
December 1068 wo arrived at the rolntivo frequencies 
listed m Table 1 

Tftbta l nrnTm FKi^n^ms or Outbubst uaoemro Fuser 
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meridian, at 22° N 17 flares m this region were 
associated with sudden ionospheric disturbances Of 
these flares only two produced a radio response at 
3000 Me /s or lower frequencies No outbursts w oro 
associated with tho flares that did not produce a 
sudden ionospheric disturbance This production of 
outbursts is muoli less than oxpected os we found that 
in general more than half of tho flares associated with 
suddon lonosplienc disturbances give rise to a radio 
event Therefore this flaro sequence was remarkable 
for an outstanding lack of radio responses 

(b) A ratlior groat flare activity was displaced dur 
mg the poriod December 10-13 1958 by tho region 
that passed tho central meridian on December 11 at 
latitudo 2° 8 All but one of tho 14 flares of impor 
tance 2 produood outbursts moat of which occurred at 
nil three frequencies 200 645 and 3000 Mo /s Among 
tho 18 flares of importance 1 there were 8 radio flares 
whereas also 0 sub flares had a radio response So tho 
production of outbursts was greutor than normal Tho 
distinctive clinmcteristio of the sequence isthofacttlint 
almost all outbursts at 645 Ma /s reached cxcep 
tionnlly great intensities. 

During the International Geophysical Year and 
afterwards rnunv flares were observed bv two or more 
observatories For a numbor of them there is vorv 
good agreement as to tho starting time* reported b\ 
various observ ers. It seems likely that these are flares 
which flashed up suddonly leaving little doubt about 
the exact time of commencement On tho other hand, 
observatories might very woll report different starting 
times for flares which come into existence more 
gradually The flares for which the starting times 
given by different observers are nearly the samo 
(differing only by 1 ram or bo) often reach tlioir 
maximum development shortly after their beginning 
(4 7 mm on the average) This corroborates their 
impulsive character 

From tho Meudon lusts of flares covonng the period 
Julj 1 1057-Decembor 31 1068 wo selected tho 

‘impulsive flares of importance 1 A greater than 
normal percentage of these flares was accompanied 
b} radio ovontB fTable 2) 

T»Ue 2. >cnircxnm or Outburst AsstH-nnu* ma hare* or 
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Tho last column of Tablo 1 gives percentages of 
association for thoflo flares that lmvo boon observed bv 
at loast* two oboerv atones For tlioso 'flrml> cstab 
ltshod* flares tho percentages of association is greater 
than for tho flares in gonoml From this fact wo 
conolmlo tliat a numbor of those flares that have been 
reported b> onl} ono obsorvntorj apparent^ had not 
very outspoken flaro clmrnotoristlcs and should bo 
considered as aomowhat doubtful cases 

It lin* appeared that certain Boquoncea of flares, 
originating m very much tho same holiogrnphia 
position nro distinctive for an abnormall} great or for 
a vory low production of outbursts or for a special 
typo of associated radio events In mioli cases one 
might speak of a ‘radio farad} * of flares Wo just 
montion two or tho most clear-cut cases of distinctive 
flare sequences that occurred during recent years 
(a) On September 10 17 and 18 1957, a region of 
great flare activity was aituatod close to tho centre 


This circumstance seomx to givo at least partly an 
nnswer to tho question wh} certain flares causo an 
outburst whorofts others do not It is that tho impul 
fineness might havo a bearing on It No difference 
though, vus found botweon the froquonoiee of out 
burst association for impulsive and. non impulsive 
flares of importance 2 or 3 

Tho enhanced outburst association for impulsivo 
flares of importance 1 might also be tiod up with tho 
problem of distinguishing which is a flaro and whioh is 
not As a matter of fact there ovists a continuous 
transition botweon tho bright plago regions in which 
tho brightness Ls gradually oliangmg and the clearly 
defined flares that flash up sudden!} Various obsorva 
torics certain!} nppl} different criteria ns to when cv 
particular bnghtonmg should bo considered ns a flare 
The working group on flare ola^'llcat^on of Com 
mission 11 of tho International 
considered the suddenness of commencement 
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the main criteria for distinguishing flares 3 We now 
see that the radio evidence lends support to tlus point 
of view 

L D de Feiter 

A D Fokkeb. 

J Roosen 

Ionosphere and Radio Astronomy Section, 

Netherlands Postal and 
Telecommunications Services, 

The Hague 

1 Dodson Prince, H W , Proc Inst Palin Eng , 46, 140 (1038) 
t Lcmchliend, It 1 , Roberts, J A , and McCabe, M K , luttr J Phys 
10 483 (1037) 

’Tran* Ini Artr Union IX, 140 (1035) 

Distribution of Flares on the Solar Disk 
Associated with Noise 

The association of solar noise hursts at 48 Me / s 
and solar flares has been examined for tlio periods 
June 20-Jul> 31, 1957, September 1-October 1, 1957, 
and June 1-July 31, 1958 The noise burst data -were 
obtained from the Resolute auroral radar film records 
Resolute was the northern station (15° N , 95° W ) of 
the National Research Council’s International Geo- 
physical Year Auroral Radar Cham 1 For the purpose 
of this analysis, bursts are defined as solar radio noise 
■events with durations of the order of 30 seconds or less 
{probably due to spectral type HI bursts) Association 
with a particular flare was assumed probable if the 
burst occurred during an interval of 2 minutes pro- 
ceeding, to 3 minutes following tlio flaro commence- 
ment This is a more stringent requirement than that 
usually used 2 3 During the periods listed above, a 
total of 535 such events were recorded v ith 12 per cent 
of the noise-producing flares occurmg within ± 5° of 
the central meridian, while for the same periods 8 per 
cent of all flares occurred m the same interval 

Hev and Hughes have found an cast-vest asym- 
metry for the period 1947-1950 where both tlio number 
and intensity of flares associated w ith noise at 
73 Me /s were greater in the eastom half of the solar 
disk 2 They also observed a reduction in the number 
of such flares near the central meridian Tho data 
summarized m Fig 1 indicate a definite peak m 


flares associated with noise near the central meridian 
Of a total of 3,G71 flares considered in tho analysis, 
54 5 per cent occurred east of tho central meridian, 
while only 47 4 per cent occurred cast of tho central 
meridian The dip m the curves at 10° W will 
requiro the analysis of more data boforo its validity 
can bo established, but it does appear to bo common 
to tlio data for each of tho 3 periods so for analysed 
Tlio north-south distribution for tho samo periods 
was examined for both total number of flams and 
flares associated with noise Tho great preponderance 
of flares m tho northern hemisphere shown m Fig 1 
was unexpected Newton and Milsom have observed 
a shift in the ‘spottedness’ of tho northern and 
southern hemispheres from cycle to cycle over many 
sunspot cy’cles 1 Their results indicate that tho 
present cy cle has a definite increase in spot activity in 
the northern hemisphere An increase in flarc3 nssoci 
ated with noise m tho northern solar hemisphere has 
also been observed m Japan 3 

Tlio results presented here indicate that the present 
conditions m tlio solar corona favour tho emission of 
radio noise at. \ cry' high frequencies from flares oecurr 
mg in the north-west quadrant of tho solar disk 

Jj R McNarrv 

Upper Atmosphere Resenrch, 

National Research Council, 

Ottawa, 2 

* MrXnmnn \ (, (an J tretrvnin I no , 1, 20 (1057) 

» llcj.J S nml Illicit. <, \ A , 31 A Uni )«( So* 115 CO'. UOjj) 

1 Warwick l s, Mrophui I 120 217(1'>31) 

4 Vivton H W , nml Mil mn \ b M A Uoj Art hoc , 115,303 (1033) 

1 blnno, K (pm-ito coinniunlntiun) 

Observations of ‘Whistlers’ and Very Low 
Frequency Phenomena at Godhavn, 
Greenland 

As pnrt of tho research programme for tho Inter- 
national Geophysical Year, recording of very’ low- 
frequency’ phenomena was initiated at Godhavn, 
Greenland, on July 19, 1957 Tho geomagnetic 
co ordinates for Godhain are 79 8 N , 32 5 E Tlio 
station is situated 950 km south-east of the geo 
magnetic polo and approximately’ 1800 1cm north east 
of tho dip-pole 
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Fig. 1 Distribution of noise associated flares for periods June 20- 
Jtu} 31, 1957 , September 1-Octobcr 31, 1957 and June 1-Jnly 31, 
1958 Noise data from Resolute 48 Mc./s anroml radar records 


A little moio than one year’s 
recordings of whistlers lmvo now 
been scaled nnd analysed These 
coicr the period from July 19, 1957, 
to the end of July, 1958 On July 
21, 1957, tlio fir-J possible whistler 
was hoard but it was too faint to 
analyse Whistlers have also been 
recorded on October 10 nnd 11> 
November 20, December 12and21, 
1957, nnd on Jnnuary’ 11, 1958 
Maximum actn lty was observed on 
October 11, when 7 consecutno 
hourly record mgs contained whist 
lcrs at a rate of up to 30 per two 
minutes Tho total numbor of 
whistlers observed during ono y’enr 
is nearly’ 1 25, of which about 50 have 
boon nnaly'sed 

It is difficult to find the whistlers 
by listening directly to the record, 
mainly because of lack of low 
frequencies m tho w’lnsLlers, but the 
interpretation is facilitated by listen- 
ing to the tape at half speed Tins 
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is time-consuming, and therefore, for tho time being 
we only listen at- half speed to tapes when wo suspect 
there is so mo whfetlor activity 

Tho recordings wero mado with a tape speed of 
7 5m /sec and the corresponding upper frequency 
limit is 30 ko./s 

As a result of the analysis it lias been found that tho 
Godhnvn whistlers as compared to whistlers from 
lower latitudes alt show a lack of low frequencies, and 
t hat the whistlers obsorved during October hnv o nose 
frequencies’ of at least 16 to 10 kc /b 

The observed minimum frequencies are distributed 
oa shown in Fig 1 No frequency components have 



) ig l DMrTUitlon of mlotamm frwjtwncW of wliktlcn ol^rreti 
In OoOharn 

boon dotocted in the ranges 0 0-1 6 or 1 0-2 6 kc /s , 
and the moat common minimum frequencies lie m the 
4 0-6 6 ko /b range 

Wo have computod somo dispersions for the 
whistlers observed on Octobor 11 to about 66-00 Si/ 3 
It is not poesiblo to deterrnmo other dispersions 
bccauso tho rest of tho wlustlora are too indefinite but 
we judge that thoy are of about tho same magnitude 
Tho goomagnotio activity at the times of whistler 
occurrence was moderate and the ionosphere only 
slightly disturbed 

The high nose frequency of about 10 ko fs scorns to 
indicate that tho Godhavn whistlers penotroto the 
ionosphere at a point south of Godhavn Acoording to 
tho accepted thoory, tho noeo frequency is proportional 
to fcho minimum valuo of tho gyro frequency / 03 ,j n 
along tho path IF wo tako this ratio as 0 4 we find 
fetnin “ 10/0 4 « 40 kc /b which corresponds to a 
geomagnotic latitudo of 63° If tho Godhavn u hustlers 
have penetrated tho ionosphere at this latitudo thoy 
liavo been propagated about 3000 kin nlong tho earth 
below the ionosphere Tills aspect w as discussed with 
American colleoguoa during a recent visit to tho 
United States 

Tho missing low froquency compononts in the 
Godhavn wlustlera Boom to mdicato a wave guide type 
of propagation along tho Earth from tho point of pene 
tration to tho observation point 1 > B During tho 
penetration of tho ionosphere tho wiustlor is guided 
along a magnetic fiold lino which is pnrallol to tho 
inclination and accordingly rather stoop Tho circu 
larly polarized down -coming wave can bo resolved 
into lmcarlj polarized TE and TM wav es w ith a cut 
off frequency of about 1760 c /fl for the dominant 
modes Tho attenuation of tho TM ware is rather 
high for all frequencies while it decreases exponentially 
with increasing frequenoj for tho Th v a\ e Accord 
ingly ono would oxpoot to receive tlio TE modo 
Support for the wavo gutdo theory may bo derived 
from tho fact reported by Riv ault* that most whistlers 
imvo frequencies descending to about l 76 kc /s 


Dower end frequencies were observed onlj in excep 
tional cases 

A proof of tho supposed penetration through the 
ionosphere at about 63° N geomagnetic latitude 
could bo obtained if whistlers were heard nearly 
simultaneously nt stations Bitunted south of Godhavn 
Such a proof has not been obtained because several 
of tho higher latitudo stations of tho American 
Whistler East Cham were Inoperative at the times 
when whistlers were heard at Godhavn The onl\ 
possibilities for comparison hitherto has been with 
Hanover, Now Hampshire, for the observations in 
October, 1957, and for somo of the observations in 
December 1057 No whistlers wore heard m Hanover 
at these times, and this seems to contradict our theory 
"When more observations are available wo plan to 
compare data with other stations 

Whistler observations in tlio antarctic have been 
reported by Martin 0 During the observation period 
April 1-16, 1068, whistlers were heard consistently 
but no dawn chorus was obsorved These frequencies 
of appearance are the opposite of those observed at 
Godhavn 

As a result of tho analysis of the first j car s observ a 
tions we have found that tweaks’ are not hoard during 
the polar day but they begin to appear ob soon as the 
sun is below tho horizon during part of the night The 
highest aotivity is observed in the montlifl of August 
and September 

Chorus and hiss arc most often hoard between 10 
and 12 local moan tirno when chorus w observed in 
about 18 per cent and chorus plus hiss in about 22 
per cent of the recordings The maximum magnotic 
activity occurs at the samo t ime of tho day* There is a 
seasonal variation m tho rolativo frequency of chorus 
and hiss with a lower aotiwtv during and around thi 
polar night 

Our anolvBis has shown that tlio obeorved chorus 
is normally in a lower frequency ran go than further 
south Fxcopt for ft vory few observations tho fro 
quoncy range hns been 500-1000 o /h. Tlio range from 
1000 to 1200 o /s is hcnvil) disturbed b\ liarmonics 
of tho power frequonev and tho high pass filter applied 
gives a eluvrp cut-off at 600 c /s. However, wo arc 
trying to improve our observations of the efioru* and 
hiss phenomena 

If tho wave giudo model proposed above applies 
chorus in the observed frequency range at high Iftti 
tudes should bo a mtlior load phenomenon bcenuso of 
high attenuation bolow tho cut-ofT frequency 

Tho research reported hero has been sponsored bv, 
tho Geophysics Research Directorate of tho U S Air 
Forco Cambridge Research Center, Air Research and 
Development Command through tho Luropoan Office 
under contract AF Cl (614) 1300 and by tho Danish 
Science Foundation and tho Danish Research Foundn 
tion for Technical Scionccs. 
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A New Microwave Harmonic Generator* 

If my estimate 1 of up to 10 7 amp /cm 2 for the 
emission current density of free cathodo ‘spots on a 
clean mercury surface is accepted, the moicury arc 
may be regarded as an indestructiblo point-contact, 
rectifier with interesting microwave properties At 
high rates of growth of current, (that is, m excess ot 
6 X I0 7 amp /sec ) the cathode emission appears to be 
unable to follow the rising current by its normal 
method of increasing size 1 and presumably (at micro- 
wave frequencies) must either change its emission 
density or become unstable, or both In either enso a 
'non -lineai’ current -\ oltago relationship is still to be 

Instability of short moicury arcs at microwave 
frequencies has already been reported-, and follow ing a 
suggestion by Piof B Bleanoy, this communication 
descubes the use of such arcs for the purposo of 
harmonic generation from a relatively high-powered 
microwave input 

Fig 1 shows m diagrammatic form tho essentials ot 
the harmonic generator Microwave power at 2 5 
Gc Is (from a continuous-wave magnotron of tip to 
100 watts output) is used to mnmtain a very short 
mercury arc between a mercury pool ‘cathode’ and 
tungsten w ire ‘anode’ The harmonics generated arc 
collected by tho smallor wave guide shown, coupling 
to which is assisted by the adjustable tuning plunger 
placed inside the discharge tube Tho tube is filled with 
argon to a pressure of at least one atmosphere, an 
e\ en lnghei pressure being desirablo By using such a 
gas pressure it is possible to maintain a great density of 
ionization in the ‘positive column’ plasma of the arc, 
so that harmonics generated in tho very small region of 
cathode-fall can be communicated to tho anode w ire 
By tilting tho discharge tube tho arc may bo adjusted 
to minimum length, the shortest possible arc boing 
the most efficient 

With an estimated input power of a few’ watts at 
2 5 Gc /s , an output m excess of ono milliwatt was 
obtained at 10 Gc /s , also a strong signal at 30 Gc /s 
was detected by a spectimn analyser placed closo to 
the arc tube The anode wiro for these experiments 
was 0 5 mm m diamoter and length of arc was 
about 0 I mm An ammeter connected from anode to 
cathode indicated a rectified current of 100-000 
m amp , the electrons flow mg from tho mercury to 
the tungsten ware ‘anode’ 



If a 4-8 volt battery is connected externally so as to 
assist 11ns electron flow, the microwavo driving power 
may bo reduced If, m addition, the anodo wire is 
made thm enough (for example, 0 1 mm. diameter) to 
bccomo red hot undor tho action of tho discharge, a 
very short arc indeed may ho obtained m tho dimple 
formed by insertion of tho anodo below the normal 
freo morcury surfaco, a cushion of mercury' vapour 
provent mg all hut occasional short-circuiting of tho 
arc This ‘dimple arc’ mode of oporation can bo tho 
most efficient of all, but caro has to bo taken to avoid 
melting tho rather fine nnode wsro necessary' for low 
shunt capacity' 

For tho input frequency described, the quality anil 
efficiency of tho arc harmonic generator seem entirely 
comparable with tho ‘non-hneor’ semi-conducting 
crystal typo, but tlio arc lms ono considerable ndth 
tional curt no them is no upper limit to tho input 
power that can bo used, for the arc cathodo spot cannot 
bo damaged Woik is continuing with tho view of 
extending the use of tho generator into the millimotro- 


wavo region 

This work has been earned out as part of tho 
research programme of the National Phy'Sical Labora- 
tory and is published by permission of tho Director 
of the Lnboratorv 
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A Spectrum of Turbulence at Very High 
Reynolds Number 

Tiie downstream component of the turbulent 
i elocity has been recorded in a sea-w'atei channel with 
a Reymolds number, based on the depth, of 4 X l® 7 
Tho measurements wore mndo near tho southern end 
of Discovery Passage (50° 00' N , 125° 12 5' W ) with a 
tidal current of 100 cm /sec flowing northward at tho 
point of observation At this point tho channel is 
about ono mile wide and tho w'ater has boon flowing 
with a depth of about sixty' metres for a htllo over a 
milo, having entered tlio passage from tho wide and 
deep bnsm of Georgia Sti ait 

Tho turbulent velocity' was measured with a hot 
film nnemometor, the form of tho probo being a plati- 
num film of thickness 4 X 10' c cm , plated around the 
tip of a glass cone which pointed into tho stream 3 < 10 
maximum dimension of tho film is about 1 mm and it 
hns a resistance of five ohms An a -c bridgo was used 
with a earner frequency of 7 5 kc / s Tlio probo was 
mounted on tho noso of a heavy' body towed at a 
depth of 25 feet from tho stern of a ship steaming 
against tho cun out so as to maintain a fixed position 
A thirty-minute sample of tho tiirbulenco signal lias 
boon analysed with narrow band filters Fig 1 show's 
the high frequency' end of the energy spectrum and tho 
dissipation spectrum, each multiplied by tlio wave 
number L so that tho area under tho curves represents 
the energy' and dissipation on tho semi -logarithmic 
plot Fig 2 is a logarithmic plot of the onergy spoctrum 
The points at tho extreme values of K tu o not very' 
reliable For L < 0 02 cm - 1 , tho motion of the towed 
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body makes a contribution to the reading of the hot 
film A crudo accelerometer showed that the spectrum 
of the longitudinal motion of the body extends up to 
voluofl of k in the neighbourhood of 0*02, and this is 
believed to be the reason that the curve m Fig 2 lice 
abovo tho line o\ or this region The mam cause 
of this is orratio motion of the ship Variations in 
engine speed cause pitching and surging while tho 
largo -scale turbulence produces transverse movements 
of tho stem requiring continual helm adjustments to 
maintain courso In addition towed bod v motions are 
excited directly by turbulence too small to affect tho 
ship Tho natural period of tho towed bod} and its 
towing wire acting ns a pendulum, is in tlite rango of l 
Unfortunately, "o do not linvo sufficient information 
about the motion of tho towed body to attempt n 
correction For values of h > 1 cm tho electronic 
noise Io\ ol becomes an appreciable part of tho signal 
Hero we havo mndo a correction to the data but tho 
points nro not as reliable as those for 0 02 < L < 1 
Tho two spectra in Fig I aro well separated on the 
wove number axis and it seems likely that an inertial 
sub rango exists Tho straight lme in Fig 2 has a 
slopo of — and fits tho data reneonnblj well over 
a very ixtonsivo range of I in tho region between the 
peaks of Fig 1 Tills cannot, however, bo taken as 
•verification of tho relation predicted for tho 

mertml sub range b> tho Kolmogoroff theory 1 because 
it has not l>ccn demonstrated that local isotropj exists 
Tl>e spectra obtained by Loufer 3 in fully developed 


pipe flow (B 2 5 x 10*), indicated that the turbu 
lence was anisotropic at High wavo numbers and 
Knuclman 3 bos shown that, although the spectrum of 
the downstream component follows a law, the 
one dimensional spectrum of tho total energy fa 
proportional to k~* n 

The total dissipation eon be obtained by integrating 
the dissipation curvo of Fig 1 Using the isotropic 
relation 

c = lCv J dl 

we obtain t «=» 2 5 x 10~* ergs cm ~ 3 *ec _1 Tlio area of 
the curve is open to question because it depends upon 
two points which contain a largo correction for noise 
but this figure can be confirmed by estimating c m lees 
direct ways We may assume the spectrum function 
predicted for the inertial sub range by tho Kolmogoroff 
theory 

9(t) =• 


We find I, from the spoctrum measured b} Laufer for 
whioli c was determined fairly accurately, to bo 0 25 
and using 9 ( 1 ) «= 2 75 X 10"- from tlio present 
spectrum, e“ 37 X 10"* orgs cm." 3 sec - 1 That these 
figures are of a reasonable order of magnitude can be 
seen without reference to the spectrum from the 
relation c*=*Tdt//di/ By comparison with other 
channel flows, wo may expect that typical values of 
the shear stress and velocity gradient arc given by 
t # 10~* Uo * and dt//dy #02 Uojd, whero d is the 
depth of tho water Tills loads to t « 3 X 10"* ergs 
cm " 3 roc -1 

The value of L at which the peak of tho dissipation 
curve occurs, k m , may bo compared with l, tho 
characteristic wave number of the dissipation rango, 
defined by l, «= (c/v 3 ) 1 /* It is a result of the K 0 I 100 - 
goroff theory (but not of Kraichnan’s theory) that 
Xj/I« is an absolute constant and Tablo 1 shows the 
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valuo obtained from tho present ovpenment com 
pared with other measurements of dissipation spectra. 

When tho experimental difficulties are taken into 
account tho first three, or the last two values of 
l,fkn con bo considered to be consistent with the idea 
of a universal constant but the two measurements 
reported by Laufer appear to differ significantly from 
the others 

Wo cannot obtain the total turbulent onergj directly 
because a largo proportion of it is associated with 
scales of motion comparable to tho dimensions of tho 
ship and is therefore not mensurable oven with a hot 
film fixed rigidly to the ship From visual observation 
of the water surface and ship motion, however, wo 
estimate tho integral scalo of tho turbulence L, to be 
about 50 m Using the isotropic turbulence relation 
c — 3p(tt 3 )V*/2L and taking t « 3 x 10~* wo lrnvo 


u 1 # 20 cm * boo ** This value, which is not pnrticu 
larlv sensitive to errors in tho estimnto of either c or L , 
corresponds to about 4 5 per cent turbulence which is 
reasonable for such a channoi It should be noted that 
the measured portion of tho energy spectrum eontn 
butes only about 1/5 of this value of n* wlifcli further 

strengthens our opinion that tlio simlA 

spectnun f > 0 02 cm -> oonlribulo sign 
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cantly to the Reynolds stress, and so should he within 
an equilibrium range if Kolmogoroff s assumptions are 
valid 

We propose to make a more extensive senes of 
spectrum measurements with an unproved noise level 
This will be done in the northern end of Discovery 
Passage, where the water flows for five miles through 
a deeper channel after passing through the constriction 
at Seymour Narrows at a Reynolds number of ovor 10 8 
on a strong tide 
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Evidence for Distinct Sectors in Polymer 
Single Crystals 

It was reported earlier that long-cham polymers 
could form single crystals in which the molecules havo 
a regularly folded configuration 1 ■" Polyethylene m 
particular can have a paraffin-hko crystal habit con- 
sisting of thin lozenge-shaped layers with each seg- 
ment of the folded molecular chain normal, or 



Tig 3 Polyethylene crystal grown from xylene at 00’ O , alter 
thermal treatment (see text) Photomicrograph, phase contrast x 750 


approximately normal, to the piano of theso layers 
It was suggested 3 that llio molecules might fold in the 
piano of the growing faces, which aro of the {110} 
type in the purely lozengo shaped crystals Thu 
implies that in the four different quadrants tho chains 
are folded along four different c 1 10 > directions, and 
hence that the apparent single crystal consists m fact 
of four structurally distinct sectors m twin relation 
So far as we know, this situation is unprecedented m 
crystalline substances 

Some evidence for tho existence of distinct quad 
rants has already been reported 3 - 4 Thus surface 
corrugations were noticed which divide tho crystal into 
four parts Further deductions from interference 
effects in electron micrographs (Bragg fringes, moir6 
patterns) revealed that adjacent quadrants of tho 
crystals satisfied different conditions of diffraction We 
add hero that current work lias confirmed these 
deductions through direct observations of tho electron 
diffraction patterns given by individual crystal 
sectors Theso showed that different quadrants added 
different reflexions to the diffraction pattern given by 
tho crystal ns a whole Tins situation would arise if 
the crystal layers were dished pyramids buckled along 
tho two lozengo diagonals, or if tlio lattico were 
sheared differently in tho different quadrants or 
possibly if both effects existed together Tho dished 
pyramidal configuration is suggested by a number of 
observations Tho most consistently recurring ono is 
that of a triangular central fold along (ho short lozenge 
diagonal (Fig 1) Tho crystal is tlireo layors thick 
along this thickening It is readily seen that this 
would he the result if a hollow pyramid collapsed The 
uncollapsed pyramid, howoier, has not or been 
observ ed, though crystals w ith tho triangular fold have 
been seen m suspension Thero is no apparent reason 
why tho pyramidally dished crystal should collapse 
except in contact with n flat substrate, and it is pos- 
sible that tho fold, with tho same resultant geometry , 
is produced by a progressive shear transformation 
within tho crystal, without actual realization of the 
intermediate dished py'ramid Eillior picture leads one 
to look for somo splitting of diffraction spots, though 
of different mngmtude according to tho details of the 
mechanism Such splittings, of various magnitudes, 
have been observed, and aro the subject of current 
work Wo first saw such a splitting m an electron 
diffraction picture communicated to us privately by 
S Llitsuhashi 

The various observations indicating distinct sectors, 
sheared and/or hollow pyramidal crystals aro related 
If the folds in ono sector aro along ono land of < 1I0> 
direction only, tho structure will have a lower sym 
metry than it would havo without tho fold, and the 
lattice wall no longer bo orthorhombic ns m the ideal 
polythene structure Tho obliquity’ introduced m this 
way’ would be identical in magmtudo but opposed in 
sign in quadrants which grow at difforont{ 110} faces 
The diagonal containing the fold w'ould bo either 
shorter or longer within tho sheared cell In tho first 
case tho crystal consisting of four different non- 
orthorhombic quadrants in twin relation, would he 
automatically a dished pyramid In the latter case it 
would be a flat lozengo with edge dislocations in it, 
probably m rows along tho lozenge diagonals In 
either way the obliquity’ would depend on tho relative 
abundance of tho folds, and thus on the length of fold 
Consequently the uniformity of the lattico would 
require a uniform length of fold throughout the 
crystal In this way tho observed uniformity of the 
length of fold, perhaps tho most puzzling property of 
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those crystals, would bo accounted for 

In Fig 1 the crystal is a truncated lozenge, showing 
also {100} fa oca in addition to tho {110} In this case 
we expect six distinct sectors, four with folds along 
{110 } and two along {100} planes The existence of the 
first four has already boon demonstrated That of the 
additional two is rovoalod by electron micrographs like 
Fig 2 whoro such soctors appear in Bragg contrast 
because they satisfy different reflexion conditions 
from the rest of the crystal Sometimes a surface 
corrugation con also bo seen bounding such sectors 
As stated earlier, tho sectors bounded by {110} faces 
ore in twin relation, that is the lattices also including 
the fold along {110} planes, aro identical but m 
different orientation Howovor, the remaining two 
sectors with folds along {100} pianos would represent 
a different lattice This is strikingly brought out by 
the following experiment The crystals, sedimented on 
a slide were heatod to about 128-130® C When 
examined offer cooling they appeared an in Fig 3 
It is seen that the sectors in question are now distinct 
thus they must have melted (or become otherwise 
transformed) at a lowor temperature than the rest of 
the crystal Tills difference m thermal stability is in 
agreement with tho postulate of a different lattice 
Wo conclude that tho existence of distinct sectors 
within the samo crystal is definitely established in 
agreement with tho predictions based on the folded 
molecular configuration m polymer crystals 
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them further cleared in Farmer’s reducer In this way, 
zono lenses not larger than about I to 2 4 mm in 
diameter were produced m one single step 

Zono lenses of this type were then scanned by means 
of a densitometer comparator Tho upper graph in 
Fig 2 showB the radii of on experimental zone lens, 
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fl*. Z. Rulll of an exi*d mental zone Icn» obtained by Wro- 
frfcn fence and compared wltb the theoretical fljnrej. 

scanned from centre to periphery in different diroo 
tions Generally, the radu, r m of tho nngs in a zono 
lens are proportional to the square roots of tho 
natural numbers 
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Deviation of Zone Lenses Produced 
by Polarization 

Zone lenses ore systems of alternate opaquo or 
phase retarding rings which are usually made in one 
of tho following wayB (o) by describing larger circles 
on cardboard and photographically reproducing 
them, (6) by photographing Newton fringes occurring 
between a slightly convex Ions and an optical flat, or 
(c) following Wood 1 but cutting out narrow ring circles 
on a previously coated surface by means of a turn 
tablo or lathe The least distance ( d ) resolved by a 
zono lens is given by: 

d - 1 22XB (1) 

where X ta the wavo-length and B the focal length/ 
diameter Since tho focal length is proportional to tho 
square of the radius of tho innermost zone 3 , small 
zone lenses will have highor resolving power Tlius the 
originals made are usually further roducod photo 
graphically in one or two subsequent steps 

Another way of producing zone lenses is basod on 
the birofringont properties of certain crystals such as 
basal sections of cnldte or sodium nitrate The 
crystal is sandwiched botwoon two Polaroid films 
(0 m Fig 1) A is a monochromatic light source, B is 
an nsphoncal collecting lens, Z> a oolhmator, E o photo 
graphic objective (Tensor) of 50 mm focal length, and 
F is tho imago piano Photographs were taken on 
Kodak typo 040 high resolution filmj they wore 
developed on D 11’ to a high gamma and somo of 


r m = m «=» 1, 2, 3 , (2) 

where rj is the radius of the control zone Thus 
relation is shown in tho lowor graph m Fig 2 
Evidently, equation (2) does not rigorously dosenbo 
the propert ies of zone lenses obtained by polarization 
for the individual zonee doorcase slightly slower m 
radius, toward the periphery, than required by theory 
This work was support od by National Institutes of 
Health Research Grant (7-2834 
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ELECTRONICS 

Use of the Silicon Resistor in the d c. 
Stabilization of Transistor Circuits 


It Is well known that changes in tho d c charac 
teristics of transistor amplifiers with temperature are 
particularly eovero and tend to limit tho range over 
which these dm ices can operate Tho d o parameters, 
the changes of which are of interest ore the collector 
emitter leakage current [loo'), tho d c current gain 
(a') and the base -emitter input impedance this last 
producing a change in tho bnao-emitter voltage Up to 
tho present stabilization lias cither been by minimizing 
these effects by suitablo circuit design or by tho uso of 
thermistors and non hnoar olomonls in tho 
circuit These have tho dimdraninK^tn son » [| o , n 
higher power consumption, and 
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herent high efficiency of the transistor amplifier, and 
limited range of stability 

We have been using experimental samples of silicon 
resistors, supplied by Standard Telephones and Cables 
Ltd , Footscray, w Inch have a high positive resistance 
temperature coefficient of about 0 7 per cent per 
degree It Mould appear that the silicon is doped to 
such an extent that it is m the saturation region at 
room temperature, thus giving the positive coefficient 

We have achieved remarkable results, usmg tlieso 
devices, for the stabilization of grounded emitter small 
signal stages Some of the characteristics aro shown 
m Fig 1 

Curve 1 shows the variation of collector current \\ ith 
no emitter resistor The changes are very large indeed 
Curve 2 show s the effect of inserting a carbon resistor 
m the emitter circuit The improvement is quite 



-10 0 40 80 120 

Temperature (deg C ) 

He 1 dc Stabilization of silicon transl«tor 


impressive, but there is still a 4 1 change m collector 

current over the full range Curves 3 and 4 show the 
effect of placing a silicon resistor of the same value 
as the carbon resistor in the emitter circuit at different 
collector currents The stability at either high or Ion 
temperatures is very good Curve 5 shows the result 
obtained when a carbon resistor of predetermined 
value is connected m parallel with a silicon resistor 
A stability factor (defined as the ratio of collector 
current at 25° C to collector current at T° C ) of 1 
is indicated over the whole temperature range of 
— 50° C to + 150° C We believe this result is far 
better than any achieved by other methods 

The advantages of this method are as follows no 
elaborate compensating network required, simplicity 
of design, stabilization over the whole temperature- 
range 

Tho use of siheon resistors has been applied to 
power transistors dissipating several watts, and it has 
been found that under certain conditions, using the 
silicon resistor m the base circuit, results giving a 
stability factor of 1 may also bo obtained These 
results agree very well with those predicted by theory 
and when the work is finis hed, a full account will "be 
published elsewhere 

We wish to thank Messrs Standard Telephones and 
Cables, for their help in supplying the sihstor used for 
the experiments 

J T Zakrzewski 
D H Mehbtens 

Electronics Laboratory, 

G W Division, 

EMI Electronics Ltd , 

Feltham, 

Middlesex 


URE September 12, 1959 

ENGINEERING 


Blunt-Nosed Bodies in a High-Temperature 
Gas Jet 

Recently, tho heating of nose cones on re entry 
vehicles has bccomo a challenging technical problem 
To provide thermal protection of an object in tho core 
of the nose cone for short duration, two major kinds of 
shielding materials may bo used, namely, metals and 
plastics Tho former is favourable for a heat sink while 
the latter is favourable for ablation cooling To demon 
strata these features, some simple experiments were 
performed using a varioty of those common materials 
Tho materials were machined into il-m diameter 
hemispheres A thermocouple (Fig 1 A) was attached 
to tho centre of tho base of tho hemispheric sample 
( B ) next to a boron nitride insulator ( G ) The whole 
assembly was mounted on an arm (D) and swung into 
a jet of argon m m dinmeter emitted from n 
plasma generator ( E ) Tho velocity of tho jet imping- 
ing on the testing sample w as subsonic Tho tempera- 
ture of tho jet, T/, ns estimated from ref 1, 
was approximately 15,500° R Tho measured tem- 
peraturo of tho thermocouple, To, increased with time, 
/, and was rocordod on a Sanborn strip-chart recorder 
Figs 2 and 3 show these results respectively for metal 
and plastic samples For com cmenee, both To and the 
non-dimensional temperature, 0 o — T/ — To/T / — Ti 
aro used for tho ordinate and / is chosen for the 



rig 1 Schematic diagram ol plasma 
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abscissa in the figures (hero Ti is the room temperature) 

A few interesting features in Figs 2 and 3 were 
observed 

(1) For all tho metals, four distinct periods can be 
seen (a) Initial Stage log, Oo versus t Is curved 
upward for each metal This trend ma> bo explained 
by basic heat transfer theory, but the discussion is too 
lengthy to molude hero (6) Ftrst Intermediate Stage 
log, Oo versus t is practically linear This will be dis 
cussed later (c) Second Intermediate Stage Copper 
and its alloys such as brass and bronze, distinguished 
themselves by a pronounced decrease in slope of 



log, Oo versus t This Is probablv duo to evaporation of 
the base metal, copper ( d ) Final Stage All metals 
turn to a high and practically straight slope of log, Oo 
versus t This is probably due to reduction of sample 
wall thickness through ablation 

(2) For the majority of tho tested plastic materials 
log, Oo startod to drop hncarlj with time until To 
reached 800° R or more One exception was hard 
rubber which rose m temperature sharply at 080° R 
From photographic evidence tho rubber was appar 
ently molted and vapourized and blown away bj thi 
jet Consequently the thermocouple became closer 
to the jet and the temperature rose sharply This 
also happened to tho othor plastics tested at 
temperatures higher than 800° R 

(3) Testa of tho transparent plastics ( Ploxiglass 
and polystrone) shoved an initial sharp riso in tom 
pomture Tins effect was probably duo to direct 
thermal radiation absorbed by tho thermocouple 
from the brilliant light of tho plasma jot of argon 
Later the blurring surfaces of those samples reduced 
suoh radiation appreciably and log, Oo became nearly 
linear 

(4) Tbo phenolto lammate shows except lonnlly good 
thermal insulation 

At present, no theory « known with which to 
anal} so the transient temperature under tho unusual 
conditions of theeo experiments howover, it may bo 
worth while to attempt some simplo correlation of tho 
testing results with existing theory For tho case of a 
sphere surrounded by an atmosphere at high tempera 
tirre Tf a well known formula is available to relate 
the measured time to the temperature To at its centre 
That is, log, Oo *=* An/ V Ny 0 Nm Here A and V are 
respect i vely the surface area and v olumo of t he sphere 
Nm is the eo-eallod Biot number and Is equal to 
hn/l, whore k is tho thermal conductivity of tho 
sphere and h is the heat transfer coefficient from the 
fluid to the solid surfaco N J0 is tho so-called Fourier 
number, defined by Nf 0 ■=• atfn*t where a is tho 
thermal diffusivify of tho sphoro and ri ls tho sphere 
radius Within tho limits of Nro <02 and Nm > 
10-*, log, 0o is approximately linearly related with 
Nro ob indicated by the formula Roughly, at tho 
initial stage of the tests (Figs 2 and 3), log, 0o is fairh 
linear with timo although man> of tho snmplo 
materials are beyond tho above limits Tins means 
that tho heat transfer coefficient h is fairly constant at 
least within tho initial period Therefore h is colon 
lated for these matonals from tho above formula using 
tho classical data on a and l These nro prooentod in 
Table 1, which shows that h for tho metals (except 
magnesium and lead) is about ten times or more than 
that of tho plastics It is behoved that tho low values 
of h for plastics is duo to heat absorbed in surface 
melting 


Table 1 TutUtAL 1 lororttEft or ILltruu 


Material 


JMaU 

ltrooxe 

Steel 

It* cor* him 
Aluminium 
Lor per 
flrtrtlr* 

PI rootle 
I'toxtabM 
Nylon 
rotytfyrrws 
Teflon 
Hard Robber 


0 

ft’/hr 


t k 

irru/hr it. f lrrt/fhr a « r 


0-007 32 

0-57 31 

0 - 024 20 

1- 2“ 02 

1 - 823 43 3 

2 - 22 82 3 

4 30 223 


300 
29-2 
18 “ 
19-0 
17 8 
29-1 
120 


000531 

o-oo isa 

O-0OI"B 
OOOCJv 
0-00113 
0 00212 


0-109 
0 1*3 
0-113 
0-134 
0-143 

o-m” 


330 

2-07 

i-iM 
3 ll 
3 4> 
3+J 
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The following potential sources of inaccuraoy have 
not been evaluated 

( 1 ) Denation of the direction of the jot caused 
15 per cent scatter in initial rise in temperature 
Typical teste, used m Figs 2 and 3 , were chosen to he 
those with the maximum initial rise m temperature 

( 2 ) The hemispheres were impinged by tho jot 
stream with non-uniform temperature and velocity 

( 3 ) Hemisphere bases were not perfectly insulated 
against heat loss 

F K Sedlund 
C C Chang 

Department of Aeronautical Engineering, 

University of Minnesota 
Juno 6 

1 Ducatt, A. C , nnd Cnnn, G L , "Propulsho Properties of nigh Intcnsltj 
rlasma Jets", Gtnrminl Research Laborntorj (ML-TIt-Q (Feb 21 
1958) 

* Glannlnl, G ML, Sci Amrr , ( lug , 1957) 

0 Sadlurd, F R , II Sc , Thesis, Unl\ Minnesota (1059) 
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CHEMISTRY 

Estimation of the Interchange Energy 
for Binary Systems from Mutual 
Solubility Data 

If the theory of strictly regular solutions developed 
by Guggenheim 1 is applied to ordinary binary systems 
and compared with experiment in order to evaluate 
the interchange energy the results aro not good, since 
very few systems satisfy all the conditions for forming 
regular mixtures, m which the molecules aro assumed 
to be sufficiently alike in size and sliapo to bo inter- 
changeable on a lattice or quasi-lattice A few examples 
have been shown for this comparison It is desirable 
that more comparisons with many experimental 
results are made in order to verify the validity of tho 
theory and to extend their application to the field of 
the ohemical engineering design 

Cox and Hermgton 2 have shown that straight-hno 
relationships between the functions ( T — T c )^ and 
log{(l — x')/x'} and between the functions (T — T c )^ 
and log{(l — *')/*'} hold for temperatures T within 30 ° 
of a critical solution temperature T c , where 1 — x' and 
1 — x" are the mole fractions of component 1 m tho 
two co-existing liquid phases, and x' and x " are the 
corresponding mole fractions of component 2 of a 
binary liquid mixtures The following equation is 
immediately derived from them relationships 

log{(l - x^/x'} = m log {(1 - x H )jx") + K ( 1 ) 

where m and K are constants At the critical solution 
temporature the two co-existing phases becomo 
identical, having the composition x' = x" — x c 
Equation (1) may be transformed into 

1 — x' _ x c /l— a:' Xe ^ m 

x' 1— x 0 ~ \ x" 1 - Xc) W 

It is possible that the solubihty curve for a binary 
liquid system can be represented symmetrically with 
rospect to the composition by plotting properly 
selected units For example, if the quantities o and \ 
are defined by 


5 x'/Xe + (x7 Xc) m 

(I - Xf )/(1 - x') W 

4 ~ (1 - X £ )/( 1 - *') + (1 - Xc)/(1 - X> 

then tho resulting solubility cuwo will bo symmetrical 
with respect to 9 or 5, since 9' + 9' = 1, and 
{;' + £" === 1 Tlio former fractions (equation 3 ), which 
are tho variations of volumo fractions, aro more con 
vement Bince they aro simpler Therefore, wdion the 
compositions aro plotted in terms of such 9 fractions, 
m winch tho concentrations of component 1 m one 
phase are multiplied by ay/( 1— ,r e ) and tho sum of 
concentrations after tho chango of units is brought 
back to unity, tho solubility curvo of tho system will bo 
symmetrical with respect to 9 ns for rogular binary 
mixtures Tho mole fraction of component 2 nt tho 
critical composition, x e , and tho empirical constant m 
may bo estimated from tho mutual solubility dnta 
determined at two tempera lures by equation 1 
If it is assumed that each component forms clusters 
consisting of each pure component m its liquid phase, 
tho number of moles being (1 — x')x e nnd x'(l — x e ) 
respectively, nnd that tho two kinds of clusters aro 
stable nnd sufficiently nliko in size and nhapo to 
satisfy all tho conditions for forming strictly regular 
solutions on mixing, tlio mterclmngo energy u> 
botwcon two kinds of clusters may bo obtained from 
the theory of regular solutions, ns well as tho cases 
whore x c — 1/2 corresponding to tho strictly regular 
mixtures For oxnmplo, in tho first approximation 
w'luch has been treated according to tho qunsi- 
chomical equilibrium conditions, w is given by 


9 

9 ' 


x'/Xc 


X'/Xe + (1 — X')/(1 — X c ) 

(x"!% c )-m 

' {xlXcV m + (1 ~ x')/(l - x e )~m 


0 \p(wjzkT) = 7) = 


1 - r 


r l/s _ r (r-l)/x 




where 2 is tho co ordination number nnd L is Boltz- 
mann’s constant By tho definition of equation 3 
tho molecular ratio, r, becomes 


1 - 9 


x e 


x 


x t 


( 6 ) 


Sovoral l allies evaluated from tho mutual solu- 
bility' data by r equations 5 nnd 0 assuming 2 = 4 are 
shown in Table 1 


Toblo 1 


Component 


T c T 
(deg C ) (deg C) 


n Butane 
Cjclolicxnnc Aniline 


— 57 2 2 2358 

Pertluoro-n butane —41 0 — 43 2 2 0192 

— 41 0 2-0000 


29 422 23 817 2 0215 

29 392 2-001T 


Ref 

3 

4 


Ethj lbcnzcno Ammonia 


W atcr 


Phenol 


10 7 


05 85 


■ 15 5 2 3035 

9-0 2-0372 

10 7 2 0000 

20 2 2903 

35 2 1510 

05 85 2 0000 


( 3 ) 


Thus it should bo possible to predict tbo solubility 
relationships of tlie systom from mutual solubihty 
data, determined at more than one temporature, 
when the dependence of tho interchange enorgy upon 
temperature is known 

It seems that this method, m which tho thoory of 
regular solutions is applied to tho behaviour of solu- 
tions represented symmetrically by tho change of 
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units, assuming the formation of stable 'clusters 1 
consisting of each pure component m its liquid phases 
will bo applicable m the field of tho chemical engineer 
ing calculations For example, for tho correlation and 
prediction of the data for liquid liquid equilibria and 
■vapour liquid equilibria. 

Tho detailed paper referring to the dependency of 
the interchange) energy upon temperature and the 
applications of this method m chemical engineering 
calculations will bo published m the Bulletin of the 
Chemical Society of Japan 

Kn. ohatiu Tstuda 

Chemical Research Instituto of 
Non Aqueous Solutions, 

Tohoku University, Sendai, 

June 24 

1 OuR^rnhctm, K. A “Mixtures'’ (Oxford University Bros*. 1032) 

• Cox J D and Herfnfltor., E. F O Tran* Farad Soc 52 028 (1058) 
•rtlmoDJ.J H .and UamteHer J V>„J Ckrm rift . 20 1510(10^2) 
Atack, D . and Bleu 0 K J Ckrm Phft 22 3*i (1961) Dim Tai*d 
Soc. 1 i 210(1035) 

Uhlda, K Bvll C'Vm Soc Jap**, 31 113(1056) 

UOt, A H. and M^lUon B S i J Amtr Ckrm Soc 48 018 (1028) 

Some Activation Analyses of Six Trace 
Elements In Marine Biological Ashes 

Systematic knowledge of the abundance of traoo 
elements m marine organisms is far from oomplotc 
Most currently acoepted valuos have boon determined 
by speotroscopy or flamo photometry but for a number 
of olements these methods loavo much to bo desired 
The method of activation analysis not only increases 
the sonsitmt} for many trace elements 1 but also 
eliminates the necessity for running blank* analyses 
on tho reagents sinco small amounts of impurities 
contained m tho reagents will not be measured 


Activation analyses havo been earned out for 
vanadium, arsenic molybdenum, tungsten, rhenium 
and gold in several different types of mnnno ashes 
using the Ford Nuclear Reactor of the University of 
Michigan and associated facilities of tho Michigan 
Memorial Phcemx Project* 

Tho ash samples were prepared by igniting dned 
marine organisms in a quartz crucible at a temperature 
below 550° C (Tliore admittedly is a possibility of 
losing some part of tho desired elements in this step ) 
About 500 mgm of ash were used for each analysts 
except for vanadium and molybdenum, where 
50-100 mgm and 200-250 mgm of the ash wore 
used respectively 

Samples a ere irradiated in tho reactor for periods of 
10 minutes to 16 hours the longth of irradiation 
depending on the isotope to bo measured When short 
lived radio isotopes wore to be measured the sample 
was analysed immcdiatel> , otherwise it was set aside 
for a while to cool to reduce tho radiation cnoonntered 
in tho processing A chemical separation of tho 
element m question was then performed and tho 

S unfiod radio isotopes measured by a 3 in x 3 in 
oI{Tl) f ray scintillation detector coupled with a 
100 channel pulso height analyser with dual memories 
Nuclear properties 3 4 of tho isotopes measured, 
irradiation conditions, separation methods, and ox 
ponmental sonsitivites obtained are summarised in 
Tnblo 1 Tho sensitivities listed ore probably good to 
witliin a factor of 2 and are given only os an indication 
of the approximate limitations of tho spcciflo mothods 
used This is not to imply that higher sensitivities nro 
not possible with additional improvements in the 
method 

The abundance of the elements m tho ashes is given 
in Table 2 Tho overall errors accompanying these 


TiMe 1 rrmn ext IsrouaTios for thx actitatiok Aiultfes 


Element 


Atomic number 
Isotope ivutnl) 

Abundance (ret cent, rcl *) 

Therm*! neutron CTO**-*ecUoo (berm rc( 4.) 
Dauuhter 

Hall-We ol daughter (ret 3) 

Y-eoenryfoi Y-«pectro«opy(lIeV ref 3) 
IrnvllaUoo period 
Aimm neutron flax (■/etn.7*ec ) 
RadJocbemkul *epnratkm 


Approximate senaKlvlty (*tn normal UM to flux 
of 1 x 10" *;cm .*/*ee 


V 

A* 

Mo 

W 

Be 

An 

23 

33 

42 

74 

75 

70 

"V 

11 Ax 

***Mo 

* M W 

"•Re 

H *A« 

00-75 

100 

08- 

IS 4 

3“ -07 

100 

4-6 

4 2 

0 3 

31 

100 

08 

“V 

"A* 

«"Te 

>"\r 

‘ Be 

"•An 

3 8 min. 

20-5 hr 

14-0 min. 

21-0 hr 

3 7 day* 
0-137 

2 7 daw 

0 111 

1 44 

0-50 

0-307 

00**2 

10 min 

0 hr 

18 min 

8 1 hr 

11 5 hr 

14 1 hr 

0 x 10 " 

7 x 10" 

0-4 x 10" 

1J >■ 10" 

35 x 10" 

25 x 10" 

eupferron- 

chloroform 

eo-puk with 
phospixnnolyb- 
date 

6 x 10-* 

(0,Ht),A*a 

thiocyanate^ 

(C,n,),AiC1 

eth>l 

chloroform 

ethyl acetate 

d dot of arm 

acetate 

• x 10-*t 

6 x 10 -* 

8 X 10-* 

l x i(rt 

6 X 10-** 

(10 min. Irrod.) <10 hr Inad.) (15 mlmlrrad.) 

(10 hr IrradJ 

(10 hr Irrad ) 

(lo hr Inad.) 


Tbe rompuletkm of ■wnlUrUy Indadet the cool In r period of one half life for lonftlkrd botopc* of ai*eok- tao^ten rhenium and *old, 
f Thk value *u estimated oo the barh of coon Una *rttli a aamma •ctntHUatk* well 


Table 2, AvcxnaxcK or Traci Eixxxirr* nr 3 Unix c luouxncat Vjii 
(fm.^m. wh) 


Sample 


ut • SP («*W*ed) . , „ , _ _ 

OoOocted at Enoablma Bagaml Bay Japan. 
In Jlny.lfjfl 

fTInJ »P (seaweed) , 

Collected at Urayaru, Tokyo Bay Japan to 
In U»y 1058 

at^cSba? Tokyo Bay Japan, In 
January. 103” 

Tmrm iafonlca (LIttkneck CUm) (writ part*) 
CoOectrd on the shore of Japon Islands In 
1053 

ParvUlut ap. (lb-awn) (*o<t part*) 

(tolWtrd In tike vidotty of Japan bland* In 
1058 

Pnfvnitt>rk»nu Jj ponicut (Mackerel) (moat) 
OolWted In the rtdnltj of Japan bland* 
In 1035 


V As 

Mo 

W 

lie 

An 

5-0 x 10-* 5 4 > 10"* 

* 

l 3 y 10-' 

~ 3 X UT' 

03 x 10- 

1 33 X 10 * — 


1 8 x I0-* 

4 8 * 10-* 

15 x 10-* 

2-82 X 10- 4 — 

1 " x 10-* 

- 

- 

- 

1 ^0 X 10-* <5 X 10-* 

- 

4-8 10 * 

6 4 x 10- 

7 0 X 10 * 

1 1 X 10-* 83 X 10-* 

- 

< 8 X 10-* 

<5 > 10-* 

4A x 10- 

• 3 4 X 10-* 

_ 

<11 <io-* 

<8 X I0-* 

2-8 x 10 


• Below detection limit*. 
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values should rarely exceed i 30 per cent The 
numbers m Table 2 suggest a general tendoncy 
towards decreasing abimdance the higlioi the trophic 
level 

A detailed descript ion and discussion of these experi- 
ments will be presented elsewhere 

R Fukai* 

W W Metnkf 

Department of Chemistry, 

University of Michigan, 

Ann Arbor, Michigan 
June 1 

* Present nddresa Total Regional 3 lihcrl(“' IKsmirch Labornton 
Tsiiklshlnui, Chno-ku, Tokjo, Jnpan 

1 Fnkal, R., and Melnko, W W' , lAmnotogy and Oceanography, Otlolier 
1059 (in the press) 

* Mclnke, VT VT , A ttdeomct (JuU, 1950 In the press) 

1 Stromlnger, D , Hollander, J JL, Scnborg, 0 T , Iter Mod l‘hyt , 30, 
585 (1058) 

J Hughes D J Harrcv, J A , L S Atomic Fnerg} Commission Itept 
HA 7 7^325 (Jul), 1055) 


Preparation of Crystalline trans-trans 
Methyl Linoleate Hydroperoxide 

A method has been v orked out for the continuous 
separation of the hydroperoxide of oxidizing methyl 
linoleate, the oxidation level of the latter being main- 
tamed at about 2 per cent The product obtamed has 
been purified and ultimately crystallized 

Methyl linoleate, propared by debrommation of 
tetrabromosteanc acid, was oxidized in solution in 
petroleum ether (b p 00-80° C ) with oxygen gas, the 
resultmg peroxide being continuously extracted 
from solution by finely dispersed 85 per cent aqueous 
methanol saturated with petroleum ether In this w aj 
the peroxide value of the oxidizing methyl linoleate 
was kept -within the range 55-70 (ml 0 002 N sodium 
thiosulphate per gm ), and the tendency for the 
reaction to proceed beyond tho hydroperoxide stage 
was reduced to a minimum 

The methanol solution obtamed usually contained 
equal weights of hydroperoxide and unchanged ester, 
which were then separated by partition between 85 per 
cent aqueous methanol and petroloum ether (b p 
00-80° C ) The product finally obtamed from the 
combmed methanol fractions was a pale yellow oil 
wTth a peroxide value of 3,400 ns determined lodo- 
metncally, winch is known to give higher values than 
theoretical, and an E (1 per cent, 1 cm ) of 810 at 
231 5 mg m ethanol (e = 20,400) 

An infra-red spectrum of the product showed a 
strong band at 2 92 g (the hydroperoxide group) 1 , a 
'strong maximum at 10 10 g and a weaker one at 
10 52 g, together with indications of the presence of a 
carbonyl group, in addition to the ester The material 
thus appeared to be a mixture of as and Irans conju- 
gated diene hydroperoxides contaminated w ith a small 
quantity of decomposition products 

The hydroperoxide was purified further by two 
crystallizations from petroleum ether (b p 40-60° C ) 
at— 35° and a further two from ethanol at— 76° to yield 
a compound -with an E (1 per cent, 1 cm ) of 890 at 
231 5 mg (e = 29,000) Further crystallization from 
ethanol produced no change in the extinction co- 
efficient at 231 5 mg The infra-red spectrum showed 
that carbonyl decomposition products had been 
removed by crystallization In addition although 
there was strong absorption at 10 11 g there w’as no 
band at 10 52 g, which indicates that the product was 
pure conjugated frans-frans-methyl linoleate hydro- 
peroxide 


Expci iments verifying the predominance of tho 9- 
and 13-ln droperoxides m tho product 5 are at present 
being concluded and will soon be published together 
with details of the experiments outlined in this 
communication 

Tho work described in this jiapor was carnod out 
as part of the programme of tho Department of 
Scientific and Industrial Research 

A Banks 
S Fazakerlei * 

J N IvFAY 
J G M Smith* 

Torry Research Station, 

Department of Scientific and Industrial Research, 
Aberdeen 
June 22 

• Miinlx-rs of tin MnU of Hit Hcrrlnc; Imliiitn Iknnl 

'Lemon It W , Klrli), 3 W , and Knnjij) It M , Can J Teelmol ,29 
523 (11)5!) 

Rtnrdroin, S , Arhr fir Krm i, lfm (Jed , A2I 14 (1913) 

BIOCHEMISTRY 

A Concave Concentration Gradient of 
Methanol in Chloroform Employed in 
Elution of Lipids from Silicic Acid 

In se\eral laboratories, where whole lipid extracts 
are chromatographed on silicic acul in chloroform 
methanol, experience lias suggested tho noed for 
continuous concave gradient elution Devices are de 
scribed in thehteratureforproduemg concave gradients 
of solutes m aqueous solution, but the> are unsuitable 
for chloroform-methanol mixtures they fail for 
liquids of unequal density, waste eluent, or nro not 
easily constructed without ruhbei joints, greased 
stopcocks, etc Hitherto, therefore, discontinuous 
gradients or continuous linear or com ex gradients hai e 
been used for elution of lipids 

Fig 1 shows a simple and roliablo apparatus, 
possessing none of the nbovo disad\nntages, which 
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l 2 3 4 5 6 

Flaatr volume {1 ) 


I in * < oncrntnttoa p» d Wit (dotted Unr) produml In tbr 

»|ipaf»ttM lUurtntrd fa FJtf 1 j aUo f*oJkHlnr), dKcontluoou* gradient 
for parpwt* of comparison 

produces the gradient shown in Fig 2 The reservoir 
(7?) is a 2 I conical flask fiflod with methanol and the 
mixing chamber (AT) a 10 1 aspirator bottlo its lower 
opening stoppered with polyothyleno containing 
chloroform (4 00 L) Tlie siplion (5) and delivery 
tubes ( D ) have internal diameter 2 6 mm Side tabes 
(Ti Tt) closed by screw clips on plastic tubing 
facilitate filling £ and D and removing gas which 
sometimes accumulates B and AI ore closed by cott-on 
wool bungs The contents of AI are stirred mngnoti 
cally by means of a steel plate ( P ) The height of J? is 
adjusted initially to produce a steady flow of methanol 
Tho vnlue of continuous concaxe gradient elution 
was proved, for blood lipid, by comparison with clis 
continuous gradient elution with a chosen sequence of 
eluents Tho total volumes of chloroform and methanol 


Requiring little attention during running of the 
column, this apparatus realizes tho usual practical 
adxantnge of continuous over discontinuous gradient 
elution It con be widely omployed m chromato 
graphy, using different liquids and vessels of different 
dimensions A basically similar apparatus has been 
employed to produce a linear pH gradient in aqueous 
solution 1 Tho lipid used m those experiments was 
extracted in one batch from fresh horse blood at 
— 15° C and washed three times by tho Folch pro 
eedure 1 Some constituents were as follows bilo 
pigments (Fig 3 peaks C-G), cholesterol (J3) cholcs 
torol ester (A), lipid bound amino acids ( C-0 ) 
inositol phospholipid ( L ) phosphatldalcholine ( L , M) 
phosphatidalothanolamine (fl), phosphalidy lcholmo 
( L , AI), phosphatidyl ethanolamine (H), phosphatidyl 
renne (H) phosphntidylflende salt (?)» (l~L) t ephin 
gomyehn (JV), and tnglyccndo (A) 

Thanks ore tendered to Sir AJoxandor Todd for 
encouragement and to tho Rockefeller Foundation for 
financial support 

J J Wren* 

University Chemical Laboratory 
Cambridge 
June 15 

* Prrscnf cddrrw Lyon* Laboratories Hammcnmltfi Rood 
London W 14 

1 Roman IT fl J liocklm BfopAjrt Ada It 245 (1036) 

* Folch, J Lew 31 and (Roams Stanley O U J Bu4 Ckan 22b 

407 <m~) 

* Harfmftf G V EfUaiaJ J and Slot*, F r(ocA(m tda 

30 41 (1033) 


Presence of Behenic Acid In Sphingomyelin 
from Horse Spinal Cord 

It is known that ephingomyolin from various 


used m each experiment were the same Elution 
curves {Fig 3) ns anticipated, showed that the 
continuous gradient gives eliarper peeks and lees 
tailing and avoids spurious peaks produced by 
abrupt changes of eluent Chemical examination of 
fractions, particularlv after hydrolysis showed further 
that, the continuous gradient improves resolution of 
tho numerous constituent lipids 
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animal tissues contains lignocenc, nervomc stenne 
nnd palmitic acids ns tho component fatty acids We 
have found a considerable amount of behenic acid 
together with norxomo, stearic and palmitjo aoid in 
sphingomyelin which was prepared from horse 
spinal aord Corebrosido from spleen of Gaudier s 
disease was reported to ha\o behenic acid as a 
constituent by Klenk* and Rosenborg ft ai *, and 
splungomy obn from brain to have n 

00 boo xory small amount of tho acid b\ 
Ronnknrap 1 Tlie present study de 
scribes tho presen oo of behonio acid as 
tho essential constituent in sphingo 
myelin from normal animal tissue 

Credo sphingomyelin iso la toil from 
horse spinal cord was carefully purified 
by treatment with diluto alkali 4 and 
by column chromatography tlirough 
alumina* The purified sphingomyelin 
was several times recrystallixod from 
ethyl acetate Tims 3 kgra of fresh 

1 T 7"“| tissue yielded about 16 gm of enow 

™ xihito cryntals of sphingomyelin, which 
raeltodat 1Q7-108°C and was practical 
ly pure , it was quite unoontominntod 
with gly ccrophosphohpide and cere 
brosido Analysis P, 3 05 , N 3*40 , 
, TV PiH«=l 2, glycerol, 0, gninctoso, 0 

^ +5 20° 

4 M loo A Bamplo of pure spliinpomyolin 

inn cm van refluxed wHl" t** 
' miomm „ nt odd in mothnnnl o 
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8 hours After cooling, tlireo fractions of methyl 
esters of fatty acids were taken from the reaction 
mixture Petroleum-ether soluble material was 
extracted from the filtrate of the mixture (fraction 1, 
0 5 gm ) The precipitate consisted of a smaller 
amount of yellow oily material (fraction 2, 0 7 gm ) 
and a larger amount of white rustling material 
(fraction 3, 1 4 gm ) Each fraction was saponified 
with 0 5 N potassium hydroxide in motlianol, and the 
salt of fatty acid was shaken with 2 N sulphuric 
acid in ether Each of the free fatty acids was 
repeatedly recrystallized from otlianol before in- 
vestigation of its chemical properties 

Eatty acid from fraction 1 molted at 39— 40°C , 
the iodine number, the analytical data and the molo- 
cular weight by titration were in good agreement with 
those of nervomc acid Fatty acid from fraction 2 
melted at 54-55°C , the analytical data, the 
neutralization equivalent and the behaviour on paper 
chromatogram indicated a mixture of stearic and 
palmitic acids 

Fatty acid from fraction 3 could not be identified 
from the elementary analysis However, tho molting 
pomt of the material and its methyl ester, 79-80°C 
and 62 5-53 5°C respectively, suggested behemc 
acid The neutralization equivalent and papor 
chromatography supported this Furthermore, tho 
infra-red spectra of this material and its barium salt 
were almost identical with those of C,, scries 
Especially in the spectrum of the salt, eleven bands 
were distinctly recognized beta eon wave -lengths 
7 43 and 8 47 p, which is characteristic for tho salt of 
a C,, acid according to Meiklejohn el al Those 
results show that the fatty acid from fraction 3 is 
behemc acid 

Details of the study will be published elsewhere 7 
We thank Mr J A Rothfus for the infra-red spectra 

Yasuhxko Fujino 
Takasjh Negishi 

Department of Dairy Science, 

Obihiro Zootechrucal College, 

Obihiro, Hokkaido, Japan 
June 29 
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Secondary Structure of Ribonucleic Acid in 
Solution 

It has been shown previously that ribonucleic acid 
behaves as a coiled single -strandod 1 ■ 1 molecule in 
solution The results presented hero indicate that 
an organized secondary structure which might involve 
mtra-molecular bonds may be present 

The intrinsic viscosity of E coh 1 and rat livor 3 
ribonucleic acid vanes markedly with the con- 
centration of added salt, there being a ten-fold drop 
over a narrow range of ionic strengths, m contrast 
with the behaviour of other polyelectrolytes (see 
Table 1) The abruptness of the fall in viscosity 
(whioh is indicative of a phase transition) shows that 
the change from an extended to a contracted con- 
on, on increasing the ionic strength, is also 


abrupt Tho concentration of added salt required to 
bring about such contraction was found to increase 
with temporaturo 

Tnblo 1 T>FPr\Drsct of tiif Viscosm or /? coh Ribonucleic 
Acid (UNA) and Sodium I’oia M rTiiAtRTLATF (N'a-PMA) os tni 

CONCENTRATION OF 1PPFP SALT 

Concentration of nofUum clilorlilo (Af) 

0 1 X 10-* 5 X X0-* 1 X 10-' 5 X 10-* 1 X 10-* 1 X lO' 1 


Material 

Mole- 

cular 

weight 

X 10-‘ 

Tem)>cra 

turt 

(<l<ir C) 

Limiting nIaconUj rmmbcn 
(ml /gin ) x 10-* 

Xn-l’MA 
(ref 4) 

o 

25 

35252020 20 2-0 0 75 

RNA 

f 0 

0 4 

— — 1 0 0 00 0 20 0 03 0 03 

RNA 

1 0 

25 

2 8 2 4 1 0 1 20 0 38 0 10 0 03 

UNA 

1 0 

as 5 

— — 1 1) 1 35 0 54 0 20 0 03 


This chnngo in configuration was also found in the 
sedimentation behaviour of E coli ribonucleic acid m 
very dilute solutions (0 005 por cent) The sedimont 
ation pattern always showed tw o peaks of about equnl 
magnitude, having sediinoritntion constants of 10 5 
and 23 7, at high ionic strengths, and 12 9 and 18 1 
m solutions of sodium chloride of 0 001 M and loss 
Tho doereaso of the sodimontation constants of both 
components on loworing tho ionic strength is in 
accord with tho v i&cosilj data 

Further evidence for configurational cliangos 
within tho contracted structure lias boen obtained 
from potcntiomotric titration studies of E coh and 
rat liver nbonueloic acid at various temperatures, 
the results of w Inch are summarized in Tnblo 2 

Tnblo 2 Tire Anomalous Titiution- of T: coh RniovncLmc Aci» 
AB SHOWN 111 Tin. DllTTEFNCr. IV ACID (OB ALk.lLt) BOUND AT A 
Givr„s pH 01 FORWARD AND 1ULK TlTIUTIOV 

pH 30 34 40 40 50 00 80 10 0 11 0 J2-0 


Temperature DKRrcnce In the cquiinlcntB of neldt (or alkali) 
of titration bound per tctmmolo of ribonucleic ncid phosphorus 
(deg C) 


0 4 0 05 0 20 0 21 0 20 0 13 0 03 0 00 0 10 013 0 25 

25 0000000 12 0 12 0 11 00C0 00 0 0»— — 

38 5 0 00 0 00 0 10 0 10 0 10 0 05 0 00 — — — 

38 5* OOOOOOOOOOOOOOGOOOOOO— — — 

0 4f 0 00 0 14 0 16 0 1 8 0 1 2 0 1 0 0 00 0 01 — — 

* Second titration ciclo at 38 5°C 

t Titration at 0 I'C of sample pro lou»l> titrated at 33 5*0 
t Because of tho largo apparent heat of Ionization of tho 0-Keto 
groups tho dntn obtained in alkaline solutions cannot be 
adequately presented In this table 

At 25°C a small difference between tho forward and 
tho back curves was found on t itrnLion from neutrality 
to tho extremes of pH and back, ns has previously 
boon reported 1 ’ 6 ’ 0 Tho difference botweon tho two 
curves wns considerably onhnncod at 0 4°C These 
game differences woio again found on a second 
titration cycle , the original forward nnd back 
titration curves wore reproduced This hysteresis is 
accounted for by tho spontaneous formation of an 
ordered structure m neutral salt solution, as suggested 
by tho viscosity data, nnd its breakdown on titration 
to acidic and nlknlino pH’s At 38 5°C a single 
curve was followed on all occasions after tho first 
treatment with acid, but hysteresis w'os again found 
on subsequent titration at 0 4°C (Table 2) Those 
results indicate that upon titration at 38 5°C , the 
transition to a more random form wns irreversible, 
but upon cooling to 0 4°C , tho ordered configuration 
was reformed, Tho presence of hystorosis m both the 
acidio and alkaline pH regions show’s that ionization 
of both 0-koto and 6-ammo groups may modify the 
structure Acid and alkali appear to bring about the 



NO 4600 


819 


September 12, 1959 NATURE 


samo configurational change since after titration with 
acid at 38 5°C both the 8 keto and 0 amino groups 
lonreo without hysteresis 

These results show that nbonucleio aoid in solution 
may bo present in one of at least two configurations 
depending on Ionic strength, pH, and temperature 
The transition from one configuration to another may 
be impeded as shown by the hysteresis in the titration 
oycle These observations could be accounted for if 
rotations about the linkages of the sugar phosphate 
back bone were r topically hindered It is possible 
that one configuration may be stabilized by sequences 
of intrn molecular bonds although the sedimentation 
velocity and lntnnmo viscosit} of E coh (and also 
tobacco mosaic virus nbonuoleio add) are consistent 
with a randomly coiled configuration Further 
orponmonts are required to elucidate the con 
figurations indicated above and to detemuno the 
oxtont to wluch they may reflect the in vivo structure • 
found for ribonucleic aaid in nuclooprotelns 

This research was supported m part by a TJ S 
PubUo Health Service research grant RQ 6217 

R A Cox 
TJ Z Lottatter 
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Glyceric Acid in Broad Bean (Vlc/a faba L) 

In recent years thore have been one or two reports 
of the occurrence of free glyconc aoid In highor plants 
Balansard 1 identified the acid as the diuretic principle 
in the pods of broad bean (Vtciafaba L ) but gave no 
indication of the amount present other than could be 
inferred from the diuretic effect Isherwood, Chen 
and Mapeon* Isolated n glyccno acid from cress 
seedlings they found that it was present m amounts 
ranging from 6 to 60 m oquiv /kgm of fresh weight in 
seedlings cultured for 6 days at 20° C in tho dark on 
0 04 31 sodium bicarbonate solution Palmer 1 Isolated 
j> glyoeno aoid from tobacco loa\ cs {Nicotiana tabacum 
var Connecticut) grown in the shade and estimated the 
quantity present to be of the order of 6-1 6m eqiuv / 
kgm (fresh weight) 

Wo have recently dotermmod the levels of d gly cone 
acid in loaves and other parts of broad bean plants 
grown under various conditions and the results 
(Tnblo 1) show that it is ono of tho major organic acids 
accumulated by tho plant 

TmWo 1 lWClfL* OROAjnc Acids IK rwa Jot* L, 
(BLKpdrJkffm. frr*h weight) 


Bampb 

I>cirrlptk)n 

Origin 

Jfwki 

Citric 

fllfrcrlc 

1* 

ICBTM 

FWd 

CO 

2-4 

23-' 

b 

irtrBU 

PleM 

13 7 

15-0 

S3 4 

Sa 

hr*v*» 

\\ at*r cnitnrt 

12 8 

48-0 

235 

b 

*t?mn 

Wat«r en ft am 

31-4 

27-5 

34-0 

3b 

root* 

Pot grown 

1 3 

0-45 

1 10 

b 

(roenc) 

M 

lo-a 

30-7 

44* 

c 

IflTW (erfd) 


85 

73 8 

24-4 

d 

•terns 

n 

13 j 

10-7 

34 7 

• 

f 

(krwm 

yodi 

M ** 

104 

37 

0-0 


Tho acid* wore extracted from tho plant tissue and 
determined by titration after eoparation by partition 
chromatography on a column of sihea gel according to 
methods already described 4 Recov orv of gly ceric acid 
under those conditions is practically quantitative It is 
howovor poorly separated from ahflumio acid Tho 
two acids are however readily separated by paper 
chromatography'* and distinguished by the oharac 
tenstio colour reaction 8 given with sodium mtro 
prusside and piperazine after oxidation with periodate 
No ehikimio ncid could be detected in these extracts 
Tho identity' of the d glyoeno acid was established 
by isolation as the crystalhno calcium salt after being 
soparated from other acids by partition chromato 
graphy on ailioa gel followed by ion-exchange cliroma 
t-ography on Dowox 1* (acetate form) 8 The calcium 
salt had [k]d 18C> + 12 8° (c, 4 water) and its infra 
red spectrum wn* identical with that of an authentic 
sample of calcium d glyoerate prepared by resolution 7 
of DL-glycerio aoid obtained by tho oxidation of 
glycerol* 

R I Morrison 
P C Dekook 


Macaulay Institute for Soil Research, 
Craigiebuokler 
Abordeen May 18 
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Partial Identification of Lysinsand Agglutinins 
In Lymphomatous Mouse Tissue 

Lysins and ogglutuuns have been extracted from 
normal mouse tissue from mammary carcinomas of 
female (73 ff mice and recently from human Ioulucmio 
cells 1 , and from the lymphomatous glands of AKH 
mice* The ly'tio matenals have boon tentatively 
termed soap liko and ‘lysolecithm like supposedly 
bound to proteins* * but in rcatitv tlio nature of both 
tho lyains and tho proteins us still unknown This 
communication is concerned with tho last, point 

The methods of ‘pro incubation* and of extraction 
with organic solvents have been largely abandoned 
because they probably involve tho splitting of 
complexes Instead lymphomatous tiasuo is removed 
from the A Kit mouse placed in saline in tho pro 
portion of 1 gm of tissue to 3 ml of salino, and 
immediately homogenized for 6 mmutes in a WirTis’ 
homogenizor at 23 000 rpm Gross particles are 
immediately removed by slow centrifugation Ex 
animation of tho supernatant fluid with phase 
contrast shows innumerable myelin forms and tiny 
fragments Tho supomntant fluid of tho homogenate 
after tho throwing down of tho gross particles, is 
diluted in powers of 2 with Mlehaohs buffer at pH 8 6 
\\ ashed mouse or human red cells are added and both 
inhibitors (in tho less diluted homogenates) and lysins 
are observ ed within 3 hours at 37°C 

Identification of the hjsma The homogenate after 
tho removal of tho gross partiolcs is placed on a strip 
of fat free filter paper so that it spreads our about 
1 cm Tho paper is dried at 50*C ; 
rliodamine B in benzene and l per {on to 

acctato arc added to the paper (a) m fl>o 
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which the homogenate was applied, and ( b ) in regions 
to which it was not applied Immediate examination 
of the paper with ultra-violet light shows that the 
region to which the homogenate was added gives a 
green fluorescence, whereas the other regions do not 
fluoresce The fluorescence is specific for the presence 
of fatty acids, which at pH 8 5 are almost certainly 
soaps, in the homogenate 5 The lytic activity of the 
homogenate is about the same as that of 0 05 M 
sodium palmitate at 37°C at pH 8 5 In these 
concentrations sodium palmitate gives a yellow 
fluorescence with rhodamme B and uranyl acetate 
and ultra-violet light, but a green fluorescence when 
mixed with 0 2 per cent of albumin before treatment 
with the reagents The fat-free paper strips must bo 
manipulated with scissors and forceps w f hich have 
been washed with ether and dried , they must never 
be touched by hand 

Extraction of soaps from paper The fluorescent 
region and the non-fluorescont regions of the paper 
strip are cut out and separately extracted m small 
crucibles with hot ethanol The strips are removed 
after an hour and the solvent is dried off with a fan , 

0 5 ml of Micliaelis buffer at pH 8 6 is added to each 
crucible, the contents of which are transferred, w ith 
stirring, to small haemolysis tubes To each of these 
is added 0 1 ml of a w'ashed human red cell suspension 
(0 2 ml finally suspended in 10 ml of saline) Ethanol 
extraction of the region of the paper to winch the 
homogenate has been added gives complete lysis in 

1 hour or less, w hile extracts of the areas of the paper 
to which the homogenate was not added are non- 
lytic Warm ether and hot bonzene are not as 
effective m extracting the lytic material as is hot 
ethanol 

Estimation of protein and soaps in the homogenate 
These can be estimated by a micro modification of the 
method of Folm and Denis* To 1 ml of the homo- 
genate is added 4 ml of water, and 1 ml of this 
diluted homogenate is placed with a tuberculin 
syringe m each of two conical centrifuge tubes of 
about 1 5 ml capacity and of known weight To 
each is added 0 1 ml of 5 per cent acetic acid The 
tubes are placed m boiling water for 15 minutes 
They are then centrifuged and the coagulated matonal 
(protein plus lipid) is thrown down The supernatant 
fluid is removed and the precipitate is stirred up with 

1 ml of hot 0 5 per cent acetic acid The tubas are 
again centrifuged and the supernatant fluids are 
removed To the precipitate m one of the tubes is 
added 1 ml of hot 60 per cent ethanol , to the 
precipitate in the other tube is added 1 ml of water 
After 15 minutes, the two tubes are centrifuged, the 
supernatant fluids are removed, and the tubes are 
placed for 2 hours in an air bath at 1 10°C , they arc 
then cooled m a desiccator and weighed This method 
shows that the homogenates usually contain botw een 

2 and 7 gm per cent of protein and between 2 and 7 
gm per cent of a material which is soluble m hot 
ethanol The amount of lipid removed from the 
homogenate by hot ethanol is only a little smaller 
than the amount removed by a mixture of 1 part of 
methanol and 4 parts of methylal The proteins can 
also be eluted at 37°C from fat-free paper with 
Michaelis buffer at pH 8 5 The principal protein 
eluted resembles a serum albumin, little or no pre- 
cipitation being obtained except with saturated 
ammonium sulphate It is a tissue protein, however, 
and not a serum protein The homogenate is best 
made m saline and not m buffer 
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Electrophoretic patterns Using tho Antweiler 
micro-Tisehus apparatus these can bo obtained from 
homogenate or from tho material which is soluble m 
hot ctlmnol 

Tho oloctropliorctic pattern of the whole homo 
genate consists of two spikes which aro so closely 
associated that they cannot bo satisfactorily separated 
at pH 8 5 Tho moro rapidly moving component is so 
closely associated with the less rapidly moving 
component that, wlion tho area under its spike is 
compared with tho aroa under a 2 per cent serum 
albumin spike, it has a specific rcfractivo increment, 
very difficult to measure, of less than 0 0010, ns 
comparod with 0 0018 for tho albumin This more 
rapidly moving component seems to bo a protein, 
strongly interacting with the moro slowly moving 
component, which seems to bo a soap solublo in hot 
50 per cent othanol If tho protein component plus 
the soap are dialysed, tho result is the double spiked 
complex, but if the sonp is extracted from tho homo 
genate with hot 50 per cent othnnol and dialysed, it 
passes across tho dialysing mombrnno and gives 
virtually no electrophoretic pattern at all Apparent 
ly protein must have interacted with it, thus pre 
venting it from diffusing away through tho dialysing 
membrane 

Two curious points lemnin If tho homogenate is 
made in saline instead of in Michaelis buffer, tho two 
components of tho electrophoresis pattern appenr more 
clenrly, and if the homogenate is eluted from fat-free, 
filter paper, tho two components appear more olearl\ 
still At present, we have no explanation for this 

Eric Ponder 
Ruth V Ponder 

Nassnu Hospital, 

Mineoln, 

Now York 
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An Antimetabolic Action of Vitamin K 

In recent studies in vivo and m vitro, wo have shown 
that the K vitamins (K„ K s , phtluocol, monadione 
and ‘Synkavit’) inhibit tho synthesis of nicotinic acid 
at the stage 3-liydroxynnthrnnilic acid-*- quinolinic 
acid Wo suggested that tho mechanism of inhibition 
is competition botween vitamin K and 3-hydroxynn 
thramlic acid, that is, tho lx vitamins exert anti 
metabolitic action on tho substrate of tho roaction 
catalysed by 3-hydroxyanthranihc acid oxidaso On 
the basis of this hypothesis, investigations wore under- 
taken to dotermmo if tho inhibition of 3 hydroxy - 
anthranilic acid oxidaso producod in vivo by 
administration of menadione or ‘Synkavit’ could bo 
reversed by subsequent administration of 3-hydro 
xyantliranilic acid Tho results of tlieso experiments 
demonstrated the capacity of 3-hydroxyanthraiulic 
acid to overcome the inhibitory offeet of vitamin K 

Tryptophan, as a precursor of 3-hydroxyanthrnnilio 
acid, was also effective in restoring, in vivo, tho 
3-hydroxyanthranihc aoid oxidaso activity inhibited 
by the K vitamins But a proof of the 
competition betweon vitamin Ii and 3-hydroxynn 
thramlic acid could bo supplied by demonstrating tho 
phenomenon of mutual antagonism betwoon 3 hydro 
xyantliranilic acid and vitamin K Therefore, now 
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experiments were carriod out to test whether the 
concentration of momuJiono in tlio urine of rata was 
higher after administration of menadione (or ‘Syn 
Kttvit’) plus 3 hydro xynnthnmi Ho notd than after 
administration of menadione (or ‘Synkavit ) alone 

The method of Itioliort* "was omployod for deter 
mining the quantity of monadiono m tlio urine 
The analysts was earned out on urine collected for 
48 hours aft or treatment of the rat with vitamin K 
nlono or in combination with 3 }»% droxy anthnuulio 
acid 

3he averages of the results obtained are as in 
Table 1 


Table 1 Mraupioirx it Ubihk or Hits 
Trratmmt Metudkiae In uriw? (mpu.) 

20 ruspn menadione 1210 

20 mRTO mcnudlonc 

+ so mtmi 3 hr4roxjrant|jrni»nic achl 1G00 

SO mppTt. *arnka^£ 1070 

20 mam. *8ynkavU 

+ 20 mffra 3 hydro xyonthranUtc add 14 j0 

If) mem ‘Synktvll 377 

10 iiirtti Synkxrlt 

+ 20 mum 3-hydroryanthranflkj achi 879 


The results of tlioso oxpenmontfl detnonstrnte a 
mnrkod increase in the oxcretion of menadione under 
the inilueneo of 3 by droxyanthraruho acid and 
therefore are evidence for the existence of on anti 
metabolitic action of \itamm K on 3hjdroxyan 
thraniho acid 

Tlio results of Evans* agree With our work he 
noticed symptoms of niootmio acid dofloieno 3 m a 
large number of patients treated with ‘Synkavit 
(10 mgm per dav) 

E Quaoliariello 
C Saccone 

E Rinaldi 

31 R Auoto 
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ANIMAL PHYSIOLOGY 

Absorption of Magnesium in the Large 
Intestine of the Calf 

Thebe appears to bo little ovidonco concerning tlio 
rnto of magnesium absorption from tlio alimentary 
tract with levels of magnesium likely to be found 
undor normal conditions. Stewart and lloodro 1 found 
magnesium absorption to occur in almost tho whole 
tract from the rumen to the effimun In slioop but 
enormous amounts of magnesium salts woro introduced 
to demonstrate this (f foimd little or no absorption 
from the rumen of milk fed cohos with low levels of 
magnesium') Tlioy concluded that the small 
Intcstmo was probably tho prmcipal sito of absorption 
Tlio following remits wore obtained wlulo attempting 
to gain information on tlio reasons for the doorcase 
in magnesium absorption prmiouslj obsened during 
tlio first month or so of a calf's lifo 1 * 

A number of malo c/i!\ oa woro nrov idod at a few 
tlayfl old with flatulm in tho rannli intestine close to 
tho junction with tho cu'cum Tho flfltul® wraro 
formed oithor by a aimplo canulation or by flavoring 
the Intestine inserting n cnnula Into eaob side and 
then joining those canulra outflido tho animal with 
flexiblo tubing (re ontmnt canulation) Tho calves 
which appeared otherwise to be quite normal 
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satisfactorily retained tlio simple and ro-entranfc 
canulra for up to 12 and 7 wooks respectively The 
calves woro fed twice dnily (9 am and 6pm) with 
2 20 1 of wholo milk contauuDg 2 6 gm polyethylene 
glv col (molecular weight 4000) as a marker Pronoun 
experiment a liave shown that pojycthylono glycol is 
recovorod to an extent of about 80-90 per cent 
after passing through the alimentary tract of ft milk 
fed calf* * Collections of small intestine effluent 
woro made from tho ennulm from timo to time 
Polyethylene glycol was determined by a previously 
described method 1 and magnesium essentially by a 
mot hod described previously for fiecca* In the 
calves with a re-entrant canulation complete col 
lections from tlio efferent canulra were made over 
periods of 24 hr In tho calves with a simple oanula 
it was possible only to collect small samples as they 
appeared at uncontrollablo and irregular intervals 
after feeding However experiments with two 
calves with re-entrant canulra showed that samples 
taken between 2 lir and 6 lir after tho morning feed 
contained about 70-86 per cent of tho residue from 
this feed and, presumably owing to the smaller 
proportion of endogenous offluont present posHOsacd 
mflgnamun/poljethj leno glycol ratios rather lower 
than for tlio small intestine effluent ns a whole 
\ nlucfl for 20 small samples takon at vnnous times 
l>o tween 2 and 0 hr after the morning feod wore 
6-30 per cent (moon 16 per cent) lowor than for the 
corresponding 24 hr collections* Magnesium * and 
polyethylene ghcol* wore dotermmod in fracos 
samptos ftfl described previously Tlio magnesium/ 
polyethylene glycol ratio m tho diet did not vary by 
more than ± 6 per cent ov er periods of say one week 
and it was found that over such periods thw ratio 
wns also reasonably uniform in aucccsaivo hreos 
samples Standard errors for mdu idunl samples in n 
number of groups of 3 or 4 successive fracas samples 
from 3 cnlvoa were ±16 10 24 10 and 17 per cent 
respootiv oly Tho results given in Table 1 nro for 
fracas wimples obtained witlun 2 days of tlio cor 
rcfiponding collectionfl from the amnll mteetino 
For oaoh calf m tho youngest group tho magnesium/ 
polyetliylono glycol ratio in tho small mtoatmo 
effluont wns much lugher than that in the faxraa 
(Table 1) Tho differences were too great to bo 
accounted for by errors resulting from f races \ oriations 
Moreover tho ratios in the small intostino offluont 
from tho calves with Bimple canulra were probably 
minimum values (see above) It is unhkoly that 
thoro was any appreciable destruction of polyethylene 
glyool in tlio largo intoetino’, but even if this did occur 
tho mam argument w ould not bo affected nnd in fact 
it would load to an under-oat imatian of magnesium 
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0-070 ± 0 000 

0-033 ± 0-000 


100 
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0 100 ± 0 002 
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0-005 ± 0-001 

a-o 
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0 107 ± 0 000 
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0 009 ± 0 002 


0 C 

0-090 

0-069 

0-061 

11-12 

14B 

0 100 ± 0-001 

0 079 ± 0-013 

0 09" 
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ouo 
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O-ttHJ 


ImbUi shown with ■tAtvl»nl error* ' rfptr^nl ra* 1 " 
ermltutkmr. Heroic for for t>< 

*nd 106 wrro for -4 hr 
rrs wrrr for toaII mbi^* •»^ f ' XlT 



822 


NATURE September 12, 1959 


VOL 184 


absorption m the large intestine It seems therefore 
that m these calves, as a minimum estimate, about 
40-70 per cent of the magnesium escaping absorption 
in the email intestine was absorbed m the large intestine 
(about 25-40 per cent of the dietary magnesium) 

In the older age groups a different situation existed 
The magnesium/polyethylene glycol ratio m the 
fseces increased with age to such an extent as to 
indicate a decrease m overall magnesium utilization 
comparable to that shown previously by balance 
experiments 3 - 4 Although net absorption m the 
small intestine may have fallen to some extent with 
age (this could be at least partly explained by there 
being a relatively greater amount of endogenous 
magnesium for the older and bigger calves) it appears 
that the factor mainly responsible was a decrease in 
the absorptive function of the large intestine Exact 
interpretation is difficult since most of the results for 
the older calves were obtamed on small samples from 
simple canite but it seems probablo that these 
calves did not absorb any appreciable amount of 
magnesium in the large intestine 

These results also suggest that the increase in 
endogenous fiscal magnesium on a unit body weight 
basis previously observed as calves get older 5 may bo 
due to the failure of re-absorption in the large intestine 
I am greatly mdebted to Dr A. T. Cowie u ho 
inserted the canulfe for these experiments I also 
wish to thank Hr H S Hallett, Miss P Lewis and 
Mrs O M Campbell for technical assistance 

R H Smith 

National Institute for Research in Dairying, 

Shinfield, Reading, Berkshire 
June 22 

1 Stewart J and Hoodie E W J Comp rath 68, 10 (195C) 

> Smith. R. H., J Avne Sa , 62, 72 (1050) 

* Smith, R H . Biochem J , 67, 472 (1057) 

1 Smith, R H , Biochem J., 70, 201 (195S) 

1 Smith, R. H., Biochem J , 71, 306 (1059) 

* Smith, R H , Mature, 182, 260 (195S) 

3 Smith, R H. (unpublished observations) 

An Attenuated Strain of Canine Distemper 
Virus in Tissue Culture 

Canine distemper virus was cultiv ated in dog 
kidney tissue culture with a clear cytopatkogenic 
effect 1 and the 56th passage of the virus was tested m 
ferrets Each of four non-immune ferrets were 
inoculated mtrapentoneally with 1 ml of tissue 
culture fluid (10 5 1 TCID l0 ) Three non-immune 
ferrets were kept m the same laboratory as control 
animals and a further two m a neighbouring room in 
order to test for possible air-borne contamination 
from the inoculated animals During an observation 
period of 25 days no animal showed any signs of 
disease Blood was drawn from all the animals 
before the experiment and 17 da\s after inoculation 
Tissue culture neutralization tests were performed 
with the sera, inactivated for half an hour at 56°C , 
against 300 TGID l0 of canine distemper virus after 
mcubation at room temperature for one hour The 
50 per cent neutralizing titre of sera from moculated 
animals was more than 10-= (final dilution of serum) 
on day 17, while neutralizing antibodies were not 
found, either m the pre-inoculation 6era or m the 
sera from the control animals on day 17 

On day 25 all the animals (from now on placed in 
the same laboratory) were challenged with Green’s 
distemperoid varus (75 mgm of freeze-dned ferret 
spleen) All the control animals developed clinically 
typical distemper after a uniform mcubation time of 
7 days, and were dead or lolled with pronounced 


symptoms of distemper 11 days aftei challenge 
The four animals moculated with tissuo culture virus 
showed no symptoms during an observation period of 
3 weeks 

Apparently, during 56 passages m dog kidnoj tissue 
culture the v irus becomes attenuated with a los3 of 
pathogenicity for ferrets but it still retains a satis- 
factory antigenic capacity 

Tests m dogs are in progress and a complete report 
will be published elsewhere 

Gunnar Rockbobx* 
Department of Virus Research, 

Karolinska Institutot, Medical .School, 
and the Medical Department of the 
Royal Veterinary College, Stockholm 

* Lowell VI Palmer Fonmlatlon Re«firch follow 
1 Rockbom, G , Arch \ irue/orrch , 8, 485 (1958) 

Physiological Activity in Extracts of Albizta 
Species 

Information was first received from Prof C 
Rendle-Short of the Department of Obstetrics and 
Gynrecology of this Medical School, that pregnant 
African women frequently take native medicines at or 
near term, even, when in hospital, in an attempt to 
accelerate birth It was thought likely that the 
excessivelv high mcidcnco of uterine rupture occurring 
locally 1 , might be due in part to powerful utenne 
spasmogens in these medicines, and some of tlio plants 
were obtained from African herbalists and identified 
Cold aqueous extracts of the dried bark of Albizta 
gummifera (Gmel ) C A Smith and Albizta grandi- 
bractcala (Taub) and Albizta chmcnms (0 shock) 
Merrill were found vi vitro to produco powerful 
contractions in strips from tlio gravid uteri of mice, 
rats, guinea-pigs, sheep, cows and humans The 
mouse and rat uteri were less sensitive than those of 
the other animals, and non-grav id uteri were responsiv e 
but much less sensit ivo Marked effects were produced 
by a concentration of the extracts m the isolated 
organ bath of tlio order of 100-500 pgm /ml , ex- 
pressed ns dry bark wcight/bath volumo 

The responses still occurred unclinnged in the 
presence of sufficient atropine and antihistamines to 
abolish the responses to acetyl choline and histamine, 
and the oxtracts did not affect guinea-pig duodonum 
or ileum in vitro, nor did they affect the rectus muscle 
of the local toad, Bufo rcgulans (Vai) 

For further study, inert residues were removed b\ 
preliminary extraction of the bark with neutral low- 
boiling hydrocarbons , oxtracts then obtamed with 
aqueous lower alcohols vvero found to contain most 
of the active material 

A further inactive fraction was removed either bj 
precipitation from aqueous solutions by basic lead 
acetate, or by a method devised by Drs S Wilkinson 
and H T Openshaw of tho Wellcome Research 
Laboratories, Beckenham, England, involving dialysis 
and freeze-drying The yield varied from 10 to 45 
mgm /gm of dry bark 

The activity was completely destroyed on mild acid 
hydrolysis, and prolonged boiling or prolonged 
standing, especially in sunlight, caused a stead) 
decline of potency The active material was not 
taken up by chloroform from neutral, acid or alkaline 
solution. The tentative conclusion that it was 
glycosidal and probably saponin m character, is 
supported by the work of Drs Wilkinson and Open 
shaw Sapomns have been found m plants of tho 
genus Albizta by other workers 5 . 
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Tho oxtmots wore administered intravenously to 
guinea pigs, rabbits cats, and monkeys {Ocrcopzthtcus 
sp ) under nembutal, uretlmne or ohloraloso antes 
thesia. A small transient fall m blood pressure 
proportional to the dose always occurred and some 
times ohangos m respiration woro observ ed Tlio 
gravid and non gravid fomalo raonkoyB showed 
powerful prolonged uterine contractions recorded by 
means of a guard nng toe odyn nanometer externally 
or using a catheter and pressure transducer system,’ 
Somo of tho smaller animals also Bliowed increased 
uterine activity on mtra venous administration of the 
extracts 

Conscious, intact mice, rats, rabbits and guinea 
pigs were given Intrnpentoneal intravenous or gastric 
tube doees of solutions of the drug No abortions and 
few deatlis occurred m mice even with largo doses 
in rats, rabbits, and guinoa pigs however doses by 
any route could induce partial or complete abortion 
in gravid animals at any stage of gestation although 
donee by gostrio tubo needed to be much larger for 
the same effects Toxio effects appear at lnghor doses 
although examination of these ammals allowed no 
obvious pathological changes m any tissues and the 
only fairly general symptoms were anorexia and a 
somewhat inflamed mteetino diarrhoea was sometimes 
present, but microscopic examination failed to show 
abnormality in any organs Control animals given 
very large doses of ergometnne were unaffected 
All extracts wore tested in aqueous solution con 
trolled for pH and tempo raturo and containing 
appropriate ions in solution 

A LrrroN 

Makoro College Medical School, 

PO Box 2072 


Kampala, Uganda 
June 16 


1 Heoale-Short, 0. (pentonal communication, to do pnojuumj. 

* Watt, J IT, and Breyer Brand wllk, K. a„ Arch. Ini I farm Tktr , 

86, EJ3 (1&20) Tachlrch, A., ^Unndbnch dcr Pliarmakognode 

2, UMl ! l/3a3pdfc 0 ILT.nc^l«»-2S) Beyer 

\V„ and UebkcL W ApoOu 04 q , 

K-, and Kaman, S r, Sri. andOvhvr* *8, 435 (105-8) Faroe*! 
M. O.. Varahwjr L P„ and Hasan, 1U Atc/l PAarw., 1SZ, 67 

• amVu?,°i. N., J ObtL Qyn* 6*. 60 (1967) 


,, J ObtL Qyn« 6*. 60 (1967) 


Differential Analysis of the Effects of 
Phenothiazlne-Tranquillizers on Emotional 
and Motor Behaviour in Experimental 
Animals 


A recent communication 1 pointed out that cblor 
promazine simultaneously reduces emotional deftoca 
tion and ambulation in rats to the same dogroo Ryall 
therefore concluded that the main behavioural effect of 
this drug in animal experiments is one of sedation 
and that the reduction in fear motivated behaviour 
observed m animal exponmenta ib secondary to the 


sedativ e action , , . 

In the study of a Beries of phenothiaxino derivatives 
in which similar methods worn employed, we obtained 
mmlts whl oh shoe that Ryalls conclusion is not 
conorolly applicable In our experiments rots were 
trained to avoid an electric shock when an acoustic 
signal (conditioned stimulus) was given, by climbing 
a vertical polo in tho centre of tho cage 5 " 4 A correct 
conditioned av oidanco response was obtained m 08 per 
cent of the teats During tlio experiment tho rats also 
exhibited a high degree or behavioural tension One 
main sympton of tins behavioural state is an increased 
dohccation rate (emotional dt frecation®) Quantita 
ti\ol> 8-9frecalpollotsarooxcrolod within a 10 minuto 


penod during which 10 succcssivo conditioned eecajic 
responses are elicited To analyse the action of each 
drug, tho motor and doftccational behaviour of rats 
treated subcutanoously two hours before the teat ana 
compared with that of control animals At least three 
different dosages of the drug producing minimal or 
pronounced inhibitory offects were given to groups of 
8 rats The dosea mlubit/ng tho conditioned a\ oidonce 
responso m 60 per cent of tho teats and the doses 
reducing the number of excreted frecal pellets b} 
CO per cent (ED&0) were calculated 

Tlio locomotor activity ofmico was determined using 
a modification 9 of Dews method 7 Two mice wore 
placed together m a cage measuring 20 x 30 cm A 
boom of light was projected from the front of the cage 
to tho back where it was reflected to the front of the 
cago Owing to tho unfamdiar em ironment a period of 
o unos itj induced excitation lasting 20 minutes was 
first observed Tins penod of increased ambulation 
was recorded in control animals and in mico treated 
ono hour bofore with various subcutaneous doses of 
the dnigs Groups of 10 animals were used per doee 
From theso data the EDb 0 that is the dose of the 
drug decreasing tho spontaneous motor activity b} 
60 per cent was calculated 

T»IjU- 1 nrm*T OV PHEXOTFlAXIHEB OH MOTOI 1HD CHOTTOiriL 
Behayiodr, 
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The results are summarized m Table 1 Chlorpro 
marine inbibitod, to about the some degroo 
emotional defalcation and the conditioned avoidance 
response of rats as well as locomotor activ ity of nnoe 
These data are in perfect agreement with RynlPa 1 
results Prochlorporazino was 2-3 times more potent 
than chlorpromazine in all tests, but oxliibitcd quolita 
tivoly tho samo activ ity pattern Perphcnazino — tho 
roost active drug studied — inhibited conditioned 
escape response and locomotor activity to a greater 
extent than tho emotional defalcation (Species 
differences in these tests can bo excluded since tho 
relativo sedative potonev of theso drugs is similar in 
rate and mico* ) 8ince all three drugs reduce emotional 
defecation only in doses slightly higher than those 
which cause Bedation, It could be concluded that tho 
Inhibition of tho emotional behaviour is secondary to 
tho sedation 

Howovor, results obtained with another pheno 
thiazine compound thiondnzino*, do not justify such 
a conclusion. As shown in Table 1 thiondoimo is much 


more effective in inhibiting emotional dofrccation than 
in inliibiting tho conditioned escape responso or tho 
motor activity of mico Even in high doses (10 mgm / 
kgm ) thioridazine does not interfere with the normal 
defalcation rate in rats, have an> notable anticlio 
lincrgio effect t» vttro, or inhibit normal intestinal 
activity os measured in tho charcoal meal test. Tho 
inhibitory effect of thiondozine on emotional dofeca 
tion can therefor© not bo attributed to a peripheral 


onticholmergio or spasmolytic offoct 

Wo must thoroforo ooncludo that a cc , rtn iVi'? K )£, 
phonolluaxino derivatives seteotivc-Iv ep 
emotional dofrccation ami ho* relntivclv l>Ule cn 



824 


NATURE September 12, 1959 VoL i 8 4 


motor performance (thioridazine), while others inhibit 
both functions equally (chlorpromazme, prochlor- 
perazine) and yet others (perphenazine) predominantly 
reduce the conditioned avoidance response and the 
motor activity It seems therefore that the sedatno 
and anti-emotive effects of these drugs are indepen- 
dent of each other 

Further experiments with the above-mentioned 
drugs (to be published) revealed a striking parallelism 
between their inhibitory potency on the conditioned 
escape response and their cataleptic activity in rats 
Previous studies 10 and recent findings 0 11 have also 
stressed the parallelism between the cataleptic effect 
of these compounds in animals and the incidence of 
extrapyramidal side-effects m man The depressant 
effect of these drugs on conditioned and motor perfor- 
mance of experimental animals is apparent)} not 
directly related to their therapeutic tranquillizing 
effect, but rather to the manifest depression, apathy or 
extrapyramidal symptoms The inhibitory effect on 
emotional behaviour, on the other hand, seems rather 
to be related to their therapeutic activity 

M Taeschler 
A Cerletti 

Department of Pharmacolog\ , 

Sandoz, Ltd , 

Basle 

• Ityal), R V ,hature 182,1000(1053) 

' ConrvoLicr, S Founiel J , Ducrot R Kolskv, M , and Koctrcbct P 
Arch ml Pharmarodpn , 92 305 (1052) 

I Coot, L , nnd Weldle's E.Ann A3 Acad Sn 66,740(1050) 

• Taeschler, 11., and Cerletti A., J phy$iol (Paris) 50 530 (1053) 

• Hunt, H F and Otis l S J Comp Phynol PtyrhtA , 46 378 (1053) 

• Taesehler, M , and Cerletti A , Schtrnz med \V*chr 88, 1210 (1058) 

' Dows, P B , £nl J Pharmacol 8 40 (1053) 

•Irwin, S, Slalioh M , Deblare P I , and Go\icr, 55 M , 4 rch ini 
Pharmacodyn , 118, 358 (1959) 

’ Bonrqnln, J -P , Schwnrb C Gambonl G , Fischer, U Hunch L., 
Gnldlmann S , Then?, V , Schcnker, F and Rcnr, J /Mr rhim 
Acta, 41 1072 (1958) 

• Conr\ older S Ducrot, It , and Juolon, I Psj etiotropic limes ,p 373 

(S Garattinl, V Ghctti ) (Elsevier Publishing Company Amsterdam/ 
London/Xew 3 ork/ Princeton 1957 ) 

II Rcmv M , Sclncnz med 11 tchr , 88, 1221 (1053) 


PATHOLOGY 

An Attempt to Produce Malignant Change 
with Deoxyribonucleic Acid from Rat Sarcoma 
and Hepatoma 

Benoit, Leroy, Vendrely and Vendrely 1 ' 3 ’ 5 ' 4 ha\ e 
described changes in the pigmentation of the Pekin’ 
duckling after injection of deoxyribonucleic acid 
from the Khaki -Campbell drake, which they inter- 
preted as a somatic mutation Perry and Walker 6 
and Beam and Kirby 6 have repeated similar work m 
the rat and failed to produce any change Hewer 
and Meek 7 injected young mice with deoxyribonucleic 
acid from herring sperm, and within 23 days produced 
death from malignant disease of the intestine 
Leuchtenberger, Leuchtenberger and Uyeki 6 pro- 
duced cytological changes m the livers of mice by 
mtrapentoneal injection of deoxyribonucleic acid 
prepared from breast cancers of C^H mice This 
ivork has now been repeated in the rat using de- 
oxyribonucleic acid prepared from rat sarcoma and 
rat hepatoma 

The deoxyribonucleic acid used in these experiments 
was prepared from rat hepatoma and rat sarcoma by 
the method described by Kirby** 10 ' 11 The final 
product was precipitated and dried and then made 
into a highly viscous suspension by adding 0 9 per 
cent salme 56 8 mgm of rat sarcoma deoxyri- 


bonucleic acid wore injected in equal amounts into 
18 newly bom Wistnr rats subcutaneously and 
mtraperitoncally within 3 hr of birth Abdominal 
distension was caused with each mjoction, but no 
mortality resulted 57 3 mgm of hepatoma do 
oxyribonuclcic acid were injected into 8 newly bom 
rats m the same un-j Each rat received either 
3 mgm of sarcoma or 7 mgm of hepntoma de 
oxyribonucleic acid 

All animals sunned and were 3\enned at 3 iveeks 
They grew normnlH from then on, and at nine months 
are all well No tumours are present 

These results show, at present, a fniluro to produce 
malignant change using deo\5 ribonucleic acid from 
the rat sarcoma and hepntoma 

Deoxyribonucleic acid is now of very considerable 
interest m view of the transformations produced m 
\uruses by Aiery, Macleod nnd McCarthy 13 and the 
somatic mutations produced in ducks by Benoit, 
Lerov, Vendrely and Vendrelj 1,s > s > 4 As a working 
hypothesis it is widely accepted that deoxyribonucleic 
acid is the primary genetic material 15 In these 
transformation experiments the molecules of de 
oxyribonuclcic acid become incorporated into the host 
nnd so produce a change m the \ irus or cell type from 
then on The enneer cell may be considered as a 
mutant cell which proceeds to grow ns a result of this 
mutation m an abnormal manner On this tlicor} 
it should be possible to produce innhgnnnt changes in 
normal cells using deoxyribonucleic acid from cancer 
cells Ono obstacle is to effect the incorporation of the 
deoxyribonucleic ncid from malignant cells into the 
normal coll It is believed that manv workers are 
proceeding along these lines of research at tho present 
time nnd, therefore, it is of importance to roport 
methods that hn\ o failed to produce positn e results 
I nm indebted to Prof E W Walls for his ndnee 
and encouragement 

I am most grateful to Dr K S Kirby of the Chester 
Beatty Research Institute, London, for providing the 
prepaiations of deoxyribonucleic acid 

J G Bearn 

Department of Anntomy, 

Middlesex Hospital Medical School, 

London, W 1 
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“ Kirby, K S dhochim Ihophpn Acla (In the press) 
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"Annotation Ent Med J , 1, 1518 (1059) 

Differentiation Between a Growth-Promoting 
Factor and a Tumour-Susceptibility Factor 
in Eggs 

Szepsenwol 1 reported that feeding a diet composed 
mainly of cooked eggs to mice resulted m a significant 
increase m the number of animals spontaneously 
developing tumours Denton 3 found that feeding egg 
yolk increased the growth of chicks Recently Hradec 3 
presented evidence, based on fractionation studies, 
which indicated the identity of the tumour suscepti- 
bility-enhancing and the growth-promoting factors 
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Tho study prevented in this report was undertaken to 
determine by feeding experiment w bother or not theeo 
factors -wore identical 

Ifi order to measure susceptibility to tumour a 
lymphoid tumour transplant UPL 1*2 was used It 
should bo noted that nono of tho tumours found bv 
SzepeenwoU was of this type howevor, preliminary 
oxponmonts indicated that feeding cooked eggs to 
chicks increased tho susceptiblity to this transplant 

Forty White Plymouth Rook chicks wore fed ouch 
experimental diet from tho da> of hatching At six 
days of ago tho chicks wore inoculated in the right 
pectoral muscle with a sahno suspension of tumour 
colls containing tho oqmvalent of 10 mgm of tumour 
colls Tlio suspension was prepared as described 
previously* After inoculation the experiment was 
contmuod for four weeks At this timo mortality had 
ceased and tumours could not bo palpated among the 
survivors 

At two weeks of age, before anj mortality had 
occurred, tho chicks were weighed Tho results of this 
weighing are presented in Tablo 2 Tho data on 
weights were analysed for significance bj tho t test 
that for mortality by the /* test 

Tho oggs were prepared by autoclaving fresh eggs 
for twenty minutes at fiftoon pounds' pressure Tho 
shells were romoi ed tho eggs ground and air dried at 
about 63° C After drying a portion of tho eggs wore 
extracted continuously for 30 hours with 95 por cont 
ethyl alcohol This procedure was designed to extract 
tho growth promoting faotor After extraction, tho 
residuo was air dried at room temperature reground 
and added to tho feed at a level equivalent to that of 
tho whoto ogg The solvent was removed from the 
extract by distillation and it was also added to the feod 
at equivalent whole-egg levels In this study tho eggs 
replaced com meal 

Tablo 1 lists tho ingredients of the diot used The 
results of the stud} ore presented m Table 2 
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The alcohol oxtract containod the growth factor 
but not tho tumour-enhancing factor These findings 


cloarl} show that tho two factors as measured m this 
experiment are not identical 
Theso results apparently conflict with the conclu 
rnons of Hrndec 3 It is possible that the tumour 
enliancing factor for rats studied by Hradec and that 
for clucks as measured m this experiment arc different 
entities Support for this view lies in tho foot that tho 
rot tumour enhancing factor is destroyed at 90° C 
while the cooked eggs were still nctivo Furthermore 
the rat tumour enhancing factor is soluble in common 
fat solvents 3 while the chick factor is not soluble in 
95 per cent etbil alcohol 

We wish to express our appreciation to Alyrl K 
Warren for in r technical assistance in tins stud} 
Charles H Hill 
Henri W Garren 
D epartment of Poultry Science, 

North Carolma State College, 

Raleigh North Carolina 
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PLANT PHYSIOLOGY 


Occurrence of 3-lndolylacetlc and 
3-lndolecarboxylic Acids In Tomato Crown- 
Gall Tissue Extracts 


A number of publications 1 report high auxin 
activity in extracts of tumour tissue initiated by the 
crown gall organism, Agrobactcrunn tumrfacitns and 
indirect evidence indicates a high rate of auxin met a 
holism in tins t issue 2 Suggestions haw been made that 
j mdolylacofic acid is im olved although this has not 
been proved There is evidence that auxin aotivity 
occurs at tho same or a similar R t as 3 mdojylacotic 
acid on onc-dunenBional chromatograms and other 
investigations indicate that 3 indol} Incetio acid or 

an auxin with samo Rr is present m oxtracts of 
asoptioally cultured gall tissue of tobacco and sun 
flower 3 We lm\o earned out single and two-dimen 
sional paper chromatography with the acid fraction 
from ether extracts of largo quantities of tomato 
orown gall tissno grown on tho stems of whole plants 
to determine whether 3 mdofyfacotfc acid fa in fact 
present 

Gall tissue obtained by inoculating tomato plants 
with Ag iurncfaaens, was harvested after 0~8 weeks 
stored at — 10° C until required then macerated 
under peroxide free ether at about 0° C , and kept for 
24 hr at — 10° C in darkness Normal stem tissue 
from plants of the same age and wounded m tho samo 
manner ns that bearing the galls, was extracted for 
comparison On allowing tho extracted frozen tissue 
to thaw an aqueous liquid separated out This was 
brought to pH 2 and extracted with other this extract 
being combined with tlmt from the tissue Acidio 
compounds were removed from the combined ether 
oxtracts by slinking three tunc* with 5 per cent 
aquoous sodium bicarbonate After acidification to 
pH 2, this was ro-oxtmetod with peroxide free etbi r to 
remove organic acids Prelim maty evpcnrm nts 

allowed that 10 jjgm 3 Indolylacotio acid added to 
100 pro of either tissue before maceration could bn 
recovered almost quantitatively bj tho above ext me 


Lttatf ITthe wl.eot cylinder t«t ‘ 
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fresh weight of tissue Not less than 660 gm was 
required, however, for positive chromogonic reactions 
To enable the extract from tins amount of material to 
be loaded on the papers, a second extraction with 
0 1 per cent aqueous sodium bicarbonate was neces 
sary, to separate pigments from tho acids present m 
the extracts 

Extracts from some 1 ,000 gm of both gall and stem 
tissue were submitted to tv o-dimensional ascending 
chromatography, the first solvent being isopropanol/ 
ammonia (specific gravity 0 880)/\\ ater m tho ratio 
80 6 15 v/v, and the second either n -butanol/ 

pyridino/water in equal volumes, or n-butanol/acotic 
acld/water m the ratio 12 3 5 v/v 

Treatment of developed chromatograms with 
Ehrlich or Salkowski reagents established that 
3-mdolylacetic acid, added to similar amounts of stem 
or gall tissue extracts, ran os a discrete spot with a low 
B F (0 36-0 41 in isopropanol/ammoma/wator instead 
of 0 48) m the first direction, but with tho correct Bf 
in the second direction (Bp m n-butanol/pyridine/ 
water, 0 66, Bf m n-butanol/acotic acid/water, 0 89) 
Thus, separation from other components was achieved 
m the first solvent and the retarding effect of impurities 
with the second solvent was negligible 

Chromatograms of gall extract, equivalent to 
1,000 gm tissue, showed typical chromogemc reactions 
for 3-mdolylacetic acid at tho samo Bf values as tho 
tissue extract plus 3-mdolylacetic acid marker, and 
identical gall chromatograms showed high activity in 
both the wheat cylinder and pea segment tests 4 m the 
3-mdolylacetic region There was no ovidonco of a 
ohromogemc pattern which might suggest tho presence 
of 3-indolylpyruvic acid®, although a pink spot was 
observed on the chromatograms, which was later 
shown to bo due to 3-mdolecarboxyhc acid, with 
B f 0 31 in tsopropanol/ammonin/water, 0 77 in 
n-butanol/pyndine/water, and 0 88 m n butanol/ 
acetic acid/water The pink spot obtamed on treat- 
ment wuth both Ehrlich and Salkowski reagents 
showed a characteristic dull red fluorescence in ultra- 
violet hght 

There was no region of auxin activity on the corres- 
ponding two-way chromatogram from stem tissue, but 
3-indolecarboxylic acid was again found to be present 
Chromatograms sprayed with Salkowski reagent 
showed no colours other than the pink one due to 
3-mdolecarboxylic acid, but w r ith Elirhch reagent, a 
blue spot was obtamed which, however, disappeared 
within 24 hr of spraying the paper Although the 
position of this spot (Bp 0 38 in tsopropanol /ammonia/ 
water, 0 64 m n-butanol/pyridme/water and 0 89 m 
n-butanol/acetic acid/water) corresponded closely with 
that of 3-mdolylacetic acid, the complete absence of 
auxin activity in this region of the chromatogram, the 
negative Salkowski test and the transient nature of 
the blue colour obtamed with Ehrlich reagent, all 
indicate that the compound is quite different from 
3-mdolylacetic acid It would therefore appear that 
tho ether extract of mature tomato stem tissue con- 
tains a compound mactive as an auxin but which 
behaves on chromatograms vory similarly to 3-mdoly- 
lacetic acid In this connexion it is of interest to note 
that some sugars 6 and other substances, probably 
leucoanthooyanms 7 , have been shown to give cliromo- 
gomc reactions similar to those of 3-mdolylacetic acid 
on paper chromatograms It is clear, therefore, that 
claims for the identification of 3-indolylacetio acid m 
tissue extracts, based on chromogemc reactions with- 
out supporting biological evidence, Bhould be accepted 
we th reserve 


Tho present experiments have shown that wliorens 
free 3-indolylacolic acid is not detectable m oxtracts 
of up to 1 kgm of healthy maturo tomato stems, it is 
present in those of crown-gall tissue In our work, 
however, largo amounts of this tissue wero used and 
only small amounts of free 3-indolylacotic acid wero 
detected This result is perhaps not surprising, for 
whilst auxin is likely to bo synthesized rapidly in 
actively grow ing galls, it is equally likely to bo rapidly 
utilized m tho growth reaction Furthermore other 
non-acidic growth-substances may bo present which 
contribute with 3-mdolylacetic acid to tho overall 
growth of crown-gall 

Full oxporimontal details of this work will be pub 
lishcd elsewhere 

G Clarke 
M II Dye 
R L Wain 

Chemistry Department and Agricultural Research 
Council Unit on Plant Growth Substances and 
Systemic Fungicides, 

Wvc College, 

University of London 
May 26 
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Joint Action of Gibberellic Acid and 
Coumarin in Germination 

The stimulatory effoct of gibberelho acid on germi- 
nation lias been recently observed 1-3 nnd tlio possible 
modes by which tins is brought to pass lmvo boon dis- 
cussed by Brian 4 Coumarin is w r ell known os a 
germination inhibitor 6 - 0 nnd is also knowm to induce 
light sensitivity m cortain seeds not normally requiring 
hght for thoir germination 7 It seomod of interest 
therefore to dotormino whether gibberellic acid, hko 
hght, could reverse inhibition in coumarin (rooted 
seeds Lettuco seeds, varioty Grand Rapids, w'ere 
allowed to germinate for 48 hr at 25° C m tho dark in 
water, or solutions of coumarin, gibborollic acid 
(sodium salt), or mixtures of tho tw r o Tho results are 
showTi m Table 1 


Tnblo 1 Combined Action of Gibbfrellio Acid and Coumamn on 
Germination of Lettoox Beeps (Results are oi\en as itr cent 
Germination ) 


Gibborollio odd 


Coumarin concentration (AT) 

concentration (AT) 

0 

10-* 

3 3 X 10-* 0-0 X 10-’ 

0 

74 

13 5 

2 0 

0 05 x 10 - * (33 ]. p m.) 

07 5 

. 32 

15 0 

1 0 x io-‘ 

100 

45 

85 07 

3 8 X 10-‘ 

100 

05 

21 10 


It can bo seen that gibborollio acid does in fact 
reverse tho inhibition of germination by coumarin, the 
extent of reversal bomg a function of tho concentra- 
tion of both tho substancos It is important t.o note 
however that tho concentrations of gibborollio aoid 
required to cause tins reversal are rather lnghor than 
those at which this substance is active m othor ways, 
for example, germination stimulation or growth 3 - 3 -® 
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However, coumann and gibborolho ncide aro activo at 
about the same external molar concentrations 
Although gibberollio acid reversed tho inhibition of 
germination it did not appear to rovorse tho effect of 
coumann inhibition of growth This was shown by 
allowing seeds to germinate either in solutions of 
coumann (1 7 x 10~ 4 Af) or in the samo solution of 
coumann with tho addition of 3 8 X 10 -4 Af gibberelho 
acid Tho seeds wore given n liglit stiranlus after 
2 hr and then replaced in the dark m order to produce 
100 par cent germination so that oflects on growth 
would not be obecurod by effects on germination 
Measurements of length of roots and hypoootyls of the 
48 hr seedlings showed that gibberellic acid m tho 
dark had no doteotablo effect on the growth inhibition 
induced by coumann in either case Tills is of mtorest 
becauso gibborolho acid is known to cause marked 
elongation in hypocotyJs of lettuco Beedlmgs 9 

Coumann is known to affect both germination and 
growth 10 Gibberelho acid is capable of reversing its 
action in germination, hut apparently not in growth, 
in a way somowhofc similar to that of red light This 
provides support of tho view of Bn an 4 on the mode 
of action of gibborellio acid and its relation to the light 
effect It is also consistent with the hypothesis that 
coumann inhibits germination through its action on 
tho production or metabolism of growth substances, 
winch may bo gibberelhn like Tins view however 
leaves unexplained the blocking bj coumann of 
growth processes, or the failure of gibberelho aoid to 
roverao it It will bo of interest to study tho inter 
actions of theso two substances m other tissue© known 
to respond to them 

My thanks are duo to Hr P W Bnan for tho 
gibborolho acid, and to Messrs Pieters Wheeler 
Seed Co Gilroy, California, for the lettuce seeds 

A M Mayer* 

Low Temperature Research Station 
Cambndge 
May 29 
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BIOLOGY 

Eels In Southern Africa 

Field work carried out in South Africa and 
extended into Southern Rliodrala has enabled mo 
to link tho study of tho biology of tho fresh water eels 
with work carried out by Frost m Konya 1 , and on 
material from Northern Bhodesia' A more dotailed 
report is In preparation but tho following maj bo of 
interest to other workers 

Five specie© nro represented tho two predominant 
African oola Anguilla nsbulosa labiata Peters, and 
A mossambica Foters, the -widely distributed A 
marmomta Quoy and Gnimard and A bicblor bicolor 
McClelland, and the rare A obscura Gunther Eh ore 
of tho two prodominant eels reach the mainland during 
tho period Janu ary-Fobni ary, tlioso of A n labiala 
54-58 mm in longth, and those of A mossambica 


45-55 mm Hie main bod> of elvers 0 f the former 
speciea reaches the coast between Kenya and a point 
2l°S , and those of A mossambica from 21°S to a 
point 32°S Outside these southerly limits elvers of 
either species become rare In those mere flowing 
mto tlie Indian Ocean within these elror rones we 
find that it is tho adult of the predominant species of 
elver that is furthest inland, and that lias reached the 
lughesfc altitudes For eramplo from Kenya to the 
Inyanga Mountains of north eastern Southern 
Rhodesia it is A n labtafa that is found in tho high 
land trout streams , south of this and through the 
Tmnsv aal to Natal it is A mossambica Tho dispersal 
of these two species over a nvor systom appears to be 
governed by tho size of tho oel reaching the river 
mouth, and not bj water temperature or an\ par 
ticular environment The abilitv of tlieso small 
creatures to carry out amazing migrations is shown bj 
the number of eels found above waterfalls some over 
300 ft in height but it is evident that once they have 
reached n critical length the> are unable to negotiate 
theso obstacles Young eole 80-100 mm m length 
of the specie© A mossambica have been found inland 
at a height of 4 COO ft and 476 miles along the nvor 
from the sea , some have even negotiated the Vnftl 
Limpopo River wntorshod and linvo entered tho 
Orango River system which flows mto the Atlantic 
Ocean 

Frost* 1ms also reported elvers of tho specie* 

A bicolor bicolor from the coast of Tnnganj lkn but 
their southerly limit is not known It is, however 
significant that small eels of this species were oolleotod 
m Southern Rhodesia 100 miles awnj from tho soa bj 
n\ er, on unusual distance inland for this short firmed 
eel to bo found. 

Whilst A n labiala and A mossambica aro the 
predominant eels in the areas specified, their dis 
tnbution bov end these limits is considerable par 
ticularl} towards tho south This additional disporsal 
is duo to the migrations of joung ecU or post-chore 
and tho number involved doorcases with distance 
from tho olver rone For oxamplo south of latitude 
32°S olvors of A mossambica are rare and elvers of 
other species have not been found Tho nvors of tho 
south-eastern and southern Capo Colony arc populated 
by secondary migrations of pcxt-clv ora 9 0-130 mm in 
length all A mossambica accompanied by young 
eels 140-250 mm in length, of tho samo species os 
well as A mamiorata , A n labiata and A b bicolor 
Those migrations aro earned out with the same 
enthusiasm and determination os shown bj migrating 
elvers but it is only the smaller cels that are ablo to 
negotiate manmade obstacles such as tho walls of 
large dams Specimens taken during theso migrations 
either coming from, or near tho soa, jaok tho full 
pigmont of young cels taken further inland, and 
appear to liavo been at sea for a long period It is 
fairly obvious that tliolr route was not a diroot ono 
and somo of tho answer maj he in the complex sea 
currents of this area. That considerable wandering 
around in tho sea takes plaeo after motamorphoeis is 
shown by tho fact tlrnt young eels as welt os adults 
of tho species A mamiorata A « labiata and A b 
bicolor have boon found ns for west round tho south 
Capo coast as Knjsna all somo 2 0 00 miles from tboir 
known elver zones Even more astounding arc the 
records of A anguilla from Konya 4 which must linvo 
reached there via tho Suez Canal, and A obscura from 
the Buffalo Riv or* near East London f 

By comparing \ ortobral counts «nd i * 
elvers of tho «ta of tho Indtan Oc«m there J* no 
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mdication, oxcopt in tlio caso of A n labzata , that 
distances involved in distribution are associated with 
a prolonged larval life , secondary migrations carried 
out by post-elvers could account for tlio extraordinary 
distances covered The elvers of the closely related 
A nebulosa nebulosa McClelland and A nebulosa 
labiaia Poters, separated by vertebral counts, aro 
similar in si/o, but it is possible that the examination 
of more material may show that, as suggested by 
Tuckor in tho caso of A anguilla °, tlio increase in 
vertebral count is associated with a prolonged larval 
life, and that tho east African mottled eels, which are 
quite distinct from A marmorata, are indeed tho 
Indian eel A nebulosa mid originate from the same 
breeding ground 

Mature fomalo eels of tho species A maimoiata, 
A n labiata , A mossambica and A b btcolor have 
boon found near tho sea, as woll as males of just one 
spocios A mossambica, in South African rivers 
Thoso have all been taken during tlio period Movombor- 
Morcli Like tho European cel these have had tho 
characteristic dark dorsal surface, silvery belly, 
much enlarged gonads, large eyes and pointed snout, 
but all have boon feeding on fishes and Crustacea, and 
thore lias been no sign of degeneration of tho gut 
It is noteworthy that in South Africa tho migrations 
of maturo eels to the sea, and thoso of olvors and 
post olvors from tho sea, take place during the summer 
months w ith maximum activity during January and 
February, but, being dependent upon good rams and 
substantial rivor flow, those migrations aro erratic 
This investigation, which also covers tho economic 
importance of tho freshwater eels, is being sponsored 
by tho Council for Scientific and Industrial Research, 
Pretoria 

P A Jtjbb 

Department of Ictliyology, 

Rhodes University, Gralinmstown, 

South Africa 
Juno 26 
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A Free-Floating Marine Red Alga 

On Apul 14, 1969, during a research trip along the 
coast of Victoria, Australia, tho beach at Bridgewater 
Bay, near Portland, was observed from a distance to 
show a deep red band at about lngh-water mark, and 
tho sea to bo sirmlarly coloured close inshore Tho 
band on tho beach was up to 26 ft broad and several 
hundred yards long, and consisted of enormous 
numbers of doop red algal balls, each about 1 cm m 
diametei The mass of balls was generally 1-2 m 
doop, but in places roaclied 10 in Amongst rocks at 
tho end of tho beach the balls were piled up 2-3 ft 
high, and large rock pools wore completely filled with 
thorn Other algn wore virtually absent from this 
drift, but further eastwards along tho beach fairly 
rich drift of other nlgr occurred In no case were 
tho red algal balls found attached to any other alga 
or mnrino angiosporm 

From the top of ncarbv cliffs, numerous red streaks 
" or ° seen oxtending 200 — 300 v ards out to sea beyond 
the unmodiate beaoli waves , these streaks were 
probably several yards across, with clear water 
between them and wore orientated perpendicular to 
the bench They were present throughout the 
morning of observation 


Tho alga concerned appears to be a species of 
AnUthammon which was grow’ing actively as a free 
floating form offshore from tho bench, with some 
being continually wnshod up on the bench Tlio 
absence of any plants attached to other algso, and 
tho structure of the balls described bolow, precludes 
tho possibility that tlioy had been dotaclied in 
onormous numbers from somo sublittornl substratum 
or host Tlio balls can bo described ns of the ‘icga 
gropilous’ form, and of one hundred balls oxnmmcd, 
00 woro totrnsporangial and 4 were apparently sterile 
Mo sexual plants wero scon 

Tlio base of the plants consists of an axial coll, in 
gonernl with no ovidcnco of any attaching organs 
In about 25 por cent of the plants, how over, 2 to a 
few multicellular rhi?oidnl filaments had dovolopod 
from the end coll, but these showed no signs of having 
beon attached to anything Tho oldest parts of tho 
thnllus woro situated near tho centre of tho balls 
Multiplication apparently occurred by fragmentation 
of tho tliallus, and axial colls from which branches 
had broken w ero frequently observ ed In a few cases 
doad colls occurred m lower parts of tho thallus, but 
fragmentation usually appeared to take placo between 
two adjneont colls 

Tho thallus is dichotomously brnncliod, watli 
verticils of short pointed laterals nt tho upper end of 
each cell Tho cells are 1—2 times as long ns broad, 
varying from about GOg. diamoter near tho apices to 
180-250g in tho oldest parts Tho short laterals 
occur in verticils of 4 oxcopt immediately abovo a 
branch axil, whero the inner lateral is usually absent , 
in tho lnttcr caso tho outer lateral is usually lnrgor 
than tho other two Tlio laterals aro not placed m 
lino with thoso of adjacent cells Tho laterals aro up 
to 80g long, 25-35g broad at tho base, consisting of 
3-5 colls, unbrnncliod, tapering shnrply to a blunt 
point, and often bearing hairs on n short stalk coll, 
most commonly on tho upper sido of tho basal coll 
The thnllus is not mucilaginous Epiphytic growth 
of diatoms, other microscopic algrc and proto7onns 
was considerable 

Tlio totraspornngin aro sessile on tho upper side of 
tho basal coll of short latornls, 45-G0g in diameter, 
and are cracintoly divided, though often appearing 
tetrahedral whon mature, tho division, howovor, 
appeared to bo successive in nil cases, with tho second 
and third divisions almost simultaneous and nt right, 
angles to oaoh othor Sporangia nro not frequent on 
most plants, and in some cases only ono or two per 
plant were found 

Tho alga was maintained m culture for 2-3 wooks, 
but soon became overgrown with the numerous 
epiphytes originally present Further development of 
tho short laterals into longer shoots, thomsolves with 
very short laterals, was observed 

In tho absonce of sexual material tho genus cannot 
bo dotormincd with certainty, though it is certainly 
closo to AnUthammon, and it appears to bo distinct 
from any previously described Australian species 
Rovisionnl studies at present under way on Australian 
Crounnieto will include this alga 

The water m winch this alga was growing is opon- 
ocean water, within n wide bay, and is not subject 
to any pollution or dilution Tho salinity is 
approximately 36 per millo and the sea tomporaturo 
about 16°C 

'^ S l J ar as " e can a<5 certain, this is a unique case of a 
free-floating raembor of tho Rhodophyto, in opon 
water The following additional information on its 
occurrence boforo and after our observations nro from 
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Mr 0 Boaugtoliole, a local algal collector Local 
residents lmd observed a ‘rod bench’ for a fow days 
before April 14, but not on any previous occasion 
'K’ithin recent years On April 15, a very high tide 
almost completely removod the beach drift, but great 
masses -were visiblo out to sea, somewhat oast of tho 
original streaks Tlio floating masses, with some 
beach drift, were present on April 18 (forming a line 
about 20 yards wide and a mile or more long) but 
had disappeared at Mr Benugloholo 8 next visit on 
April 20, and ha\o not boon observed since On 
April 18 largo breakers just off a roof were coloured 
red by tho algio, -which always appearod to maintain 
its position o Ashore No trace of this alga was seen 
m nearby bays during the period of observations 

This occurrence is apparently more in. the nature of 
a bloom' during especially suitable conditions 
though its development under tho normally fairly 
rough conditions of Bridgewater Bay is remarkable 
On April 14 waves near tho beach nor© about a foot 
lugh and similar conditions had prov ndod since a 
storm 8-10 days earlier 

Tho moat striking froo floating marino alga is tho 
Sargassum of tho Sargasso Sea 1 Loose lying’ forms 
of othor marine algro are known from the Baltic 1 and 
such forms of Fuoacoro m salt marshes are well known 
Moore* *, lias recorded loose lying forms of A [acrocystie 
pyrtftra and Horvtostra banlsn in New Zealand 
These loose lvmg forms all appear to be confinod to 
calm, shallow bays with dilution a prormnont feature 
m the Baltic and in moat casco tho ftlgrc ooncomed 
lie on the bottom Such cases scorn to be distmot 
from the Antitkamnton reported hero Also these 
loose lying forms are mvnnnbly sterile while nearly 
all of tho Antithamnton plants were tetrasporangia! 

H B 8 Wouerhlei 

Deportment of Botany, 

Umv ersity of Adelaide 

R E Norris 


Deportment of Botany, 

University of Minnesota 

1 Fritwli, F The Structure »nd Reproduction of the Alff-r 2, 
(1045) 

* Woore L. II., Trtmt Hoy Soc X Z., 533 0 043) 

1 Mnorr R, ll„ Tr*#t /toy A X 16, 43 (1950) 


Feeding of a Ctenophore, 

Boflnopsls Infundibulum (O F MQIIer) 

Ilohnopais infundibulum a lobato otenophoro is 
known to occur from tho arctic to the Mediterranean 
m European watora, and from the arctic to the Gulf of 
Maine m North American watora 1 - 3 Full taxonomic 
def nils are giv cn by Chun 1 and JCnimbach* 

On May 15 nnd 10, 1050 immenso numbers of tlua 
ctenophore occurred in Port Erin Bay , and up to 
U miles seawards whore they wero taken by tow nets 
in tho shallow waters of tho Bay their distribution 
appeared to bo fairly uniform from tlio surface to tho 
sea bed Tlio next two days witnessed a rapid fall in 
numbers and tho organisms had practically dis 
nprxmrod b> tho eighteenth morning after this dato 
fow wero observed in tho area Tlio ctenophores 
npponred during a warm spell, when tho walcra were 
fairly calm They disappeared when a cold cast wind 
sprang up, nnd tho seas becamo elioppy Previous 
records attest to tho presence of this species during 
tho months of Mo\ and Juno m Manx waters 4 

Tlio sixo nuigo taken in tho Bay during present 
observations wo s 3 mm to more tlmn 40 mm m length 
(the longer axis of tlio bodv was measured) Tlio 
samples (40-00 specimens) ^ cre carefully transferred 


to a largo aquanum, and tiieir feeding liabits observed 
Tlie ctenophores fed voraoioualy on tho Bmalier 
copopods, Podon , Pvadno and nauplu offered to them 
They appeared unable to capture decapod Iarvro and 
the largo copopod Calantts They progressed through 
tho water with their large paired peristomial (or oral) 
lobes expanded like frnnJ-doora, and these wero 
observed to come togotbor occasionally to encloe© q 
quantity of water containing food-organisms Tho 
food organisms were then propelled, by the strong 
beating of tho stout flagella on the aureoles, towards 
tho oral tentacles surrounding the cleft like mouth 
Tlio oral tentacles are heavily armoured with collo 
bloats (or lasso -cells) which liavB the effeot of 
immobilizing tho proy so that they helplessly and 
passively pass into tho stomodojum m a sheet of 
mucus activated by the oral cilia 

Ono s pec im on 23 mm long was thus observed to 
capture 18 small copopods (Psrudocalanus elongatus 
Acariia clausi nnd Teniom long i com**) II Podon 
xnterinediux and 4 Evadne nordmannx Its storaodroum 
was only about a quarter full with this meal Tins 
specimen was transferred to a bowl devoid of food 
orgmusms and the food organisms it contained wero 
obscrv od to bo digested in about an hour (68 minutes) 
oftor ingestion Tlio end products of digestion were 
found streaming away from the stomodecum via tho 
four largo inter radial canals into the gastro \ oscular 
network Indigeatable particles wero voided tlirough 
small apertures of tho gastrovascular canals, as has 
been described for ctenophores in general by Hyman 1 

Tho samples kept in the aquanum did not survive 
for more than 4 day^a oven though they wore fed on 
fresh plankton 

My thanks are duo to Dr D I Williamson for Ins 
help nnd to Mr J S Colman for his criticism and 
interest in these observations 

A K NaOAD RUSHAN A \I 


Mnnno Biological Station 
University of Lu crpool 
Port Erin, ls)o of Man 

i (Tran fail Dir Otrnojihnrrn dr* Golfr* too \wprl tmd drr An*rrQ 
wrulrn Mrrrw Al'vnnltto l«oru Hoc* CRrtfo Xtpoll, Motwgr 
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* Kruratvich Tlirto •‘f'ttnophora Dio Hermit drr Xonl uw G*trr 
LWrmn* VtJ TH1 1 flhj") 

Hyman L. H.. **Tbr lnvrrtrbr»t* Frotonu throupli ClrnopboiV 

(NrwVort MrUrev lint 10 W) 
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ENTOMOLOGY 


Stomoxys Control In Uganda, East Africa 


Since 1050, field research on tho bionomics of 
Stomoxys lias been m progress in tho north of tho 
Mcngo District of Bugandn Province, Uganda Tlio 
experimental area hen in an irregular tract of country 
of approximately 200 square mflos nnd includes 
territory ranging from wot seasonal swamps at an 
altitude of 4 000 fl nbovo scnlovol to wind-swept 


Is up to 0 000 ft 

rho Stomoxys population supports an approximate 
sues density of (per cent) S calcitrant 00 
mgra 30 b omega 10 

?or simplicity in collecting field data tho area wn« 
it mto fivo sections Tliw report deals with an area 
approximate. 1> 50 square miles (8 nules X m p* 
lmib,n S oponocomocxKl'nn.l X 

.son tin* nrwi dries out i-o.nplotrlj but 
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season becomes water-logged and partially flooded 
It is sparsely populated by a few Bahima settlements, 
whose sole interest, like those of the Karamojong m 
north-east Uganda and the Masai m Tanganyika, 
hes m the rearmg of cattle The Bahima are a nomadic 
race and take no interest in agricultural pursuits 
Tins disinclination to practice agriculture is mainly 
responsible for the non-oxistence of Stomoxys brooding 
places in this particular Bahima area, inasmuch as 
bananas, which are universally grown by tho Baganda, 
are not to be found m Bahima settlements One of 
the mam requirements of Stomoxys breeding sites 
during the dry season is the shade afforded by banana 
trees, coupled with the accumulation of rotting 
banana leaves, on the surface of the ground During 
the dry season, I have found heavy breeding occurring 
m and around cattle borons outsido the Bahima area, 
in rotted banana leaves mixed with animal feces and 
urine In the absence of urine and sufficient shade to 
keep the substrate moist, no Stomoxys breeding was 
found 

Durmg the dry season, September to March, adults 
of Stomoxys calcilrans and Stomoxys nigra aro present 
m large numbers m this Bahima area, despite tho 
fact that no breeding places were detected 

Typical Bahima bomas consist of dry-cut acacia 
thorn palisades, with no significant shade Every 
day the interiors of tlioso open bomas aro swept 
clear of ammal droppings and tho manuro stacked m 
irregular heaps outside tho bomas (From personal 
experience, manure heaps (consisting only of manuro 
with no decaying vegetable matter) have proved 
unsuitable as breeding places for Stomoxys ) 

A search for breedmg places during tho drv season 
proved negative, for everywhere tho soil, both in the 
forest and bomas, was rock-hard and dry — conditions 
unsuitable for Stomoxys breeding It was difficult, 
therefore, to reconcile such a heavy and continuous 
population of Stomoxys m an area completely dovoid 
of breedmg places 

A heavy breedmg place of S calcilrans and S nigra 
existed adjacent to the swamp area This consisted 
of a well-shaded cattle boma, from which tho manure 
was seldom removed, but was allowed, together with 
dead leaves and cattle urine, to decompose, thus 
producing an ideal breeding site The cattle from this 
boma were grazed during the week throughout tho 
length and breadth of the 50 squaro miles of swamp 
area in which no breedmg places had been found 
It was noticed that adult Stomoxys wero presont m 
large numbers, restmg at dawn on vegetation sur- 
rounding the boma, and that when the cattle left tho 
boma en route for the forest grazing area, tho flies 
disappeared 

The adult population in this boma was destroyed 
by attacks on the adult fly, using 4 per cent chlordano 
miscible oil sprayed upon foliage surrounding tho 
boma Over a period of 3 months tw r o such applications 
were made , tho second application w as considered 
essential as a result of a freak rainstorm which pro- 
duced 3 mches of rainfall in a period of a few hours, 
six weeks after the initial spraying One month after 
the initial spraying, no breedmg was found inside the 
boma and no adults w r ore seen restmg on tho boma 
vegetation at dawn Within less than 3 montlis, tho 
Stomoxys population over an area of 50 square miles 
had been reduced by 99 per cent Durmg tho 3 months 
under consideration, the Stomoxys population m the 
other four sections of the experimental area remained 
at a high and constant level. 


Further and moro detailed oxponmonts aro now 
boing planned to substantiate tho above results 

It would therefore appear that, in this particular 
case, Stomoxys does not breed m numerous small 
breodmg sites scattered over a wndo area, but is 
confined to only a few sites, where intense breeding 
occurs In my opinion, breeding places of Stomoxys 
are vory select, very fow and far botweon, and easily 
identifiable under local African cattle farmmg 
conditions 

H C M Pabr 

Animnl Health Research Centro, 

Entebbo, Uganda, 

East Africa 
Juno 20 

Age Determination in Mansonioides Mosquitoes 

Observations by Bertram and Snmnwickroma' 
hav o shown that it is posstblo to determine the number 
of time3 that Mansonioides mosquitoes linvo laid 
eggs by examination of tho ovaries for corpora lutca, 
a technique developed by Russian workers using 
Anopheles vincuhpcnms • Knowing tins, and the 
time taken from feeding to maturation of eggs it has 
been suggested that a precise estimate of tho ago of 
individual mosquitoes should ho possible Exam 
mation of tho ovaries of laboratory-bred M unijormis 
which had laid one to four times confirmed that, with 
practice, it was possible to count tho number of 
corpora lutca and the technique was then tried with 
wild M longipalpis, M anmdata and M unijormis 
Tho first two species aro typicnlh swamp-forest 
mosquitoes and tho major vectors of filnrinsis duo to 
Wuchcreria malayi in several parts of Malaya, while 
M unijormis breeds mainly in open swamps and is 
also a v cctor 

Mosquitoes were caught unfed ns they attempted to 
bite m the early evening and tho ov nrics of practically 
all wero early stage II when examined the following 
morning With these mosquitoes it wns a simplo 
matter to identify nulliparousspecunens, nndrelativelv 
simplo to identify specimens which lmd laid onco 
only r , but in specimens which had laid moro then 
oneo it was difficult to separate tho o\ orioles proporlv 
to show tho maximum number of corpora lutca 
There wns considerable vaunt ion in tho amount of 
pigmented innterml in tho corpora lutca, both between 
mosquitoes of tho same category and botwocn 
ovnriolcs m tho same ovary' How over a much more 
serious problom in ago estimation has arisen with the 
finding that some M longipalpis mosquitoes carrying 
mfectivo stngo filnunl Inrvro, had laid only' ono batch 
of eggs Both Wuchcreria and Dirofdana infections 
develop m M longipalpis and tho minimum incubation 
period from ingest ion of nncrofilaritc to the appearance 
of mfectiv'o lnrv re is 10 day's A total of 22 M 
longipalpis with infective larvio have now been 
examined , ono had laid threo times, 12 had laid 
twice and 9 had laid onco only' Thus over 40 per cent 
of these mosquitoes, known to have livod for at loa^t 
10 day's since feeding on an mfocted man or animal, 
had laid only ono batch of oggs Although Man 
somoidcs mosquitoes requiro 3-4 days for eggs to 
mature, eggs almost inv ariably dovolop after tho 
first blood-meal so tho explanation that two blood 
meals wero required to comploto the first gonotrophio 
cycle, as is apparently the enso wutli A gambles 3 , 
seems unlikely Most of tho mosquitoes wero caught 
in swamp-forest at least a milo from tho noarcst 
known breodmg place and three miles from the 
nearest houses .Some time must therefore have been 
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spent in travelling to and from opposition sites and, 
unices suitable wild animals ho*ts woro readily 
available a constdorablo time may havo been spent 
in search of blood meals Those two time factors 
havo boon given littlo attention in tho calculation of 
moequit-o survival Thoy may be of little significance 
in flpocics living and brooding in close proximity to 
man such as A gambirn and A funestus which 
Davidson* assumed to feed overy second or third day 
depending on whether tho gonotropfrio cycle occupied 
2 or 3 days On tho other hand they are clearly 
important in species which occur in very largo 
numbers m places where sources of blood appear to 
bo scarce and winch may havo to travel considerable 
distances from their breeding sites in search of a 
blood meal Preliminary results of ago grading 
Mansonxoidcs mosquitoes (Table 1) mdicato that 
nearly half the x M longipalpis moeqnitoe3 caught in 
forest aro nu Ui parous and few Imvo laid more than 
once An oven larger proportion of Af uniform is 
caught near houses a short distance from their 
brooding sites aro nulhparous but comparatively more 
go on to lay 2 or 3 batches of eggs BLaddow* lias 
suggested tliat “in the vicinity ofa tropical swamp 
the numbers may be so ol orwheluung that it seems 
quite inconceivable that moro than quite a small 
proportion con ever obtain a blood meal Tins is an 
exaggerated version of tlie Mansontoides mosquito 
population in swamp forest m Malaya but under such 
circumstances determination of tho actual age m days 
of individual mosquitoes becomes an impossibility 


Table l Numbers or Eoo umo Ctoles completed nr Wild 
TOPUEATIOKB OF Mantonloldet MOSQUITOES is Malata 

Number of OW larinS 


Bpecle* 


0 

l 

2 

84- 

M tonglpalpU 

Numbor 

107 

148 

32 

0 

Ter cont 

47 

42 

0 

- 

Af unlfoml* 

Number 

178 

90 

37 

10 

l*er oent 

67 

27 

12 

4 

Another method of 

age-cstirant 

ion lias 

been 


afneana mosquitoes wore infected with parasitio larv al 
hydracbmd mites more often than old mosquitoes 
Exnnunation of Malayan Mawnmoidos mosquitoes 
shows tliat mitos occur on M longipalpis M annxilata 
find M uniform a but tlmt only M uniform™ is 
heavily Infestod (Table 2) This limits the v alue of the 
method for Mnlavan conditions but examination of 
tho ovaries of infested mosquitoes indicates that 
prootlonlly all aro nulliparons only 3/94 M uniform™ 
and 2/40 M longipalpis bad laid ogqs and onlj ono 
filarial infection lias been recorded in a mosquito 
carrying mites (Table 2) Tho mitos apparently 
remain attached to the mosquito until it returns to 
water for egg laying Tlurtv lira ra.tc , mfestod 
J If uniform™ wore confined ov or P uita plants for 
ogg laying ono ovomng and when oxnminod tlie 
fbUowmg morning 13 wore still infested but tlie total 
numbor of mitos on the mosquitoes was reducod from 
93 to 24 and many mitos wore found quiescent among 


T*hln ° TsrEBTLTlOX or M*ntonloidft Wo^QCITOES WITH LAAYAL 
HTDlXOinitD LUTES AXO Fl LARI A L ISTECTTOY HATES 1* JUTE 
HTDUOUBUi ASD USUtrESTED llOSQDITOtS 


Number* FlUxial Infection rale 


Bpcoh-i of 
mtwquHo 

Ex* mined 

Infrtted 

Infested 

mcwqultoe* 

Unlafcsted 

mosquitoes 

il longlputpl* 

£210 

13j 

0 7 

1-0 

M annulate 

026 

3 

0-0 

1 1 

if ustfesmi* 

itr6 

475 

043 

1 3 


tho Pxstia rootlets Presumably' under natural 
conditions vory few mites remain attached after the 
first ogg laymg and the presence of mitos can be 
regarded as a rohablo indication that the moequito is 
young and probably nulliparons 

A further quahtative character noticed first by 
Crosakoy 7 with Swiuliutn damnosum which dts 
tmguishos old mosqiutoes, is the oondltion of the 
Malpighian tubes In nulliparous mosquitoes tho 
tubes are always dark and opaquo but m old mosquito on 
they become cleared and transparent Not all 
mosquitoes which have laid once or oven twice show 
significant differences from nulliparous specimens 
but any mosquito in wliich the tubes liave becomo 
transparent, is almost certain to havo laid at looat two 
batches of eggs 

R H Wharton 

Institute for Medical Research, 

Kuala Lumpur, 

Federation of Malaya 
June 29 

1 Bertram D 8 , and SemAwlokrenu W A- \aiurt 1B2, 444 (10591 
■ GIUIm JL T Trop lilt JJuO^ 55 713 (1059) 

' GiUle* M. T., inn. Trop Med. ParatU „ 49, 63 (1051) 

4 IbnlcUon, U- Aim Trop Med Pemtit^ 49 24 (10^6) 

* Haddow, A J H Butt tnL Jtee^ 46 109 (1054L 

• OlUott J lb, Ann Trop Med PoroeU 51 161 (1037). 

’ Croukey IL W An* Trop Med ParaiiL, 62, 140 (19^3) 


BACTERIOLOGY 
Taxonomic position of Arthrobacter 

It has long been recogmzod that a considerable 
number of different types of Gram positive non 
a poring bacilli of irregular morphology occur in sod 
and their rclationslup to tho Coryuebaderia has boon 
much discussed One solution to tho problom has 
boon to widen the scope of Oorynebaclrrtum to include 
all snob bacilli, but it is now genornlly felt 1 tliat ting 
would place together m ono genus \ cry dissimilar 
organisms and create moro problems than it would 
solve Conn and Dimmick* proposod that at least 
one group of theso soil organisms tlie morphology of 
winch shows some resemblances to Cori/nebactcria 
should be plncod in a separate genus, for which thoy 
proposod to rovivo tho old namo Arthrobader Tho 
typo species suggested by Conn and Dimmick was 
Arthrobacter glob if or mis, originally describod by Conn 1 
as Bacterium globtforme 

In previous work wo liavo noted that strains of 
Conpubactenum are cluiraotenzod by a dlstinctno 
pattom of sugar and amino-aoid components in tlioir 
cell wall namely arablnoso and gnlaotoso os sugars 
and alanmo, glutamic acid and nn-diaminopimelic 
acid as tlie principle amino acids furthermore this 
pattern of coll wall components is shared by strains of 
Mycobacterium and Nocardia< 

Wo now report bnofly tho results of coll wall 
analysis on 7 strains of Arthrobacter, and our findings 
would seom to indicate that tlioro is no close relation 
ship between those organisms and tho Oorynebaderxa 
proper Tho matonal for analysis was kindly providod 
by Dr Gorotli Morris of tho Biochemistry Department, 
Oxford, m the form of freeze -dnod suspensions 
Theso woro rasuspondod m saline and tho coll wall 
fractions wore prepared hydrolysed and oxnminod as 
previously^ described * Tho purified cell w all fractions 
were also tested for tlioir susceptibility to lysozyme 
digostion by suspending them in Af/30 phosphate 
buffer pH 0 3 -Hysozvmo 100 pgm /ml and incubat ing 
at 40° Tho progress of lysis was estimated ' V 
by comparing each treated au^rpensioii wit i 
siLpoXn m tho same buffer without ly^vn* _ 

i * 
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Table 1 Clie Walt, Composition in strains or Arthrobactcr, and tup efftcts of Lisozimi os Tin isolated ull walls 


Cel! Mall components present 


DAP Isomers 


EfTccU of 
Ly*oxj-ni» 


Arthrobactcr globiformis i\ C 1 1! 8002 
Arthrobactcr cilrcut X 0 1 R 8015 
Arthrobactcr xtreafaaens X C I It 8910 
Arthrobactcr pasccn* X C I II 8010 
Arthrobactcr aurcrccns XCIB 8012 
Arihrobacter simplex SCI It 8013 
Arthrobactcr tumescent X C 1 1! 8014 
Coryncbactcnum diphtheria: (results 
taken from Cummins and Harris 
ref 4) 
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In recording tlic amino-acids trace amounts lia\c bet n Ignorest to n\ old undue compile ition 


The results of cell-wall analysis and the effects of 
lysozyme are shown m Table 1 From our previous 
results 1 it appeared that the ammo acid pattern of 
the cell walls is of significance at approximately 
generic lex el, and m tlieso 7 strains tliero are 2 distinct 
groups m terms of the principal ammo acids of the 
cell wall One, comprising 5 strains including 
A globiformis, has alaruno, glutamic acid and lysmo 
as the principal ammo-acids of tlio wall Tlio other is 
composed of the 2 strains called A simplex, N C I B 
8913 and A lumescens N G I.B 8914, both of which 
have 4 amino-acids m the wall, that is, nlanmo, 
glutamic acid, glycine and i/l-D A P 

In commenting on theso results, it may bo noted 
first that the cell-wall composition of these strains of 
Arthrobacter follows the general patterns already 
established for othor Gram-positive bacteria 1 , and 
secondly that tlio 7 strains examined differ from tlio 
Oorynebacteria both as to the sugars and tho amino- 
acids of their cell -walls Tins can be soon from 
Table 1 where the cell-wall composition of G diph- 
therice is mcluded for comparison Tlio fact that of tho 
7 strains examined 2 differ from the others in ammo- 
acid pattern suggests that tho organisms at present 
classified in Arihrobacter 5 maj still be of mixed origin 
However, the first 5 strains m Table 1 seem to form a 
fairly homogeneous group which moreover contains a 
representative of the type species, A globiformis 
It is of interest that the cell-wall pattern of theso 
5 strains beam a considerable resemblance to that of 
Actinomyces israelii where the principal components 
found were galactoso, glucosamine muramic acid, 
alanine, glutamic acid and lysine 1 That of the 2 
aberrant strains however ( Arihrobacter simplex and 
A lumescens) is very similar to the pattern of com- 
ponents found in Streptomyces or Propiombacterium 
The activity of lysozyme on these cell-wall fractions 
was investigated m the hopo that it might reinforce 
the cell-wall findings, but the results soom merely to 
provide another example of the fact that it is not 
possible to determine whether or not the cell walls of 
a given species will be lysozyme sensitive merely by a 
knowledge of the components present 0 There seems 
to be no qualitative difference between the coll walls 
of Arihrobacter globiformis 8602 and those of A cilrcus 
8916, yet the former are attacked by lysozyme 
(although slowly) while tho latter are unaffected 
The difference may lio m the O-acyl content of the 
walls, as has been demonstrated for lysozyme-sonsitivo 
and lysozyme -resistant strains of Micrococcus lyso- 
deikticus by Brumfitt, Wardlaw and Park 7 Tlio 


cell walls of Arthrobactcr lumescens seem to bo higlilj 
sensitive to lysozyme, and it was obvious from the 
decreaso in tubidity that a considerable amount of 
lysis had occurred within 1-2 mm, although it was 
not judgod comploto until somo minutes later, vhon 
the originally turbid suspension had becoruo water 
eleai 

We must thank Dr Gareth Morns for providing tho 
freezo dried suspensions of Arihrobacter, and Miss 
Sylvia Start for technical assistance in tho preparation 
of chromatograms 

C S Cummins 

Department of Bacteriology 

II H Minis 


Department of Biochemistry, 
London Hospital Medical College, 
London, E 1 
Juno 10 
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Formation of Streptolysin S by Streptococcal 
Protoplasts 

As has been reported previously tho production of a 
htemolytic toxin, stroptoljsm <5, by streptococci is 
greatly stimulated by adding oligonucleotides with 
high guanylic acid content 1 

In ordor to study tho mechanism of streptolysin S 
formation, an attempt has boon made to simplify tlio 
method of its formation nnd wo have succeeded in 
producing tlio toxin with streptococcal protoplasts 
Strnm S No 8, group A luomolytic streptococcus 
was grown in a horse heart infusion brotli (n modified 
Todd-Hewitt modium) for 15 lir at 37°C 6 ml of 

this culture was inoculated into 100 ml of tho frosli 
medium having tho same composition and incubated 
for 6 hr at 37°C Tho colls wore harvested by 
centrifugation and washod twico with phosphate 
salino (pH t 0) Tlio protoplnsts wore propnrod by 
incubating tho washed colls with a partially purefiod 
lytic onzyme from a bacteriophage lysato of group 0 
streptococci 0 m 0 5 M sodium succinate (pH 7 0) for 
20 mm at 20°C Tho conversion to protoplasts was 
tested both by osmotic rupture m n hypotonic 
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Table 1 Fowanox o* Stxeftolysix S kt Piotopuxts axo 
lxtict Cells 


Ttmo of 
Incubation 

Amount of hemoljiln 
(«»)' 

Active 

(min.) 

Act! so 
fraction 

Coro 

fraction +■ 
aueln 
hjtlrolr*alo 

30 

4 

3 

2 

00 

40 

32 

20 

00 

70 

70 

40 

120 

86 

43 

43 

160 

Sj 

32 

'll 

60 

11 

20 

8 

90 

32 

20 

12 

120 

3a 

26 

10 

160 

40 

04 

10 

180 

04 

32 

12 


TrotoplMU 


* Tbc ItrraolytVo unit (H U ) l# the amount ofhxmolyiln which will 
ty*a mar th» crythrocrte* contained in 1 nil of phosphste-bnnemi 
wUbw (pll 7*0) In 8 lir at 37 0 

medium and by observation through a phaso contrast 
lmcroscopo Tho protoplasts wore ool lee loti bj 
centrifugation at 4 000 rp ra for 10 mm in tlie cold 
and resusponded (concentration of protoplasts 10 
mgm dr} woight per ml ) in the reaction medium 
containing sodium succinato (pH 7 0) 0B JU 
magnesium sulplmto 0 002 M , potassium phosphate 
(pH 7 0) 0 03 M maltose 0 005 M and oiigo 
nuclootido fraction 1 (the material of yeast ribonucleic 
acud (coro) resistant to pancreatic ribonucloaso) 
200 ggm /ml or 100 pgm /ml of the activo fraction 
of core obtained by chromatography on an ‘ECTEOLA’ 
cclluloeo column The suspension -was incubated at 
37°C and at appropriate intervals an aliquot was 
withdrawn, chilled at — 20 C C and centrifugod at 
4,000 rpm for 10 min m tho cold The IircmoJytio 
activities m the supernatants wore determined using 
a freshly prepared 3 per cent rabbit erythrocytes 
suspension A control experiment was earned out in 
the some conditions with intact colts in placo of 
protoplasts 

Tnblo 1 shows tliat protoplasts can produco more 
toxin moro rapidly than intaot colls undor those 
conditions , _ , , 

Addition of an amino aonl mixture ( Difoo casern 
hydrolysate) at a concentration of 1 mgrn /ml 
inhibited toxin formation in both protoplasts ana 

intaot cells , . . . , , 

Gooder and Maxted' recently reported that the 
streptococcal protoplasts could be obtained with 
oltlior 2 M sucroso or 2 AT sodium ohlorido "f 
porting media In our onso however the formation of 

, ... ^nrotoolasts but succinate is most 
SC rJoHio inhibitory effect of other 

“wo'roh'to ttoSk Dr IV R Maxtod tor tho gift 
of group <7 stroptoooccus and ggg, 

Sadakg Suoai 
F oaio Eoamt 

Department of Biophysics and Biochemistry , 

Faculty of Soioncc Univoreity of Tokyo, 

Bunkyo ku, Tokyo 
June 20 

i TanAka K J Dloeien i„ 45. 100 (10^3) 

* iimxltd W IL, J Grn J/fcro6iof 16 


i n 1 n i is ‘ i-i — "i" — . - 

J trp Mrd. 106 335 ( 10 j 7 ) 

# Qooder llv, and Mailed W R ' 
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Growth of Bacterium c oil and Staphylococcus 
albus in Heavy Water 

In the raid 1630 m whon heavy water became 
available, workers experimenting on its biologioal 
effects reported delayed growth, complete inhibition 
and morphological clinnges m man} types of organism* 
including bactona 1 * Some reported normal growth* 
Recent!} WalLor and Syrett* confirmed the mliihitiou 
of ftutotroplno growth of Chlorella bj heavy wntor 
but found lees miiibition m tho presence of glucose 
Growth of two strains of bacteria in buffered 
nutrient heavy water broth prepared by rcdissoh nig 
ljopliilixcd aqueous nutrient brotli in 99 S per cent 
heavy water (INorsk Hydro) was compared with 
their growth in aqueous medium and in medium with 
\ nnous concentrations of heavy water Small mocula 
woro prepared bj growing and mutably diluting 
overnight cultures of tho test organism in the 
experimental medium. 

In heavy water tho growth of both strains wus 
slower than m ordinarj water The specific 
growth rate in ordinary water was 2 0 times grentor 
for staphylococcus albus and 2 5 times for Badrrtum 
coh Even after repented subculture m 09 8 per cent 
henvv water medium tho organisms wore morpho 
logically indistinguishable from those grown m 
ordinary water and tho colonial morphologj was 
unchanged 

In lower concentrations of heavy wntor tho doubling 
time was roughly proportional to the nntilogarithm 
of the concentration of heavy water 

The addition of gluoose to heavy water broth 
produced an ofToct no greater than in ordinary water 
broth and Bacterium coh was able to grow in o 
09 8 per cent hcavv wntor medium with ghieoso and 
ammonia or sole carbon and nitrogen sources 

Elizabeth van Hohn 
G C IVarf 

Department of Bacteriology 
University of Bristol 
Canyngo Holl Bristol 8 
Juno 10 

1 Lewii, 0 N„ J j»v r Cfx* Soc., W, 3503 (1033) 

• ChatS? 11 K, *od Allen. t\ C.lftjrt 61. 647(1010) 

•Wctetr U 11„ Pnx 'vx Erp MoL Med.it 161 (1W7). 

•Walker J IU, aod Brrrtt T J., Vciior 183,1103(1010) 


GEOLOGY 

Indications of Gladerlzation In the 
Slwaiik System In India 

The Indian sub continent was not subjected to 
glacial conditions during tho Quatonary Era but its 
highlands, namely tho lugber ranges of the Himalayan 
up to tho latitude of about 33 degrees were 

Tho Great Ice age is be Iun cd to have commenced 
everywhere during Lower Pleistocene timos, as proved 
bv tho occarrcnco of glacial deposits lying directly 
over the Phoceno rocks do Terra 1 , who has studied 
the glaoial geology of tho Himalayas, is of tlio opinion 
that tho Boulder Conglomerate, tho uppermost 
member of tho Biwalik system, corresponds to tho 
Becond or tho Mindol stage of tho glacial ay do and tho 
Intcrrglaoial interval immediately following it and is 
therefore, of middle Pleistocene age If this is *o, the 
underlying Tatrot and Pinjor stages should represent 
tho first ice advance and belong to lower Flewtocemr 
Accepting this suggestion Pilgrim’ ™ 

Tinjor and Tatrot .tup* ^ ,0 ^£ c 

Phoocno and not to tlio lon-cr T loUtocctu , 
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m view of the unconformity that do Terra presumes 
to exist between the Boulder-Conglomerate and tho 
Pmjor stage It is very important that both do Terra 
and Pilgrim make no mention of any evidence of 
glaciation m the Pmjor or the Tatrot stages Hopwood 
and Lewis 3 consider the Pmjor zone as loner Pleisto- 
cene on fossd evidence alone 

I have studied the Pmjor zone where it is exposed 
near the village of Khanpur, close to Jammu, latitude 
33° N and longitude 75° E approxnnately Tho 
basal clayey bed of the zone is overlain by a fairly 
thick conglomerate bed Tho conglomerate consists 
mostly of pre-cambnan quartzitic pebbles and 
boulders, a few pebbles and boulders of tho Panjal 
trap, Permian limestone and the Miirree sandstone, all 
held together by a coarse arenacoous matrix, con- 
taining imdecomposed grams of felspar Tho pecu- 
liarity of most of tho pebbles and boulders in tho 
conglomerate is that they possess a fairly high degree 
of surface-polish, unlike other pebbles and boulders 
m the beds below or above The Panjal trap boulders 
also exhibit good faeetmg and fino glacial striations 
The high degree of polish of the quartzitic bouldors 
seems to indicate u hat might be termed ‘silt-polishmg’ 
This term has been used by Grinhnton 4 during his 
researches m the Liddar valley I am thus led to 
conclude that the Pmjor zone belongs to the first inter- 
glacial period and the underlying Tatrot zono to tho 
first glacial period On glacial evidence, thcrofore, the 
Tatrot and Pmjor zones are of lower Pleistocene ago 

R C Mehdiratta 

Department of Geology, 

University of Jammu and Kashmir, 

May 11 

1 do Terra, lice Gcol Soc Ini 73 PI 4 

• I’llgrltn lice Gcol Soe Ind ,73 PI 4 

1 Hopwood and Lewis lice Gcol Soc Ind , 73, Pi 4 

* Grinllnton Gcol Sure Ini Mem 40, Pi 2. 

AGRICULTURE 

Influence of Site and Season 
on Agricultural Variety Trials 

In recent work at the National Institute of Agricul- 
tural Botany 1 the variation between centres and 
seasons has been studied m large numbers of cereal 
variety trials It was found that the standard dona- 
tion of relative yields for wheat, barley and oat 
varieties m England and Wales is of tho order of 
10 per cent, when based on results from several 
centres m one or more seasons, but may be influenced 
by the actual varieties m trial Comparable figures for 
this between trials ‘error’ have now been obtainod for 
relative yields of roots and dry-matter m fodder beet 
(12 per cent), dry-matter yields of lucome from smglo 
cuts (11 per cent), yields of maincrop potatoes (14 per 
cent), and of marketable heads of winter cauliflowers 
(16 per cent) In the absence of clear guidance from 
plant physiologists as to the critical conditions 
determining yield m each crop, attempts to relate these 
differences in relative varietal performance to parti- 
cular environmental factors have not often been 
successful with the 20—40 results usually available for 
each pair of varieties There is at present, therefore, 
little practicable alternative to basing varietal advice 
to farmers on national average results, although the 
search for environmental adaptation continues 

The differences m error according to the particular 
varieties m trial confirm Salmon’s finding 2 for wheat 
m Am erica that year-variety interactions are not 


always homogeneous and imply tho need for caution m 
using tho analysis of varianco for variety trial senes 
Such caution is also necessary for physiological con- 
siderations do not nocessanly support tho underlying 
mathematical assumption of tho analysis of varianco 
that varietal differences aro additivo it seems perhaps 
more probablo that differences between vanoties will 
be, for example, groator whoro tho general lovol of 
yiold is high 

There aro other important implications for agricul- 
tural variety testing procedures At least 20 trials over 
a representative rango of contres and seasons aro thus 
usually necossnry to obtain significance at P 0 0o for a 
5 per cont difference in yiold between two cereal 
vanotios A lower between -trials error, leading to 
significance from fewer trials, is not necessarily a 
matter for congratulation, but suggests that tho trial 
centres or seasons may not liavo boon sufficiently 
representative 

If yield results fiom smglo cereal trials aro to bo 
considered ns having validity beyond tho particular 
field and season of tho trial, tho standard error of the 
moan variety } iclds fiom that, one tnul should not bo 
considered as less than about 10 per cent Much 
greater internal precision within individual trials is, 
therefore, uneconomic Englcdow and Yule 3 have 
pointed out that it is “no use spending great pains on 
the endeavour to reduce the effects of ono sort of 
error (within trial) when another is loft uncontrolled” 
They were discussing sonsonal differences differences 
botween centres me no leas important To illustrate 
this, a series of 21 spnng oat trials with 0 lophentions 
of 4 varieties in 1/48-acro plots at 7 centres over 3 
yoars lias been analysed to stud} the effect of reducing 
numbors of replications ns follows 

No of rtplintloni in each 

of 21 Lrhlt C 5 4 3 2 1 

Standard deflation of 
anrlntr jifld n* porrcntl^i* 

mean plot flcld 113 113 112 111 112 12 4 


Varietal differences were significant at P 0 001 with 
only one replicate at each centre Similarly my 
colleague, C G Finch has recently undertaken four 
trials of summer cauliflowers m ono season, each with 
single plots of 101 varieties tho significant difference 
botween tho projuortions of perfoct heads was 17 8 per 
cent, compared with figures of between 12 8 and 20 0 
per cent from tho means of fivo trials each with 0 
replications in earlier years 

In variety tnals adequate and substantial replica- 
tion between centres and seasons is theroforo essential, 
and 2 or 3 replications within each of tho centres is 
likely to bo sufficient for yield assessment Tho long- 
established practice of testing varieties at representa- 
tive centres for several seasons is thus amply justified 
Tho results now reported emphasize that when sood 
or facilities are limited, it is more important to cover 
tho main onvironmontal conditions than to ncliiovo 
high accuracy in individual trials 

Similar conclusions may w'oll apply to other typos of 
agricultural investigation for which it might also bo 
profitable to examine the variation bofveon contres 
and seasons undor British conditions 

A Sanpison 


National Institute of Agricultural Botany, 
Cambridge 
May 11 


1 Banauon A.,nna Bartlett 11 O , j , >al inn An 
* Salmon, S C ,Agron J 43, 502 twin ° 

' ED rrto W, fEranlro n Cotton 1 nrmri V ’ f , Prlncl I» 1 « nnd Pmctico of Gold 
Irian (Umpire Cotton Growing Coporatlon, London, 1030) 


Afft Inn Arjrxc Z?oA, 8, 331 (1058) 
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CONFERENCES BIG OR SMALL? 


M ORE science moans more information, in the 
form of hooks, journals and conferences No 
scientist needs to bo reminded of this It ‘was 
estimated recently that to keep up 'with all the 
current work a physiologist would have to read 
nearly four hundred papers a day , Sir George 
Thomson has even gone so for os to suggoet that it 
is the impossibility of absorbing the necessary 
information that will ultimately holt scientific pro- 
gress Communication is therefore a subject that we 
cannot afford to neglect The purposes of hooka and 
journals are, or should bo, obvious ; but the functions 
of conferences ore more complicated. 

Scientific conferences grew as an answer to the 
problem of assimilating in a reasonable time the vast 
quantities of information scattered throughout the 
journals They do provido an answer — the mooting 
together of workers in similar fields and tho collection 
of their ideas ore tho obvious advantages But is it 
tho beet answer ? Tho basis of a conference is tho 
presentation of papers but why bother to read 
them T Tho distribution of all tho papers to all the 
members would servo tho same purpose It would 
e\ en havo advantages it is much easier to road a 
foreign language than to follow It by ear, and it is 
difficult to grasp a complicated argument at a single 
hearing In fact, something of the sort often happens 
when preprints are issued or when the proceedings 
are published in book form afterwards 

The preprint was introduced to save time If all 
his audience are armed with his complete paper, there 
is no need for a speaker to give more than a summary 
This frees time for discussion or, more frequently 
more papers. But the possibility of discussion is the 
groat advantage of conferences Questions can be 
asked and suggestions made fn print, but it is a very 
alow business and what takes months m tho journals 
may tako only minutes in tho conferonco room 
Conferences have other advantages, of course 
Mooting other workers in one’s own field is on obvious 
one But this is really an extension of the main 
odiantogo one meets m order to discuss 
Conferences ore getting bigger The Fourth Inter 
national Congress of Biochemistry held in Vienna 
lost September wos attend od by nearly flvo thousand 
scientists and the published proceedings run to 
flftoen volumes Two thousand ono hundred papers 
Tver© submitted at tho Second Geneva Conference on 
the Peaceful Uses of Atomio Energy, and there are 
thirty three \olumcs of proceedings The*) two 
e*nmplofl are exceptions, but they do represent a 
real trend, at least in international conferences 
The quoetion is whether this trend is a good thing 
Are bigger conferences necessarily better 7 In par 
tic ul or, are they bettor with regard to the advantages 
tlrnt conferences have over other methods of com 
muru cation t The answer Is, surelj , no It has 
already boon pointed out that tho great asset of 
oonferenooe is discussion, and tho value of a discussion 
is usually inversely proportional to the size of tho 


group There is such a press of papers that it is 
difficult to find time to read them, let alone discuss 
them Furthermore most big conferences have to 
split up into sections which meet at the same tune, 
&nd so it is impossible for an active member of a 
seotion to get any Idea of the conference as a whole 
‘Interdisciplinary cross fertilization’, as it is un 
happily called, doee not take place 

Fortunately, many poople are aware of these 
points , in particular, some of the research founda 
tions, suoh as the Ciba Foundation In Britain whioh 
recently celebrated its tenth anniversary, and the 
Josiah Macy Jr Foundation in the United States, 
deserve mention. Both these organizations sponsor 
symposia Membership of a symposium is restricted 
to a small number of experts, so that profitable 
discussions are possible Afterwards, tho complete 
proceedings ore published It is a pity that thoro 
are so few institutions of this typo interested m the 
physical soiencee , most of them are biological, with 
a bias towards medicine 

The Gordon Research Conferences many of which 
are held every year in the United States, illustrate 
yet another approach They cover both the physical 
and biological sciences, and tho membership of any 
one conference is restricted to a hundred Thoy are 
'intondod as a means of dissommatlng information 
which otherwise would not be realized through the 
normal channels of publication and scientific moot- 
ings” They differ from other conferences m that 
nothing ia published, and no information may bo 
disclosed without tho speaker’s consent At first this 
may seem odd in connexion with a conference 
“intended os a means of dissommatlng scientific 
information”, but It enables thoso present to speculate 
freoly without fooling that hundreds of critical readers 
will later censure them for making suggestions not 
backed up by adequate ovidanoe Speculation is a 
vital part of ecienco, so it is desirable that there 
should bo some means whereby poople can do so 
together os well ns alone A sariae of mootings of 
the Gordon typo has recently boon established in 
Britain Tho first Miller conference*, on radiation 
chemistry was hold at Portmo irlon in North Wales 
during April 20-24 and was a success Tho con 
foremens havo been named after tho late Ur N 
Mill or, of the University of Edinburgh, who did 
much to help establish them 

Big conferences are obviously here to stay Many 
important aspects of them havo not been discussed 
here, such os thou* significance oa social events which 
promoto international understanding, though it is to 
be hoped that tho tendency to compoto for national 
prestige, evident at some recent conferences, will 
not have the opposite effect Nevertheless tho small 
informal gathering, whore idoas ore oxchangod as 
freoly as facta, should not bo neglected 


* Furth.r loroilMtlon »boutU» Motor 
(nm tht efutfnnrn of 
FnCT B Djlnton 8c!iooIi>f aH,m,,t,r 
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HISTORY OF COSMOLOGY 

Le SystAme du Monde 

Histoire des Doctrines Cosmologiques de Platon & 
Copermc, Tomo 10 Par Prof Pierre Duhem Pp 
528 (Paris Hermann, 1959 ) n p 

T H G great work of the late French historian of 
science, Pierre Duhem, on the history of cos- 
mology from Plato to Copernicus, is now completed 
by the publication of Volumes 9 and 10 It will bo 
remembered that only the first five volumes were 
published during the author’s life in the years 1914— 
17 At the time there was no possibility of publish- 
ing the extant material for the remaining volumes, 
and it seemed that the historians of scienco would have 
to become resigned to the valuable work remaining a 
torso for ever However, after the Second World 
War circumstances were ameliorated and so the 
rather rare situation could arise of the missing volumes 
appearing some forty years after the beginning of 
publication On a previous occasion co mm ent has 
been made upon the unavoidable drawback of tho 
work becoming somewhat antiquated in the meantime 
This, however, is only a slight disadvantage m com- 
parison to the immense value to be attributed to 
Duhem’s pioneering work, which forms the beginning 
of the modem interest m medieval natural scienco 
Of the new volumes, Volume 9 brings to com- 
pletion the subject-matter of Volumes 7 and 8, 
mainly consisting of the Parisian physics of the 
fourteenth century First, tho theory of tho tides 
is dealt with from William of Auvergne to Pierre 
d’Ailly , then follows the equilibrium of the Earth 
and the oceans, with an introduction to the idea of 
their centre of gravity of Greek and Arab commen- 
tators of Aristotle , the origins of geology, including 
the theory of tho small movements of the Earth 
Hereafter the important question of the rotation of 
the Earth is tackled, the discussion of which was 
inaugurated by Duhem in 1909 m his epoch-making 
article on Oresme as a precursor of Copernicus, m 
the Eemie Oiniralc des Sciences This article is sub- 
stantially reproduced here and is supplemented by 
a discussion of the views of that other great figure of 
medieval physics, Jean Buridan Tho author repeats 
his former conclusion that the daily rotation of the 
Earth was duly discussed in the Parisian school of tho 
fourteenth century and that in particular Oresme 
deserves credit for his anticipation of tho ideas of 
Copernicus on the Earth’s daily rotation In the 
final chapter of Volume 9 the problems of the plurality 
of worlds m connexion with the possibility of the 
vacuum and with the variability of gravity with the 
distance to the centre of the world aro discussed 
In Volume 10 it becomes quite clear that it is not 
offered to us as a complete work, but only as a com- 
pilation of fragments m greater or lesser degree of 
perfection The title of the whole of Volume 10 
iv as not chosen by Duhem himself but was added 
by the editors, who hoped to sum up by it the prin- 
cipal contents of the volume It announces a treat- 
ment of fifteenth-century cosmology and of tho 
schools and universities m which it was developed 
The decline of the University of Paris in the first half 
of the fifteenth century is dealt with rather elabor- 
ately, but the treatment of the subsequent de- 
velopments leaves something to be desired The 
Gorman universities of that century receive full 
attention, but the English and Italian ones remain 
somewhat m the background , although Paul of 
Venice (Paolo Nicoletti) has an extensive chapter 


devoted to him Tins is also tho case of Nicolaus 
of Cusa, tho Gorman cardinal, whose ldoas aro ox- 
pounded at length Finally, thero arc chapters on the 
Viennese astronomers Pourbacli and Regiomontanus 
and on tho fourtoonth-contury humanists Petrarca 
and L Brum, which, howover, are far from dealing 
exhaustively with the relation of humanism to 
medieval philosophy 

The treatment is everywhere extremely clear and 
interesting , one regrets that tho work was not 
completed by its author E J Dijksteiuiots 


RUSSIAN VIEW OF SPACE FLIGHT 

Sputniks and After 

By Karl Gilzm Translated from tho Russian by 
Pauline Rose. Pp 285 + 25 photographs (London 
Macdonald and Co (Publishers), Ltd , 1959 ) 21s not 

R ARL GILZIN, a lecturer at the Moscow Aviation 
Institute, gives lioro a popular account of tho past, 
present and probablo future of spaco flight Broodmg 
over tho wliolo story is tho spirit of Tsiolkovski, tho 
‘father of astronautics’, who foresaw m remarkable 
detail tho techniques liltoly to prove most efficacious 
in spaco flight Since British and American authors 
havo scarcely done justice to this Russian pioneer, tho 
eulogy m tho present book will do no harm It also 
serves to remind us how r tho Russians havo created, 
around the nomo of Tsiolkovski as patron saint, a 
mystiquo of spaco flight which is unpnrallolod in the 
Western w r orld it is no accident that experiments 
with animals, a necessary prolude to manned space 
travel, have figured so largely m tho Soviot rocket 
and satellite programmes, or that SpulmL 1 was 
launched within a month of tho contenary of Tsiol- 
kovski’s birth 

The subject-matter of tho book can bo divided into 
throe sections, past, present and future Tho first 
section expounds the principles of spaco flight and 
traces tho development of rockots and other power 
units m fair detail, though with a pro Russian bias 
Tsiolkovski figures m tho history of tho gas-turbmo 
engine, but not Whittle Tho second section, cover- 
ing present dovolopments, though it includes a good 
chapter on the atmosphere, is disappointing in detail 
there is no new information on the Sputniks, and the 
meagre report of tho results obtained from them 
(which appears to dale from mid-1958) is, a little 
surprisingly, based largely on British radio observa- 
tions reported in Nature The last section is an excel- 
lent proview of spaco flight, which ends with an 
imaginary but realistic excursion to tho Moon by a 
party of school-children 

The material is presented m on easy, expert manner 
and the book is well illustrated and technically 
reliable Thero are a number of lapses and incon- 
sistencies, however for example, the rocket of 
SpulmL 1 is on p 117 said to havo completed its 
900th circuit of tho Earth on December 2, 1967, 
when it really came down on the previous day, os is 
unplied on p 131, onp 139 Jodrell Bank is described 
as an Irish radio observatory, a peccadillo startling to 
paroohial ears , and tho last paragraph on p 102 
does not follow from the one before 

The translation is competent, but too overloaded 
with abstract nouns to be called graceful, and tho 
phraseology sometimes conflicts with established 
usage ttmist’ sometimes masquerades as ‘traction’, 
and sohd fuel’ as ‘dry fuel’ D G Kikg-Hele 
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VAPOUR-LIQUID EQUILIBRIUM 
TREATISE 

Vapour-Uquid Equilibrium 

By Eduard Hdla, JiM Plok Vojtfich Fried and 
Otakar Villin Translated b} G Standard. (Czecho 
Slovak Academy of Sciences Monographs and Source 
Material Chemical Section ) Pp xvm+402 (London 
and New York Porgamon Press, 1068 ) 00s net 

T HE authors have made an effort to produce a 
comprehensive treatise on all aspects of vapour- 
liquid equilibrium, and certainly this 10 the most 
complete -work yet to appear on the subject. It is 
divided into three parte, covering respectively tho 
thermodynamic basis for correlation of data, experi 
mental techniques of measurement, and on up to-date 
survey of tho relevant literature The theoretical 
basis of the subject is developed m four chapters, 
starting with general thermodynamic relations in the 
first chapter, introducing the conoept of ideal solutions 
m the second, and finally dealing with real solutions 
in tho third and fourth 

Although the content of Chapter I may be found in 
any text -book on thermodynamics, and will be con 
sidered olemontary by most readers, it is useful to 
have such a summary of tho relations to hand, and it 
also botvos to introduce tho symbols and nomon 
claturo — we learn, for oromplo, that the Gibbs free 
energy is to be referred to os tho ‘ free enthalpy” 
It is a pity that the chapter should bo marred by the 
common student s error made in passing from oxpres 
eions involving “number of moles” to those involving 
* mole fraction ’ In spite of the warning at tho foot 
of pago 10, the authors themselves fall into tho trap 
on page 11 m obtaining equation 1-47 Tho same 
error £ mado later in the first expression of equation 
1-265 on page 70, whfle equation 1-267 on the same 
page is not deduciblo from equation 1-148, but 
rather follows directly from equation 1-147 In n 
Bimilar way, equation 1-141 on pago 28 is in fact 
correct, and Ib not obtained, as stated, from the 
erroneous equation 1—47 In all these cases, con 
fusion would be avoided if the complete set of variables 
involved were given for each equation, rather than 
pmiplj indicating the constancy of pressure and 
temperature In Chapter 2, the properties of ideal 
solutions are adequately dealt with, and Chapter 3 
introduces the concepts of activity and activity co 
efficient, and develops the relevant thormodynnmio 
relations The major part of Chapter 4 is concerned 
With integrations of tho Gibbs-Duhem equation, and 
tins is probably the most valuahlo section of the 
■whole book Tlio treatment is systematized in tho 
way first presented by Wahl, and forms an excellent 
summary of the man} empirical relations now 
existing, including those duo to Van Laar, Margules, 
Scatcliard and Hamer, and RodUoh and Kietor It is 
a pit} that Wohl’s own contribution is represented 
only by liis earlier work, and that no mention is 
mado of bis 1953 paper Tho value of this section is 
enlumced b} tho inclusion of many worked numerical 
examples of the application of theso equations, to 
gethor with comparisons of the results with direct 
experimental data, as well as a summarized presents 
tion of all tho relations in tabular form Thus 
although tho authors lin\ o wisely refrained from 
attempting a general assessment of tho relative 
values of thoeo relations, they have made it oasy 
for tho reader to make hia own comparisons for any 
spocifio case 


The authors show good practical sense m following 
up this survey with a discussion of methods for 
deriving complete equilibrium data from indirect 
measurements, again fully supported by numerical 
examples Here one could perhaps wish for a little 
more discussion on tho relative suitability of the 
methods for numerical solution of these particular 
differential equations, since two methods have been 
introduced somewhat arbitrarily in the oxnmplos 
Some discussion of the magnitude of tho errors 
involved in tho different methods would also be 
welcome On reading this chapter one is left with tho 
impression that, since tho Gibbs-Duhem equation is 
obeyed, all the correlations ore at least thermo 
dynamically consistent The limitation of tho Gibbs— 
Ehihem equation, as an expression of variation with 
oompoeition of a single phase at constant pressure 
and temperature, is explicitly stated in tho oarlicr 
chapters However, as is frequently done, it is later 
assumed m some applications to hold along the equi 
libnum line, which for binary mixtures must involve 
variation of either temperature or pressure It is 
only fair to the authors to say that in each case this 
assumption is noted but its significance and tho 
approximation involvod are rarely sufficiently 
stressed, and are more often glossed over, ns in the 
case of the derivation of the expressions for limiting 
relative volatilities on page 46 

In view of the detailed treatment accorded to these 
integrations of the Gibbs-Duhem equation, it is 
disappoint mg to find only a cursory treatment of 
alternative methods of correlating equilibrium data. 
The effect of non ideality of the vapour phnno is 
disposed of in less than eight pages, which also con 
tarn tho only reference to equilibrium ratios, or 
K values Surely the Benedict equation, and all 
tli at arises from it, is worth more than a passing 
reference T Tho law of corresponding states is 
illustrated by two numerical examples, but the treat 
ment is wholly inadequate Tho reader will find no 
mention of the ‘convergence pressure’ oonccpt, nor 
indeed ia any indication given of the difficulties 
arising in correlating equilibrium data when the 
temperature is above the critical temperature of ono 
or more of tho components Horo tho absence of 
■vapour pressure mnkoe impossible tho application 
of tho Gibbs-Ihihom integrations, or oven tho ideal 
eolation laws 

Part 2 is concerned with laboratory tochmquos, and 
should be considered ns ft review of ft wido rango of 
techniques rather than ns a dotaflod discussion and 
assessment of tho different methods Tho five chap 
tore cover entoria of purity, tompomturo and pressure 
measurement, vapour pressure and vapourellquid 
equilibrium determinations In each case a good 
vnnotv of techniques is presented and although there 
is seldom an adequate assessment of precision and 
the treatment is sometimes superficial — for oxamplo, 
tho dead weight piston prosmiro-balnnco is dealt with 
in six lines — there ore usually sufficient references to 
tho literature to onablo ono to obtain all tho informa 


tion required 

Tho authors state in their profaco that thoy have 
deliberately avoided description of current laboratory 
oquipmont, and on these grounds ha\o excluded 
thermostat b This docs not seem logical for n book 
which includes chapters on measurement of tompem 
turo and pressure and discusses manostnts m some 
detail One cannot deny the usefulness of ” 

directing attention to points whJch so m « 11 y (mnn t 
overtook and In viovr of tho outhort.otlvo 
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establishing its aims and staking its frontiers Em- 
bryology, m tbe strict sense, is no longer granted 
automatic precedence, nor is morphogenesis the 
key problem Events m any part of tho 
ontogenetic cycle are seen in terms of the contri- 
bution they can make to an understanding of tho 
whole 

These meetings were thus, if anything, even loss 
restricted in scope than might be suggested by tho 
titles of the volumes m which they are reported 
Though there is remarkably little repetition of one 
m another, between them they touch upon a sub- 
stantial fraction of all experimental biology How- 
ever, it was not intended that the series should be 
comprehensive and there are, inevitably, many gaps, 
some premeditated and others contmgent upon the 
informal nature of the discussions This is not a 
fault, but it does mean that some of tho reports will 
be of most value to those already familiar with tho 
background to the themes discussed This is true, 
for example, of “Cytodifferentiation” and of “En- 
vironmental Influences on Prenatal Development”, 
both of which contain stimulating presentations of 
recently discovered foots and recently developed 
ideas On the other hand, tho more formal roviows 
in “Regeneration in Vertebrates” provide excellent 
and comprehensive surveys of a few selected experi- 
mental situations 

These seven volumes do mdeed vary greatly m 
character, partly because tho meetings themselves 
took different forms and partly by editorial decision 
At the one extreme (for oxomplo, m “Embryonic 
Nutrition”) wo are offered an orthodox soquence of 
papers and discussions of them, with a comploto hst 
of the authorities referred to At tho other (m 
“Immunology and Development”) the identities of 
discussion leaders, participants, and absent author- 
ities are not defined and their work is merged into 
a sort of collective stream-of-consciousnoss report 
Both volumes are successful, but their usefulness is 
clearly of different kinds 

Formal considerations apart, it must be confessed 
that the senes, viewed as a whole, lacks tho intel- 
lectual coherence that the “unity of subject matter” 
claimed for it by its organizer, Paul Weiss, might 
lead one to expect We have not yet a contmuous 
spectrum of problems m developmental biology 
But these meetings certainly reflected real progress 
towards a consciously unified approach to develop- 
mental processes, a progress that will be further 
stimulated by the publication of their proceedings 

D R Newth 

THE HETEROGENEITY OF HUNAN 
HEMOGLOBIN 

Abnormal Haemoglobins 

A Symposium Organized by tho Council for Inter- 
national Organizations of Medical Sciences Edited 
by J I P Jonxrs and J F Delafresnaye Pp 
ix + 427 (Oxford Blackwell Scientific Publica- 
tions , Springfield, 111 Charles C Thomas, 1959 ) 
45 8 net 

T HIS volume contains the papers and discussions 
of a symposium on abnormal hremoglobms hold 
m Istanbul in September 1967 Smce Pauling’s 
demonstration m 1949 of an electrophoretically 
distinct haemoglobin m sickle-cell anaemia, the dis- 
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covory of now variants has procoodod with increasing 
momentum so that, at prosont, 15 haemoglobins have 
boon designated by lottors of tho alphabet Four sub 
fractions of normal adult human haemoglobins, A„ 
A., A j, A 4 (A ,'), and one normal foetal hremoglobm 
aro now known Tho complexity of tho situation 
is illustrated by roports of a further sovon variants 
which aro given provisional names dorivod from tho 
placo of discovery, m order to avoid confusion of tho 
nomenclature 

Tho interest in abnormal haemoglobins is spreading 
throughout tho world, and mvolvos many scientific 
disciplines It is this widespread multidisciplinary 
interest wluch has brought tho subject within tho 
ambit of tho Council for International Organizations 
of Medical Scioncos Participants m tho symposium 
included ominont workers of international repute, and 
others who hai o bocomo recognized for their work in 
thorr own geographical localities Tho papers liave 
beon grouped under two mam headings “Biological 
Considerations” and tho “Goograpliy of Hremo 
globins” Itano (United States) opons tho symjrosium 
with an introductory discourse on tho “Gonotic and 
Physical Factors in tho Hotorogonoity of Hiemo 
globin’’ Tho identification of human haemoglobins 
18 described by Huisman (Holland), though practical 
details of technique aro not givon Tins paper is 
supplemented by Cabannes and Portior (Algiers) 
with a description of thoir olcctrophorotic experiences 
of tho non ly discovered hiemoglobins Two groups 
of workers using two different techniques bring forth 
evidence that tho alkali-rosistant hremoglobm of 
thalossaemia ib not foetal hremoglobm a view not 
hold by tho majority of authorities Demon (Franco) 
bases his ovidonco on solubility experiments, while 
Dianoco and Castay (Tunis) doscribo immunological 
differences UBing a complomont fixation test for tho 
detection of lixcmoglobin antibodios Clinical and 
hrematological aspects of tho various luemoglobm 
syndromes aro described by Zuolzor (United States) 
Chapters on fcetal and sicklo coll hremoglobm aro 
providod by Jonxis (Holland) and Vnndopitto (Belgian 
Congo) respectively Fessas (Grooco) described tho 
alterations of tho luemoglobm pattern in thalnssremin, 
Tho first section is concluded by chaptors on tho 
genetic aspects by Noel (United States) and on 
tho luemoglobm typos of animals by Huisman 
(Holland) and his colloaguos 

In tho part on goograpliy, tho following authors 
havo dealt with tho position of abnormal luemo 
globins in their region Aksoy (Turkoy), Pouyn 
(Iran), Silvostrom and Bianco (Italy), Fossae (Grooco), 
Vandepitto (Belgian Congo), Portior, Cabannes and 
Duzor (Algiers), Edington (Ghana), Cliattorjoa (India), 
do Silva, Jonxis and Wickramasinglio (Coylon), Na 
Nakora (Thailand), andLio InjoLuonEng (Indonesia) 
Prof Jonxis contributes some interesting comparisons 
of the frequencies of the sicldo coll and hremoglobm 
G traits in tho Dutch colomes of Curacao and Surinam 
Two chaptors by Lehmann (United Kingdom) put 
tho subjoct of hremoglobm variants in thoir proper 
geographical porspoctivo 

Tho nomenclature of the newer hremoglobm 
variants H-N is given m an appondix, togothor 
with tho studies required before a new hremoglobm 
can be designated 

This volume will provide a useful account of tho 
abnormal hremoglobm situation up to early 1958, 
whether the reader bo a hremntologist, physician, 
biochemist, geneticist or anthropologist 

JAM Acer 
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A Handbook of Lattice Spaclngs and Structures of 
Meta's and Alloys 

By Dr \\ B Pearson (International Series of 
Monographs on Metal Physics and Physical Metal 
lurgy, Vol 4 ) Pp x + 1044 (Bond on and New 
York Pcrgomon Press, 1058 ) 262s Gd 

T H IS is a formidable) work of more than 1,000 
pages It is divided into two parts The first 
part is an account of the methods used in tho accurate 
determination of lattice s pacings and crystal etruc 
tures, and of tho significance of the results in con 
nexion with the location of phono boundaries the 
application of electron theory to metals and alloys, 
and the effect of magnetic properties on lattice 
spacings A brief mention is also made of the role of Jot 
tice parameter measurements m miscellaneous fields 
such as thermal expansion and superconductivity 
Tho second part occupies most of the book, and 
consists of a collection of crystallographic data 
This includes the lattice spacings and crystal at rue 
tures of tho elements, of binary, ternary and quater 
nary alloys, and of borides, hydrides, carbides, 
rutndea and oxides Tho largest section in this part 
is an alphabetical index of the work on metals and 
alloys For each alloy system a brief description of 
tho equilibrium diagram is given, together with a 
critical assessment of the various lattice parameters 
obtained by different workers Sufficient practical 
information on the methods of obtaining the data 
is given to make it unnecessary in most cases to 
refer to tho original papers References are included 
up to 1957 

The labour involved m producing this work must 
ha vo been considerable, and the author is to be 
congratulated on the result It will prove to be of 
great value to the research worker, and should be in 
the library of all people who are interested in the 
physics of metals Tho book is unfortunately very 
expensive J A C attk a all 

The Birds of Sydney (County of Cumberland), 
New South Wales 

By K A Hind wood and A. R McGill Pp in 4- 
128 4*19 plates (8ydney t Royal Zoological Society 
of New South Wales, 1968 ) 12* Od 

T pnr. Sydney Basin is essentially Tnassio in 
origin and was formed by success! vo lako doposits 
overlying cool measures of Permian age Above the 
coal is rod nlialo, and above this there lies a tough 
sandstone surmounted by a final capping of grey 
nhalo Here and thero erosion has bared tho under 
lj mg structures in fact, the city of Sydney is built 
on and partly of Savrkesbury sandstone Each 
geological type supports its own characteristic flora 
and, correspondingly, fauna The red shale of the 
deop valloys has attracted an Indo-Malaynn vegeta 
tion, as well as a fauna partly of northern affinity 
The flowonng heaths of tho sandstone support many 
honoj -eating animals and others , and in the open, 
forests of tho surviving top-slinle is found a fauna 
winch is often closer allied to that of the dry interior 
than to tho anunals in tho cool valloys nearby 

Messrs Hindwood and McGill havo compiled a 
useful Hst of tho 377 epecios of birds — both land and 
man no — native to this zoologically fascinating region 
Under each name are fivo or six linos, mentioning 
salient points of description and the localities in 
which each spocios can bo found The compilation 
therefore, remains of strictly local interest , and this 
ip a pity Tho area abounds with problems relating 


to the wider aspects of avian zoogeography, ecology 
and dispersal and it us regrettable tliat no attempt 
has been made to got to grips with such matters 
The book is illustrated with a map of tho area and 
excellent photographs of about thirty species 

A J 3 Lars hall 

Food for Survival after a Disaster 
By Dr R C Hutchinson Pp ix 4-90 4- 0 plates 
(Girl ton, N 3 Melbourne University Press Lon 
don Cambridge University Press, 1960 ) 13 8 Gd 

T HE disaster envisaged in tho title is that of 
nh ip wreck forced plane landing, or vehicle 
breakdown m a desert area, rather than the large 
scale disaster of modem war, and the information 
given is primarily that whioh would be of tho greatest 
value to individuals or small groups of survivors 
trying to keep oli\e under adverse conditions m 
strange surroundings In addition to this, however, the 
book also contains much pertinent detail on de salt mg 
kits and on the selection and paokngmg of survival 
rations which would be of great use to those planning 
scientific expeditions and to commercial shipping and 
air lino companies who may not have access to 
pamphlets prepared for the Armed Forces 

The author claims to speak from personal expen 
once as “a survivor on both land and sea”, and has 
certainly condensed a wealth of matenal into a vary 
small space and presented it in a most readable form 
Tho chapter on ‘Possiblo Supplementary Sources of 
Food” is a whole lesson m ecology in itself and one 
that should stimulate the interest of any school bov 
Decidedly a book to bo recommended to all inveterate 
travellers tho day might well come when they 
would owe their fives to what thoy had learnt from 
its pages M W Grant 


From Microphone to Ear 

Modern Sound Recording and Reproduction Toch 
rnque By G Slot Second, revised and enlarged 
edition. Pp ix 4-268 (Eindhoven Philips Technical 
Library London Cleavor Humo Press, Ltd 
1959 ) 21* 


T HIS book might well be entitled Gramophones, 
from A to ZP\ for it Booms to contain every 
thing, even (p 82) how to remove gin spots from 
your records I It is obviously written by on on 
thufiiaet for enthusiasts, and its quality has boon 
well preserved in tho excellent translation Many an 
amateur constructor, 'hi fl f or stereophony fan, or 
m en tho mtoHigont listener with a curiosity to learn 
more of what gets tho musio on to the records and 
out of the loudspoakor, will find plenty of reading 
hero Recording techniques, studio work, tracking 
theory, loudspeaker dynamics, cabinet design, motor 
construction, care of records negative feedback 
tape recorders, sound effects, automatic record 
changers,, noodles hum — the lot 

With this enormous covorago the treatment of 
much of the material will seem shallow to profos 
sionflls and it would bo easy to be critical, but pur 
poscloss Tho book is informative, practical, well 
written and illustrated by many simple lino diagrams 
and photographs It makes a welcome and timoK 
appearance in thoso da vs of such increased demand 
for better musical recording and reproduction. Mam 
enthusiasts want to assess tho merits of this toch 
mque and that, or to judgo tho quality of 
equipment, or to improve it t 
them 


tin* book wiJl help 
Co run CffKitnv 
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o io Days 20 

Fig S Swarm cycle 

•warble Furthermore, the warble ‘radiates’ from the 
queen, which is usually at the top of the brood-box, 
away from the entrance 

Disturbance was eliminated, and tho relative 
volume of the warble increased by placing a micro- 
phone permanently inside tho hive at the top, but 
the adverse conditions of heat and humidity destroyed 
the (crystal) microphone fairly quickly, and the 
running cost of one microphono per hive per season 
was excessive 

A scheme which has proved successful and economi- 
cal utilizes a hole m the back of the brood-box at tho 


top, with an internal screen of per 
foratod zinc, and plugged with a 
rubbor bung Tins bung is removed 
and tho microphone, mounted m an 
identical bung, pluggod m This 
third plan ulso romoves a disadvan 
tago of tho second, namoly, the 
variability of microphones, especi 
ally after some weeks m tho hivo 
Hoadplionos, of tho familiar 
stotliopliono pattorn, aro usod as 
a detector, but later development, 
may pormit tho uso of a visual 
indicator, at an mcrensod cost An 
automatic alarm system is also 
possible for uso in largo centralized 
apiaries 

Tho ‘Apidictor’ was primarih 
visualized as a swarm predictor, 
for which it has obvious economic 
advantages, but it has a groat 
range of other uses It romoves 
nlmoRt completely tho uncertainty 
of queen introduction and quocn 
coll occoptanco, it dotocts abnorm 
nhtios such ns quoen failure, that is, 
drone brooding, and it enables an accurate check to be 
mnde of tho lioalth of tho colony m winter, oven 
during heavy frost 

I wish to acknowledge the enthusiastic and slallod 
co-operation of many friends, but particularly of 
Mr E F Birch of Hereford, who lias boon working 
with mo since 1051, and of Mr C B Donnis of Har- 
row, who has co-oporatcd with mo for tho past three 
years I also wish to thank Messrs Wnyno Kerr 
Laboratories of Surrey, for invaluable technical 
assistance 

1 British rntent No 729,007 (1068) 


SEARCHING FOR INTERSTELLAR COMMUNICATIONS 

By GIUSEPPE COCCONI* and PHILIP MORRISONf 

Cornell University, Ithaca, New York 


N O theories yet exist which enable a reliablo 
estimate of tho probabilities of (1) planot 
formation , (2) origin of life , (3) evolution of societies 
possessing advanced scientific capabilities In the 
absence of such theories, our environment suggests 
that stars of the mam sequence with a lifetime of 
many bilhons of years can possess planets, that of a 
small set of such planets two (Earth and very prob- 
ably Mars) support life, that lifo on one such planot 
mcludes a society recently capable of considerable 
scientific investigation Tho lifetime of such socioties 
is not known , but it seems unwarranted to deny 
that among such societies some might maintain 
themselves for tunes very long compared to tho time 
of human history, perhaps for times comparable with 
geological time It follows, thon, that noar some star 
rather like the Sun there are civilizations with 
scientific interests and with technical possibilities 
much greater than those now available to us 

* Now on leave at CERN, Genova 

t Now on loave at the Imperial College of Science and Technology 
London, Slf 7 


To tlio bomgs of such a sooioty, our Sun must 
appear as a likely sito for tho evolution of a now 
society It is highly probablo that foi a long time 
they will have been oxpocting the dovolopmont of 
scionco near the Sun We shall ossumo that long ago 
they established a chnnnol of communication that 
would one day bocomo known to us, and that tlioy 
look forward pationtly to the answering signals from 
the Sun which would mako known to thorn that a new 
society lias onteiod tho community of mtolligonco 
Whnt sort of a channel would it bo ? 

The Optimum Channel 

Interstellar communication across tho galactic 
plasma without dispersion in direction and fiight-timo 
is practical, so far as wo know, only with electro- 
magnetic waves 

Smco tho object of those who oporato tho sourco 
is to find a nowly evolved society, wo may presume 
that tho channel usod wall bo one that places a 
minimum burden of frequency and angular discrirm- 
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nation on tho detector Moreover, the channel must 
not bo highly attenuated in space or in the Earth’s 
atmosphere Radio frequencies below Mo /s , and 
all frequencies higher than molecular absorption linos 
near 30, (HK) Me /s , up to cosmio ray 
gamma energies nro suspect of absorption dTFj ^ 
in planetary atmospheres The band d / dS dfl d/ 

widths which soem physically possible 


If at the source a mirror is used l t metres m dia 
meter, then the power required for it to generate m 
our detector a signal as large as the galactic back 
ground is 


dir 6 


a)*Q** 


ntjljld' W (c la )-» 


m the near visible or gamma-ray domains demand 
either very great power at the source or very com 
plicated tochmcjuoe The wide radio band from, say, 
1 Mo to 10 4 Mo la , remains as the rational choice 

In the radio region, the source must oompete with 
two backgrounds (1) the emission of its own local 
star (we assume that tho detector 8 angular resolution 
is unable to separate sourco from star since the source 
is likely to ho within a second of are of its nearby 
star) (2) the galactic emission olong the lino of 
sight 

Let ua examine the frequency dependence of those 
backgrounds A star similar to the quiet Sun would 
emit a power which produces at a distance R (m 
metres) a flux of 

1 0-”/*/#* W m -*(c /b )-* 

If this flux is detected by a mirror of diameter Id 
the received power is the ubovo flux multiplied by 

U 1 


For Bource and receiver with mirrors like those at 
Jodrell Bank ( I *=80 m,), and for a distance iicilO 
light years, tho power at the sourco required is 10* * 
W (o 1 8 )~h which -would tax our present tocbmcal 
possibilities However if the size of the two mirrors 
is that of the telescope already planned by the U S 
Naval Research Laboratory (i-^200 m ), the power 
needed is a factor of 40 lower, which would fall 
within even our limitod capabilities 
Wo ha vo assumed that tho source is booming 
towards all the sun like stars in its galactic neigh 
bourhood The support of say, 100 different beams 
of the kind we have described does not seem an 
impossible burden on a society more advanced than 
our own, (Upon detecting one signal, even we would 
quickly establish many search beams ) Wo can then 
hope to see a boom toward us from any suitablo 
star within some tens of light vears 


The more or loss isotropic part of tho galactic 
background yields a received power equal to 

(^7~) (£)’ <w * W(olB) “ 

where the first factor arises from the spectrum of tho 
galactic continuum the Bocond from the angular 
resolution, and the third from the area of the detector 
Thus a minimum in spurious background is defined 
b\ equating these two terms The minimum lies at 

/ml a. « I0< 0 /s 

With J7“10 light years-* 10 17 m. and lrf=»10* m 

/ruin. ** 10 1 * C /s 

The sourco is likely to omit in the region of this broad 
minimum 

At what frequency shall wo look ? A long spectrum 
scorch for a week signal of unknown frequency is diffl 
cult But, just in tho most favoured radio region there 
lice a umquo, objoctivo standard of frequency which 
must bo known to over} observer in tho universe 
tho outstanding radio omission lino at 1,420 Me /s 
(a 21 cm ) of neutral hydrogen. It is reasonable 
to expect that sensitive recon ors for this frequency 
will bo made at an carl} stage of tho development of 
radio astronomy That would be tho expectation of 
tho operators of tho assumed source and the present 
stnto of terrestrial instruments indeed justifies tho 
ONjicctation Therefore wo think it most promising 
to search in the neighbourhood of 1,420 Me /a 

Power Demands of the Source 
The galactic background around tho 21 -cm, line 
amounts to : 

i0-« 1 W m Bter -» (o Jb )-» 

dS dO d / 

for about two thirds of tho directions in the sky In 
tho directions near tho piano of tho galaxy there is 
a background up to forty times higher It is thus 
economical to examine first thoso nearby stars which 
ore in directions for from tho galactic piano 


Signal Location and Band-Width 
In all directions outsido the piano of the galaxy 
tho 21 -cm emission line does not cm ergo from the 
general background. For stars in directions far from 
the galactic piano search should then ho made around 
that wave length However, tho unknown Dopplor 
shifts whioh arise from tho motion of unseen planofs 
suggest that the observed emission might be shifted 
up or down from tho natural co moving atomic 
frequency by ± ~ 300 kc fa (±100 km s" 1 ) Closer to 
the galactic plane, whore the 21 cm. line is strong tho 
source frequency would presumably move off to tho 
wing of tho natural line background as observed from 
the direction of tho Sun. 

So far as tlie duration of tho scanning is concerned 
tho receiver band width appears to bo unimportant 
Tho usual radiometer relation for fluctuations in tho 
background applies here, that is : 

Att ! ~ 

nr a / a/^t 

where A/d is the band width of the detoetor and t 
tho time constant of the post-detection recording 
equipment On tho other hand, tho background 
accepted bj tho recen er is 


B 


dir* 

w 


A fd and " oc 


A Jd 
(AC) 1 


If wo set AD equal to some fixed value then tho 
search timo T required to examine the band F 
within which we postula ed tho signal to Ho is given 
by 

T n Ft „ 

Wd (Aii)’ 


independent of receiver band width A fd 

Of oourso, tho smaller tho bnnd width chosen tho 
weaker the signal wluch can bo dolectod prm ided 
A/d^-A/, It looks reasonobto for n flr*t effort to 
choose a band width A fd normal in 31 cm P r ®f t /T 
but an integration tuno v longer than tunwl A 
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settings should cover the frequency range F using 
an^integration time of minutes or hours 

Nature of the Signal and Possible Sources 

No guesswork here is as good as finding the signal 
We expect that the signal will be pulse-modulated 
with a speed not very fast or very slow compared to 
a second, on grounds of band -width and of rotations 
A message is likely to contmue for a time measured 
in years, since no answer can return m any event for 
some ten years It will then repeat, from the begin- 
ning. Possibly it will contain different types of signals 
alternating throughout the years For indisputable 
identification as an artificial signal, one signal might 
contain, for example, a sequenco of small prime 
numbers of pulses, or simple arithmetical sums 

The first effort should be devoted to examining the 
closest likely stars Among the stars within 15 light 
years, seven have luminosity and lifetime similar to 
those of our Sun Four of these lie m tho directions 
of low background They are t Coti, 0, Endani, 
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e Endani, and e Indi All theso happen to ha\e 
southern decimations Three others, a Centaun, 
70 Oplnucus and 01 Cygm, he near tho galactic piano 
and therefore stand against lughor backgrounds 
There are about a hundred stars of the appropnato 
luminosity among tho stars of known spectral typo 
within some fifty light years All main-soquenco 
dwarfs between perhaps GO and K2 with -visual 
magnitudes less than about -f 0 are candidates 
Tho reader may seek t-o consign theso speculations 
wholly to tho domain of scienco-fiction Wo submit, 
rather, that tho foregoing lino of nrgumont demon 
strafes that tho presonco of interstellar signals is 
ontiroly consistent with all wo now know, and that if 
signals are present tho means of detecting them is 
now at hand Few will deny the profound import 
anco, practical and philosophical, which tho dotec 
tion of mtorstcllar communications would have Wo 
therefore fool that a discriminating sonrch for signals 
deserves a considerable effort Tho probability of 
success is difficult to estimate , hut if wo never search, 
tho chance of success is zero 


METABOLIC CHANGES INDUCED IN MAMMALIAN ERYTHROCYTES 

BY WHOLE-BODY X-1RRADIATION 

By Prof D. A RAPPOPORT and B W. SEWELL 

Department of Biochemistry, Baylor University College of Medicine, Houston, Texas 


A PPLICATION of X-rays and radium m medieino, 
after their discovery during 1895-9G, estab- 
lished their effectiveness m diagnosis and treatment 
of disease Only somewhat later wore tho lethal and 
injurious properties of these penetrating rays recog- 
nized 1 Since then, large groups of men have become 
exposed more frequently to man-made radiation 
These additional exposures to penetrating radiation 
have magnified the need for a reliable indicator of 
radiation-mduced tissue damago What is precisely 
needed is a simple and accurate indicator which 
would correlate biological damage with the radiation 
dose 1 

The requirements of an ideal biological radiation 
indicator are that (a) a tissue or tissue component 
should show changes over extended periods follow- 
ing whole-body irradiation , ( b ) tlus change can bo 
quantitatively measured It is also important that 
tissue samples should be available for intermittent 
sampling without injury to tho subject and without 
alteration in the system under examination 

Choice of Erythrocytes 

Certain generalizations can be used in considering 
this problem in order to initiate a working hypo- 
thesis Tentatively it can be assumed that "any 
radiation absorbed by cells will cause changes m the 
cell enzymes 1 , but that the detection of these changes 
is dependent on (a) the sensitivity to radiation of a 
particular enzyme system under evaluation and 
(6) the degree of sensitivity of the analytical methods 
employed 

Implicit m the above specifications is the fact that 
the tissue must be incapable of extensive internal 
repair if it is to reflect any post-irradiation changes 


This immediately eliminates tissues u ith largo popula- 
tions of mitotic colls and suggests erythrocytes ns the 
tissue component of choice In man tho erythrocyte 
has a hfo-span of 110-120 dajs 3 , m tho rat this span 
is 49-55 days 4 , in othor mammnls erythrocyte life 
spans are between these values 5 . Sinco mammalian 
erythrocytes nro enucleated, no rosyntlieses of pro 
toms can occur, and any radiation damago incurred 
on the enzyme-proteins, such ns denaturation or 
rupturo of peptide linkage, should bo detectablo by 
changes m enzymic reactions This rationale suggests 
tho erythrocyte enzymes for examination ns n test 
system 

If tho hypothesis is hold that any nbsorbod radio 
tion will affect enzymes in all colls, how is it that no 
enzymic changes have boon observed in erythrocytes 
after moderate wholo-body irradiation ? This may 
be oxplamed on tho basis that up to tho presont time 
few erythrocyte enzymes have beon tested after 
radiation treatment Erytlirocyto onzymology has 
now been moro thoroughly explored 4 -’ With tho 
complete elucidation of glycolysis, the hoxosemono- 
phosphato shunt, tho transkotolaso and transaldoloso 
enzymes, and nucloosido phosphoryloso in erytlirocyto 
extracts, ro-oxamination of tho radiation effect on 
those enzyme systems is m order 

Nucleoside Metabolism 

Investigators concerned with tho preservation of 
blood have found that when inosine or adonosino is 
added to blood the integrity of tho erythrocytes is 
maintained during storage and their survival follow- 
ing transfusion is improved* Tins was attributed 
to the resynthesis of metabolites essential for ery- 
throcyte integrity 
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F2e I Dhsnraiaatlc repro*cnUtton of the meUbollc r<«ct/oiu 
of panne nudeoilde* In erythrocyte* The enzyme* Involved 
arc (i) nucleotide pho*pnoryL*«e . (2) photpnoribonrutaie 
(.V pQosphodbobomeroie (4) pna*puoketopentoep)mer*jwi 
(B) tran*Vetola*e (fl) triozephosphite Uomerzte (7) nklotwe 
(d) fructo«e diphoiphata»e . (0) pho*phoularoC*ome:ra#e (10) 
plioaphofllucomutiuo (11) tr!o*epho*ph*to dehytlrocmaie 
(13) pttotplioslyceric muUae 


Tho enzymee responsible for nucleoside metabolism 
within the erythrocyte nro m the soluble portion of 
tiio cell The reactions wlnoh they catalyse are dm- 
grammatically illustrated in Fig 1 First, the 
nucleoside in presence of phosphate is converted to 
riboso 1 phosphate and a purmo base by a nucleoside 
phoephorylase* Later, the pentose phosphate is 
transformed to a variety of phosphate estors via the 
actions of trnnskotolaso transaldolaao and the glyco 
Iyt to onr.ymos* 

When oonsidoring nuoleosido metabolism in ery 
tbrooytefl os a system for evaluation of X ray effect* 
it can be assumed that if any enzyme among the group 
of interdependent reactions is inhibited there will be 
an accumulation of substrate and a change in the yield 
of phosphate eaters Complex multiple enzyme 
systems, such as are involved in orythrocyte mot* 
holism of nudeosidos, hnvo oertain disadvantages as 
woll as advantages m studies of radiation effects 
The disadvantage in such systems is that it may bo 
difficult to determine which particular enzyme was 
affected by the radiation Howover, the advantage 
in using a multiple onzymo system is that this 
incroosos the opportunity of finding ono or more 
enzymes sensitive to absorbed radiation 


Erythrocyte Turnover 

In tho studies on tho enzymio changes at prolongod 
post-irradiation intervals, timo of residence of the 
circulating orythrocyto is a major factor for con 
adoration. This requires that the maximum post- 
irradiation timo in to mil uaod for evaluation must bo 
within tho period when tho irradiated crytlirocyte 
population is not markedly alterod This can bo 
calculated from tho orythrocyto life-span 

Inbred strains of ruts nro convenient for radiolo- 
gical studios The 'mean lifo-span* of rat erythrocytes 
as wo II os tho 'bftlf-clenmnco time’ can bo used to 
estimate changes in erythrocyte population Tho 
'mean life span of an erythrocy te is tho averogo 
interval of time any erythrocytes will remain in 
circulation ; ‘linlf -clearance time’ is that timo 
interval at which SO per cent of tho circulating 
erythrocytes will disappear from circulation Bolchor 
and Harries 4 ha\ o recently reported tho 'mean life 


span* of the rat erythrocyte as 49—55 days The 
'half-clearance time was determined as 20 7± 
2 G days 

Since those observations are based on the mean 
life span and half -clearance time of erythrocytes in 
the normal rata, it is important to know how these 
figures are altered in X irradiated rats Total body 
X irradiation of rate in oxcoss of 300 r causes com 
plete inactivation of marrow and stops the extrusion 
of erythrocyte* into circulation 1 * However, the 
life span and half-clearance time of tho circulating 
erythrocytes re mam relatively the same a* in the 
ururradiatcd animals 11 There is evidence that 
random (non saneecent) destruction of erythrocyte©, 
which in the normal rat is approximately 0 48 per 
cent per day* *, is increased in the irradiated animals 
but the magnitude of this change is unknown 11 

Recognizing tho prolonged inactivation of morrow 
after an X ray dose of 300 r or higher, we see that 
the erythrocyte population will consist onlj of 
irradiated cells up to and even beyond a two week 
period, since no new cells are extruded bv morrow 
during this time However due to internal hmmor 
rhagos and other undefined faotora, random non 
senescent loss of orythrocytes will be increased 11 
This will cause ft drop m the number of rod cells 
however, loss of plasma into tissue and dehydration 
due to vomiting and diorrhrea will tend to decrease 
plasma volume, hence there may bo no net change 
in hoematoont values 11 

The above discussion con be summarized by tho 
conclusion that following total body radiation with 
doses at and above 300 r tho erythroayto population 
remains relatively undiluted and the life span and 
half-clearance time remain approximately tho sumo 
as in the umrradiatod rat, with tho exception that 
there is an increased random loss of erythrocytes 
which cannot be quantitatively evaluated at present 

It is tentatively ooncladed that the orytlirocyto 
is a promising tissuo component as an Internal mam 
malian X ray indicator, sinco (a) it has a wido 
variety of enzymes among which some may be 
sensitive to radiation , (b) it cannot replace altered 
enzyme proteins (c) it has a long life-span oven in 
irradiated animals (d) it is accessible for repeated 
sampling 
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Fill 5 Comparative utilization of •deixxlcfl by rat erythrocyte 
extract* 

irreversible protein damage, but probably to tho 
oxidation of some essential sulphydryl groups to 
disulphides Since the erythrocytes contain gluta 
thione, it ia likely that tho diaulpliide groups wore 
gradually reduced by the glutathione during the 
period of recovery of onrymo activity 

Although the radiation does affect the erythrocyte 
metabolism, how useful is this information m evaluat- 
ing erythrocyto metabolism as a biological radiation 
indicator ? Data from Figs 3, 4 and 6 also show that 
tho degree of inhibition, particularly for guanosmo 
and inosino metabolism (Figs 3 and 4), is appreciably 


greater at 48 hr after 1 000 r irradiation than after 
600 r treatment Adenosine metabolism decreased 
in 24 hr to a greater extent m the rats treated with 
1 000 r than m those receiving 600 r Tho variations 
m erythrocyte activity described above following 
1,000 r and 600 r irradiation are only tho initial 
observations Additional data will be necessary to 
establish the relationship between whole-body rndia 
tion dose and degree of enzyme inhibition in ery 
throcyte extracts Tho presont results suggest that the 
motabolism of nuoleosides following radiation can 
serve as a gross biological indicator This information 
may encourage other investigators to examine the 
orythrocyte metabolism in other species, particularly 
cancer patients requiring total body radiation treat 
ment, in order to ascertain whether X ray induced 
inhibition of rat erythrocyte motabolism also occurs 
in other animals as wo 11 as in man 

This research was supported by Army Contract 
DA-4b-0W-MD~42B(SaO) 

We gratefully aoknowledgo the discussions and 
suggestions on the preparation of this manuscript 
to Dr C T Tong, Department of Radiology, and Dr 
F B Moreland, Department of Biochemistry, Baylor 
University College of Medicine 
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THE CHEMISTRY OF CLOTHING* 


E VEN though clothing is one of the osaontiol needs 
of human boings, it is onlj some fitly yoars atneo 
chemists and physicists, in thoir professional capaoity 
first began to givo any serious thought to tlio subjoct, 
or oven to tho textile fabrics from which most clothoe 
are mndo Almost ovoryono is of course, interested 
in the methotlcs of clothing and tho fashion and style 
of garments often refloat tho spirit of the times In 
tho past half century, however, qmto outstanding 
progress lias been modo not only m pro\ idtng new 
materials for gnrmonts, but also in understanding more 
prociaoly what is required of clothing to bo worn 
under various clunntio conditions It was fitting, 
therefore, that at tho York mooting of tho British 
Association one session of Section B (Chemistry) was 
dovotod to a symposium ontitlod “The Chemistry of 
Ciotlung” 


* Baaed on the follcrwina four pa peri presented »t tho \ork meeting 
of tho BriUih Anodatlon for l he Advancement of Science 

•'Phyilml Aipccti Of dothlni for Com tort by Mr T\ H Ree* 
(BrltUh Cotton lodtutry Rdcwch Auoelatlon) 

“The Chemical Treatment or Apparel Fabric*” by Prof C B 
Whevell (proferaor of textile technology UnlvenUy of Reed*) 
“Recent Adrancc* In the Application of Cellnlotle Man-Mode Fibre* 
to OltRhloc** by Dr II A, Thomu TMewra Conrtankli Ltd.) 

“Tho U*o of Synthetic Hydrophobic Fibre* In Ctothlnc" br Ur 
A B ni£nnp*on (Me**rs. Imperial Chemical Indttttrle* Ltd. Fibre* 
Dlviilon) 


The scope of tho symposium was rather wider than 
its titlo implied for much of tlio work which has 
boon carriod out in more accurately described as 
applied physics Tlio principles on whioli tlio comfort 
and usefulness of clothing are based wore discussed 
by Mr W H. Rocs of tho British Cotton Industry 
Research Association. Ho pointed out that In cold 
climates clothing acts as an insulator, thereby roduc 
ing heat lost from tho body to a lovol which can bo 
counterbalanced by body metabolism Since textilo 
fibree are better conductors than air tho greater tho 
amount of air entrapped by a fabric tho more offecth o 
will it bo as an insulator Boos indicated that onlj 
alwmt 0 per cent of tho volumo of a blankot is occupied 
by fibres, tlio romamdor being air In more compact 
structures this \ olumo of air is reduced, but in most 


apparel fabrics it is of the order of two- thirds It is 
Important that the entrapped air should bo undts 
turbed and, consequently, apparel fabrics for use In 
windy w oathor should bo constructed go that tho 
wind is kept out Again, if the air m tho fabric is 
roplocod by water, as in heavy ram, tho efficiency of 
tho fabno os an insulator will fab According fo 
Rocs thoroforo, clothing to bo womin rntTrinV 
conditions should cornpr*. ‘ n udndproof wntcrpmnf 
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and vapour permeable outei garment and an ample 
supply of inner garments having a largo air content” 

Body heat is also lost by radiation in the far mfra- 
led region All toxtdes, whatever their colour, are 
virtually black bodies, with high emissivities, at least 
ten times as great as that of a metallic surface To 
minimize radiation losses garments havo, therefore, 
been lined -with aluminium foil The heat loss is 
markedly reduced, but if the layer of foil is con- 
tinuous/the fabric becomes harsh and unsatisfactory 
and is impermeable to water vapour By an in- 
genious method of perforating the film, lion over, it 
has been possible to produce in the laboratories of 
the British Cotton Industrv Research Association a 
fabric which has the usual toxtilo pioportios but which 
is extremely effective in cutting down losses bj 
radiation 

In hot climates clothing must reflect away solai 
radiation and assist m keeping the body cool by the 
evaporation of sweat Reflexion of radiation is 
clearly determined partly by tho colour of the 
fabric, lighter coloured materials bemg tho more 
effective A white fabric will reflect away two-tlurds 
of the incident radiation and a black one only about 
one-tenth Mr Rees has also examined tho reflecting 
power of cotton fabrics dyed tho same colour but 
with different types of dyes, and has found consider- 
able differences m the infra-red This indicates that 
although the reflecting powei for radiations m tho 
\ lsible region are tho same for all tho fabrics, thoso in 
the infra-red are different The chemical constitution 
of the dye is, therefore, important in determining 
the reflecting power of dyed fabrics As would lie 
expected, fabrics coated wntli aluminium foil are 
excellent reflectors, and if they aro produced by the 
British Cotton Industry Research Association tech- 
nique their textile properties are not impaired In 
addition to being good reflectors, hot weather garments 
should also assist m tho evaporation of swoat, and 
those worn next to tho skin should, thorofore, be 
absorbent and of open structure 

Modem clothing must lia\e many characteristics 
other than that of bemg comfortable to wear It 
must be cesthetically satisfying and must often havo 
specific properties such as bemg fireproof, lustrous, 
mothproof or waterproof In addition it must 
retain its appearance and essential properties durmg 
wear and after being washed or dry-cleaned Tho 
necessity for garments to retain thoir essential 
properties throughout their life is becoming increas- 
ingly important and was stressed so\ oial times during 
the symposium 

Although some garments are mado from skins, 
leather, felt and plastics, most are made from knitted, 
woven or bonded textiles Fabrics available to tho 
clothing manufacturer may contain both natural 
and man-made fibres Garment manufacturing has 
been, however, largely based on natural fibre fabrics, 
but with the advent of man-made fibres, the resources 
of the clothing designer have been greatly increased, 
for there is an ever growing production of now fibres 
and fabucs with interesting and novol characteristics 
It was clearly not possible to discuss in the symposium 
new developments m all typos of synthetic fibres 
and attention was concentrated upon specific fibre 
types It must be stressed, however, that progress 
m the production of other fibres, for example, tho 
acrylics, the polyolefines, and those based on fully 
acetylated cellulose, has been equally rapid Tho 
development of man-made fibres has made possible 
the production of fabrics and garments with per- 
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formanco ehai act eristics formerly considered to be 
unattainable Of particular importance has beon the 
production of fabrics w'hich are light m weight but 
yet aro strong and durablo, and of fabi ics which nro 
easily washod and do not require ironing to restore 
their attractive appearance Thoso developments 
lia\o, of course, stimulated research in tho treatment 
and modification of fabrics mado from natural fibres 
so that these materials also can be given some of tho 
attractive characteristics of fabrics made from the 
now'or fibres 

Tho mnn-mado fibres can bo di\idod into two 
groups — thoso which absorb considerable amountR of 
moisture, for oxamplo, viscose ra\ on, and thore 
which do not, such as ‘Terylene’ and nylon 

Older forms of viscose raj on had soveral defects 
but now a wide inngc of improved regenerated 
colluloso fibres can be obtained It is woll known 
that fibres made by tho mscoso piocess hare a 
‘skin and core’ structure Tho rntio botwocn the 
amounts of skin and core mn\ , however, bo altered 
by controlling tho conditions of xantliation and 
coagulation, and other dcsirablo properties can bo 
gi\on to tho filaments by stretching them im 
medmtelj after tlic> hn\o been formod Some of 
tho nowei products obtained b\ such techniques 
ha\e extreinolj interesting properties For example, 
fibres composed entirely of ‘skin’ nro exceptional!! 
tough and resistant to abrasion wet or dry bemg 
stronger than cotton wlion wet Filaments which are 
all core aro obtmned b\ spinning into a solution of 
ammonium sulpliato and stretching tho filaments be 
50-100 per cent Tlieso filaments aro characterized 
by high strength and low extensibility when wet and 
are useful for making fabrics which do not shrink 
or stretch when they nro washed Moreorer, In 
adjusting tho spinning conditions so that ono side 
of tho fibre lias a thick skin and tho other a tlnn skm, 
asymmotric fibres aro obtamod Bccnuso of the 
different swelling properties of tho two sides, tlieso 
fibres are crimped, and oven if tho ciimp is pulled 
out durmg processing it wall reappear on after 
wards wotting the fibre Provided that appropriate 
stable pigmonts can bo ground sufficiently finch 
to prevent blocking the holes in tho spinneret 1 * 
‘spun dved’ fibres can bo produced by almost any 
spinning procoss bj incorporating tho pigment m tho 
dope boforo it. is extruded Tho spun-dyed viscose 
rayons havo boon found to havo somo unexpected 
properties, for not onlv are tho colours lory fast to 
ropoated washing and to exposure to bright sunlight, 
but tho dispersed pigments also protect tho fibre from 
photodogradation and deterioration in industrial 
ntmosphei es 

Tho introduction of tho liydi opholnc apparel fibres 
was a great stop forvnid m toxtilo scionco and 
teclmology As Mr A B Thompson pointed out, 
a good toxtilo fibre must bo soft without bomg too 
oxtonsiblo, that is to say, it. must bo intermediate 
between a glass and a rubbor It must bo olastic 
rathor than plastic, although a plastic state is needed 
to ensure a satisfactory rosponso to ironing and 
pressing w'hich are essential in gnrmont making, and 
often foi the subsequent caro of npparol fabrics 
Natural fibres meet tho latter requirements because 
they can bo mado plastic by application of hoat and 
moisture Tho hydrophobic fibres are much less 
affected by moisture and consequently retain thou 
elasticity during uso, and to achiovo tho plastic stato 
heat is nocossary In gonoral, therefore, tho elastic 
state requnod in use and the plastic state needed for 
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ironing etc , are quite distinct This separation of ‘drip dry and minimum care fabrics, the permanent 
the semi flexi bio elastfc state required in use from the pleating of wool fabrics method* for obtaining 
more flexible plastic state needed for shaping and textile fabrics which do not shrink or expand when 
pressing onablos garmonts made from the hydro they are washed and the production of fabric* 
phobic fibres to retain their smart appearance during which are permanently mothproof, fireproof and 
wear and to bo pressed or creased permanent!} when waterproof 

required The four papers presented at tho symposium formed 

Each natural or man made fibre has its own olmrac a useful indication of so mo of the important trends 
t eristics Man} apparel fabrics are therefore made m the production of better apparel fabric* and gar 
from blonds of different fibres tho blend being selected ment* The craft of the tailor and tho doth designer 
so that advantage is taken of the desirable properties is now being supplemented b} the skill and resources 
of each of the components Of particular significance of tho scientist This combined approach to the 
is the blending of hjdrophobio and h}droplulic problem* associated with clothing is comparatively 
fibres to produco fabrics which are light, durable, and new but tho success wluch has eo far boon achieved 
easily cared for, but vet comfortablo to wear is ample proof of the valuo of the collaboration. The 

•\1 most all fabrics are improved by suitable chemical opportunities for research and development in this 
treatment Tho changes brought about must field aro indeed exciting Perhaps a future mooting 
how ever, be *permanent Processes of thi* typo wore of the British Association will bo the occasion 
discussed by Prof C S Wherwell, empliasi* being laid on wliioh the results and achievements will bo 
on developments m the production of creaso resistant, discussed C S Wiibwell 


RESEARCH IN THE ANTARCTIC DURING I960 

British Programme ^d also to obtain samples from deep within the ice 

Srnoo there can be no dilution by other sedirnontarv 

T HE Falkland Islands Dependencies Sur\ 0 } materials it ma> prove possible to determine a rate 
maintains a number of permanent scientific of deposition for this cosmic material 
stations within tho Falkland Islands Dependencies Tho otlior bases extend from South Georgia where 
sector of tho Antarctic Many of these have been in there is a purely meteorological station tlirougli the 
continuous occupation since 1944 During the Inter South Orknevs and tho South Shot lamia along tho 
national Geophysical Year the} played their part coast of Graham Land to about lat 08° S All are 
with the stations of other nations in tho general manned throughout the year, the number of men 
co ordmated plan At the end of 1958 the Royal varying botween five and oightoen During the 
Society Btation at Halloy Bay wo* handed o\er to summer, work is to bo earned out from tho ships 
the Survey and will continue to work like that of operating in tho area Those will be RJt S John 
the other stations of the Falkland Islands Dopen Bxscot R.R S Shaclleion H M 8 Protector and 

denotes Survey, into the indefinite future the Danish vessel Kxeta Don chartered for tho 

The mam geophysical stations are at tho Argentine season 
Islands and Halley Baj , the two being separated by John Bxncot will lie committed almost entirely to 
about 1,000 miles At both, daily uppor air soundings relief and ro storing the bosos but it is hoped to 
will continue, os will the surface meteorological work operate a wave- roc order on board to invoetlgato tho 
which is common to all bases excopt Port Lockroy damping effect of pack ico This is not only of 
Fluxplatce and solorlmotors will bo in use for the academic interest but will also bo valuable when 
study of radiation balance, and both stations will forecasting tho break up of tho sea ico All bases 
continuo ozone observations using tho Dobson maintain constant sea ice observations which nlroad} 
spectrophotometer provide a background upon which seasonal prob 

The lonosphcrio work at Port Lockroy only 40 abiht} charts are being built up If tho protect t\o 
nuloa from the Argentine Islands, will contmuo in effect of largo areas of drifting paok can bo assess 
operation as will the recording of whistlers which oil, ice forocasts for shipping will bo matoriall} 
forms a part of tho programmo initiated from Dart- assisted 

mouth College, Now Hampshire Shaclleion will bo extending hydrographic sur\ oys 

At Halloy Bay the lonosphonc equipment was not along tho west coast of Graham Land and around 
in use last year but is to bo brought into commission the South Shotlnnd Islands In addition, she has 
again for 1000 On tho other hand it has been been, fittod to tow a proton resonance magnetometer 
decided to abandon tho soismological work thcro so that investigation of tho Scotia Arc can bo begun 
but to contmuo using tho Wfllmore short period This work will tio up with the magnetic traverses 
seismograplis at tho Argontino Islands already m progress from Hope Bay m tho Tnnt} 

Because of tho geomagnetic latitudes or tho Peninsula area A Worden gray i mo tor wdll also bo 
stations of tho Falkland Islands Dependencies earned and put ashore for pm\itv observations at ns 
Survo}, \ery fow auroral displays are observed mam points as possible 

oxcopt at Hallo} Ba\ Thcro an all sky camera will H.M.S Protector carries hoheopters and theso will 
contmuo in operation and other studies includo a bo used to extend tho tollurometer sune> where 
smalt glnciological programme observations of sea tho landing of men and mstnimonts cannot Iw made 
ico crowth and of the measurements of marmo in am other wa} , „ . A . 

oinronlB Tho task of tho K,,<a J*» - »«£«£Sh tad 

In tho coming }oor on attempt will be made to southernmost base on Stonington JV4(J 
recover cosmic spherules falling on tho ico sheet, to be ovacuatod last year because 
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ditions She •will be carrying two aircraft -which can 
be used for the transport of men and material, but 
if the ship is hold up by bad ice conditions thou- first 
task will be to re-supply the base Then reconnais- 
sance flights are to be made southward to select a 
site for a Bold hut which will bo flown m at the end 
of the season Both aircraft -will winter at tho baso 
and can therefore support field parties makmg topo- 
graphical and geological surveys in tho romotor 
regions during the eaily part of tho 1960-61 season 
Tho Beaver aircraft is fitted with a Williamson 
vertical camera so that photograpluc cover can bo 
obtamed over the more inaccossiblo areas 

Geological and topographic surveys will also con- 
tinue from a number of other stations and, m addition 
to the glaciological programme at Halley Bay, 
glaciologists will bo workmg from Hopo Bay, 
Admiralty Bay and King Georgo Island 

In the coming yoar biological work will linvo less 
emphasis than in some years, but tho markmg and 
population counts of fur seals and olophant seals will 
continue A small project concerned with soil ocology 
is to begin at Signy Island Also at Halley Bay, 
where there is a rookery of 10,000 omporor penguins, 
a biologist has been appointed to continue the study 
of the species In particular, an examination of tho 
endocrinology of the bird and a furtlior collection of 
embryological material will bo mado 

In each southern surnmor, ico conditions aio 
different, and it is this which often hinders tho 
planned programme Last yoar was a bad year , 
this year we hopo for hotter things, but in any ovont 
it is certain that the only way to succocd is to keep 
up the pressure and be roady to take advantage of 
any relaxation which Nature may afford 

Vivian Fuchs 


NEWS an 

The Third Russian Space Rocket 

A multi-stage space rocket was launched m tho 
USSR at about 02h u t on Octobor 4 Whon the 
last stage, weighing 1,553 kgm (3,424 lb ) without 
fuel, had reached a speed slightly loss than escapo 
speed from the Earth, an lnstrumontod vohiclo 
weighing 278 5 kgm (G14 lb ) separated from it 
This vehicle entered an elongated elliptic orbit which 
took it into the vicinity of the Moon Its nearest 
approach to the Moon occurred at 14h lGm u t on 
October 6, whon it was about 7,000 km (4,300 miles) 
from the surface of tho Moon, at selenographic longi- 
tude 137° W and latitude 12° S After loaving tho 
vicinity of the Moon, the vohiclo entoiod a now 
elliptic orbit about the Earth, with an apogee distanco 
of 470,000 km (292,000 miles) from the surface of 
the Earth, attained at about OOh u t on Octobor 11, 
and a perigee distance of 40,000 km (25,000 miles), 
attained at about 17h u t on October 18 The orbit 
is inclined at about 75° to the Earth’s equator and 
the period of revolution is about 15 4 days The 
vehicle has been designated Earth-satellite 1959 0 
The orbit of the spent rocket is not known Tho 
instrumented vohicle, which the Russians havo 
referred to as an “automatic interplanetary station”, 
carried apparatus to photograph the part of the 
Moon which is never seen from the Earth, and also 


American Programme 

A statement roloasod by tho National Scionco 
Foundation gives details of grants for scientific 
invostigal ions oithor m or associated with Antarctic 
rogions Logistic support will again bo tho rospons 
lbility of a U S Navy support force under Roar 
Admiral David M Tyroo, who has rocontly taken 
over from Roar Admiral Georgo J Dufok Tho 
grants total 3,170,069 dollars, of which approximately 
ono-third goes to support tho motcorological pro 
grommo and ono quarter to glaciological projects 
Groator emphasis than formerly is placed on geology, 
cartography and biology, which is in accord with 
tho recommendations of tho Special Committeo on 
Antarctic Research of tho International Council of 
Sciontific Unions 

Among new projocts montionod nro a United 
States sciontific expedition to tho Bolhnghnuson Soa 
which will include specialists m biology, geology, 
cartography and oceanography 

Tho International Geophysical Yoar pattern of 
over snow trovorso operations will bo contmuod in 
Mario Byrd Land and Victoria Land Biological 
investigations on tho ecology of tho Ross Soa aroa 
and on land invortobrates of tho McMurdo Sound 
and Hnllott arons will ho holjiod by tho rocontly estab- 
lished U S Antarctic Biological Rosenrcli Laboratory 
at McMurdo 

Tho investigations will ho spread over sovon 
Antarctic stations of which throo aro fully and ono 
jointly under tho direction of tho United States 
Co-oporation with otlior countnos in thoso investi- 
gations m both sciontific and logistic eplioros has 
boon a notablo feature of the U S Antarctic effort, 
and this apponrs likolv to continuo 


d VIEWS 

apparently performed otlior scientific experiments, 
of which dotails liavo not yot boon given Tho vohiclo 
had radio transmitters ojiorating on 39 980 Me /s 
and 183 0 Me /s , tho powor boing supplied partly b\ 
chemical and partly by solai battorios 

Research Association of British Paint, Colour and 
Varnish Manufacturers Dr L, A Jordan, C B E 

Dr Louis Arnold Jordan, tho founder-director 
of tho Research Association of British Pamt, Colour 
and Varnish Manufacturers, has relinquished his 
appointment after thirty-three yoars Tho Pamt 
Research Station at Toddington, at present boing 
further oxtondod, stands in testimony to lus aclnovo 
mont Educated at Alderman Nowton’s Grooncoat 
Foundation School, Leicester, ho proceeded ns a Royal 
scholar m 1910 to tho Royal Collogo of Scionco, where 
ho was Tyndall prizo-man m physics and Frank 
Hatton prize-man m chomislry Ho rocoivod tlio 
D Sc (London) in 1921 During tho First World 
War ho was concerned with oxplosivos, and cortein 
‘gas’ probloms , thence to Boots Pure Drug Co , 
Ltd , and later to the British Xylonite Co , Ltd , to 
start an investigation whioh resulted in tho estab 
li8hmont of the British synthotic camphor industry 
From 1923 until tho establishment of tho Paint 
Research Association m 1926 ho was scientific advisor 
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to tho State of Bhopal, Central India Ho returned 
to India m 1956 at tho invitation of tho Government 
of India to inquire into matters touching the develop 
mont of the lac industries In fact, ho is widely 
travelled (another recent journey having been to 
Brazil to advise on organized research m paint and 
related matters) and is well known internationally, 
for example, tlirough his work for the Organic 
Coatings Division of tho Applied Chemistry Section 
of tho International Union of Pur© and Applied 

Chemistry 

Hr Jordan has given extensive service to the 
Oil and Colour Chemists Association (ho was president 
during 1047-AQ) and to numerous other scientific! 
and technical organizations He was chairman 
of the council of tho Society of Chemical Industry 
during 1052-63 and medallist of the Society in 1063 
As one of the Jubilee Memorial lecturers of tho 
Society (1944) ho chose as lus Bubjeot “Paint tho 
Art and Sclonoe”, reflecting his interest in the artistic 
as well as in the industrial and scientific aspects of 
paint and pamtmg, on interest culminating m 1958 
in lus appointment as professor of chemistry at the 
Royal Acadomy of Arts His work for technical 
education stands high in achievement and personal 
satisfaction Ho has for long boon chairman of the 
City and Guilds Advisory Committeo on Paint Toch 
nology and his period as a Surrey county councillor 
(194&-58) provided opportunities for contributions m 
a wider field of technical studios Ho is now chairman 
of the governors of tho Kingston Technical College a 
govornor of the Brunei College of Technology and a 
member of the Regional Advisory Council for Toch 
nological Education for London and tho Home 
Counties Region. He has recontly boon appointed to 
the senate of the University of London 

Botany at Hull Prof R D’O Good 

Prof Ronald Good, who has retired from the 
chair of botany In tho University of Hull was head 
of the Department of Botany from tho foundation 
of tho University College in 1028 After serving m 
the First World War, followed by a brilliant ponod at 
Downing College, Cambridge ho held an appointment 
at tho British Museum (Natural History) At Hull he 
had much to do v. ith the organization and oqulpmont of 
hfs department as wall aa teaching but ho lias nl*o 
boon active as a roaearchor and writer His book on 
tho “Goography of tho Flowering Plants” lias had a 
wide circulation and is regarded as ono of tho chiof 
works on the subjoct while his “Handbook of tho 
Dorset Flora” ib an outstanding ecological study 

Prof N F Robertson 

Dr N F Rodertbon, who lias succeeded Prof 
Good lias boon on the staff of tho Cambridge. Botany 
School since 1048 His interest in mycology was 
first aroused by Hr Malcolm \\ Hson at the University 
of Edinburgh After graduating thero in 1944, Hr 
Robertson was appointed a Colonial Ofllce proba 
tiemor and studied at tho University of Cambridge, 
at Rothamstod Experimental Station and m tho 
Unitod States before proceed mg to tho West African 
Cacao Roeoorch Institute at Tafo late in 1946 Ho 
worked there, in collaboration w ith Hr A. F Posuotte, 
on insect transmission of tho swollen shoot dwoose 
Dr RobortfiOn a first research problem at Cambridge 
was concerned with mycorThizal infection of the Soots 
pino, and ho mndo a notablo contribution to tho 
subject bj showing that tho boliav lour of tho mycor 


rhizal fungus was closely related to that of tho 
specialized root dlseaso fungi affocting troo crops 
Moro recently, Dr Robertson has turned his attention 
to tho physiology of fungal branch systems in culture 
and has made what may eventually prove to bo tho 
first experimental approach to tho morphogenesis of 
asexual spore production. With his research students 
Hr Robertson has explored a much wider field, 
ranging from tho physiology and genetics of tho 
Fusana m laboratory experiments to the behaviour 
of Fusarium wilt diseases and potato blight in tho 
field The University of Hull is doubly fortunate 
m 80 cunng Dr Robertson as professor of botany, 
because ho lias distinguished himself at Cambridge 
not only by his research hut also as a teacher, and 
by the full sliaro he has taken in other duties in the 
Department of Botany, where he will bo greatly 
missed 


The World Veterinary Association 

Prof W I B Beveridge 

At the recent International Veterinary Congress m 
Madrid a World Veterinary Association was estab 
lishetL The mam purposes of tho Association are to 
unify tho veterinary profession throughout the world 
by providing a central link for national veterinary 
associations and tho exchange of information on 
matters of vetorinary interest Tho organs of tho 
Association are tho congress and tho permanent 
committeo 

Prof W I B Bovondge, professor of animal 
pathology, University of Cambridge lias boon elected 
president of the Permanent Committeo of tho nowh 
founded World Veterinary Association He luis had 
a distinguished career as a \etonnanon who gu\o 
outstanding service to his profession in Australia and 
m the Urntod Kingdom. Alter graduating at tho Um 
vers it) of Sydno) , he was a member of the research 
staff of tho McMaster Animal Health leborotorv 
in Sydney during 1931-41 During two -soars of 
that time he was the holder of a Commonwealth 
Fund Fellowship at tho Rockefeller Instituto Prince 
ton, and tho Bureau of Animal Industry, Washington 
From 1941 until Ids Appoint mont as professor of 
animal pathology m Cambndgo ho worked at tho 
Walter and Eliza Hall Institute m Melbourne 
Together with Sir Macfnrlano Burnet ho worked on 
-viral diseases in man and published several out 
standing papers concerning cult iv at ion of \ buses In 
Cambridge Prof Bovondge *s researches nro mainly 
concerned with viral diseases of respirator) systems 
in annuals Unfortunately his scientific work there 
was very much interrupted by administrative duties 
associated with tho establishment of tho now 
Veterinary School which was opened by H M the 
Queen and the Duko of Edinburgh in October 1065 
He is tho author of tho book, “Tho Art of Scientific 
Investigation” Both on account of his outstanding 
reputation and lus interest in international com pom 
turn, ho will bo a most welcome president of tho 
newly founded World Vo ter inn ry Association 


Amendments to the U S Atomic Energy Act 
In a report by tho Unitod States Atomic Energy 
Commission (Tho Indemnification of Atomic Energy 
Aotivitic* and Operations of Advisory Committee on 
Reactor Safeguards, 1958-69 Report of tlio Joint 
Committeo on Atomic Energy on Operations tm or 
Section 170 of tho Atomic Ennrgj Act of 
Amnnded Pp >11+7* U«Mn»ton DC. Dni.rx. 
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States Atomic Energy Commission, 1959), details aro 
given of the proposed regulations approving tlio form 
of nuclear energy liability insurance policies and 
Commission indemnity agreements Amendments to 
the indemnity proposals of the Atomic Energy Act, 
1954, which it is proposed to submit to Congross, 
oxclude liability for damage to property located at 
the site of, or used in connexion with, tlio hconsod 
activity, and would autlioiize tlio Commission to fill 
a gap for a sufficient period of tune in w'lnch to give 
the licensee reasonable opportunity to fiunish the 
required protection The Commission is also studying 
the possible gaps resulting from the ‘common occur- 
rence’ provision, and has entered into a contract for 
a study of criticalitv hazards as part of its con- 
tinuing study of the problom of extending indemnity 
to materials licensees As regards foreign liability 
problems, the efforts of the Commission hare boon 
directed primarily to encouragement and support of 
the efforts of other governments to enact then own 
legislation and offect international arrangements 

Scientific Staff in New Zealand 

During the past twelve months six officois of the 
Ruakura Animal Research .Station in Now Zealand 
have rosigned to accept posts in Australia All have 
received an mcrease of salary of £A500 to £A 1,000 on 
taking up their now posts The maxima attachod to 
their new position in Australia is, in all cases about 
twice that offered for the positions tlioy vacated in 
New Zealand Anothor 25 indiv lduals have rcsignod 
from Government laboratories or science departments 
of New Zealand universities duung the past threo 
years to accept overseas posts, mainly in Australia 
This figure does not mcludo graduates in scionco who 
have gone overseas for advancod training 

Both Government departments and tho imivorsitics 
expenenco great difficulty in i oplacing tho losses of 
scientific staff W'lth persons of tho desired quality 
The Sod Bureau of the Department of Scientific and 
Industrial Research has been seeking pedologists for 
some time without success, and advertisements foi 
mycologists, entomologists, mathematicians and 
physiologists have failod to attract any applicants or 
applicants of tho desired qualifications and cahbro 
Whoreas five years ago there wore usually a number 
of highly qualified applicants for each vacancy from 
which selection could bo made, tho position has 
changed so that to day only one or two such appli- 
cants and sometimes none at all apply foi advertised 
positions 

Scientific Research in British Universities 

“Scientific Research in British Universities, 
1958-59”, based, as m previous years, on material 
collected by the British Council from heads of 
departments of tho universities, who aio alone 
responsible for the entries, now luns to 440 pages 
(pp xu +440 London H M Stationery Office, 
1969 25s net) These brief notes on scientific 

research m progiess dining tho 1968-59 session 
indicate the nature of the projects in sufficient detail 
to show the scope of tho research Entries aro 
arranged m alphabetical order of university or 
university college, and under each institution tlio 
arrangement is alphabetically by subject Tho head 
of the department is named, with those permanent 
members of staff actually engagod m supervising 
research Tlieie are alphabetical name and subject 
mdexes 


Registration of Scientific and Technical Persons, 1958 

Fiiesh and ronowed logmt rations for all professional 
classes covorod by tho Technical and Scientific 
Register of tlio Ministry of Labour, with tho o\cop 
tion of mathematicians and physicists, steadily m 
creased during 1958, according to tho Ministry's 
annual roport At tho end of Decombor, registrations, 
including thoso Booking a chnngo as woil os those 
employ'd!, wore 29 por cent lnghor than in Docomber 
1957, a significant part of tho mcrcaso comprising 
registrations of men in tho middle ago gioups seeking 
bottor positions before ago restricted thoir prospocts 
and from ox-regulai members of tho Forces who had 
retired or anticipated premature retirement At 
Decombor 8, 1958, of 4,550 on t lie legist or, compared 
with 3,538 in 1957, 1,320 wore unemployed Pro 
mature retirements from tho Serv ices reached a poak 
during tho y ear, but tho Regular Forces Resettlement 
Son ico, sot up by tho Ministry, received encouraging 
support fiom industry and cominorco, and thorowns 
no significant increase at tho end of the y oar m the 
number of such applicants unemployed Tho roport 
also directs attention to tho establishment in Julv 
1958 bv the British Employers’ Confederation, the 
Tiados Union Congress and tho boards of tho nation- 
alized industries, of tho Industrial Training Council 
in accordance with tho recommendation of the 
Carr Committee This Council has undertaken ns 
its first task tho encouragomont of industry' generally 
to tako advantage of tho opportunities providod by 
tho ‘bulge’ of school leavers to oxpnnd apprentice 
ship schemes and othei forms of training Thirty-two 
appointments were made to tho gonoral factor! 
inspectorate, and with five applicants awaiting 
appomtmont, tho nuinboi of vacancies at the end of 
tho year was nmo Fivo additional appointments w ore 
tnndo to the Engmeei ing and Chemical Branches of 
tho inspectorate On the advice of the National 
Advisory Committco on tho Employment of Older 
Men and Woinon, tho Ministry is discussing with the 
Department of Scientific and Industrial Roseaich nnd 
tho Modioal Rosonrch Council arrangements to onsure 
co operation between tho Ministry', industry nnd 
rescnicli organizations and to stimulate research into 
problems of omplovment of oldoi woikers 

Rubber Research 

The twenty-second “Annual Roport on tho Pro 
gross of Rubboi Toehnologv” covers tho progress of 
rubbor technology' during the y r oar 1958 (edited bv 
Dr T J Drakoloy' Pp ix + 125+xn Cambridge 
W Hoffei nnd Sons, Ltd , 1959 Pubhshod for the 
Institution of tho Rubbor Industry') Tlio roport 
contains twonty -three sections, by different con 
tubutors, covering nil aspects of tlio technology' of 
rubbor-hko materials, both natural and sy'nthotic, 
ranging fiom surgical goods to the uso of mbbor m 
roads The report also includes sections on historical 
and oconomic nspocts, planting and production of 
natural lubboi, fibres and fabrics used in conjunction 
with rubboi, compounding ingredients and, for tho 
first timo, a soparnte section on tho manufacture of 
synthotic rubbers Tho introduction of this lattei 
section is timoly' sinco 1958 saw tho opening in Italy', 
Germany and the United Kingdom of tho first major 
European plants for tho production of gonoral-pm poso 
sy'nthotic rubbor Synthotic olastomors aro now' 
firmly established as a laigo and important part of 
the rubber industry' Already approximately' 06 poi 
cont of Amoncan now-iubbor consumption consists 
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of synthetics the corresponding figure for the rest 
of the world (excluding Communist countries) is 
2fi per cent but thtg is likely to increase with the 
opening of the now plants The yoar doe* not appear 
to have produced any outstanding new technical 
de\ olopments but rather a steady improvement of 
materials and techniques The report contains more 
than one thousand references to sciontifto and toch 
meal publications, although, as is inevitable in a 
work of this land, there is some overlapping from 
section to section 

Aerial Photographic Exhibition of Quarries and 
Mines 

A special exhibition of aerial photographs of 
quarries and mines opened at the Geological Museum 
Uxlubition Road London, 8 W 7, on October 16 
Admission is free The exhibition will remain open 
for sev oral months The photographs show past and 
present surfaco aspects and effects of quarrying and 
mnung in the United Kingdom and illustrate the 
great % arloty of useful rocks and minerals found m 
Britain All iho photograplis are from the Cambridge 
Uruvoreit} Collection, an extensivo library of air 
photographs spooiallv selected to meet needs of 
teaching and research They hnve been taken during 
recent years b} Ur T KL. S St Josopli, curator m 
aerial photography at Cambridge from aircraft of 
the Royal Air Force on training flights 

Petroleum Industry In Great Britain 

Titr Potroleum Information Bureau lias published 
undor tho title ‘UK Potroleum Industry Statistics 
relattng to Consumption and Rofinerv Production 
1057 and 1958” (Pp 10 London Petroleum 
Information Bureau, 1060) figures covering all 
pctroloum products, whothor imported or from 
indigenous sources, as well as substitutes such as 
benzole and hydrogenated Bpirits Rofinery produo 
tion figures do not count further treatment of flnishod 
products for special grades The figures relato to 
1057 and 1068 in whioli deliveries and consumption 
of petroleum products totalled 24,784,586 tons and 
31,066,020 tons respectively 

New Journal of Gfais Technology 

More and more problems in tho physics and 
chemistry of glasses aro Ixnng investigated in Jabom 
tones all over tho world At present tho results are 
publmhod m rnonj non specialized journals and tho 
time lias corao to provide a \ elude for these papers 
Tho Sooietj of Glass Tochnologj has therefore decided 
tliat from lehruniy 1000 its Journal should bo pub 
hshed in two parts These will be called Glass Tech 
nology and Physics and Chemist nf of Glasses Both 
journals will contain papers abstracts communion 
turns to tho editor nnu hook reviews Arrangements 
aro bomg made with tho Abstracting Board of tho 
International Council of Scientific Unions to ensure 
that papers published in these new journals will be 
abstracted os vvidol} os possibto and also that the 
abstract soot ions will bo comprehensive Glass 
Technology will contain reports of applied science in 
tho glass industry , and subjects considered suitable 
include control of batch compositions corrosion 
of refractories , design operation and performance 
of furnaces methods of chemical and phj ideal 
testing , melting processes , statistical muilyBis of 
industrial oxpcruncntatioru In Physics and Chemistry 
of Glasses will be published report* of original studies 
of tho physics and chcmlstrj of glasses both expert 


mental and tlieorotical Possible subjects includo 
electrical properties , infra red absorption relora 
tion processes , thermodynamics of the glass} state ; 
viscosity , X raj diffraction. Copies of the Societj ’s 
notes for authors are available from Prof R W 
Douglas, Societv of Glass Toclmologj Thornton, 
Haliam Gate Road Sheffield 10 

Plant Nematology 

It is now recognized that eel worm diseases are 
among tho most important problems in plant health 
and there has been a rapid jncroaso m the study of 
plant parasitic nematodes in all countries where tho 
growing of plants has bocomo an organized industry 
Unfortunate]} , there is a ehortngo of trained specialists 
in nematology and of introductory literature on tho 
subject Tho Mimstrv of Agriculture’s new Technical 
Bulletin No 7 (Pp \ii + 175 + 12 plates London 
HJM Stationery Offico, I960 9s 6 d not) pro 
vides a genoral introduction and ia based on the 
lectures given at a speotal training courao held at tho 
National Agricultural Advisory Service regional 
hoedquartors, Bristol, m 1950 It also roviowa the 
more important nematodo problems in British 
agriculture and is in part designed as a companion 
volume to Technical Bulletin No 2 (Labomtor} 
Methods for Work wuth Plant and Soil Nematodes) 
Although primarily dosignod for noniatologists it 
should also bo of interest to agricultural ontomol 
ogists plant i>athologistR and others who havo to 
adv iso on oolworm problems ond also to studonts and 
teachors of zoolog} agriculture and parasitology It 
contains 21 articles b> research and ndvisorv workers, 
arranged in six mam sections covering tho general 
structure and classification of nomatodns tho more 
important genera, several practical and research 
probloms with evst forming oolworms, control and 
cultural studies 


Sea Fisheries Research In East Africa 
Tice annual report for 1958 of tho East African 
Marino Fishones Research Organization (pp 20 
Nairobi Government Printer 1969 4s ) is one 
that reflects great credit on tho small staff at 
Zanzibar Research on tho fish and fish stocks of 
tho Indian Ocean first at 'Mauritius and now at 
Zanzibar has boon the post-wnr concern of the 
director. Dr R H WhoeJor, and it is good to loam 
from lura that tho phase during which it lias 1>oon of 
first noeowut} to ldontifv spcLios is passing In Bplto 
of tho need to do BudomnUc work Dr Wheeler, 
operating from Mauritius with a small converted 
fishing vossol had nlroad} discovered a largo and 
potential!} rewarding line fialier} in tho neighbour 
hood of Bov el veil os Banks The samo veesol was 
transferred to Zanzibar, but during 1957 it was 
replaced by a large and more serviceable trawler 
tho Mamlnne Among otlior tasks assigned to 
Manthmc was floating long lino fishing for }ollow fin 
tuna and striped marlin Using seven miles of lino 
and two hundred and fiftv hooks on or below tho 
thermoclmo ot 50-70 fathoms, heav\ catches were 
made Those results are most encouraging for all 
those who wish to see tho Colonies, Dependencies 
ond emerging Commonwealth countries of Africa 
break into tho ocoanto resources of jiolngic fish now 
so largoly m tho hands of tho Japanese 


Translocation of Amino-Acids 

Tice translocation of carbon U lab* k JL w *J2& 
acids and amides In tho st< nv of }«i ,r vr 
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plants has been investigated by C D Nelson and 
P R Gorham ( Canadian J Bot , 37, 3, 431 (1959)) 
■with the following results In all, the translocation 
of each of seven amino-acids and three amides ■was 
measured for periods of 5 minutes or less after intro- 
duction through tho cut potiolo of a primary leaf 
The compounds used were asparagine, urea, glutamic 
acid, glutamine, glycino, norleucine, arginino, sormo, 
alanine and aspartic acid During the short times 
of these experiments it was found that each com- 
pound was translocated downwards as such The 
amount of carbon- 14 in the stem decreased logarith- 
mically from the pomt of introduction Each com- 
pound was translocated with unchanged velocity 
past a short section of stem killed with steam 
There was no translocation of aspartic acid tlirough 
a stem that had an entire mternode killed with steam 
Potassium cyanide (10 -: M) did not inhibit tho velo- 
city of translocation of any of tho compounds although 
the logarithmic pattern of distribution of arginino 
was altered Tho minimum volocitv of translocation 
was different for each compound and varied betweon 
350 cm per hr for asparagmo and 1400 cm per hr 
for aspartic acid Tlio authors havo also roportod on 
the physiological control of tho distribution of thoso 
substances ( Canadian J Bot , 37, 3, 430 (1959)) 
Prom the pomt of introduction, translocation of each 
ammo-acid or amido was mainly downward towards 
the root , very little was translocated upward 
Both excision of tho roots and chilling decreased 
tho \ olocity of downward translocation of aspartic 
acid, indicating that tho roots exert a strong ‘demand’ 
which favours translocation m a downward direc- 
tion more than an upward direction in tho stem 

Volcanic Activity on the Moon 
In a brief article, N A Kozyrev ( Pnroda , 3, 84 , 
1959) describes his observations of tho Moon since 
1955 and provides a critical examination of tho 
records of the Alphonse crater on November 3, 1958 
In his opinion the spectrographic evidenco suggests 
strongly that an eruption of volcanic ash did toko 
place on that date on the Moon This eruption was 
followed by tho emission of gases containing C, 
molecules. 

Astronomische Gesellschaft Star Catalogues 
Between 1808 and 1908 tho Astronomische Gesell- 
schaft organized the production of a catalogue of all 
the stars brighter than the ninth magnitude m tho 
northern sky A dozen observ atones shared in this 
work, the observations being made visually using 
meridian circles It was later decided to repeat tho 
whole programme photographically, and now observa- 
tions were obtained during tho yoars 1928-32 Tho 
Hamburg Observatory photographed the sky north 
of +20° decimation, the Bonn Observatory that from 
- L 20° to — 2° Observations of 14,000 roforonco stars 
were made at several observatories Tho measure- 
ment of the photographs and the reduction of tho 
measures have been m progress since 1932, and pub- 
lication of the results began m 1951 Tho results are 
contained in a fifteen-volume catalogue, and the last 
five volumes of this catalogue have recently been 
published The catalogue contains the positions of 
180,000 stars down to magnitude 11 5 No proper 
motions for the stars were deduced because it was 
nnpossible to free the earlier catalogues from system- 
atic errors The homogeneity of tho results of this 
large undertaking represents one of its most important 
features, and the catalogue is, and will remain, a 


landmark m positional astronomy Tho catalogue « 
known ns tho AOK2 

It has been decidod to repeat tho wholo catalogue 
with a moan epoch of about I960 18,000 secondary 

roforonco stars aro being observed at various observ a 
tones , tho photography is bomg porformod at 
Hamburg and 1,939 plates will bo roquirod It is 
hoped to havo positions and proper motions for all 
tho 180,000 stars by 19G5 Tins now' catalogue, tho 
AOIC3, will onablo astronomers to determine the 
systematic errors of old catalogues, connoct tho 
propor motions of tho bright stare with thoso of 
fainter stare measured rolntivo to tho oxtragalactic 
nebulae, and provide much data for geodetic purposes 

Courses In Chemical Engineering 

A new pamplilct, “Schcmo for a Full-time Course 
m Chemical Engineering” (pp 1G London Institu- 
tion of Chemical Engineers, 1959 2s ), is a roused 
version of tho “Schomo for a Degree Courso in 
Cliomical Engmoonng”, originally issued m 1944, and 
takes account of current developments in touching 
chemical engineering at technical collogos Tlio 
courso cov era tlireo yoars, and although in tho 
first two years most of tho time is spont on physical, 
organic and inorganic chemistry, tho physics of 
solids, electricity, and mathematics, fluid mechanics, 
hoat and mass tiansfor, tho design and construction 
of process plant, power thermodynamics and engin- 
eering drawing aro introduced at this stago and not 
loft until tho final year In this year tho courso 
comprises fluid and particle mechanics, hoat and 
mass transfer, separation processes, applied chemical 
thermodynamics and kinolics, fuels and combustion 
and design problems Practical oxperionco in works 
is rogardod os an ossontinl adjunct to tho courso, and 
tho economic aspect should bo introduced into lec 
tures on cliomical process principles in tlio first year 
Tho courso should not bo so rigid as to preclude 
transfer to chemical engineering m tho earlier years 
by students who havo commenced studies in a 
cognato faculty 

Talanta Medal 

The board of editors of Talanta announces a new 
awmd to bo known ns tho Talanta Medal Tho pub 
hshers, Pergamon Press, are providing tho funds for 
tlus Medal, which will havo a vnluo of 100 gumons 
and which will bo an arded for outstanding con 
tributions to analytical chemistry Tho Modal will 
not normally bo awarded moro frequently than onco 
a year, but no attempt will bo mndo to award it at 
any stated intervals Tlus award w ill bo either to 
analytical chemists who aro responsible for major 
developments m tho subject or to scientists whose 
work is judged to havo contributed m a substantial 
way to tho developments in tho fiold of analytical 
chemistry' Applications should bo sont to tho editors 
of Talanta, c/o Pergamon Press, 4—5 Fitzroy Square, 
London, W 1 

Perkin Centenary Trust 

The programme of awards for tho year 19G0-G1 
will mclude one Perkin Centenary' Fellowship, valued 
at not loss than £600 a year, which is availablo to & 
graduate for advanced studios, and two Porkin 
Centenary Scholarships at £300 a year, which aro 
intended to givo young persons employed in the 
industries concerned with tho manufacture or the 
application of colouring matters tho opportunity of 
full-time education at a university or technical 



no 4650 September 19, 1959 NATURE 


coilogo Applications arc invited for tho Porldn 
Tmat Travel Grants from teachers concerned in. tho 
ntiuh of any aspects of the manufacture or applica 
t imw of colouring matters at a university or technical 
college or other institute The purpose of the grants 
ik to enable teachers to make short visits to com 
puiablo institutions overseas to widen thoir oxperi 
< nee Tho secretary to the trustees is Dr J R 
Buck Kcone, to whom inquiries relating to awards 
should be addressod at tho Chemical Sociotj, 
Burlington House, London, W 1 

Harkness Fellowships of the Commonwealth Fund 
The awards bearing suico 1925 tho title Common 
wealth Fund Fellowships were renamod m I960 tho 
Harkness Fellowships of the Commonwealth Fund 
All Fellowships are tenable in tho United States and 
arc offorod, in separate series to candidates from the 
United Kingdom, Australia and Now Zealand and 
Western Europo Tho Fund, an American plulan 
tliropic foundation, boliovos that international under 
standing may ho promoted by opportunities for 
education and travel m the United States Thirty 
Fellowships nro offorod in 1000 to candidates from 
tho Umtod Kingdom who aro British subjects and 
aro either graduates or have exporienoo in govern 
ment service, tho professions, the creativo arts 
journalism, branches of business or Industry Forms 
of application, which must bo returned before 
December 1, can bo obtained from tho Warden, 
Harkness House, 38 Upper Brook Street, London, 
W 1 from whom further details can bo obtained 

British Institution of Radio Engineers Awards 
The Council of the British Institution of Radio 
Engineers lias announced the award of a numbor of 
premiums for outstanding papers published m the 
Institution s Journal during 1958 tho senior award 
tho Clerk Maxwell Premium, goes to Mr C TowoU 
and Mr D A Hondley {Docca Navigator Co Ltd ) 
for tho paper, "Doctxa : A Long Range Radio 
Na\ igntion Aid , Hoinrioh Hertz Premium to Mr 
K. Foster (Cossor Radar and Electronics Ltd ) for 
the paper, “Tho Characteristic Impodanco and Phase 
Velocity of High-C Triplate Line* for the third 
successive year tho Sir Louis Sterling Premium to 
Dr A van Wool (Philips, Eindhovon) for his paper, 
“Design of Detector Stages for Signals with Sym 
metrical or Asymmetrical Side bands ’ , Sir J 0 
Bose Premium to Dr B Romacliandra Kao Dr M 
Srirama Kao and Mr 0 Abhirama Roddy, from 
Andhra University, South India, for thoir paper 
entitled “Magneto ioiuo Fading in Pulsod Radio 
Waves reflected at Vortical Incidonco from the 
Ionosphere * , Brabaxon Premium to Prof D G 
Tucker, Dr V G Welsh} , Mr R Kendall and Mr 
D E N Pnvios for their associated papers ontitlod 
Electronic Sector Scanning*’ and “Radar Systems 
with Electronics Sector Scanning , and 'Marconi 
Premium to Dr Morton B Prince and Mr M Wolf, 
of Hoffman Electronics Inc , Evanston, Illinois 
U S.A , for thoir paper “Now Developments m 
Silicon Photo voltaic Devices’ 

Volume Fifty of the “Large Soviet Encyclopa^ila“ 
(“Bolshaya Sovletskaya Eruldopedlya”) 

This volume, part of a sot of fifty, could not bo 
Bold Boparatoly when it was originally issued. In 
1057, however, a special edition of 100,000 copies 
was printed which could bo sold soparetolj Thus 
this finely printed and bound volumo of 704 pages 


can be purchased in Britain for the sum of £2 
It contains summary articles or re nows of all 
aspects of tho Soviot Union and thus it is an in 
valuable reference book for anyone interested in 
this subject It is illustrated by a largo number 
of folding and text maps platos, text figures and 
tables Scientific workers will bo interested in the 
following chapters 3, geography, geology, olimato, 
soils, -\ogetablo and animal worlds of tho Soviet 
Union 4 population 5, history 9, economics , 
12, education 15 science Chapters which follow 
doal with literature arte and other subjects Chrono 
logical tables and a name rndox are placed nt the and 

Announcements 

Dr A J P Martin, of Elstreo Horte, Dr R L M 
Synge, of tho Rowott Research Institute, Bucksburn, 
Aberdeenshire and Dr A.T Jamoe of tho National 
Institute for Medical Rosoorch, Mill Hill have been 
awarded John Price Wetherill mod ala of tho Franklin 
Institute for thoir dovoloproont of gas-hquid (par 
tition) chromatography 

At tho sixth annual general meeting of tho Associa 
tion of Clinical Biochemists, held at tho Royal 
Collego of Surgeons London, on October 3 the 
following officers were elected President Dr 0 P 
Stewart Chairman , Dr A L Latnor Hon 
Treasurer Dr J H Wilkinson , Hon Secretary Dr 
A. L Tiimoky, Royal Berkshire Hospital Road mg 

A regional training course for laboratory tech 
melons sponsored joint!} by tho University Institute 
of Chemistry, Lahore, and tho Uneaco South Asia 
Science Co operation OfBco will bo held nt tho 
University Institute of Chemistry Lahore, Pakistan 
during November 23-Decombor 1 0 Inquires should 
be addressed to the Unosco South Asia Science 
Co-operation Office, 21 Curzon Road, Now Delhi 
India 

Ik a written answer in tho House of Commons on 
July 30, tho Chancellor of the Exchequer stated tlwl 
to assist tho Government in making a review of tho 
control of public expenditure ho was appointing a 
small group to mnko a fuH examination of the whoie 
problom, in consultation with all major departments, 
and to formulate proposals Lord Plowden would 
lake general ohnrgo of this work and besides sonior 
officials from departments, including tho Treasury, 
tlie group would includo two or throo persons from 
outside tho Government service 

Tim Chomicnl Sociot} lias announced tlint nppli 
cations for Rosoareh Fimd grants should be submitted 
not later than November 14 Further information 
con bo obtained from tho Gonorol Socrotar} , Chomicnl 
Sooiety, Burlington House, London W 1 

Tim Institute of P hymen is organizing a oonforonco 
during November 13-14 on “Structure Analysis and 
Experimental Techniques’ ’ The conference is to bo 
liold at the Institution of Civil Engineers, Croat 
George St root London S W 1 Further information 
can bo obtained from Dr P T Davies “Shell” 
Research, Ltd Thornton Rceoareh Centre, P O 
Box 1, Chester 

Erratum In tho communication ontitlod ‘Fro 
vontion of tho Onset of Sood Dormanc} by Gibborellic 
Acid” by Dr M Black and J M Naj lor in Nature 
of August 8, p 408, in tho legend to Fig 1 for *3 
replicates each comprising 50 embryos* read 
replicates each comprising 50 enryop^** 
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SCIENTISTS IN THE PUBLIC SERVICE IN BRITAIN 

SPECIAL PROMOTIONS 


F URTHER posts have been created in tho Civil 
Service as in previous years under provisions 
included in the White Paper on the Scientific Civil 
Service (Cmd 6679, 1945) to provido for tho pro 
motion of individual research -workers of exceptional 
merit The promotions wore offcctno from .July 1, 
and mcludo the following 

Deputy Chief Scientific Officer 

Dr J S Hey joined tho Army Operational 
Research Group m 1940, bocoming its head in 1949 
In 1952 he formed a rosearcli section of what is now 
the Royal Radar Establishment Both beforo and 
smce going to Mahem, ho made exceptional! - ! 
distinguished pioneering contributions to radio 
astronomy -which were tho basis for his D Sc His 
work for the Ministry of Supply has also mcluded 
important contributions on tho mechanism of electro- 
magnetic scatteiing and the ionization associated 
with discontinuities m hypersonic gas flows, all 
marked by originality and smiple eloganco m experi- 
mental technique He is a Follow of tho Physical 
Society and the Rojal Astronomical Society, lias 
served on the Councd of the latter and -w as this yoar 
awarded the Eddington Modal Ho serves on Com- 
missions of tho International Astronomical Union 

Dr H G Hopkins was at tho Royal Aircraft 
Establishment during the war yoars, working 
pnmardy on the theoiy of elastic stability and of 
stress distribution m aircraft structure In 1946 ho 
returned to academic teaching and rosoaich Ho joined 
the Armaments Research Development Establish- 
ment m 1964 and has been concomod with damage 
to structures, camouflet and crater formation in soils 
and dynamic studies in metal plasticity 

Mr D H Sadler is superintendent of H M. 
Nautical Almanac Office, the w ork of which is divided 
between the highest theoretical and numerical re- 
quirements of fundamental astronomy and celestial 
mechanics and the practical requirements of 
astronomical navigation It was largely duo to him 
that the Royal Air Forco had such excellent almanacs 
and tables during the Second World War Smco thon 
the provision for astronomical navigation, both at 
sea and in tho air, has boen much expanded and is 
now completely unified with that in the United 
States Mr Sadler has contributed much to tho 
theoretical side of navigation and has been awarded 
tho premier awards of both the British (Gold Medal, 
1957) and tho American (Tliurlow Award, 1948) 
Institutes of Navigation , he was president of tho 
British Institute during the period 1955-56 Ho is 
at present general secrotary of the International 
Astronomical Union, and he was secretary of tho 
Royal Astronomical Society during 1939-47 During 
the Second World War he also directed the com- 
putational side of the highly successful Aclmirultv 
Computing Service 

Senior Principal Scientific Officer 

Mr J M Craddock is serving in the assistant 
directorate of Dynamical Research in the Meteoro- 


logical Offico of tho An Mnustry and is ongaged on 
research into tho pioblom of long-rango weather 
forecasting 

Mr F <T Bradshaw, of tho Metallurgy Depart 
mont. Royal Aircraft Establishment, is a fortilo 
losonrcli woiker on tho physics of motals 

Mr A G Earl, of tho Guided Weapons Dopart- 
mont. Royal Aircraft Establishment, is a rosoarcli 
ongmecr who lias studied tho fuol system and control 
systems of guidod missiles 

Dr II Kolsky, of tho Armnmont Rosoarcli and 
Dovolopmont Establishment, after a distinguished 
outsido caroor dovoted mainly to tho mechanics of 
solids, lias recently joined Dr Hopkins nt Fort 
Hnlfitoad 

Dn E H Mansfield, of tho Structures Dopart 
mont. Royal Aircraft Establislunent, 1ms studied 
mathematical aspects of aircraft structural research, 
most rocontly in connoxion -w ith tho offocts of kinetic 
heating 

Dr A H Cook (National Physical Laboraton, 
Standards Division) is primarily ongaged m tho 
accurate measurement in absolute terms of certain 
physical quantities nnd constants 

Mr C G Giles (Rond Researoh Laboratorj ) hns 
conducted research aimod at finding -wavs of reducing 
tho number of road accidents duo to skidding 

Dr A C Httl’ue (Ditton Laboratory of the Food 
Invest igal ion Board, now of tho Agricultural Rosoarcli 
Council) works on various aspects of tho biochomistrj 
nnd physiology of apples nnd othoi fruits, especially 
on biochomical changes m respiration during storngo 

Mr A Sllvtrleaf (National Plij sicnl Laboratorj , 
Ship Division) is in chnrgo of tho group rosponsiblo 
for research nnd dosign in tho fields of ship propulsion, 
cavitation nnd vibration 

Dn E H Ritoderick joined tho Sorvicos Elec- 
tronics Research Laboratory in 1955 and is working 
at prosont on vory fast switching for computers 
using superconductors 

Mr S B Kendrick, of tho Naval Construction 
Research Establislunent, is an authority on tho 
design of submnnno pressure hulls 

Similar promotions havo boon made by 

(I) U K Atomic Energy Authority 
Deputy Chief Scientific Officer 

Dr G E Bacon spont tho war yoars at tho 
Telecommunications Rosearcli Establishment on tho 
dovolopmont of ground radar oquipmont, particularly 
aerial systems In 1946 ho jomod tho Atomic Encrgj’ 
Research Establishment at Harw ell, whore ho hns 
v r orked on tho application of X-ray and noutron 
diffraction to tho study of tho solid state Ho is 
know-n especially foi his w T oik on tho structural 
crystallography of graphite nnd for neutron studies 
of hydrogen bonds and thermal motion in hydrated 
and organic substances 
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Dr AV B Thompson took up a Harwell Senior 
Fellowship in 10G0 and is now the Bomor thooroticnl 
plivBiolat working on tbo problems of fusion rooctoTs 
His section of tbo Thoorotical Physics Division 
carries out mathematical investigation mto the 
si ability of high current gas discharges, on the rates 
of loss of heat from gases at temperatures of more than 
a million dogrocs centigrade, and on the effects of 
magnetic fields on the bulk and particle motions of 
luglilv lomzod plasmas The work mcludes inter 
^rotation of the many fundamental experiments m 
this flold corned on m all ports of tho world and 
assessment of ita significance t-o tho building of a 
theory good enough to allow final success m tho 
fusion reactor field 

Mr W W ax,kin Shaw is one of Britain’s loading 
particle accelerator theoreticians, joining the Tele 
communications Research Establishment in 1040 
where ho earned out theoretical research on radar 
and on high -energy partial© accelerators Ho has 
worked at tho Atomic Energy Research Establish 
ment, Harwell sinco 1951 His section of the Theoret 
icnl Physics Division is very cloaolj associated with 
tho Rutherford Laboratory of tho new National 
Institute for Nuoloar Research, and lias been engaged 
principally on the large 7,000 MeV proton synchro 
tron which is still under construction In addition 
to this continuing task, tho group is ohargod with 
the dutv of oonceivmg now' tvpos of accelerating 
machines and specifying designs for other machines 
of tested types 

Senior Principal Scientific Officer 
Dr K. W Baonall is at Harwoll in charge of a 
section of tho Radiochemistry Branch of the Oliom 
istry Division which is conoemod with research into 
tho chomistry of the actinide and othor heavy 
dements At present, the main interest is m prot- 
actinium 

Dr A M Lane is part of the team of theoret 
icians whoeo task it is to onmiro tliat the Atomic 
Energy Authority is fully armed with tho most up to 
dato and reliable knowledge of nuclear physics 

(2) Agricultural Research Council 
Deputy Chief Scientific Officer 
Db R L Mjtohbll joined tho staff of tho Macaulay 
Institutes for Soil Research Aberdeen, in 1937 Ho 


is deputy director of the Institute and head of tho 
Department of Spectrochemistry Dr Mitchell has 
been responsible for tho development of spectre 
chemical methods apphcablo to the analysis of soils, 
plants and related materials, invoh ing the ovolution 
of techniques and eqmpmont for are, spark and 
flamo emission methods The ohemical concentration 
technique is now quite widely used throughout the 
world and many overseas workers havo visited tho 
Macaulay Institute to study tho spectrochenucal 
methods developed by' Dr Mitchell and his co 
workers More than sixty publications describe 
methods employed and tho valuable results obtained 
in the study of trace olomont relationships m soils 
and plants and of tho geochemical background to 
thoir occurrence Tho work of his department also 
mcludoe the use of infra red and ultra-violet absorp 
tion methods for the examination of organic and 
inorganic soil constituents 

Senior Principal Scientific Officers 
Dr N J BERnrnaK is a member of the staff of the 
National Institute for Roeoarch in Dam mg and is 
well known as an authority on ronnin 

Db Alan Robertson, of tho Agricultural Research 
Unit of Animal Genetics, Edinburgh is widelj 
recognized as one of the most successful students of 
the rapidly expanding subject of population genetics 
Dr. V P Whittaker, of the Agricultural Research 
Institute of Animal Physiology, Bnbmhmn Cam 
bridge, lias done outstanding roeonrch in tho cholm 
oetomRO field 

(3) Development Commission 
Senior Principal Scientific Officer 
Dr J W G Lund is in oliargo of tho Freshwater 
Biological Association and lias made important con 
tnbutions to tho understanding of tho factors which 
bv controlling the annual phytoplankton ovrlo 
dotormine the fertility of lakos and reservoirs 

(4) Nature Conservancy 
Senior Principal Scientific Officer 
AIr J G Skellam is head of the Biomotncs 
Brunch of the Nature Congers ancy, contributing 
to mathematical biology, ami in particular to 
thoorotical study of population dynamics and 
statistical ecology 


CONCEPTION OF EVOLUTION 


MEETING IN PARIS 


T OT?. Mus&im National d’Histoiro Naturolle 
colobmtod on June 5 tho anniversaries of tho 
“Procursoura ot Fondntcurs do l’6volutiomusme — 
Buffon Lamarck, Darwin” tho 250th anniversary 
of Buffon's birth the 150th anniversary of tho 
publication of Lamarck s “PhUosopliio xoologiquo”, 
and tho centenarv of Darwin’s “Origin of Spocies” 
Tho meeting wna hold in tho famous Grand Amphi 
theatre plonnod during Buffon’s administration, and 
winch reconditioned about four years ago, is again 
used for its original purposo A largo and distinguished 
audionco including many famous scientists, somo 
of whom liftvo long been retired, was present 


Prof Roger Holm, director of tho Museum, gave 
an opening discourse, first summarizing tho pro 
Buffon period with his customary clarity and grasp 
of essentials If in this ho appeared to stress tho 
views of naturalists of tho old Jardin du Roi it was 
inevitable, for naturalist philosophers wore almost 
confined to Franco at tho tuno — and to tho Garden 
There wore door statements about tmnsformism 
before Buffon, and equally there was a boliof in the 
fixity of spool oe after him An upholder of thi* " w 
Bose, one of tho foundors of tho Luinoan 
of Parts m 1783 tho same yonr ns J that of 
was started One of tho fir* acts of the -ocuH* 
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•svas to petition for the erection of monuments m tho 
Garden to the memory of famous scientists, boginning 
with that of Linnseus, later destroyed by aans-culottcs 
Prof Jean Pivetoau, of the Soibonno, a well-known 
authority on Buffon, gave an account of Ins personality 
with particular reference to lus ideas on ovolution, 
how they developed and how, at times, llioy soomod 
incompatible A valuable commentary gave tho 
reasons for this, both psychological and diplomatic 
Few men are so misjudged in Groat Britain a3 Buffon 
He had an enormous influence on the thought of 
his time He was a man of wide scientific attain- 
ments and in every way a man of tho world His 
Discourse on Style, dehvored on his admittance to 
the Academy of Sciences in August 1763, has given 
him lus place in literature This celebrated discourse 
was read at the meeting by M Tom Tallin of tho 
Com4die-Fran$aise The audience was obviously 
thrilled to hoar tho sonorous plirasos which probably 
all had read — there woro at loast sixty editions of it 
in the nineteenth century 

Dr J Ramsbottom followed with an account of 
the hves and work of Jean Lamarck and Charlos 
Darwin Lamarck first postulated progressive evolu- 
tion , Darwin put the doctrine of evolution on so 
sound a basis that it becamo generally accepted 
It was a pleasing acknowledgment of Darwin's 
epoch-making “Origin of Species” that ho should bo 
given a prominent place in what was essentially a 
celebration of French achievements morooior, it 
was logical in realizing that it was tho book and not 
the preliminary announcement of natural selection 
which was important So Lamarck and Darwin 
could be spoken of as searchers after truth without 
some of the nonsense which has been ollow r od to 
behttle the former Comparing tho basic ideas of 
the two — Lamarck held that an organism in a 
changing environment is stimulated to vary , Darwin 
that variation is independent of tho environment 
For both tho environment — adaphic, physical and 
biotic factors, the last including competition, para- 
sitism, etc — is all-important Natural soloction is 
not active like artificial selection, but passive an 
organism can live under certain conditions, or it 
cannot Lamarck suggested that the simpler animals 
and plants would provide instructive facts Evidonco 
accumulated since the introduction of pure culture 
methods suggests that environmental conditions can 
produce definite inheritable changes, though not 
necessarily of the kind Lamarck propounded Tho 
boosting up of penicillin production in Penicxllium 
chrysogenum has much m common with what Darwin 
considered to be the effects of domestication 

Mme G Duprat, librarian to the Museum, then 
gave an account of the career of P J Redouts, 
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bom m 1769, who was artist to tho Garden and 
painted many of tho famous vilrns She sliowod a 
series of projections of portraits of Rodoutd and a 
largo number of his paintings, sovoral of which woro 
of specunons from the Royal Botanic Garden at Kow 
An exhibition was arranged m tho corridor adjoin- 
ing tho amphithoatro showing many of Rodoutd’R 
original paintings and a numbor of his publishod 
plates , also an announcement of lus lectures Tlio 
Musdum d’Histoiro Naturollo, ns ono of its main 
functions, acts as a teaching university Thoro 
are at prosont 24 professors who givo coursos of 
lectures covering a very wide field, but thoro are 
no degrees awardod as tho rosult of examinations 
Tho systom is su i gertens 

Prof H V Yallois, director of tho Mus6o do 
l’Hommo — attached to tho Natural History Museum 
— gave a history of tho Socidtd d’Antliropologio, 
foundod in 1857 In spito of tho dato tho Society’s 
beginning was in no way connected with tho publica- 
tion of tho “Origin of Spocios” , indood, it procodod 
it by six months Social and physical anthropology 
m tho widest sonso liavo boon tho scopo of tho Socioty, 
and its activities, as ontlinod, mako an impressive 
history It is noteworthy how Darwin’s nnmo becamo 
increasingly prominent after tho publication of his 
“Descent of Man” m 1871 Cuvier, tho great oxponont 
of catastrophism, died in 1832, but though thoro 
was no successor to stamp out horosios Ins influonco 
was such that Lamarck’s boliofR woro still discredited 
and it was not until Darwin amassed and arranged tho 
ovidonco that inquiries about tho status of fossil man 
becamo scientifically rospoctnblo 

Tho last paper, by M Franck Bourdior, assistant 
chief of tho Somco do Musdologio, dealt with tho 
French fororunnors of evolution Thoy make an. 
imposing list far outnumbering tho combmod total 
from all other countries Tho notion of pormanont 
chango m organisms and that of ovolutionarv 
soquonco stood out cloarly. It would bo useful to 
distinguish botwoon thorn, possibly by speaking of 
tho first os transformism and tho socond as ovolution 

In an adjoining corridor an oxhibit was arranged 
wdioro tho matter of this locturo could bo studiod 
at loisuro and m greater dotail Hero again Darwin 
was mcludod os tho end of tho old period or as the 
beginning of tho now 

In addition to this intellectual foast and ns part of 
the anniversaries, an oxcollont exhibition was staged 
m tho gallory of the Botanical Musoum, dealing with 
the hiBtory of tho doctrmo of ovolut ion and illustrating 
development up to and including man Specimens, 
casts, modols, photograplis and all tho modem 
methods of display provided a most instructive and 
convincing story J Ramsbottom 


X-RAY MICROSCOPY AND X-RAY MICROANALYSIS 


T HE second International Symposium on X-ray 
Microscopy and X-ray Microanalysis was an 
mdepondent meeting held in Stockholm m 1969, and 
sponsored by the same three laboratories as were 
responsible for arranging the first Symposium, held 
in Cambridge in 1966 the Department of Medical 
Physics, Karolinska Institutet, Stockholm , the 
Departments of Physics and Biophysics, Stanford 
University, California , and the Electron Microscope 


Section of tho Cavendish Laboratory, Cambndgo 
Tho attendanco of 180 was 60 per cent greater than 
that at the provious mooting, although tho numbor 
of papers presented (74) was not appreciably grontor 
than before (00) Tho participants W'ero drawn from 
seventeen different countnos and from 120 different 
laboratories 

Tho programme was divided according to tlio 
nature of the physical toolmiques omployod X-rny 
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absorption micro radiography, X ray emission micro 
analysis, and X ray microdiSrnction analysis Each 
division was sub -divided into sections on metliodo 
logical aspects and equipment, technical applications 
and biological applications The number of com 
mum cat ions under those three cross -divisions was 43, 
10 and 21, respectively, showing that the develop 
mont of tecliniquoe is stlU enjoying most attention 
and that their application in biology and modicine is 
ahead of that in mineralogy and metallurgy 

In absorption microradiography, interest was 
mainly in tho relative merits of tho contact and 
projection techniques, only two contributions being 
concerned with the reflexion mothod, in which tho 
correction of aberrations is still the main problem 
For qualitative microscopy, all three motlioda at 
present have about the same limit of resolving power, 
at about 0 25g H H Pattoe (Stanford University) 
has investigated a number of alternatives to the 
photographic emulsion for recording the X ray image 
m contact microradiography, including radiosensitive 
dyes and plastics, sorao of which give images which 
can bo onlorged in the electron microscope J H 
Auld and J F McNeil (Aeronautical Research and 
Defence Standards Laboratories, Australia) showed 
that xerography with liquid developers allows a 
resolution comparable with that given by ultra fine 
grained X rav films and at exposure times similar to 
those of tho fastest X ray films In tho projection 
method, improvements nro being mode m the tech 
mque of focusing at very high resolution (W C 
Nixon, Cavendish Laboratory) and in obtaining 
improved contrast (8 P Ong and J B to Poole, 
Dolft) The main emphasis, however, was on the 
perfection of the absorption procedure for micro 
analysis, whether of particular dements (sulphur, 
phosphorus, calcium) or simply of tho dry weight of 
biological tissues The contact mothod has been 
developed for this purpose especially in Swedish 
laboratories, and improvements in the toolmiquo 
wero described by Howling and Fitzgerald (Now 
York), Hyd6n and Larsson (Gothenburg), Lindstrflrn 
nnH Hoh (Stockholm) and MOUor and Sandritter 
(Frankfurt- on Main) The accuracy of analysis 
varies between 5 and 10 per cent, depending on the 
nature of tho specimen A detailed study of all the 
factors involved is being mndo by Henko (Pomona 
College Californio), using rod blood cells as standard 
specimen. In the projection method direct measure 
monte can bo made with a counter on the enlarged 
X ray image, thus eliminating tho stages of photo 
graph} and rrucrophotornotry, so that the accuracy 
of analysis Is better In determinations of calcium 
in bone, Long (Cavendish Laboratory Cambridge) 
obtained 2-3 per cent accuracy Tho smallest area 
which can be analysod is a few microns in diameter 
in ofiher mothod, tho limit being sot by tho light spot 
jd micropbotomotr} and by the counter ftporturo m 
projection recording Tho ultima to mass sensitivity 
is of order lO-^lO -1 * gm , flinco sections thinner 
than 10p cannot bo used 

Tho applications of absorption micromdiography , 
by one or the other oxponmcrntal toohniquo covered 
a wido ran go of subjects In the inorgamo sciences, 
papers wero concerned with mineral dressing, potro 
grnphy and mineralogy , in biology and modiomo, 
with bono (six papers), vascular systems (five papers) 
other animal tissues (four pa pore including a wido 
survey by Saunders of Dalbousio University) plant 
tissues (two papers) and foram ini fern (one paper) 
Most of thw work was qimlltntho, only Lindstrdm 


(Stockholm) and Sissons (Institute of Orthopaedics 
London) describing quantitative applications 
X ray emission microanalysis is more definitely- a 
quantitative method, and rapid progress is being 
made with its development now that its value m 
metallurgy and mineralogy has been demonstrated 
In biological research, where compounds rather than 
elements are of interest, its scope is much more 
restricted Tho mechanism of emission is inoro com 
plicated than that of absorption and in practice 
results are subject to a variety of corrections The 
efficiency of X ray production by direct electron 
excitation was discussed by Archnrd (Associated 
Electrical Industries Research Laboratory, Aider 
mast-on) and by Cosslett (Cavendish Laboratory 
Cambridge), and the corrections for absorption and 
fluorescence by Philibert (Institut de Recherches do 
la Sid6rurgie, Pans) and by Austin, Richard and 
Sehwartz (Battelle Institute, Columbus) The factors 
limiting the spatial resolution (or localization ) of 
the mothod were discussed by Duncumb (Cavendish 
Laboratory, Cambridge) tho mam factor being tho 
very rapid decrease m eleotron beam current as tho 
focal epot is reduced to less than lp in diameter At 
present the practical limit is about. 0 25p, and further 
improvement must wait upon developments of the 
electron source, electron lenses and recording syatom 
A great gam is attainable If a proportional counter 
can bo used for wave length discrimination instead 
of a crystal spectrometer, and Dolby and Cosslett 
reported promising results with a counter of wide 
collodion angle coupled to an electrical network 
which can separate the pulses produced by noigh 
bourrng elements m the ponodic table 
Improvements in the design of micron unly-nora 
were reported from the laboratories of Associated 
Electrical Industries (Aldormaston) and Tube Invest- 
ments (Hinxton) and from the Cavendish Laboratory 
Tho Associated Electrical Indastnee mstrtunent is 
now being manufactured by Metropolitan I lekore 
and the first model was on view during the mooting 
The production of tho scanning microanalvsor 
dove) oped in tho Cavendish and Tube Investments 
Inborn to noe, which displays Images of tho dhrtribu 
tion of selected elements in the specimen wan 
announced by the Cambridge Instrument Company 
The original static spot instrument of Castaing is in 
production in France, and two stmfiar instruments 
aro now being commercially mndo m tho United 
States This aotmty has been stimulated by the 
great interest now shown in tho mothod by motnl 
lurgists and mineralogists which was reflected in tho 
papers on applications by Austin Long, Melford 
(Tube Investments) and Philibert. All elements with 
atomic number greater than 11 (sodium) can already 
bo analysed, with an accuracy in favourable cases of 
bettor than 0 1 per cent Since the localization of 
the analysis can be smaller than lp, in depth or woll 
as in diameter, thw corresponds to a minimum 
detoctablo mans of about 10 14 gm As tho range of 
applications is extended however it is becoming 
clear that tho limits of accuracy must bo more 
closely investigated in each special typo of alloy- or 
minoml The work of Philibert on light alloys showed 
that very careful correction needs to bo mado for 
fluoresconco ofTects as woll as for absorption of X rays 
from one constituent bv tho others present To 
reduce such corrections to a minimum it will be 
desirablo to build up a coUcction of raferanco 
dords so that ono may bo roloc-tod i. dch undin . 
as powlblo in composition to tlin -I**"" 1 
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investigation Comparison of the results obtained m 
three different laboratories, on tho variation of nickel 
content across tsenite inclusions m tho same type 
of meteorite, indicated that standaid methods of 
preparing the specimen must also be worked out It 
was unfortunate that only an extended abstract v as 
available of what would havo been a most interesting 
paper by Borovski (Institute of Metallurgy, Moscow), 
who has independently developed tho X-ray nncro- 
analyser foi metallurgical research It appears that 
he has made great progress not only with standard 
izmg the procedures, but also in the automatic 
recordmg of concentration curves Mis mam interest 
is in diffusion problems and in transfer processes 
between solid and liquid media 

In summary, it. can bo said that tho omission 
microanalyser is leaving the stage of being an inter- 
esting piece of gadgetry and is non having to proi o 
itself as a routme research tool, in tho courso of 
which its capabilities and limitations will become 
more clearly defined In particular, it remains to be 
seen how far it can help in some of the main problems 
of ferrous metallurgy exploratory determinations 
of carbon have already boon made by Dolby, but 
what the limits of accuracy may be and whether 
carbon and nitrogen can be distinguished from each 
other are problems still to bo solved 

The Symposium ended w’lth tv o sessions on micro- 
diffraction, which becomes increasingly related tech- 


nically to X-iav microscopical methods as tho 
advantages of using micro-focus tubes are more widely 
appreciated Further developments wore described 
in tho tubes themselves and m tho speetrometors and 
micro-beam cameras used u ith them Tho value of 
tho method, especially in 1 educing exposure time to 
moro practical limits when only \ery small crystals 
are available, emerged strongly from tho work of 
Foumior (Centro National pour la Recherche Scion 
tifiquo, Pans) on crystals fiom tumours, Mrs Kcnnard 
(National Institute for Medical Resoarch, London) on 
a number of clinical probloms, Skcrtchly (Textile 
Phvsics Laboratory, Leeds) on koratiruzntion ofhair, 
and Wyho (Rovnl Collogo of Technology, Glasgow) 
on tho growl h of crystals m balsa wood Quito 
different techniques hnvo been dovoloped for imesti 
gating dislocations and other sub structures in 
metals, by combining Biagg diffraction with Xray 
microscopy’ Extensions and applications of this 
‘Berg-Barrctt’ method were described by’ Newkirk 
(Goneral Electric Laboratories, Schenectady) and 
Weissmann (Rutgers University'-, Now Jersey). 
Slnnoda and colleagues (Osnka University') lind used 
a transmission variant of the method to investigate 
tho recry stallization of 7ircontum and its allo\s on 
tho micro-scale 

A third Bvmposium is planned foi 1902, and wdl 
probably' bo held nt Stanford University , California 

V E Cosslftt 


THE BRITISH GELATINE AND GLUE RESEARCH ASSOCIATION 


T UF, seventeenth meet mg of tho Research Panel 
of the British Gelatine and Glue Research 
Association was held on Juno 25, with Mr S G 
Hudson (Richard Hodgson and Sons, Ltd ) m tho 
chair In the morning a renew of certain aspects 
of the research of the Association w r as given by Mr 
A G Ward, for whom it was the last meeting as 
director of research, and in the afternoon a dis- 
cussion on gelation took place, with the mam con- 
tribution from Mr J W Janus (Kodak, Ltd ) 

The review by Mr Ward w r as ontitled “The Present 
Position m Gelatine and Glue Resoarcli” The paper 
opened with a reference to a previous review’ given by 
the author to the second Research Panel meeting 
rune years earlier, m which considerable attention 
was given to those methods of polymer physics and 
chemistry which were applicable to tho study of 
gelatin The expansion of research on gelatin now 
mode it necessary to limit tho paper to the central 
problem of the structure of the molecules of the 
many different types of gelatin This largely loft 
on one side research on tho collagen-gelatin con- 
\ ersion and also on gelation, except where those 
subjects threw light on the molecular structure of 
gelatin 

The chemical composition of gelatine, and animal 
glue, were shown to depend on tho amino acid com- 
position of the gelatin itself, that is to say, of tho 
collagen breakdown products, and on the occurrence 
and composition of rather small amounts of non- 
gelatin constituents Separation procedures such as 
adsorption on activated charcoal, or ‘IRCoO' resm, 
enabled small quantities of gelatin-free impurities to be 
obtained and analysed, and exammation of fractions 
prepared with isopropyl alcohol showed that about 1 


per cent of degraded protein, other than gelatin, might 
also be present m tho residue from fmet lonntion Using 
hydroxyprohne content ns n mensmo of purity, it 
was suggested that a total of 3 per cent of organic 
impurities might bo present, although tho variation 
in hy'droxyprohno content could equally lie tho 
result of small differences in composition between 
gelatin molecules 

Revision of figures for tho nmido content of gola 
tines enabled vory good agreement to bo obtained 
between the analytical figures for tho lonizablo 
groups m golntm and tho results of titration cuno 
determinations Tins show s that , w ltlnn experimental 
error, all tho carboxyd ammo and gunmdino groups 
are freo to lonizo and are not cross-linked Tho 
accuracy attained did not make it possiblo to exclude 
tho occurrence of a small number of cross links 
involving those groups 

The properties of preparations of w'ell-charactenzed 
solublo collagen extracted from calfskin, carp swsm 
bladder tunic and codskm, by Doty r and co workers, 
and tlioir conversion of tho solublo collagens to gelatin, 
could bo explained m terms of dissociation of the 
triplo-hehx collagen structure Tho gelatins obtained 
would, on this view, be smglo chains, fieo of cross- 
links In contrast, first extract alkali process gelatins 
havo been shown by Courts and Stainsbv, using 
end-groups and light scattering determinations of 
molecular weight, to bo multichain, at loast for 
the higher moloculni weights Tho rolntion betw’oon 
these results was discussed 

The problom of explaining tho reduction in gel* 
forming ability’ in gelatmo caused by’ noutral and 
alkaline degradation, although not by’ acid degrada- 
tion, as distinct from any’ effect due to the reduction 
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in molecular weight, still remained to be solved 
Suggested explanations were put forward in terms 
of internal re arrangements of the protein chains 
which upeet the ordered armngemont required for a 
gol bond, or alternatively, that mtra moleoular cross 
linking occurs progressively on heating under neutral 
or alkaline conditions, and interferes with subsequent 
gel formation 

After a brief discussion Dr A Courts (British 
Gelatine and Glue Roeearoli Association), in moving 
a vote of thanks, expressed the appreciation of the 
staff of the help given to them by Mr Ward m his 
term of office Air C F C Simeons (British Gelatine 
WorkB, Ltd ), in seconding, added the thanks of the 
gelatine and gluo industry 

Mr Janus, in opening the discussion on gelation, 
gave a short paper on 'The Formation and Structure 
of Gelatin Gala” He described tho measured pro 
perties of gels tho rigidity of tho matured gel, the 
melting point and tho setting timo from the sol state, 
and showed how those depended on solution pH 
Ho emphasized that setting might occur in a short 
time oven at room temperature, whereas the gel 
rigidity increased ovor long ponods at 0°C The 
melting point was, however, much lees influenced by 
low’ temperature maturing 

The influence of guanidino content on setting time 
and molting point was made oloar, but not that on low 
temperature rigidity Interference with setting can 
also he secured by alknlino copper solutions which 


are presumed to interact with tho y CO groups of 

the backbone An interaction between guamdinium 
groups and the backbone was therefore postulated 
as the mechanism of the earl) stngo of setting To 
explain the continued growth of rigidity at low 
temperatures, reversion to tho helical structure was 
suggested, and support was drawn from the optical 
rotation changes 

Dr R Collision (British Baking Industries Reooorch 
Association) presented a short paper by Dr G A H 
Elton and himself on The Swelling of Starch’ In 
this he described the swelling of the granules in water 
os the temperature is raised, and effects on the mock 
am cal properties He also mentioned the notion of 
surface active agents in controlling swelling probably 
by forming a hydrophobic layor on the granules 

Mr D D Camithers (Unlvorsity of Durham) 
described measurements on gelatin gels at high 
frequency and discussed the dependence on tempera 
ture of tho mechanical properties 

The gonerol discussion was o period by Dr G 
Stainsby (British Gelatine and Glue Reeoarch 
Association), who emphasized the difficult of estab 
lishing precisely tho mechanism of gelation The voto 
of thanks to Mr Jnnus and tho othor speakers Was 
moved by Mr E Bradbury (British Cotton Industry 
Research Association) and seconded b\ Dr A 
Jobhng (British Glues and Chemicals, Ltd ) 

Alan G Maju> 


THE TORRY RESEARCH STATION, ABERDEEN 


T HE Torry Research Station in Aberdeen of 
the Department of Scientific and Industrial 
Research, which was sot up in 1930 together with its 
sub station in Hull, the Humber Laboratory (opened 
in 1052) carries out research into the problems of 
fish preservation The occasion of tho open day's 
during Juno 15-17 when tho Station was on show to 
scientists, equipment manufacturers the fish industry 
and the gonerol public, prov ided an opportunity both 
of seeing tho range of practically the whole of the 
research in tho United Kingdom into fish technology 
and also of assessing how the treatment of tho fish 
wo oat is likely to change in years to come 

Although the fish industry has changed m numerous 
ways in tho thirty years since Torry was opened it 
nevertheless remains largely ‘traditional’ , thoro 
are many small firms, mechanization to any substan 
tlal degreo is found only in a few factories and with 
the exception of deep freezing, tho methods of pro 
scrvation used wore familiar to our grandparents 
Torry, which has boon closely concerned in many of 
the changes whioh lmve occurred, is becoming more 
and more closely occupied with tho technical develop 
mont of tho Industry of tho future Changes are 
occurring at an increasing tempo and tho next docade 
ir likely to see a much greater alteration in both 
techniques and organization than tho previous 30 
y cars have done 

Ono of tho major problems concerning our supply 
of wbito fish is that about half of It comes from Arctic 
wuters Tho fishing grounds are anything from three 
day's to ono week’s steaming from tho Humber ports, 
on' which almost all tho long distance trawlers are 
based, and this consequently seta o limit to tho age 


of tho freshest fish that can bo landed Voy ages are 
on an averago of nearly three woekfl duration and 
the fish caught first, may therefore be 10-17 Java 
old when it is landed Cod and haddock e\ on when 
properl) stored in crushed ico remain in reasonably 
good edible condition for only 14-15 days About 
i per cent per annum of the Arctic catch w in fact 
condemned at landing as unfit for human conmimp 
tion After landing tho vicissitudes of tho distrihu 
tlon chain may render passable fish unpleasant ami 
good fish only passable 

Since the Second World V or considerable attention 
lias been paid at Torry to the problem of how to get 
fresher fish to the consumer A promising solution Is 
to build a trawler capablo of freezing tho first third 
of the oatch That tho idea Is practicable was shown 
in a full-scale trial carried out in 1055-50 under 
Tony’s technical miperv ision and financed jointly bv 
the Distant Water Vessel Owners' Development 
Committee, tho Whilo Fish Authority and H31 
Government A Grimsby trawler was fitted with 
\ ortical plate freezers dovolopcd at Torr^ and capable 
of operating satisfactorily m tho exacting conditions 
of Arctia fishing, and with a — 30*C cold store 
The frozen fish was distributed to consumers through 
out tho country whoso reactions wore almost univer 
sally fa\ durable Tho latest dm elopment is the design 
of a \essol of normal size and cost which would show 
attract!* o economic nd\ outages o\or existing high 
speed trawlers Such a vessel would bo a trifle slower 
than tho latter, the oxtra 1-2 knots of which are 
disproportionately expensive to obtain It could 
spend rather longer on tho fishing g™ ,u l tJs IT/ 
foro land a greater wo.gl.t of fish Tho frorm P" rt 
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the catch could be used to even out the supply from 
the summer glut to winter dearth 

Another possible ^vay of slowing down the rate of 
spoilage of fish is to use antibiotics such as chlortotra- 
cycline and oxytetracycline Much of the pionoer 
work has been carried out in Canada, where tlioir uso 
is now permitted, but they may not yet be used m the 
Umted Kingdom One of the major tasks m hand is 
to determine the quantities of theso substances likely 
to get into and remam m the flesh after various types 
of storage, processing and cooking Even thoso anti- 
biotics most effective m fish preservation have limita- 
tions , there is httle difference in the flavour of fish 
stored in plain water ice and in antibiotic ico up to 
about the tenth day, so that no more could be done 
than to keep fish that would otherwise becomo poor 
or very poor in a passable, but not really fresh, 
state 

A recent survey carried out by staff of the Humber 
Laboratory and workers seconded by tlio White Fish 
Authority of the temperatures of fish during distribu- 
tion from unloading from the traw ler to sale from tho 
fishmonger’s slab has stimulated considerable interest 
within the trade and is already bringing about im- 
provements in practice It represents another 
approach to the same problem of how tho quality of 
fi»h reaching the consumer can be raised Tins 
survey is probably the first large scale attempt m 
any country to obtain first-hand field data of this 
land It is typical of much of the work carried out 
at Torry, smee it was made possible only by tho 
co-operation of the industry and was initiated by 
discussion with representatives of tho fish trade 
The Station necessarily supplements such practical 
applied investigations and development work with a 
considerable volume of basic research Thus, a greater 
understanding is bemg sought of tho detailed struc- 
ture and composition of fish tissues, and of thoir 
behaviour during processing such as freozing and 
cold storage, smoking and drying Knowledge is also 
bemg acquired of the composition of tho bacterial 
flora of fish and the nature of the species mainly 
responsible for spoilage Studies since tho War have 
contributed to improvements in the taxonomy of tho 
marine bacteria mainly concerned and m tho building 
up of a type culture collection now of international 
reputation 

Sohd progress m recent years m the characteriza- 
tion and estimation of the so-called ‘extractives’ of 
fish muscle is providing a clearer insight into tho 
autolytic changes that take place immediately after 
death and during bacterial spoilage This work is of 
particular importance in understanding tho various 
physico-chemical changes that occur during dehydra- 
tion, freezing and subsequent storage of fish, as w ell 
as the factors which give rise to different types of 
spoilage flora under various conditions Recent yoars 
have also seen tho accumulation of new knowledge of 
the main proteins of fish muscle which is serving m 
particular to explain the causes of textural change 
during freezing, cold storage and dehydration Men- 
tion should be made of the -work on tho Maillard 
‘browning’ reactions which occur in dehydrated fish 
muscle 

Considerable attention has been given to the pre- 
vention of oxidative rancidity m cold-stored fatty 
fish Fish fats are highly unsaturated, and frozen 
fatty fish such as herring remam m really odiblo 
condition for a shorter period than white fish Tho 
rate of oxidation of fish fat can be slowed down by 
‘glazing’ , this consists of dipping the frozon fish in 
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wator so that a layci of ico is formed around tlio 
outside Drying of fish in cold storo hostens tho 
dovolopmont of rancidity , oven moro important, 
therefore, is to store fatty fish under conditions whore 
drying is at a minimum Current work on tho oxida 
tion process may evontually load to economic improve 
ments It has been found that fat oxidation is 
catalysed by hrematin pigments in tho rod lateral 
muscle which is present m a veil -defined form onh 
m fatty fish 

Nevertheless, there nro limits to tho cold-storago 
period oven of species like cod which contain con 
sidcrnbly less thnn 1 per cent fat in the muscle , tho 
fat becomes oxidized and thore nro progressive 
changes m tho protein structure common to all fish 
Recently, a new method bos been devised for assess- 
ing the dovolopmont of toughness in cold stored fish 
Tins depends upon (ho fact that, although fresh 
unfrozen muscle can bo macerated m dilute formalin 
solution In givo a thick opaquo suspension, thero is a 
tondoncy for the fibres of frozen fish to resist macera- 
tion and this resistance incronses ns a function both of 
storngo time and of st orage temjicrntiuo Bj dolerm 
inrng tho amount of light transmitted by tho ‘soup’ 
of fish fibres produced under standard conditions it 
lias been found possible to rolnto samples to a stan- 
dard time/tempemture cune This test, tho validity 
of wlucli requires further checking to cover a number 
of variables, is so simple that it could easily ho 
adopted by tho fish freezing firms which, with ono 
or two notablo exceptions, do not employ scienti 
fically trained staff and do not possess qunlitj control 
or development laboratories 

Fish freozes moro rapidly than it thaws, duo to tho 
difference of tliormnl conductivity through frozen 
and unfrozen tissuo Foi oxamplo, a block of fillets 
4 m thick may frcc/o in 4 hr or so but may take 
20 hr to thaw out m nir at nmbiont temperatures 
A number of firms uso largo quantities of frozen 
fish for thoir products , for oxamplo, tlioro is a 
variety of ready cooked fish products prepared 
initially from frozen fish nnd sold m frozen consumor 
packs, and tho kippering industry uses largo amounts 
of frozen homng when fresh herring is not available 
At present, fish is thawed on a largo scale, either by 
merely leaving tho frozen blocks m air or by spraying 
with cold water Tho latter method, if it is carelessly 
carried out, may adversely affect tho quality of tho 
product, and both mothods aro timo- and labour 
consuming Attempts by workers m other countries 
to apply dielectric heating havo not boon successful, 
mainly duo to ‘runaway’ heating This is tho condi- 
tion in which thero is progressively increasing absorp 
tion of tho available power m warm spots in tho 
blocks, which bccomo cooked , this is at tho oxponso 
of tho cooler portions, which remam frozon Rocontlv 
this difficulty has boon ovorcomo and commercially 
availablo equipment has been slightly modifiod , 
a pilot plant has boon running at Torry without 
trouble for tho past six months or so Blocks of 
frozen fish can bo ovonly thawed in about 10 mm 
Tho technological implications of this work aro 
vory wide indoed 

Tho commercial smoking of fish is still largely 
earned out in tho traditional smoking kiln which 
was developed during the early Middle Ages Tins 
is merely a chimney m which brined fish is hung nnd 
a sawdust and wood-chip fire lighted on the floor 
Tho operation takes anything up to 12 hr or moro to 
complete Tho irregularity of natural convoction, and 
tho effect of warm humid weather on the functioning 
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of tho kiln, rondor fish smoking on art -which is diffi 
cult to practise In 1930 a moclianical kiln -was 
developed at Torry whioh simplified the process and 
mad© it muoh easier to control Although the mdus 
trj was at first slow to adopt the now kilns, an 
increasing number of firms aro now doing so In 
tngulng possibilities ore, however, now being sug 
geated as a result of basic physical and chemical work 
on the composition of wood smoke It has been 
shown that virtually all the smoko constituents on 
smoked fish are dorived from the invisible vapour 
phase and not the visible particulate phase The 
practicability of smoking fish with ‘smokeless’ smoko 
and further developments as well are envisaged 
There is a continuous programme of work at Torry 
on tho improvement of the efficiency of conventional 
fish meal plant Emphasis is pnt upon methods of 


increasing production, plant efficiency and nutritive 
value of the product 

It is important to stress that the high standing of 
the Tony Research Station within the fish industry 
itself is -very largely due to the considerable amount 
of consultation and discussion which takes place with 
the industry and not less important, the \ cry good 
relationship built up between individual scientists 
and various people ‘in the trado’ Much of the 
development and survey work earned out within the 
past ten years would have been quito impossible 
without tho cloeo and friendly co operation of tho 
industry , on this personal contact between govern 
mont research workers and tho industry the future 
development of this relatively undo\ eloped and 
traditional industry, without any research organize 
tion of its own, depends OHO Burgess 


FISHERY RESEARCH 


D R BREDER has prepared a valuablo review of 
work on social grouping in fish* it also oon 
tains now data, though it is sometimes a little difficult 
to pick those out Ho discusses in detail tho various 
typos of groups tho aggregation, where tho indi 
vi duals are not ‘polarized* , the school, where they 
aro , and the pod, whore the fish are m physical 
contact Those tyi>es of groups are illustrated by 
outstandingly good photographs, thoso of pods and 
fish in 'orderly files’ being the most int creating 
Descriptions of new work are mainly of the effect of 
light intensity and colour on a number of species and 
the analysis of the internal structure of schools In 
the experiments on the effect of tho wavo-longth of 
light the fish were given a choice between different 
colours tho intensity of the different colours being 
equated photometrically No attempt was mado by 
determining tho spectral sensitivity of the fish, to 
eqnato tho subj octave intensity, or intensity ns it 
appeared to tho fish Of particular interest ore Dr 
Broder’a discussions on the leadership of schools, tho 
school os a super-organism and the evolution of 
schooling behaviour There is also a section on 
schooling in terms of cybernetics, where the point is 
mado that the survival of a species which has grouping 
tendencies should perhaps bo considered from the 

* BuDfltln of the American Muwnra of N»tar»l HUtnTT A o!. 117 
Article fl 8tw3le* on Sodel Orouplnei In Flibe*. Ur O- M Brtder, 

Jr rp 895— 4 82+ plat r* 70-80. (New York American Jtnaenm of 
Natural nutory I960 ) 1 M dollar*. 


point of view of how they have got over tho danger 
involved, rather than tliat such tendencies auto 
matically have survival value 

Dr Loukashkm a and Dr Grant’s work on Sar 
d inops caerulea *, a species of groat commercial un 
portanco, has much in common with Dr Broder a 
but ib more limited in extent It is again woll ill us 
trated with photograplis Like other clupeoids, 
Sardtnops is not an easy subject, for experiment but 
results have been obtained which show tho import 
once of light for the maintenance of school formation 
and that fright reactions are ehcitod b> red lights 
and by flashing white lights When given the choico 
between red, green, blue and white bght, tlxe fish 
avoided red and preferred bluo and green to white 
As in Dr Broder ’» work tins technique Jins a 
limitation in that tho intensities of tho different 
colours wero not equated subjeotivelj but onJ\ 
photometrically 

This typo of behaviour work, which may bo con 
sidorod important aa on aspect of fisheries research 
is now being produced m much greater quantity tlian 
before tho War, and it is particularly welcome to tho 
fisheries research worker when it is concerned with 
species of commercial importance 

J H S BnAXTim 

* rwoodlnjrs of the California Academy of RcJener* Yol 19 
No 15 Beh*rlor and Reactions of the r*dfle 8*rd(D« Sarduioju 
romiAw (Qlr»rd) Under tho Influence of White and Colored Llcht* and 
Darkne**. By A. fl Loukailikln and N Grant. Pp 509-518. (&*n 
FrandKo California Academy of Sdencr* ltA>0 ) 


THE ONTARIO RESEARCH FOUNDATION 


T HE annual report of tho Ontario Research 
Foundation for 1968 (pp 30 Toronto Ontario 
Research Foundation, 1069) includes, besides tho 
report of tho director. Dr H.B Spoakmnn, a sum 
mary of tho work of tho various sections, a list of 
papers published during tho year, tho financial state 
mont and details of tho Board of Governors and 
professional and technical staff There is also a list 
of grants for postgraduate studies in science for tho 
period 1958-59, for which grants in 1058 totalled 
146,204 dollars In biochemistry three major projects, 
doaling with the development of on all temperature 
biscuit spread for tho Dofence Research Medical 


Lab oratories, tea, and tho rocov cry of pure indiv idual 
imino acids from wheat gluten after hydrolysis, wore 
completed, and two major studies are in progress 
mil or the Rice Mills Fellowship In chemistry, activ itj 
vas maintained at a high level Tho three-year survev 
if air pollution of the Hamilton area was completed 
vhii o tho dovolopmcnt of gas chromatograph} pro 
jceds apace In a study of factors controlling tho 
rrystallinity of polymers, techniques dovolopod for 
ire paring polymers of butane with 60 por cent of 
irystalliiiity are being used to stud} 

WtACWO tho IVPO Of cofolvwt , imn u,nfo 

novel i on-ox ohnngo process for rceo 
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from ammonia-base waste sulphite -liquor has been 
developed and a pilot plant constructed A compre- 
hensive study has been continued of various sulphite- 
liquors and their fractions and has led to a patent 
application , there have been utilization studies on by- 
product hgnin from the manufacture of vanillin, while 
research on phosphate glasses has been continued m 
the Na,0 — P.0 5 — H t O system centred largely on the 
constitution of sodium acid glasses of intermediate 
composition, using filter paper chromatography 
In engineering and metallurgy basic research was 
directed at the concentration of hicmatite by a 
combination of magnetic and mechanical methods 
or by roasting methods followed by magnotic 
separation In work on dry magnetic separators the 
‘Fast Eccentric Drum Separator’ has been developed 
to the point of commercial production In basic 
research on the fatigue of metals three stages have 
been distinguished (a) the first four thousand 
cycles , (6) a slow steady doclinc m cyclograph 

(magnetic test) , and (c) tlio last 15,000-20,000 
cycles in which the final crack is developing A 
precision camera was designed and built for stress 
determination in X-ray work 

In the Department of Parasitology most of the 
work was a contmuation of earlier projects, and 
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persistent effort has provided an understanding of 
the prevalence and mode of transmission of some of 
the many parasites of Ontario’s wold animals Similar 
studies on wdd birds aro in progress, and during 1958 
the blood parasite of dtieks, Levcoci/tozoon simondt, 
was successfully grown on tissue culture in test-tubes 
Continued studies of two types of blood parasites of 
birds have show r n that certain types of black flies 
transmit them to ducks, while others transmit them 
to ruffed grouse In plivsics some fundamental work 
dealing w ith beams of electrons has been planned, 
while other projects included development of an 
atmospheric X-ray spectrometer, design procedures 
for dynamic pressure stages, determination of gas 
density by electron beams and high energy appli- 
cations of electron beams The Department of 
Physiography completed an e\lensi\o study of the 
fine sand fraction of icprescntntne soils and a fi\e 
venr cn\ ironmentnl study of soya bean is nearing 
completion Research on the chemical modification 
of wool continued in the Department of Textiles ns 
well as a study of the colour fastness of spun dyed 
\ iseose yarn Good progress is reported m the 
standardization of women’s and children’s garment 
sizes foi the Canadian Go\ eminent Specifications 
Board 


INSTRUCTIONAL FILM RESEARCH IN PENNSYLVANIA 


T HE Pennsydvama Instructional Film Research 
Program was established m 1947 and tei- 
mrnated m 1955 Jointly' sponsored by' the U S 
Army and Navy , it represents the largest piece of 
co ordmated research yet carried out on the teaching 
film Accounts of the early part, of the research 
have appeared m Nature 1 It is the purpose of this 
article to complote the outline record by' reviewing 
the last reports — now gathered into one volume 1 
The later U'ork follows directly on the earlier, 
confirming it, filling in details and dealing with 
specific problems But some now and interesting 
notions of a general sort arise m tins process The 
very last studies, 100-104, deal with training aids 
such as models and other apparatus that are not films 
Two of the studies, 40 and 50, are related to tho use 
of films m psychotherapy' These two studies, as 
well as study GO, are concerned with films which 
influence attitude The mam classes of films dealt 
with m the research have been those which impart 
information and those w'hich teach perceptual -motor 
skills 

A number of the studies yield information of genoral 
practical use For example, study' 37 by Philip Ash 
and Nathan Jaspen — see report SDO 209-7-37 — 
examines optimum y lowing conditions Usmg a small 
rear projection daylight screen in teaching a per- 
formance skill — the assembly of a gun breech block — 
the optimum viewing area was found to be a sector 
00° wide and 12 screen-wodths deep Increasing 
distance from the screen beyond 12 screen wndths 
led to much sharper loss of teaching effectiveness 
than increasing angle of view beyond that of tho 00° 
boundary Outside the optimum view'ing area loss 
was greater under daylight than under dark view mg 
conditions These results may be compared with 
those found for a standard size screen and projector 
by J J Gibson 3 he found that within a sector up 


to 90° wide and 7 screen-widths deep there was no 
loss m teaching effectiveness 

The Pennsylvania film research organization has 
alway's strossod that teaching films should bo tested 
“with ndequate samples of appropriate target 
audiences using reliable and \nlid tests”, rather than 
by y'lewing panels Ncy ertheless, assessing teaching 
effect n cness bv n y lowing panel remains often the 
only practical nltcmatn'e Study 57 by L P Green- 
hill myestigntos such assessing, and recommends a 
particular type of film analysis form (or question 
naire) , this panol testing procedure being u«ed to 
select tho best of seycral films, or to lmproye the 
teaching effectiveness of a film still undor production 
Study 59 by' A L Edwards provides a statistical 
methodology' yyhich might be used yyhen assessing 
films by' the panel method Tho report on study 48 
about making simple demonstration films with 
untrained personnel includes — ns an appendix — a 
‘manual for minimum film production’ 

Infra red photography' offers an excellent means of 
recording audience icactions — of children and others 
— under conditions of little or no yisibihtv But 
infra-red motion photography iscxpensne Study 50, 
by' L P Greenhill, iny'est igates the less costlv use of 
infra-red memo motion photography' This is essen- 
tially time-lapse photography' Tho photographs w ere 
taken on 10 mm infra -rod film at the rate of one a 
second, a rate xihich appears sufficiently' frequent to 
slioyv most typos of human actnutv The record yras 
symchronized wuth the ovents on the Rcreon, by' the 
symehronous drive of camera and projector, and more 
satisfactorily' by the uso of a mirror reflecting a small 
image of the screen into tho camera — so os to appear 
at one comer of each memo record frame 

In one of the earlier Pennsylvania studies* it was 
found that a rating profile foi a film, showing peaks 
for an audience reaction of ‘I am learning’ and 
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valleyn for a rcnotion T am not learning , provided 
a valid index of learning The subjectively based 
graph vob found to be highly correlated -with one 
based on the results of an objective learning test 
This find mg— although it has yot to bo fully estab 
lished — has considerable importance m connexion 
with film research, because it justifies n simple pro 
codure in ptneo of the present elaborate one of 
object ivo testing In somo measure it is further 
confirmed by study 55 In this study , b\ Richard M 
Fletcher, it was found that a team of competent 
assessors could shorten film commentaries without 
reducing teaching effectiveness considerably more 
when aided by a learning profile than whon not so 
aided — m one cos© 2G as against 11 per cent How 
ever, Richard M Fletchor says that the results of 
this study should bo interpreted careful!) In on 
interest mg discussion of results he considers the 
implications of the reactions I am learning’ and ‘I am 
not learning 

The notion of 'realism ns a factor influencing the 
teaching effectiveness of films has received attention 
m early Pennsylvania studies, In relation to viewing 
anglo*, stereoscopy* and colour 7 It emerges as a 
more conscious notion In the later work In study 49 
on the validity of pictorial toots and study 47 on the 
use of films In a Thematic Apperception Test loon 
icity is considered This term derives from C Moms’s 
work * A sign is icomo to the extent to which it. itself 
has tho properties of its denotata* ” Tho study of the 
features and combinations of features that lead to 
life likeness in films has beon called by the present 
ro\ tower simulaorios * In hating eight hypotheses 
of film research it is possibly significant that the 
director of the Pennsylvania research should have 
given the sign similarity hy'pothosis first “That 
films whoso signals signs and symbols have high 
degrees of Bimiiontv ( icomoity') to the objects and 
situations which they represent will bo more offeotivo 
for most instructional purposes than films whoso 
signals signs and symbols have low degrees of 
loonicity’ 11 * 

Report 40 prov ides a valuable bibliography of 
production, utilization and research on instructional 
films It contains about 000 references dating up to 


the onrly part of 1952 arranged alphalictically bv 
author 

One or two of the early Pennsylvania studies hav e 
been criticized on tho grounds that they are directed 
towards findings that are obvious m the first place 
Perhaps more justifiably one or two other of tho 
Pennsylvania studies have been criticized because 
thoy have been concerned with teaching in general 
rather than teaching with films m particular Tho 
Pennsv lvnnia research includes relativelv little basic 
research on the film medium itself In general the 
method has been to carry out experiments using the 
prevailing currant picture cum-commentnry type of 
instructional film, and consequently to improve that 

typ* 

But such comment on isolated studies and minor 
aspects of tho Pennsylvania research seems almost 
out of place in view of the enllghtenod way it has 
beon directed and all it lias accomplished In 1947 
there was no body of experimentally attested pnn 
ciples about teaching films and no proved techniques 
of film research which thanks to the Pennsylvania 
work exist now This work — which might so easily 
have boon restricted to fulfilling limited training 
needs — has yielded results of value to teachers 
generally and to psychologists Credit is duo to the 
associate directors C R Carpcntor and L P Green 
hill who with some of tholr staff now form an organ 
ization at Pennsylvania Btate University that has 
already investigated the use of closed circuit television 
in university teaching C Dent* Peace 

•lYrae 0 D \cuxrr 1M 7"S (1&>1) 170 M2 (IMS) 1"J 037 

(10M) 

■TwhnlciU Report* SDC 2S9-7--37 -fill ind ^DC 290-7-100 -to< , 
obtainable *lnjdy or In one Tolnoi* f SPC 200-7-RJ) from Special 
Dcriec* Center Port WajIdrnrtoiL 

■Gibson J J Report \o 7 Armr Air Fort** AvUtlon roxltolnsy 
Program (Wavumton DC Government Print Inn Office 1047) 
■Twrfnrt L. Technical Report 2S0-7-23 (Special Device* 
Center Port Washington 1051) 

‘Rosiial 8 M Technical Report 9/X. 2<t0-7-u (Ap«Ul DfTkes 
Cehtcr Port Washington i(UR) 

• Cogiirtll J r . Technical Report SVC 2CP-*-D2 (KpeeU) Derke* 
Center Port Washington lOSci) 

Mandermeer A W Technical Rejiort <<IK 200-7 -M (Special 
Df\lcw Cent«t Port Washington 1052) 

■Horde C 81pn* I^nffuacraiid Uehavlonr" StfMNrwTnrK 1040) 
peype C D \wlto~rUval Cot**tunkatlon Heritte (In the press) 
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BLOOD GROUPING OF THE REMAINS OF SWEDENBORG 

By MADELEINE SMITH 

Anthropology Section British Museum (Natural History) London SW7 


E ^LANUEL s\\ EDENBORG was bom on January, 
29 1088 and died in I ondon on March 29, 1772 
Ho was interred m tho vault of tho Swedish church 
m London His remains veto dmturlied on eovoral 
occasions , an account of those was given by Hull 
krantx 1 Tho coffin was first openod in 1790, and 
there is Uttlo doubt that this unauthorized action 
made tho removal of tho skull possible? Tho vault 
was opened at least nmo times between this date 
and 1810 It lias boon suggested that a skull was 
stolon from tho coffin on two occasions between 1810 
and 1817 In consideration of tho voguo enjoyed 
by phrenologv at tins time tins is not a remarkable 
fact On the first occasion tho Instigator was prob 


ably tho famous phrenologist Captain Holm whose 
collection alreadv included tho skulls of Alexander 
Pope and Cnsbntr Pdrier The presence of a Sweden 
borg ektifi in lus collection was disclosed to his niece 
in 1845, but regarded as a family secret There is 
somo evidonco tliat Holm introduced n substitute 
into tho coffin In a lotter to The Times of April 4 
1823 Hawkins fttatee that tho skull was removed in 
1817, b\ Captain Grauholni a Swedish sailor for 
financial gam On his death tins skull passed Into 
tho possession of Wnhlm, pastor of tho Swedish 
church in London A skull claimed to bo t ** f> 
Swedenborg was m the ^Hection of CTu.r « J|f 
MP, in tho yoar* prior to 18~3 « ,,n 



872 


VOL. 184 


NATURE September 19, 1959 


interest in this work Ono of us ( J A H ) is 
indebted to the Medical Research Council for a 
Scholarship 

J A Hunt 
V M Ingram* 


Medical Research Council Unit for 
Molecular Biology, 
Cavendish Laboratory, 
Cambridge 


•Present address Division of Bloclicmistrj , Department of 
Biology, Massachusetts Institute of Technology, Cambridge 30, Mass 


1 Aksoy, 3L, Bird, G IT G , Lehmann, H , Mourant, A E , Theln. 
H , and Wickromaslnglio. R L , J Physiol , 130 GOP (105 r >) 
Itano. H A , "Advances in Protein Chemistry ’, 12, 21G (1057) 
Neel, J V , "Hemoglobin”, 253 (Pub 657, National Academy of 
Sciences — National Research Council, Washington, DC) 


Ranney, H M., J Clin Invert , 33, 1634 (1054) 

• Ateoy, M , and Lehmann, H , Nature, 179, 1248 (1057) 

‘Ingram, V 3L, Nature, 178, 702 (1950) , 180 320 (1957) Hunt, 

J A , and Ingram 1 M , ibid , 181, 1002 (1053) Ingram, V M , 
Bioehim Biophys Acta, 28, 630 (1058) Hunt, J A , and Ingram, 
V M., ibid , 28, 640 (1958) 

‘Itano, H A Bergren IV R , and Sturgeon, P , J Amer Chew 
Soc , 76, 2278 (1954) 

•Lehmann, H , and Bhagivan Slngli, R , Nature, 178, 005 (1956) 

» Jonxls.J H P.Hulsman.T H J , 1 on dcr Schaaf, P C and Prlns, 
H K , Saltire, 177, 027 (1050) Stein IV H , Kunkcl, H O , 
Cole, R D , Spademan, D H , nnd Moore, S , Bioehim Biophys 
Acta, 24, 640 (1057) 

• Ml chi, H , Monaish Chem , 82, 489 (1951) 

• Partridge, S 3L, Bioehcm J , 42, 238 (1948) 

>» Sanger, F , and Tuppy, H , Biochem J , 49, 403, 481 (1051) Sanger, 
F , and Thompson, E O P , Biochem J , 63, 363 350 (1953) 
11 Fraenkel Conrnt, H , Harris, J I , and Levy, A L , * Methods of 
Biochemical Analysis ’, 2 369 (1055) 

» Redfleld, R R, Bioehim Biophys Acta, 10, 344 (1053) Hunt, 
J A (unpublished work) 


« SJSqnlst, J , Arkiv Eemi, 11, 129 (1057) 

*‘ Noughton, M A , and Sanger, F , Biochem J , 70, 4 P (1058) 
“Partridge S 3L, and Davis. H F , Nature, 165, 62 (1050) 

“ Perutz, 31 F , Llquorl A 3f , nnd Elrlcli F , A ature, 167, 020 
(1951) Schroeder, M A . Rhlncsmlth, II S , nnd Pauling, L , 
J Amer Chem Soc 79,4082 (1057) 

11 Lehmann, H , Blood 13, 302 (1058) , also In "Abnormal Hrcmo 
globins ’, 307, edit by Jonxls and Dclafrcsnayc (Bladmclf, 
Oxford, 1059) 

11 Ingram, V 3L, Salure (In the press) 


m a bod mg water-bath for 20 mm to precipitate 
the haemoglobin This was dissolved m 0 1 A 
hydrochloric ncid and tho lucm extracted with acid 
acetone 3 Tho dried globin was suspended in 0 0 ml 
of 2 per cent ammonium bicarbonate buffer at pH 
7 9, nnd digested by addition of 0 05 mgm of trypsin 
at 38° C After 2 hr tho solution Mas evaporated 
and re*ovnporatcd from acotic acid to sublime tho 
ammonium carbamate formed A solution of chrom 
atograplucally purified Hemoglobin F (rof 1) of tho 
same concentration wrcs treated in exactly the same 
way m a parallol experiment Tho digests were 
compaied with a normal tryptic digosl 1 of Juemo 
glolnn F by both ono dimonsional paper oloctro 
phorosis at pH 0 4 and by fingorprmtmg 4 

Tho ‘fmgorprint’ of Hemoglobin ‘Bart’s’ is shown m 
Fig 1 in comparison viitli those of hrcmoglobin F 
and tho a- and y chains of hrcmoglobin F (rof 1) It 
is apparent that all tho a-cliain poptides aro missing 
from hrcmoglobin ‘Bart’s’ and that it consists sololy 
of y clmms Its sedimentation constant is indis 
tingmsbablo from that of A (R A Kokwick), which 
suggests that its molecular weight is about 08,000 
and tho globin a totramor. 

Jones, Sclvroodor, Balog nnd Vinogrnd 5 have found 
that luemoglobin 17 consists sololj of p-chnms of adult 
haemoglobin associated in a totramor Hrcmoglobin 
‘Bart’s’, tlicieforo, is the oxact counterpart m tho 
foetal system of hrcmoglobin 77 m llio adult system 
Hrcmoglobin 11 is only foimd in tho prosonco of tho 
gono for thnlassrcmia Tho blood picture of infants 
Moth hrcmoglobin ‘Bart’s’ is hko that in thnlnssrcmia, 
but this docs not persist into Inter life, nor do tho 
children do\olop an abnormal hrcmoglobin Thero 
nro then two possible explanations for tho production 
of nn nil y- chain hrcmoglobin Tlioro may bo an 
ov or- production of tho y-clmms However, from our 
prosont data mo cannot bo certain that there does 
not oxist a smnll chemical difference betneon tho 


Hzemoglobm ‘Bart’s’: a Foetal Haemoglobin 
without a-Chains 

In a previous communication ono of us reported 1 
that normal foetal hrcmoglobin (F) consists of two 
kinds of polypeptide chains One of these (a) is 
identical with the a-chain of adult hrcmoglobin, while 
the other (y) is different from its adult counterpart ((3) 
and seems to be characteristic of the foetal form 
(To avoid confusion in nomencla- 
ture of the hrcmoglobin chains, it 
has been decided to call the chains 
of hreraoglobin F, a and y and not 
a and (3-fcetal as m ref 1 ) A foetal 
hrcmoglobin with an abnormally 
high anodic electrophoretic mobility 
was discovered at St Bartholomew’s 
Hospital in an infant whoso red-cell 
morphology resembled that seen m 
thalassrcmia 1 It wrcs called hrcmo- 
globin ‘Bart’s’ We have now found 
that this consists of y-chams only 
Fresh blood from an infant with 
haemoglobin ‘Bart’s’ was made 
available by the courtesy of Dr H 
Kohlor, of Birmingliam A purified 
solution, containing about 4 mgm 
of hrcmoglobin ‘Bart’s’ m 15 ml, 
was obtained by elution from paper 
electrophoretograms This solution 
was adjusted to pH G 9 and heated 


y-chams m hrcmoglobin ‘Bart’s’ and thoso m hrcmo 
globm F Alternatively, tho production of a-chams 
may ho inhibited, in which case, smeo tlio children 
with luemoglobin ‘Bart’s’ do not dovolop hrcmoglobin 
E, tho a-chams of hrcmoglobin A and F, although 
chemically identical, do not appoar to bo controlled 
by tho same gono Thus in a Greek boy with tholos- 
srcmia m wdiom, as is typical for tins condition, 
hrcmoglobin F had persisted boyond tho ago of 
infancy, a smnll amount of hrcmoglobin ‘Bart’s’ was 
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Bin 2 Tracing! of fingerprint* of th* tryptic digestion* of the ch»ln* of hajmoslohlnP 


albo found but no lifomoglobin JJ* Tins could bo 
interpreted na demonstrating the independence of the 
production of the a chains for luemoglobms A and P 
On. tho other hand in nn adult woman from Israel 
with a thalassemia like blood picture, more tlian 80 
per cent of hemoglobin A and only traces of hrotno 
globm P were found, but 8 per cent of hicmoglobin 
Bart s’ and 5 per cent of luemoglobm H T Of her 
four children one also posacesed hemoglobins A, 
Bart b’ and B, but only a trace of F This represent b 
a strong inhibition of tho frotal a-oliam formation 
with onlj a weak inhibition of that of tho a -chain* 
for haemoglobin A 


Seic-rnl infanta with hxemo 
globm 'Bart's' liar© now boon 
seen, ahvujs associated noth nor 
mnl luomoglobm P and it is inter 
csting that m these infants the 
r cliams of foetal bxemoglobm 
should bo capable of a separate 
oxistonco, e\on though a-chain* 
are being produced for both htemo 
glob ins A and F No reports of 
hemoglobin consisting entirely of 
a -chains luuo yet appeared but it 
would not be surprising if such 
chains could also exist on then* own. 

One of us (J A H.) is grateful 
to the Medical Research Council 
for a scholarslup 
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MECHANISM OF IMMUNOLOGICAL UNRESPONSIVENESS 


By Pro, CHARLES F CRAMPTON*, FRED R FRANKEL and Mrs J L RODEHEAVER 

Dspmmnau of Pathology tnd Blochernirtry College of Med Jdno University of Florid* Gainesville 


C ONDITIONS of immunological unroeponsn encss 
which vary in specificity, completeness and 
duration havo boon induced in now bom rabbits by 
administering small amounts of soluble proteins at 
berth 1 "*, and in adult rahbite by tho injection of 
massivo doses* of antigens, or by tho prolonged 
administration of modem to amounts of antigen*.*’ 
In tho hopo of emphasizing pathways of antigen 
distribution that nro essential for tho establishment 
of an immune response studies wore undertaken to 
determine whether tho fato of labelled antigen vn 
unresponsive, rabbits differs from the. fato uv normal 
rabbit* which ftro potontially responsive* For this 
purpose, Now Zealand wldto rabbits were rendered 
specifically unresponsh o hj moons of repeated intro 
pontonoal injections of iodoprotoina begun witldn 
12 hr of birth* Tim iodo -ovalbumin end tho iodo 
boWrto sorum albumin which waro mjootod contain 
8-10 por cent of iodine and when injected intro 
pcnfonnallv to normal adult rabbits they consistently 
ovoho the production of precipitating humoral anti 
bodies specific m part, for their determinant dhodo- 
tyroamo residues 

In no case, howovor, werro precipitating antibodies 
found in tlio sera of rabbit* which lmd boon injected 

* SdujUr In Medical Sidenc* The John and lr*ry B llaikl* 
FtmndaUon 


ropcatcdI> 4-C months from tho tlmo of birth Tho 
motliods used to trace the iodoprotoina were essentially 
the same os thoso employed m previous studies* 
■Preparations of tho iodoprotoina labelled with iodmo 
131 wore injected mtra\ cnouslj to normal and un 
rosporwivo rabbits Measurements icoro made after 
interval* of 2 mm -24 hr of that portion of tho 
persisting iodine 131 that wfw insoluble In aqueous 
7 per cent trioldoracetio acid and m neutral alcohol 
ana ocotooo Bccauso tho nuiloectivo iodmo w an 
integral part of tho determinant groups of tho lodo- 
protoina, it is felt that measurements of protein 
bound lodino 131 trace tho fato of maternal that is 
potentially antigenic possibly m contrast to measure 
monte of tho total persisting isotope It was found 
that tho label! od iodoprotoina were eliminated from 
tho blood and distributed among tho organs of 
unresponsive rabbits ut tho samo wnj os m normal, 
adult rabbits After a dav, less than 0 6 per cent of 
tho total injected lodoprotem remained in tho blood 
of robbite of both typos. Since the fnnbihtv to form 
antibody induced by tho present procedures does not 
result tn a perturttneo or ‘toleronco’ of tho antigens 
in tho unroepansivo rabbits there in no c\ idonco that 
tho iodoprotoina aro *rocognircd w-#elF 1 i> tjto un 

KaponsJvo rabbit* or that “T.'jTTi'iw /«*>• 
dopcmdB on n moclnuilmn for rflmlnnUnp iw 
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proteins more rapidly than normal Inasmuch as 
the patterns of intracellular localization in the cyto- 
plasmic granules of tho livers and. spleens of the 
unresponsive rabbits wore exactly tho samo as 
those observed previously with lodo ovalbumin and 
certain azoproteins 8 10 , it is cloar that the presence 
of foreign antigenic material in cytoplasmic granules, 
while possibly a condition that precedes or is necessary 
for antibody formation 11 , is not in itself a condition 
that leads inevitably to tlio production of moasurable 
amounts of precipitating antibody 

Of the many possible interpretations of these 
findings only ono will be considered, namely, that 
the presence of antigen or haptemc fragments of 
degraded antigen may actually function to forestall 
antibody formation It is proposed that antibody 
formation is mitioted as usual m a small number 
of susceptible colls whenever normal or unresponsive 
rabbits receive antigen Howover, the first moloculos 
of antibody that are formod are hkely to encounter 
cytoplasmic granules that contain residual antigon 
donved from the final injection, or (in tho case of 
unresponsive rabbits) partially degraded haptemc 
residues remaining from previous injections of antigon 
Intracellular antigen-antibody reactions at appro- 
priate loci could release the hydrolytic enzymes that 
are normally retamed within the mombranos of 
granules such as tho lysosomes' 1 

If the damage inflicted on essential structures by 
the reaction itself, or by tho enzymes released or 
activated through tho reaction, wore sufficient to 
annihilate such cells, there would fail t-o be established 
a permanent line of cells that possessed the specific 
information necessary for antibody formation during 
the time when undogradod, antigemcally potont 
antigen was stdl present m the rabbit Direct evidenco 
is already at hand that tho addition of antigon to 
tissue breis or to sera that contain specific antibody 
results m the activation of protoasos 1 ’ -16 It is 
anticipated that a similar activation will follow tho 
addition of antibody to sera, to homogonates of tissuo, 
or to subcellular fractions that contain specific anti- 
gen Damage by proteases that are activated by 
immunological reactions has been suggested repeat- 
edly over tho years 14 . 1 ’ as a reasonable basis for 
pathological changes at tho tissue-level that occur m 
states of hypersensitivity The present suggestion 
is that undor certain conditions such damage would 
not extend beyond individual cells in which antibody 
formation had been initiated Tho fact that mduced 
immunological unresponsivenoss is not pormanont, 
unless antigen is continually administered 4 , is attri- 
buted to tho gradual loss (by degradation or by 
dilution) of haptemc residues from tho potential 
antibody-forming cells, or to a fortuitous asymmetric 
distribution to daughter cells of tho discreto granules 
that contain tho antigen 

Many more data are required boforo it will bo 
possible to decide whether a number of phenomena 
already recorded m the literature are manifestations 
of some of the cellular events postulated hero 
Insurmountable difficulties may confront attempts 
to assign microscopically visible effects unequivocally 
to macroscopically imposed causes, particularly when 
the effects that are judged as pertinent to the argu- 
ment could be exceedingly rare events Nevertheless, 
it may be significant that degenerating, fragmented 
nuclei are found beside viable, primitive cells m tho 
germinal centres of the lymphoid follicles, particularly 
during the natural immunization that accompanies 
bacterial infections 17 This paradoxical phenomenon 
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is enlianccd by immunization with antigons ordinarily 
rogarded os innocuous Smco a fow molecules of 
antigon may lie ndoquato to mitiato antibody forma 
tion, while a relatively largo amount of antigon may 
bo roqmrod to ensure comploto annihilation of 
antibody-forming cells, it is possiblo that tho remark 
able action of adjuvants (boo rof 18) is to minimoo 
tho flood of antigon into tho cytoplasmic granules 
of potential antibody-forming colls so that survnnl 
is more probable if the improbable ovonts occur that 
culminate in antibody formation 

It is noteworthy that application of tho fluorescent 
antibody techniques of Coons to adult rabbits has 
shown that antibody is rarely dotcctablo m colls that 
tako up antigon, whore devastating intracellular 
antigen-antibody react ions w ould bo possible 1 * 
Moreover, tho antibody wilhin gormmal centres of 
stimulated lymph nodes is limited not only to in- 
dividual colls, as m tho medullary area, but occurs 
also “ovor an area of tho follicle involving a numbor 
of colls in an indistinct v. ay, often with a particulate 
distribution botwoon tho colls as woll”” Antibody 
distributed in this mannor may correspond to dobra 
from colls wlucli undertook antibody production 
wlnlo oxcessivo amounts of antigen wore still presont 
m cytoplasmic particlos On tho otlior hand, antibody', 
but rarely antigon, is easily detected in mombers of 
tho plasma coll series 1 ’ 10 Tlio suporfioml injury that 
plasma colls are liable to suffer as a result of an 
oxtracollular antigon-antibody reaction, ratlior than 
causing coll death, may form what is frequently over- 
looked by many thoorists, a concroto basis for tho 
spocifio prohforativo stimulus that must underho tho 
secondarv responso Tho mechanism which must bo 
modified (or solectod) m order for appreciable amounts 
of antibody to bo formod appears to rosido in colls 
that are highly sensitive to X-irradiation Onco it 
is established, how ovor, tho antibody-forming mech- 
anism is remarkably radioresistant* 1 Although colls 
with different morphological properties appear to bo 
involved at tho boginning and at tho ond of tho overall 
process of antibody formation, tho striking qualitative 
differences of those colls with respect to radio 
resistance might depend upon tho collular locus of 
antigon-nntibody reactions, rather than a funda- 
mental chango m coll typo Perhaps doatli is an 
movitablo seqnol to X-ray damage m colls that aro 
also damaged by mtracollidar antigon-antibodv 
icactions, while nnt lbody-formmg colls may survn o 
X-irradintion m tho absence of additional intra 
collular damage from antigon-antibody reactions 
Very rocontly, it was suggested* 7 that X-irradiation 
destroys withm minuteB tho ability of colls in 
lympliatic tissues to dorivo onorgy from nuclear 
phosphorylation reactions Tho intracellular antigon- 
antibody reactions postulated boro might bo oxpectcd 
in addition to dorango alternative, cytoplasmic 
reactions that otherwise could havo produced onorgy 
utihzablo for survival and for o\ ontual repair of tho 
X-ray damngo 

Many previous tlicorios of antibody formation 
have failed to provido adequate explanations for tho 
fact that tho secondary response is more mtenso than 
the primary rosponso (for a discussion, see rof 19) 
On tho other hand, certain vorsions of tho ‘soleotion 
theory’, which currently enjoys much favour”, 
appear to neglect tho same fact mowed from tho otlior 
direction, that tho primary rosponso is much loss 
intense than the secondary responso In tho outline 
of the proposals presented hero, tho secondary 
responso is assumed to dopond upon a stimulation to 
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proliferate that is selective for Imoe of cells that 
lime inherited, or otherwise acquired, the specific 
information needed to synthoene antibod}, whiah 
information was initially established in t ho fow 
surviving colls that woto modified as a result of the 
primary encounter with antigen The absence of a 
'suitable environment”** that -was postulated to 
account for the failure of appreciable formation of 
antibody in now l>om rabbits, oven when competent 
cells wore transferred from normal adult donors, mnj 
depend upon a possible deficiency of metabolites 
essential tor survival and necessary to repair the 
intracellular damago caused by antigen-antibody 
reactions in individual cells whore ontibod} forma 
tion was initiated 

That transfer to now bom rabbits of lymphatic 
tissue from immunized donors is followed by forma 
tion of antibody’* would depend upon tho existence 
in tho transferred tissuo of cells in wluah the antibody 
forming mocimmsm is free from potentially Jothal 
intracellular antigen Natural tolerance towards 
self materials and experimentally induced tolerance 
towards homografts, where many of the antigenic 
determinants that aro involved still await chemical 
ciiaracterfzation, may also depend upon the selective 
destruction of colls in which auto-antibody formation 
is initiated Tho occidental survival of a fow such cells 
if followed by tho passage of the antibody forming 
mechanism into cells tliat are impervious to ‘antigen’, 
would explain the development of conditions of auto 
immunization 

Tho finding that lodoprotoins appear to undergo 
tho same fate in unresponsive rabbits as in normal 
rabbits lias suggested simple mochamsms which 
might account for specific unrosponsivonesa and for 
a number of other immunological phenomena. How 
over, it m clear that the experiments have not clarified 
tho ultimate problems of where and how tbo infetrma 
tion nocoesary for tho synthesis of a specific combining 
site is materialized or whother this information exists 
in colls prior to a primary injection of tho antigen. 


A complete and more critical account of the export 
mental studies whioh form the basis of this dis 
mission is being prepared for publication This work 
was supported by the Uni tod States Public Health 
Research Grants E 1290 and E 1200(0} We ore 
indebted to Ur Joshua L Edwards for many 
informative and stimulating discussions, and for 
making available tho opportunities and facilities that 
made the studies possible One of us (F R F ) has 
received support from IT S Public Health Service 
EG 4801 (C261) [Mnj 13 
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HYDROGENATION OF LIPIDS BY RUMEN PROTOZOA 


By Dr. D E WRIGHT 

Plant Chemistry Division Department of Scientific and Industrial Research Palmerston North New Zealand 


r ’ baa boon observed by several workers that 
dietary unsaturatod fats aro modified in tho 
rumen by hydrogenation Sherri and, Woemnk and 
Johns 1 found that tho fatty acid composition of 
mgeetod plant material was considerably changod by 
rumen contents In particular the high cont ent of 
lino Ionic acid was markedly reduced, being convurtod 
mainly to etoario acid Tins work was confirmed by 
Shot land, Woemnk, Johns and McDonald* when they 
demonstrated tliat rumen contonts tn tnfro could 
hydrogenate oloio, Imololo and Imolenic acids Other 
studies on hydrogonation molnde tboeo by Hofiund, 
Holmborg and SoUmann’ using cows fod hnolomo acid, 
Rolsor and Roddy* with goats fod on a dlot supple 
montod with unsataratod oils, and more recent!} 
Gorton, Hobson and Lough* with sheep The 
typo of micro-organism responsible for tho hydro 
go on ting activity has not boon determined m thoeo 
studios 

It lias boon observed that some apocioe of protoroa 
arc able to ingest chloroplaats* Sinco chloroplosts 
aro rich in lipid material, particularly imsaturatod 


fattj acids, it was thought likely that thcao efiiatos 
ma> bo roeponaiblo for at least somo of tbo hydro 
genation occurring in tho rumen. 

Ruroon. contents wore colloctod from a rumen 
fistulatod cow fed on fresh red clover (Tnfohvtn 
pra(enst) and the protozoa allowed to settle b} 
gravity Microscopio examination of tho protozoa 
showed a mixed population of holotnchs and oligo 
trlchs tho latter group being rnainlvEpidinla. Wasliod 
BuspnnsionB of tho ciliatoa wero proparod by tho 
procedure described by Oxford* using an ncotato-bi 
carbonato-phoepliato buiTor containing penicillin and 
neomycin After washing to froo thorn of bacteria, 
the protozoa woro euspendod in tho buffer with 
antibiotics to which tho substrate and clov or starch 
wero added Tho flasks wero incubated under carbon 
dioxide at 38* or 4° After overnight incubation 
the lipid material was extract od from tho solution 
by acidifying With hydrochloric acid and extracting 
with petroleum other Tho fatt> , m l brrH 

by the usual methods and tho.r 'odijo ^ 
calculated by tho Hnnus proeod.iro t7n^ 
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Table 1 Htdrogenation of Sodium Linoleate and Linseed Oil 
dt a Suspension of Rumen Protozoa 


Incubation 

temperature 

Substrate 

Iodine 

number 

4° 

Sodium llnoleato 

102 0 

38“ 

Sodium Unoleate 

101 2 

4” 

Llnsocd oil 

100 0 

38“ 

Linseed oil 

120 0 


conditions, hydrogenation of both linoloic acid and 
linseed oil -was found (Table 1) 

The hydrogenation of chloroplast fat a as next 
examined by incubating protozoa with cliloroplasts 
A suspension of chloroplasts was prepared by grinding 
freshly picked red clover leaves in an end -runner mill 
with a sucrose-phosphate buffer solution 7 After 
removing the fibrous material by filtration through 
muslin, the filtrato was centrifuged at 100g for 10 mm 
to remove large plant particles and tho supernatant 
centrifuged at 1,500;; for 20 nun to sediment chloro- 
plasts The'chloroplasts wero suspended in tho acotato- 
bicarbonate-phosphate buffer plus antibiotics and 
equal volumes added to two 100-rnl conical fiaslcs 
containing washed protozoa suspensions, one of which 
had been placed m a boiling water -bath to destroy 
enzyme activity The flasks wero flushod with carbon 
dioxide and then incubated at 38° C , provision boing 
made for the release of gas from tho flasks 

After incubating overnight, tho boiled control 
sample was still green in colour, but tho tost samplo 
was coloured yellow, indicating breakdown of chloro- 
phyll The samples were freeze-dried and tho lipids 
extracted by boiling with diethyl other Tho otlior 
solutions wero ovaporated to dryness, taken up m 
petroleum ethor and tho solvent romovod in t acito 
The hpids wore saponified and fractionated mto 
water-soluble, non-sapomfiablo and fatty acid frac- 
tions The fatty acids were converted to tho mothyl 
esters and analysed by gas-liquid chromatography 
Considerable differences were noted botwoon tho tost 
and control sample fatty acids (Tablo 2) 

The composition of the C u acids m tho boiled 
control sample is typical of rod clover chloroplast 
hpid (Weerunk, R O , personal communication) 

Table 2 Comparisons between C» Fattv Aoid Composition of 
Chloroplast Lipids inouiiated with Live or Dead Rumen 
Protozoa 

Fatty acids weight per cent 


Sample + 
Chloroplasts 

Saturated 

TJimturatcd 

. _ . 

mon- 

dl- 

trl-enc 

Live protozoa 
Boiled protozoa 
Difference 

17 6 

10 7 
+ 0 8 

10 0 

10 2 
-5 0 

27 0 

2 8 
+24 S 

1 

t-0 M 
OO J*- 

O viCO 
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There has boon considerable conversion of triono acid 
t-o diono acid and monoono to stoaric acid Only a 
slight conversion of diono to monoono Booms to have 
occurred This is rathor surprising since it was 
shown abovo tliat protozoa could hydrogenate 
linoloic acid Roisor 8 suggested that rumon contents 
convert lmolomc acid merely to linoloic acid although 
Shorland et al 1 show od furthor hydrogenation of 
linoleio acid to monoono and saturated acids Since 
a considerable amount of lmolomc acid still romamod 
in those protozoa experiments, thoro must have boon 
an oxcoss of unsaturated hpid prosont and it may bo 
possiblo that the onzymo or enzymes rosponaiblo for 
hydrogenation show’ somo dogroo of spocificity and 
attack tho triono and monoono acids preferentially 
Since littlo is known about tho mechanisms of onzymio 
hydrogonation, tins must romam speculative at the 
momont 

Tho non-saponifiablo material from both samples 
was yellow in colour, had similar mtonsitios and 
spectra typical of a carotcno-xantliopliyll mixture) 
In spito of tho carotono boing highly unsaturatod, 
littlo hvdrogonation of tho pigment has occurred 
This is m ngroomont with tho observations made by 
Shorland, Weonmk, Joints and McDonald 5 

In spito of attempts to wash tlio protozoa clean 
of oxtornal bacteria, somo bacteria wero undoubtedly 
prosont msido tho cihatos Their role m hydrogonation 
is difficult to assess , but it soems likely tliat tliov 
woro not prosont m groat enough numbers to ha\o 
much ofTect Preliminary oxponmonl9 using wasbod 
suspensions of rumen bacteria suggest that bacteria 
do not contribute a great deal to tho hydrogonation 
occurring m tho rumon It is interesting to speculate 
whether fluctuations m tho population of protozoa 
could bo correlated with tho seasonal variation m 
lodmo numbers of milk fat noted in Now Zealand* 
Furthor studios on tho rolo of bacteria and in- 
dividual spocies of protozoa in lipid motabolism aro 
in progress I would liko to thank IMiss J Micliaol 
for technical assistance, and Dr J C Hnwko and 
Miss J Cook, of tho Fats Rosoarch Laboratory, 
Wellington, for tho gas-liquid chromatography data 

1 Shorhnd, F B , Wccnlnk, R 0 , and Johns, A T , Fature, 175, 
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FORMATION OF THE PORPHYRIN RING 

By Prof JONATHAN B WITTENBERG* 

Departments of Physiology and Biochemistry, Albert Einstein College of Medicine, New York 61, New York 


I T is generally agreed that the naturally occurring 
porphyrins arise through the condensation of four 
molecules of porphobilinogen (I) However, it has 
proved very difficult to formulate a sequence of 
reactions leading uniquely from porphobilinogen to 
the type IH and type I porphyrins Several years 
before any of the reactions leading to porphyrin 
* Senior Research Fellow ( SF 67), H S Public Health Service 


formation wore recognized, Tumor 1 had roahzod that 
tho essential clue to tho understanding of tho cycliza 
tion of the porphyrin ring was to bo found in tho 
behaviour of tnpyrrylmotlianos, established by 
Corwin cl al 2 3 Sliomin, Russell and Abramsky* 
and Bogorad and Grarnck 6 havo olabomtod thoso 
ideas In tho course of the isolation of isotopically 
labelled litcmm from duck rod blood colls", Sheinm 
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and I (unpublished work) en 
countered a colourless, stable, 
intensely radioactive protom 
bound material, wliioh was 
thought to be a polypyrrolo 
On tho strength of this finding 
compounds containing several 
pvrrolo rings were considered 
as possible* intermediates m tho 
condensation of porphobihno 
gon (I) to the uroporphynno 
pons (IV, V), tho parent 
sub stances of tho porphyrins 
If Tumor’s tripyrryl methnne 
hypothesis is coupled to the 
idea that the rearrangements 
leading to tho type HI por 
phyruis occur within a slnglo 
largo moleculo, a mechanism 
for porphyrin formation 
emerges tv Inch not only satis 
fies all tho chomical require 
monts put forth below but also 
provides a rational mtorprota 
tion of tho results of Bo go 
rad s 7 ~* olegant enzymatic 
studios This formulation has 
tho virtuo that it reveals tho 
unique structure of tho type HI 
porphyrins to bo a necessary 
consequence of the chemical 
structure of tho key inter 
mediate, a oycho octnpyrrolo 
(HI) in their formation 
The pTimary requiromont to 
be fulfilled by the octapyrrole 
hypothesis la that it must lead 
to tho formation of only typo 
III and type I uroporphyrino 
gens (V and TV respectively) 
sine© typo II and IV isomers aro 
not formed enzymatically 7 1 
and typo H and IV porphyrins 
do not occur in Nature 
Furthermore tho isomeric 



specificity must bo independent 

of the action of onzymos and reside in tho chomical 
nature of tho reaction since, m the presence of hydro 
chloric ooid, (I) is convert od largoly to (V) with tho 
formation of looser amounts of (TV) 1 * 11 Those condi 
tions ore met by reactions 4 6 and 3 In addition 
tho octapyrrolo hypothesis fulfils all the following 
subsidiary requirements all four pyrrolo rings of 
tho porphyrin must arise from a single common 
precursor (I) in ogreomont with tho very oxnct 
equivalence of tho isotopo concentrations m tho 
noutral and acidic pyrroles of lucmin formed from 
Isotopically labelled precursors* 11 11 All of (I) 

consumed m tho reaction must bo converted to 
porphyrin without tho obligato formation of pyrrolic 
by produota, in agreement with tho more than 90 
por cent 14 or 80 por cent* conversion of (I) to por 
plivrins nchiovod enzymatically, or tho 77 5 per cent 
conversion ocliioved in tho prosonco of hjdrochlono 
acid 11 All four of tho mothone bridgo carbon atoms 
must bo derived from tho nmmomothj 1 side-chain of 


isomers, nor can thoj account for tho very lugh 
y ields of uroporphyrin III formed from porpho 
bOinogon 

Formaldohydo may be a product of the cnzvmnlio 
and non-onzymatio conversion of (I) to porphyrin* 
This would constitute strong ovulcnco against tho 
present proposal only if tho fonnaldehvdo wore 
shown to onso in stoiohiomotrio amount r from tho 
ammomothyl group of (I) 

The octapyrrolo hypothesis may be stated in 
conjunction with Bogorad s recent enzymatic work 7 * 
Ho finds 7 that the enzyme porphobilinogen deaminase 
converts (I) to (IV) Howovor, mneo a second enzyme 
named ‘uroporphjwmogon isomoraso’ lias as its solo 
substrate a product (different from IV) of tho action 
of porphobilinogen doaminnoo on (I) (rof 8), it appears 
necessary to postulate that on ns >ot undetected 
colourless compound is tho primary product of tho 
action of porphobilinogen deaminase Tho structure 
of this material must bo such that it is easily con 


(I), In ogreomont with tho isotopo data* vcrrtiblo olthor spontanoouslv or under the further 

Most of tho schemes of porphyrin formation action of porphobilinogen deaminase to (TV ) (mac 
hitherto proposed (rofB 4, 5 11, 17 and re viewed tion 5) Tho suggestion is advanced that ihl* 
in refs 15, 1G) do not account for tho formation of unknown compound is the linear retmpyvi'°J , > 
porphyrins I and HI unoontaminatod by other and that tho primary action of parp «« > ogv 
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of 0 1 M ammonium acetato solution was added and 
the resulting solution (pH 7 1) was incubated at 
37° C for 24 hr The incubated solution was froozo- 
dned, which removod most of tho excess ammonium 
acetate The product was dissolved in water (1 ml ) 
and treated with ethanol (3 ml ) Tho procipitato 
was recovered by contnfugation, dried and shaken 
with a small volume of 0 05 M calcium chloride 
solution The insoluble fraction was recovered and 
dissolved in the minimum volume of hot water On 
cooling, crystallization occurred The insolublo 
material was rocrystallized from hot water Tho 
crystals were isolated and dried in vacuo at 00° C 
over phosphorus pentoxide Yield approx imatoly 
6 mgm Similar material was isolated from reaction 
mixtures containing coll extract In both cases tho 
product was calcium dipicolinato accordmg to tho 
following criteria (1) appearanco of the crystals , 

(2) extinction coefficients at 2700 and 2775 A , 

(3) the infra-red spectra of both products winch 
agreed exactly with that of natural calcium dipicol- 
mate , (4) paper chromatography using Whatman 
paper (No 1 or 4) and butanol /acetic acid/wator 
(4 15 v/v, upper phase) as solvent Tho spots 
corresponding to the products and authentic calcium 
dipicolinate were visible when tho dried paper was 
viewed with a source of ultra-violet light (‘Chrom- 
ahte’ lamp) and had the same Up value When tho 
paper was sprayed with a solution contammg ferrous 
ammonium sulphate (0 1 per cent w/v) and ascorbic 
acid (0 1 per cent w/v) in 0 5 M acetato buffer, 
pH 5 5 (ref 8), tho spots turned pink 

The formation of dipicolinato in tho absenco of 
oxygen uptake can only be explained in terms of 
an oxidation-reduction reaction occurring botweon 
the products of the reaction of dikotopimolie acid 
with ammonia, and perhaps diketopimolio acid 
Identification of products other than dipicolinato has 
not been attempted , but paper chromatography of 
reaction mixtures showed that a number of com- 
pounds is produced When the effect of oxidizing 
agents on tho reaction was Btudied it was found that 
quinone had an effect similar to that of cell extract on 
the rate of production and final yiold of ultra-violot 
light absorbing product Fig 2 shows the rate of 
production of material absorbing at 2700 A in tho 
presence and absence of quinone The absorbency 
values were affected by tho formation of kydroquinono, 
but increased formation of dipicolinate in tho presenco 
of qumone was confirmed by paper chromatography 
It is possible that the oxidative system m bacterial 
cells acts m a similar way to qumone and the reduced 
system is then oxidized directly or indirectly by 
atmospheric oxygen 

Attempts to demonstrate diketopimelio acid ns a 
constituent of sporulating cells of Bacillus coccus 
were unsuccessful In these experiments, deprotoin- 
lzed cell extracts were treated with 2 4-dinitro- 
phenylhydrazine and the keto-acid derivatives wore 
extracted with ethyl acetate and chromatographed 
on paper® Comparison spots of the 2 4-dmitro- 
phenylhydrazones of a-kotoglutano, oxaloacetic, pyru- 
vic and cce-diketopimelic acids and of acetono were 
run on the same paper The chromatogram showed 
derivatives of pyruvic acid and acetone to be present 
but no diketopimelio acid could be detected in 
120 mgm (dry weight) of cells However, it was 
found that when diketopimelic acid was added to 
cell suspensions which were then disintegrated, 
treated with reagent and chromatographed, the 
d ini tropb enylhydrazone of this keto acid could not bo 



Hr 2 LOVcl of quinone on tho formntlon ordljdcollnlcndd from 
dlkolopltnelle ncld nnd ammonium salt (a) Reaction mixture 
11 m) ) contained dlkcto ncld (2 mgm ), calcium carbonate 
(1 rugm ), nmmonlum ncolnte (4 mgm ) nnd quinone (0 1 ml 
Bnt nq solution) Control solution contnlncd no dlketo ncld, 

(6) As for (a) but without quinone Solutions Incubated nt 37* C 
nnd simple s trented ns In Fig 1 

detected A nogatno result was probably duo to the 
rapid reaction of tho koto acid with endogenous 
ammonia when tho colls wore disrupted 

Attempts to impheato ae-dikotopimoho acid as a 
precursor of ae-diaminopimohc acid in bacterial colls 
wore unsuccessful. Reaction mixtures after incuba- 
tion of coll homogenate with koto acid and cither 
ammonium clilorido, glutamic acid, glutamine or 
aspartic acid were tested for tho prosonco of diamino 
pimolic acid using tho solvent system of Rliulnnd 
ct. al 10 Unhoatod coll homogenates wore tested m 
these experiments nnd pyridoxnl phosphate was 
addod No diaminopimohc acid was detected in 
samplos of reaction mixture initially containing 
130 ggm of tho koto acid 
In an interesting articlo on tho pyridmo ring nnd 
tho problom of its biosynthesis, Gnmshaw and 
Marion 11 have suggested that tho pyridmo ring might 
be built directly from smallor units arising from 
alaruno and glycmo or possibly from non-mtrogonous 
precursors nnd ammonia Martin nnd Foster 11 have 
reported two possible pathways of dipicolinate syn- 
thesis m Bacillus mcgatcrium involving either 
pyruvate and aspartate or olanmo and oxaloncotato 
Tho experiments reported hero aro of interest m this 
connexion, and wo consider that ovon though diketo 
pimoho acid has not been demonstrated as a coll 
constituent, its reactions with ammonia m tho presence 
and absenco of cell extract suggest somo interesting 
possibilities 

Wo wish to thank Mr S Lovett for synthesizing 
ae-diketopimohe acid and Dr K P Norris for infra- 
red spectrophotometry We aro grateful to Dr D H 
Herbert, Mr E O Powell and Major L H Kent 
for useful suggestions nnd discussion 

•Powoll.J F , Biochem J ,64,210(1053),./ Arp Hart ,20,340(1057) 

* Burton, K , JhocJicm J , 60, 268 (1061) 

* Work, E , Biochcm J , 40, 17 (1051) 

‘ Work , E , Biochim Biophyi Acta, 17, 410 (1055) 

1 Pony, J J , nnd Foster, J W , J Bad , 69, 337 (1055) 

* Blalso, E E , and Gault, U , Bull boc Ohim , Sorlo 4, 1, 75 (1007) 

7 Powell, J F , and Strange, It E , BiocJtcm J . 63, 001 (1050) 

* Jannsen, F W , Lnnd, A J , and Anderson, L E , Science, 127, 20 

(1058) 

* El^Hawary, Jt F S , nnd Thompson, R. XT S , BtocJicm .7,63,340 

” Rliulnnd , Z E ,Work,E .DoDlmm.R F .nndlloare.D S ,J Amer 
Chem Soc , 77, 4844 (1055) 

11 Grlmshnw, J , and Marion, 1 , Nature, 181, 112 (1058) 

“Martin, H H , and Foster, J W J Bad , 76, 167 (1058) 
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HIGH-RESOLUTION FIBRE OPTICS USING SUB-MICRON 
MULTIPLE FIBRES 


By Du. N S KAPANY 

Optics Section, Physics Division, Armour Research Foundation Chicago |6 Illinois 


F T various imago transmitting applications of fibre 
optics 1 1 using tho light oonduotion property of 
fibree becauso of total internal reflexions, it is desired 
that the fibres liavo a high light transmission, oom 
ploto optical insulation and diameter as small as 
possible The information density in a perfectly 
insulated fibre bundlo is dependent only on tho fibre 
diameter, which lias been limited by mechanical 
properties of tho fibres and the basic diffraction 
phenomenon. This latter limitation, due to diffrac 
tion, has not boon investigated in the past** 4 , and it 
had been believed that only fibres larger than 10-20 
wave longtlis in diameter are capable of conducting 
energy For smaller diameters, it was bolievod that 
tho energy escapes from tho fibre wall due to the 
diffracted wave striking at angles lees than critical 
inoidenco 

ThiB is found not to bo true for circular cross 
section straight fibres down to approximately two 
wave-lengths in diameter Fibres as small as 0 75 p 
in diameter have been drawn using the newly d© 
valapod technique of ‘multiple fibres’, and found to 
give acceptable light transmission. ‘Whereas diffrac 
tion offects occur for fibres of smaller diamotor, it has 
been found that tho effective numerical aperture of 
tho emergent diffracted light oono from a straight fibre 
of diamotor greater than two wave-lengths of fight is 
not substantially in excess of tho numerical aperture 
of tho Iona system required to resolve clearly the 
fibres at tho image pickup end On tho other hand, 
all tho emergent flux is received when a photodetector 
or photographic ploto is placed in contact with tho 
omorgent ond Thus high resolution, as well as high 
light efficiency, is achievable using tho moro recent 
techniques in fibre optics 



n,»n 2 



Flc. 1 HI ai Inline tbs method of dnwtng multiple fibre* 


5Qjx 



Multiple fibre HynMolo Image 

FI* 2 Photomlcroomph of crld object through a BO overall 
diameter multiple fibre contlatlnB oi approximately 275 fibre* 
of 2 V average diameter 

A method for drawing high refractive mdox fibres 
coated with a gloss of low refract ivo index consists, 
essentially, of placing a high index rod in a low mdox 
tube and pulling the assembly down to a flbro on a 
continuously rotating drum 1 Fibres down to 25p 
diameter with a coating thickness of 0 6-1 p have 
l>een drawn in nominal infinite lengths In addition 
to optically insulating th© fibre, tho coating, also 
eliminates surface absorption or scattering losses A 
7 ft long glass-coated glass flbro is found to transmit 
an average of 20 per cent in tho visiblo spootrum and 
nearly 60 per cent in tho yellow green region- How 
ever, such fibres become very difficult to hand I o 
mechanically in diameters much small or than 26p. 

A now type of ‘multi pi o fibre’ consisting of a largo 
number of fibres of high re Tract ivo mdox m an 
insulating matrix of low refractivo mdox lias been 
developed- They have tho mechanical strength of 
large fibres and resolution yield of much smaller 
fibres Fig 1 shows a mothod for drawing multiple 
fibres A large number of high rofrnctivo index rods 
are insert od in low refractivo index tubes and tho 
ontiro bundle Is placed m a larger tube of compatiblo 
glow This unit is then drawn into a flbro on n 
continuously rotating drum. Tho cross -section of 
roeultant fibres Is also illustrated In Fig 1 Tho 
ratio of tho parent rod to tubo thickness oto , is 
maintained in tho fibre form Multlplo fibres down 
to 50p overall diameter, consisting of as many os 
276 fibres of approximately 2 6p diameter, have been 
drawn by this mothod A high information density 
Is thus achievable Tho mechanical ad vantages of 
manipulating and fusing fibre* down to a fow microns 
in diameter by this tool ini quo aro obvious 
Fig 2 shows a multiple fibre of overall diameter 
60p, with average fibre diamotor of 2 5p A dynamic 
picture of a grid tost object through this multiple 
flbro is also shown in Fig 2 Limiting static resolution 
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diffraction studies, the resolution obtained thus far 
is not the upper limit for the fibre optical systems 
In order to study the optical properties and 
diffr act, ion effects m smaller fibres, multiple fibres 
ranging between 0 75 and 20 jz m diameter have boon 
drawn Tins was achieved simply by choosing parent 
rods and tubes of different diameters A multiple 
fibre was placed on a microscope m which both the 
numerical apertures of the condenser and the objective 
could be varied along with the wave-length of light 
Fig 3 illustrates tins apparatus diagrammatically 
The image of the multiple fibre is formed on a photo- 
detector for the purposes of photometry of fibres of 
various diameters Interference filters wero introduced 
m the path, thus different ratios of wavo-longth of 
light to fibre diameter are obtained From elementary 
considerations, it is clear that duo to the diffraction 
by the fibres, as the objective N A is decreased, tho 
photodetector would receive less flux per unit area 
from fibres of smaller diameters 

Multiple fibres ranging from 0 76 jjl to 8(i diameter, 
0 2m long, wero thus studied on the above-mentioned 
syBtem Two wave-lengths peaked at 380 mp. and 
663 mp with half band-width of 125 A wore used 
The condenser numerical aperturo was varied from 
0 4 to 0 8 and the objective N A was varied from 
0 3 to 1 33 Within this range of N.A and wavo- 
lengths, for fibres above 0 75p diameter, no measur- 
able difference m flux density was observed For 
smaller N A of the objective, however, ono might 
expect the effects to show up On tho other hand, 
for such small objective N A tho fibres fall close 
to the resolution limit of the system used for imago 
pickup Fig 4 shows various diameter multiple fibres 
that were examined in this manner and a 0 75p 
diameter fibre is indicated by an arrow In Fig 4a, 
it should be noticed that some fibre separations aro 
of the order of one wave-length, which is tho desired 
thickness, m order to prevent hght leakage botwoon 
neighbouring fibres (d > X) duo to frustrated total re- 
flexion 5 Very small quantities of light wore observed 


LIGHT SOURCE 


CONDENSER 

LENS 


IRIS 

1NTERFENGE 

FILTER 


INCIDENT 
WAVE FRONT 


DIFFRACTED 
WAVE FRONT 
MICROSCOPE _ 
OBJECTIVE 


MULTIPLE FIBERS 
(VARIOUS DIAMETERS) 


IRIS 


IMAGE 


SCANNING 

APERTURE 


PHOTOMULTIPLIER 


Jiff 3 Illustrating the optical system for studying tho flux 
density in the diffracted wave by multiple fibres of various diameters 



( N A ) 0BJ = 0 65 X - 663 m/x 
(N A ) c =08 (b) 

I'lp 4 rhotomlcropronli of inrlablc diameter multiple fibres 
(0 76-S/= diameter) obtained on the optical nrranpement In Tig 3 
A 0 76/= diameter fibre Ib pointed out by the arrow 

botv oon adjacont fibres Tins is attributable primarily 
to tho diffraction offocts m tho microscopo objoctivo 
and porhaps to a lessor degroo to light scattering by 
the low-mdox mod mm that may oxporionco large 
amounts of stross In Fig 46 tho fibro separation is not 
obsorvablo because the low-indox coating falls near 
tho throshold of limiting resolution of tho 0 G5 N.A 
objective Tho optical insulation of those fibros was 
also tested by forming tho imago of a knife edge and 
obsorvmg the intensity grodiont in tlio transmitted 
imago 

From tho results of thoso oxporimonts, and basic 
theoretical studies, tho following conclusions are 
derived To a first approximation, tho diffraction in 
straight circular fibros abovo two wavo-longths in dia- 
meter occur primarily at tho two onds The incoherent 
wave incident on a fibro suffers diffraction at the 
ontranco dioloctrio aperturo Tho diffracted wn%e 
then suffers total rofloxions and phase ohanges along 
its passage m the fibro until it amvos at tho omorgont 
end, whore it suffors diffraction ogam This, of 
course, assumes that tho refractive indox of tho fibro 
core and surround is such that tho critical angle 
conditions for tho wave m tho fibre aro satisfied It 
is clear that for a plane monochromatio mcidont 
wavo, as tho diameter of tho fibre decreases, so the 
emergent diffracted cono angle increases On the 
other hand, as the fibre diamotor goes down, so tho 
required NA of tho optical system receiving tho 
image from tho fibres goos up, m order that full use 
is made of the smaller diamotor fibre resolution For 
smaller fibros ( d > X) tho limiting resolution of the 
optical system is set by the fibre coating (~ ~>) Thus, 
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most of the energy emerging from fibre* down to 
lfi in diameter is received by the appropriate N.A 
optical system. Those conclusions are also snbstan 
tinted b} a parallel study using microwave analogues 
Of fibre optics at 1 25 cm wave- length and polystyrene 
c\ Lin dors Theoretical and experimental studies of 

diffraction bv fibres smaller than tho ■wave-length and 
the boundary wave skin effeot are now in progress 
From tho foregoing it is evident that the optical 
performance of fibres down to a few microns In 
diameter do not suffer due to diffraction effects An 
appropriate assembly of lp diameter fibres is capable 
of a static resolution of COO lines /mm and dynamic 
resolution of ncorlj 1,000 linoe/mm Fibre optics in 
the ultra-violet region are capable of even higher 


resolution Multiple fibres have rendered such fibre 
optical systems practical The impact of these 
investigations on such applications of fibro optics as 
flexible endoscopes field flatten or and image transfer 
from Lambertian emitters is evident Those results 
are also relevant to some basic studios of tho visual 
mechanism in the retinal rods and cones 

Acknowledgment is duo to A- Brushenko and D F 
Copoll aro for valuable* assistance 

* ^John 8tro S ^ "OcraoepU of Cla**Iccl Optic* by 

* K*pan 7 5 B ti el. J Opt Soe A**r 47 5 413 4S3 47 7 

694 47 12 1109 (1057) 

* r*n II tel A. 0 B. AaNtr* 173 30 (10^4) 

* Hopldm H H ud KapanT N S. N*t*rt 173 89 (1964) 
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PAL/EOMAGNETIC STUDIES OF CENOZOIC VOLCANIC ROCKS 
IN NEW ZEALAND 


By Dr. D S. COOMBS 


Dr T HATHERTON 


Goolojy Department, Unlvenlty of Oajo AND Geophyila Division Department of Scientific and 

InduJtrJiJ Research, Wellington New Zealand 


P OSTULATED reversals of tho geomagnoUc field 1 
offer a potential tool for tho chronological sub 
division and correlation of lavas within a restrioted 
volcanic provinco*~* On a broader scale they provi do 
potential world wide datum planes of virtually 
instantaneous time significance so far as most geo 
logical processes ore conoomod. For reversals to be 
useful for long range correlations, not only must 
them reality be established, but also the longth of 
time between reversals must not be too small in 
comparison with the timo duration of stratigraphically 
separable stages An early Plelstooeno reversal as 
postulated by Roche 1 , Hoopers', Emarsson* and 
others should prove to be of considerable importance 
in Pleistocene chronology if it is established that only 
one such simultaneous reversal occurred during 
Plolstocone tune On the other hand, it may be 
much more difficult to establish contemporaneity of 
earl} - or pro Tertiary reversals Detailed study of 
many wall -dated suitee will bo roquirod to demonstrate 
w h ether long rango correlation of reversals can be 
affooted, ana if so, to determine the date at which 
each reversal occurred Data from some New Zealand 
rocks are here recorded as a contribution towards 
the solution of thoso problem* Correlations of Now 
Zealand stages follow tho table of Horm brook* 

1 Pltnalocsnt Jgmmbrito ehoots of tho ’Whakomaru 
district, North Island, Now Zealand, aro norma li\ 
magno tired* According to J Healy (personal com 
mum cat ion), they probably bolong to tho Hawera 
or late CastlocUffian stage (Uppor Pleistocene) 
Tholoiitic basalt at Tbnnru overhung gravols of the 
Waitotaran (Upper Pliooone) to Nukumarunn (Lower 
plolstocono) and possibly itself of Nukumnnmn ago 
{Gair, H. S , personal communication) is found to 
havo reverse magnotizntkra (north polo directed 
downwards dip 75 Q , declination 22S*) 

2 Late Middle to Upper Miocene Tho directions 
of znagnotixation havo boon measured of more than 
fifty suites of rocks from tho Dunedin Volcanio 
Complex, which has boon divided 1 ' into on Initial, 
and First-, Second and Third Major Eruptive Phases 
Each suito consisted of 3-8 (usually 5-6) spocnnens 
collooted where possible over some tens of yards of 


exposures in road cuts, quarries and cliff sidoe 
Results from exposed, craggy outcrops are not here 
considered Collections were made from soquencos 
of flows in localities scattered over an area of about 
12 x 16 miles The results from each suito have 
boon treated by Fisher s method to obtain the moan 
directions which are Bhown in tho figures 

Basalts, karwehite, phonohtce, atlontite and tra 
ohyandontoa from the First and oariicr parte of 
tho Second Major Eruptive Phaso all indicate 
oesontially normal magnet {ration (Fig 1) In con 
treat, all flows samplod from tho upper part of tho 
middle sub phase (2 3f) and tho late sub phaee (2 L) 
of the Second Major Eruptive Phaso (obovo flow 21 
of tho North Head sequence 11 ) show reverse or 
anomalous directions of magnetization (Fig 2) 
Basalts, trochyandeertes and phonolites aro plotted 
the basalts being tho most consistent Dotted llnoe 
Join points representing moan directions of mag 
not Uat ion calculated from two localities in tho ono 



Fig. 1 Direction* of m*enetlratlon for linu of Tint and earlier 
part* of Beccrod Halor ErupUre Phase Dunedin dUlrlct plotted 
on equal area projection- • North role directed HfTjTu, 
radio* of circle or confidence b 1*1 - X, 

pole directed upward* radio* of circle of "3 

lerel 12-16 □. direction tor urornttrlc*! axUJ ujpo 

latitude «0 a 
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Fig 2 Directions of magnetization for lavas of the upper-middle 
and Into sub phases of tho Second Mnjor Eruptive Phase Dunedin 
district X, North polo directed downwards, radius of circle of 
confidence, 6 per cent level, < 12°, x , north ]>olc directed down- 
wards. radius of circle of confidence 6 per cent level, 12-20° , 

X .north pole directed downwards, radius of circle of confidence, 

6 per cent level, > 20° , •, north pole directed upwnrds radius 
of clrdo of confidence 6 per cent level < 12° , O, north pole 
directed upwards, radius of circle of confidence 12-20° □, 

direction for reversed symmetrical axial dipole field, latitude 
40° S 

flow (for example, Roslyn doleritic basalt, 3 and 64) 
The Leith Valley trachyandesito and some similar 
flows of this period are weakly and erratically mag- 
netized in directions which are consistent only m that 
they are abnormal Those havo not bcon plotted 
We can detect no consistent trend with timo for 
these abnormal directions, and instability is possiblo, 
although ‘magnetic cleaning’ experiments of several 
types have failed to make them significantly more 
consistent Three basalts and tw o weakly magnetized 
phonolites of the Third Major Erupt ivo Phase 
give normal directions while two other weakly mag- 
netized phonolites correlated with tho samo poriod 
show anomalous decimations (Fig 3) 

There is thus a fairly clear sequence normal — 
reverse (plus anomalous) — normal in this potro- 
graphically diverso volcanic complex Tho ago of 
the earlier First Phase volcanics has been established 11 
as later Waiauan (latest IMiddlo Miocene) or possibly 
early Tongaporutuan (earliost Upper Miocene) Tho 
upper age limit is not clear although activity probably 
did not extend far into the Phocono If tho hypothesis 
of world-wide contemporaneity of reversals is 
accepted, a plausible correlation of tho reverse period 

N 



Fig 3 Directions of magnetisation for lavas of tho Third Mnjor 
Eruptive Phase, Dunedin district Symbols as for Fig 1 


N 



Fig 4 Directions of magnetisation for tipper Eocene-Lower 
Ollgoccne volcanics of north-east Otago Symbols ns for Firs, 

1 and 2 

would bo with tho Uppor Mjocono-Lowor PJiocone 
(Pontian-basnl Plaisancian) rovorsnl reported in 
Franco 3 . 8 , hut tho possibility that it represents an 
earlier rovorsal within Upper Miocono timo cannot 
at presont bo eliminated 

3 Eoccnc-Lowcrmost Oligoccnc Pillow lava (1), and 
a dolonto shoot (2) at Oamnm, North Olago, together 
with a sories of dv kes and other intrusions of dolonto 
at Moornki Peninsula, show revorso magnotization 
Tho results plotted (Fig 4) havo boon corrected for 
post-consohdntional tilting Tho pillow lava occurs 
abovo tuffs correlated with tho Kamtan stngo and 
immediately below tufTs and tuffaccous luncstono 
bands with microfaimns of Kamtan or Runnngon 
ago, that is, enrheror lat or Upper Eocono (Hornibrooh, 
N do B , and Marw icIc, J , porsonal communication) 
The Moornki rocks nro also placed in tho Kamtan 
or Runangan stages on microfaunal ovidonco (Scott, 
G H , personal communication), whereas tho Oamnm 
shoot is Whaingaroan (earlier Lover Ohgoceno) 11 
A dvko(3) and sheet (4) at. Enfield, North Otago, of 
appioximatolv the samo ago havo normal magnotiza 
tion 

An Uppoi Eocono period of rovorsal is indicated 
Tho ovidenco does not show vvhotlior this continued 
through to Lowoi Oligocono times, or whether ono 
or moro periods of normal magnotization intervened 
Tho North Otago lcsults are also of interest m that, 
together with tho later Tortinry and Pleistocene 
results, they do not suggest, any moasurnblo polar 
wnndormg with respoct to Now Zealand since Late 
Eocene times 

Wo are grateful foi the assistance of a number of 
colleagues Dr A J R White lias giv on much help 
in tho Hold, and a grant to one of us (DSC) fr° m 
tho Univorsitv of Now Zealand Resonrcli Fund is 
gratefully oclniovv lodged 

1 Runcorn. S K , "Adv rhjs ", 4, 244 (1055) 
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* den Doer, J C , Gcophps Abslr , 171, 272 (1057) 

4 Klnnrsson, T , * Adv rlivs ”, 0, 232 (1057) 

•Rocho, A , C It Acad Set , 233, 1132 (1051) 

* Hospcrs J J’roc Kon Ncdcrl Alctd Wetcnschapptn, Ser D, 56 

407 (1053) 57, 112 (1054) 

I Opdykc, X D , and Runcorn, S K , Science, 123, 1120 (1050) 

' Tlomibrook, >* do I) , Micropalcontol , 4, 26 (1053) 

* Hothorton, T , N 7 J Sci Tech , D, 35, 421 (1064) 

” Benson W N , In Fleming, C A , “Lexlmio Strnt Int ", 0, Faso 4 
(1060) ’ H 

II Coombs, D S , Wliito, A J R and Ifamllton, D (In preparation) 
11 Marshall, F , Quart J Ocol Soc , 70, 382 (1014) 

11 Gn 8®. 5f ,NZ Geol Sure Bull , N S , 67 (1055) 
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FORTHCOMING EVENTS 

mart*d riiA a* aticrUk * an optn to Uu public) 
Monday November 9 

I’ssTErtrnojr or Eieothioal ExaurxERa dlecteonios aed Co* 
MUNlr aTTONS Section (at Savoy Plaoe London W 02) at 5.30 j> m 
— Prof A. L. Onjlen “Theory of th* Travelling War® Parametric 
AmpUQer* Dr P J B CLarrieoaU "The Gain of Travelling War® 
Ferromagnetic Amplifiers’* Hr A. Jurlnu and Mr P N Robson 
Saturation Effect* In a Travelling Ware parametric Amplifier* 
Roth. OEoaRArmcAL Society (at 1 Keiulngton a ore London 
S W 7), at 8.50 p m. — Hr A J Maraball “Pearl end Cattle Oountry 
of the Klmborley*" 


Tuesday November 10 

Imrrmm or Phtsto! (at 47 Belgrave Square, London 8W1) 
at 5 M p.im — Dr P Q Champion Electronic Properties of Dla 
mood* 

IziuxafAnwo Kxocnnzixo Socurrr (at the Federation of British 
Industrie* TothlLl Street. London. S W 1 ) at 6 pjn.— Mr A. II. 
McKeag i “Research In rhosphor* 

Wednesday November 1 1 

Institution or Gas Ewoinkxhr Barron Com ItOKAxon 
Association and the Coaa Onar Managers* association (In the 
Lecture Theatre of the Institution of Civil Engineers Great George 
Stroct London, B.W.1) at £.30 p tn.— Mr G W Lee “The First 
Year of the Coke Research Centre 
Uer mnn ov or mechaxtcal Exatxma Ltmaioano* Oaotrp 
(at 1 Birdcage Walk Westminster London 8 W 1) at 0 pjn. — Mr 
A. D Newman "Extreme Pressure Lubricants for Marine Gcan“ 
British IneirrunoK or Radio Eeoixeees (at the London School 
of Hygiene and Tropical Medicine Keppel 8tr*«t Gower Street. 
London W 0.1). at 6 30 p.m,— Dr R. P Gannon 'Physiological 
and Acoustical Aspect* of Hearing** 

Oil Ann Co urn* Chextstb association, London Section (at 
the lloyal Sodoty of Tropical Medicine and Hygiene. Maneon Home 
30 Portland Place London. W n at 7 p m —Mr lL K. Davidson 
“Whiting Dispersions Particle racking and Surface Adsorption 


Thursday November 12 

imrrmrrB oi Metals Metal Puyiica Oojonrrxa (at the Royal 
Institution, 21 Albomarle Street. London. W 1) at OAQ a.m.— 8ym 
poriurn on ”TUe Application of Tfiln Film Technique* to the Electron- 
microscopic Examination or Metals 

UinvTMTTT or London (In the Anatomy Theatre, University 
College Gower Street, London. W 0.1) at 1.15 p.m. — Dr HUS. 
Bnrhop "Tmnslent Forms of Matter" * 

ROYAL Socnrrr (at Burlington ITouae Piccadilly London Wl) 
at 4JTO p m.— ilr J Davis Mr J 8 Qreenhcrw and Mt J E Hall 
"Combined Photographic and Radio Echo Observations or Meteors’* . 
and “The Effect or Attachment on Radio Echo Observations of 
Meteors" 

U M t run T or London (at the London School of Hygiene and 
Tropical Medicine Keppcl Street Gower Street London W 0 1), 
at 5.30 pm. — Dr If. H F Wilkins The Molecular Structure of 
Chromosomes* * (Ninth or fifteen lectures on “The Scientific Rails of 
Medicine** organised by the British Postgraduate Medical Federation. 
Porthor lectures on November 17 10 December 1 3 8 10 ) 

Society or Chemical industry Heavy oeoanio CmnncALs 
Grout (at 14 Be I grave Square London 3 W 1) at 0 p m. — ID D G 
Smith “Tho Prod net Ion of Bnlk Organic Chemical* (Inaugural 
Lecture) 

Textile Institute (Joint meeting with the Clothin Q iKHrmnE 
at tlue British Colour Council 13 Portman Square London, Wl) 
at 8 45 p.m. — Mr J David Dr T H Morton and Mr W Gamer 
“Looking Ahead In tho Clothing Industry* 

Friday Novembor 13— Saturday November 14 

Institute of Pittsics X Rat Analysis Ototrr (At the Institution 
of OlvJl Engineers Greet George Street. London, 6 W 1) at 10 a.m. 
on Friday and DAO a m. on Saturday-Autumn Conference — “Strue 
turn Analysis and Experimental Techniques 


APPOINTMENTS VACANT 

AmiOABOVR ars Invited for the following appointment! on or 
before the date* mentioned 

Assistant Lector eh or Lecturer a Mechanical ENOtNETRiHa 
The Registrar University College Singleton Park Swansea fSovem 

or the Derartkext or ArmiD Physics, Heap or the 
DETARTNXNT OF MATHEMATICS HEAD Or TUB DIPlirTXEJT Of 

AKaosAtmcAL FxaiNErEnro Head or the detaeteest or 
JHULDCfO aXD dim ENacrEraisa — The Registrar Lan eh ester 
Col logo of Technology Oorentry (November 9) 

Shxioe Lecturer or Lecturer (with a good honours degre* and. 
relevant teaching experience) IX Matwceatics at the Nigerian College 
of Art* Science and Technology — The Council for Oversea* College* 
12 Lincoln s Inn Fields London If OS (November 13) 


Research Omon (with a degree In horticulture agriculture or 
economic* nod preferably a knowledge of horticulture or farm crop 
production) to carry out Investigations Into the economics of hortl 
culture — The Secretary School of Agriculture The University Cam 
bri dge (N ovember 18) 

Lecturer (with good academic qualifications and experience in 
the fiel d of electric power engineering preferably electrical machines) 
rs the Department or Eleotjuoal Exannratraa — The Registrar 
Tho University Leeds 2 (November 20) 

Research OmctR (honours graduate In engineering or science 
(or equivalent) with postgradnate experience In the design of radio 
and electronic equipment) is the DmsiON or RADioruisicfl 
Commorrwesdth Brie nolle and Industrial Research Association Sydney 
NR W Australia to lead the research of a small group responsible 
for development and application or new electronic* and radio- frequency 
technique* particularly lu U II .r and microwave receiver* for use 
In radio astronomy observations — Chief Scientific Liaison Officer 
Australian Scientific Liaison Office Africa House Kingsway Loudon 
W 0J2, quoting Appointment No 780/199 (November 20) 

8 esi or leothebe Lbctueee and an Arristax? Lecturer is 
the Defaetxewt ot Eleoteioal Evoixekeixo — T he Registrar 
Ro yal Te chnical College Salford (November 21) 

A ksi start Librarian in the Fhrosofhioal Ltbeaet — T he 
Secretary Philosophical Library Committee. The University Free 
School Lane Cambridge marking envelope 1 Application" (Novem 
ber 23) 

Lectur EES (2) nr PsruHOLCKlT at the University or Western 
Australia — The Secretary Association of Universities of the British 
Commonwealth 36 Gordon Square London W 0 1 (Australia Novtm 
ber 30) 

Plant Breeder (with at least a BRc. degree In sericulture or 
botany and experience In plant breeding or genetics) rv nut Sictiox 
or PlaKT Breed inq axd Gexetiob for dutlos Involving the breeding 
and selection of rcgar-cane varletle* — The Director Mauritius Sugar 
Industry Research Institute R^dult Mauritius (November 80) 
SENIOR RESEARCH Omc»R and a RESEARCH OrncER (qualified 
xoologlsU with experience of fUheries research) m the 3) etaetm EXT 
or boo LOOT, University of Hong Kong — The Secretary Aswclatlon 
of Universities of the British Commonwealth 3fl Gordon Square 
London WOl (Hong Kong November 30) 

Research Fellow (with at last two yean research experience 
and preferably experience In high vacuum technique* or In solid stato 
chemistry) a the CunnsrET detahteext for the study of funds 
mental processes occurring between lead and reactive gate* — The 
Registrar University of Melbouras Carlton Victoria Australia 
(December 4) 

PEorxa*?R or Aptlied MAramurtc* at tho Unlroraity of Queens 
land Australia — Tb* Secretary Association of Universities of the 
British Commonwealth, 36 Gordon Square London W C 1, or Tho 
Registrar University of Queensland Brisbane Queensland Australia 
(Australia and London December 16) 

Benior Lecturer in Aetheofolooy at tho University of Western 
Australia — The Secretary Association of Universities of the British 
Commonwealth 30 Gordon Square London. W 0.1 (Australia Decern 
ber 16) 

WATKTLETE PEOFESSOR OF PHYSIO LOOT— The Registrar Unlvcr 
sitr Registry Oxford (December 17) 

TuCKEE-rlUCE FELLOW rt)E RE3EAE0H IE MATnEHATICS NATURAL 
Soeeces, or an allied subject and a Rosalind Lady Carlo le 
Fellow, for research In any other branch of learning— The Secretary 
Qlrton College Cambridge (January 16) 

IT3HEE1E8 Omen (with a nnlvenlty degree In biology with 
emphasis on i oology and experience of fisheries work) In the Northern 
Region of Nigeria for development of river fisheries and the demonstra 
tlon and organization of peasant fish culture — The Director of Recruit 
ment Colonial Office Loudon S W 1 quoting BCD 65/108/Oi/T 
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Jllnlstry of Agriculture, Fisheries and Food Fishery Investigations, 
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Guide to Evening Classes In Middlesex, Session 1059-00 Pp 
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Other Countries 

Indian Forest Bulletin No 207 (Now Sorles) Composite Wood 
Wood Wasto Utilization By D Narayaoamurtl Pp 25 Rs 1 50 , 
2s 3<f Indian Forest Records (New Series) Entomology Vol 0, 
No 0 Immature Stages of Indian Coleoptcro (29) Ccrambycidao 
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Fluid-Dynamic Jlechanlsni of JlotcorltePlttlng By David T Williams 
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Newton Pp 09-78 20 cents (Washington, D C Government 

Printing Office, 1959 ) [109 

Colony of Mauritius Annual Roport of the Obsorvatory Depart- 
ment, 1953 Pp 11+17 (Port Louts Government Printer, 1059 ) 
26 cents * (109 

Scientific Russian Without Tears By Prof J W Perry (Reprinted 
from The Chemical Bulletin ) Pp II +20 (Chicago Chicago Sootion, 
American Chemical Society, Inc , 1959 ) 1 dollar [109 

Chicago Natural History Museum Indian Art of tho Americas 
By Donald Collier Pp 09 (Chicago Chicago Natural History 
Suisemn, 1959 ) 1 dollar 1109 

Food and Agriculture Organisation of tho United Nations FAO 
Forestry Development Paper No 14 Trco Planting Practices In 
Temperate Asia— Bnrma-India-Paklatnn Pp ix+160 (Rome 

Food and Agriculture Organisation of tho United Nations , London 
H JL Stationery Office, 1959 ) 7s <W , 1 50 dollars [109 

Psychopharmamloyia , Vol 1, Faso 1 Pp 78+10 0 60 D JL 

Jlaxlmal-Prels 1959 40 D JI Jlaxlmal-Prols 1900 80 D JL (Berlin 
Sprlnger-Veriag 1969 ) [100 

Museum of Comparative Zoology at Harvard College Brevlorn 
No 110 Tho Spider Genus Colcosoma (Araneao, Tlierldlldae) By 
Herbert W Levi Pp 8 No 111 On tho Caudal Neurosecretory 
System oftheToleost Fish, Fundulxu hclerochlut L By Uno Holmgren 
Pp 13+2platcs (Cambridge, JIass Musoum of Comparative Zoology 
at Harvard College, 1959 ) [109 

Field Mosoum of Natural History, Chicago Botanical Series Vol 
14 Index of American Palms — Plates By B E Dahlgren Plates 
1-112 (Chicago Field Museum of Natural History, 1959 ) 10 dollars 

[109 

Proceedings of tho United States National Museum. Vol 103, 
No 3403 A Revision of tho Buttorfly Genera TheochUa and Tatochila 
(Lepldoptera Plerldao) By Josfi Herrera and William D Field 
Pp 407-614+17 plates Vol 109, No 3415 Biting Jlldges of Gonus 
Oulicoidcs from Panama (Dlptera Heloldao) By Willis W WirtU 
and Franklin 8 Blanton Pp 237-482 Vol 110, No 3410 Grass- 
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Acrid! dae) By Ashley B Gurnoy and A R Brooks Pp 1-93+6 
plates (Washington, D C Government Printing Offico, 1959 ) [109 
Comptes Rendus des Travaux du Laborntolro Carisbcrg Vol 31, 
No 10-11 Tho Cytology of Saccharomyces By A T Gancsan 
Observations on the Nuclear Cytology of Lspomycss Upofer By A T 
GanosanandO Roberts Pp 149-180+Oplatcs 8 kr Vol 31, No 12 
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By 
193- 

1959 ) ' 1109 

Jllnlstry of Agriculture and Lands, Jamaica Bulletin No 60 
Brown Stem of Oranges Investigation By R A deFossard. Pp 
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Nairobi— Annual Report for 1953 Pp 22+1 plate (Nairobi Corvn- 
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culture Organization of the United Nations, 1059 ) 3s Cd O 76 
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Wolzmann Institute of Sclonce Pp III +43 (Rchovot Vie lmmm 
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Forty second Annual Report of tho National Research Connell of 
Canada, 1953-59, including tho Annual Roport of Canadian Patent* 
and Development Limited Pp 30 (Ottawa Queen's Prinler 
1059 ) Iioo 

Bulletin of the Museum of Comparative Zoology at Harvard Colters 
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rotmus from Moxleo, Central America and the Vest Indies (Araneu 
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Julian 8 Kenny, Victor 0 Qucsnel, Garth Underwood and ErnetlE. 
Williams Fp 185-220+1 plato (Cambridge, JIass Museum ot 
Comparative Zoology at Harvard CoJlego, 1059 ) (105 

Observatorlo Astronomlco do la Unhersldnd Naclonnl de La Plats. 
Sorlc Gcollslca Tomo VIII, No 3 Mojoras on la Aprccladon ds 
Cargas Slsmlcas Por Simon Gcrshanlk Pp 21 (La Plata Obserr*- 
torlo Astronomlco. 1067 ) [103 

Ahmednbad Textile Industry's Research Association Proceeding! 
of the Fifth Manngcmont Conference, January 28, 20, and 30, 1959 
Pp iv +93 (Ahmodabad Ahmedabad Textile Industry's Iloseorch 
Association, 1059 ) [109 
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Pp 111+41 (Oak Ridge, Tennessee Oak Ridge National Laboratery, 
Union Carbide Corporation . 1 959 ) [109 

National Science Foundation, Washington Providing U S Scientists 
with Soviot Scientific Information Pp 30 Rev Ised edition (Wash 
Ington D C National Sclonco Fonndatlon, 1959 ) [109 

Smithsonian JUscollnnconB Collections Tol 139, No 3 Further 
Observations on Distribution of Patterns of Coagulation of the 
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LETTERS TO THE EDITORS 


ASTROPHYSICS 


Observations of the Fine Structure of 
Enhanced Solar Radio Radiation with 
a Narrow-Band Spectrum Analyser 

The different components of the solar radio 
emission at metre w axe lengths ■were classified 
according to their spectral properties by Wild and 
McOendy* in 1050 In this classification the noise 
storm or type 1 radiation is characterized by a 
relatively steady enhancement over a wide range of 
frequencies, usually with short-lived, narrow band 
bursts superposed (storm burets type 1 bursts) 
\\ ith equipment of high -resolving power, these 
bursts may be resolved into pips, each lasting for a 
fraction of a second only 

Observations on single or multiple closely spaced 
frequenoica with high speed recording facilities have 
hitherto given \ aluable information about tho pips 
At the Solar Obeorvatory at Hareatua a double 
channel receiver was run during solar noise storms in 
1957 Tlie recordings revealed that the very short 
pips often oc cured at slightly different times in 
neighbouring channels* This was then interpreted 
as being duo to a frequency-drift of the pips Such 
timo differences could not be detected by d© Jager and 
vanT Veer in the 200 Me /s range or by de Groot 
around 400 Mo /s (ref 3) 

In ordor to obtain more complete information about 
tho transients, a narrow band swept receiver has 
been sot up at Karostua In prmoiplo this receiver 
is a double conversion superheterodyne The swoop 
is performed in the first local oscillator by vonable 
permeability techniques A frequoncy mngo of 
2U Me /b from 100 to 216 Mo /a is swept fifty times 
per second with a resolution of 0 3 Me /s Tho output 
is displayed on a cathodo ray tube, with provisions 
for amplitude and intensity modulation Tlio screen 
in continuously recorded on film, and frequency and 
time marks oro inserted at suitable intervals The 
spectromoter is conneotod to the giant Wurzburg 
aerial of tho Observatory The sonmtivity is uniform 
oxer tho entire frequency band 

Some vory interesting results have now emerged 
from tho observations. Many pips nro found with 
frequency drifts, and it is important to noto that 
drifts in both directions that is to lower or to higher 
frequencies are about oqually likely The drift rato 
commonlv amounts to so mo 2-6 Mo /s per sec but 
may also well bo higher In soroo cases, v ory irregular 
frequency -drifts exist whereas at the other oxtremo 
tho pips may be quite stablo As a rule the lmlf 
power band width of a pip is less than 6 Mo /a 
The mean I mo profilo of flvo radio pipe was found to 
bo symmetrical within tho limits of error and was 
only slightly broador than a Gaussian distribution. 

On August 18 a v ery remarkable fine structure was 
found in tho 200 Mo /a radiation This day was 
charnctorizod by strong optical activity Inter 
forometer observations gave a position lino for the 
radio snurco coinciding with a region 30°W on tho 
northern hemisphere where sox oral flares occurred 
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Flu 1 Narrow band lmr^ta with regular freijucntr drift Horn 
knrer to hlflKT fmiurariw (OUlanee between eatU (ration mark,* 
0-4 Me /• ) 
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Fiji. 5. Complex pxttrm with drift* In all dliretlm 



Flj 3 Burnt With pcwidble echo 


Tho radiation wns noarlv completely polarized 
Between 14h 28m UT and 14h 36m ITT tvpicnl 
storm bursts appeared on tho total power record of 
tho mterferomotor On tho radio pportronwuor 
however, these bursts xvero most Interesting JM” 
examples ore shown in Figs I 2 nmt 3 On r K 
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bursts are seen which have a band-width of about 
2 Me /s and a sharp cut-off at the low-ffequoncy side 
The duration as measured on a single frequency is 
less than a second, whereas the total life time 
amounts to 2-3 sec All bursts show a regular 
frequency drift from lower to higher frequencies at a 
rate of approximately 2-4 Me /s per sec In Fig 2 
the general pattern is complicated, with a most 
irregular drift, but some kind of order exists, as 
simultaneous bursts on different frequencies appear 
to have similar frequency — time patlis Examples 
of probable echo effects were also recorded One of 
them is reproduced m Fig 3 

There is good reason for believing that the recorded 
bursts are of solar origin They are definitely not 
generated in the receiver, nor, at the present moment, 
can I see how such effects can be produced by torrestial 
interference or exceptional ionospheric conditions 
These preliminary observations show that the 
phenomenon of frequency drift is not confined to tho 
type 2 and typo 3 emissions, but is also found m tho 
fine structure of type 1 radiation, although hero on a 
smaller scale The storm bursts are probably more 
complicated than has been supposed, but as tho 
wide-band radio spectrographs have beon powerful 
tools m the investigation of the largo-scale structure 
of the solar radio emission, there is reason for believing 
that high -resolution spectrometry would give a most 
valuable insight into the fine structure of the storm 
phenomena 

Tho results of a more detailed investigation of the 
spectrograph records will bo published elsewhere 
My thanks are due to Mr G Erihson for assistance 
with the equipment The in\ estigation is being 
sponsored m part by the U S Air Force (ARUC, 
European Office) 

Oystetn Elqahoy 

Solar Observatory, 

Institute of Theoretical Astrophysics, 

University of Oslo 
Sept 7 

1 Wild, J P , and McCrcad> L L , Avtt J Sc! Itet , A, 3, Xo 3 (1950) 

’ Elgnriij-, 0 , Mature 180, 802 (1957) 

* ‘Hnndbuch dcr rhjalk', 52, 317 (1059) 


Evidence for Cosmic Ray Energy Spectrum 
Changes During a Forbush Decrease 

The multiplicity of neutron production in a con- 
ventional neutron monitor, though not a rapidly 
varying function of incident particle energy, might bo 
expected to be determined by tho spectrum of 
incident particles During tho Forbush decrease 
which started on May 10, and for a considerable period 
previously, one half of the Sydney neutron monitor 
was connected to a scaler with a paralysis tunc of 
500g sec as well as to the conventional recorder The 
purpose of the second scaler is to study changes m 
multiplicity, and its operation is as follows 

A single interaction m the lead of the monitor 
structure often produces more than ono neutron, so 
that the normal recording system, which has a resolv- 
ing tune of a few p sec , can record several counts for a 
single incident particle The lifetime of the neutrons 
in the structure is about 150p sec , so the long paralysis 
time of the second scaler effectively ensures that it 
will record only one count per mcident particle Thus 
the difference between the readings of the two scalers 
for the same time-interval gives a measure of the 
number of ‘multiple’ neutrons produced, and the ratio 


of this quantity to the rate of tho scaler with the long 
paralysis time is related to tho average multiplicity 
In particular, lot N i bo tho daily count of the ecnler 
with Bhort paralysis time, and N z that of tho other 
To search for multiplicity effects wo have examined the 
variation of the quantity 


Ni - N a 



The values of N i and N a on a typical day are 300,000 
counts and 250,000 counts, and tho valuo of «i is 0 2 
Taking tho period April l~May 0, 1959, and deriving 
tho standard deviation from the actual scatter in 
values 

= 0 1980 ± 0 001 

During tho period of tho dccreaso, that is to say from 
May 7 to approximately May 31 

in « = 0 2085 ± 0 0000 

and oven from Juno 1 to July 5, 

ms = 0 2013 ± 0 0007 

Tho daily -values and tho monitor counting rate are 
shown m Fig 1 Corrections to tlicso values of m for 
tho dead times of tho scalers, and tho detection of 
multiple neutrons after 500 p seo arc small and 
relatively constant It scorns likely that tho inter 
actions in tho monitor during tlio period of the 
dccreaso m rate were of higher than average multi- 
plicity, which corresponds to an merensed proportion 
of incident pnrticles of high enorgy 

Tho Sydney group is operating an underground 
speclromotcr, located in a tunnel under about GO m 
water equivalent of rock Statistics aro not good, hut 
no change in rate greater than n few per cent occurred 
during this period Tlio spectrometer was operating 
at zero field at tho timo, and tho minimum energy 
detected was nbout 13 GoV 

We aro thus drawn to conclude that tho mechanism 
of this dccreaso w ns such that tho rate was lowered by 
removing particles from tho low -energy' end of the 
cosmic-ray spectrum, which agrees with work on the 
dependence on latitude of Forbush decreases In 
view of tho interest shown m tho mechanism of the 
Forbush decrease it would seem to bo worth whdo to 
attach a second scaler with a long paralysis timo to 



Fig l 
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other monitors to confirm this observation A circuit 
responding only to events with recorded multiplicity 
greater than two or threo could he used also, and 
might give a larger effect One cannot however expect 
e nipid variation of m with energy, especially since 
tlip monitor is designed to maximize the rate by tho 
i s of a thick lead neutron producer 

K W 0 am vie 
M. M Wnw 

The F.B S Falkinar Nuclear Research Laboratory, 
School of Physlue, 

University of Sydney 
July 16 

GEOPHYSICS 

Diurnal Variation of Aurora and Geomagnetic 
Disturbance at New Zealand Antarctic 
Stations 

The diurnal variation of auroral incidence for 
Scott Base (New Zealand) and Hallett 8totion 
(United Statee-New Zealand) during the International 
Geophysical Year is shown in Fig \A Curves 
derived from analyses of concurrent visual and all-sky 
camera observations aro shown separately The 
visual curves are based on observations during all 
hours winch have j or less cloud cover and the all-sky 
cftmoro Curves on photographs in which the Southern 
Cross is visible (exposuree Scott Base 20 sec., 
Hallott Station 16 see , on Tri X film) The auroral 
frequencies were computed from quarter hourly data 
oxcopt Hallett Station visual for which virtually 
continuous observations were used This higher 
density and also the greater sensitivity of the visual 
observations at Hallett Station for displays near the 
horizon and m the presence of moonlight, twilight 
and thin cloud lift the Hallett visual frequencies well 
above the photographic frequencies The Scott Base 
visual curve is indistinguishable from the one obtained 
at Cape Evans during 1911 a ponod of sunspot 
minimum by the British ( Terra Nova) Antarctic 
Expedition 1 

The diurnal variations of auroral frequency for tho 
two stations are very similar m form and characterized 
by primary morning and secondary evening maxima 
Suoh bi modal frequency curves have been denvod 
before and have been tho subject of comment by 
Hulbert* who however, failed to ascribe any 
significance to them Obvious considerations make 
it impossible to obtain full diurnal curves except at 
very nigh latitudes and this has retarded the study of 
the diumnl variation of auroral mcidonco a subjoot 
which must hav e considerable bearing on the theories 
of aurorco 

On tho other hand geomagnetic disturbance can 
be studied for the full daj at all latitudes. Following 
the 1932-33 International Polar Year, an analysis 
of tho irregular mognotio disturbance JD at ten high 
latitude stations led Stag^* to postulate throe zones 
with different characteristics m the diurnal variation 
of-D Tlio outer zono (9m <70°) is primarily governed 
by a 24 hr wave with tho maximum in the oven 5 ng, 
the maximum occurring at midnight at 9 m =*70° 
For 9m >7 8° tho dally variation in D has again one 
dominant maximum but this is invariably in the 
forenoon Tho transitional zone (9m*" 70° to 9m *=78°) 
has a dail> variation In D marked by two maxima, 
ono in tho morning and tho other in the evening 



Fta 1„ A Dlaraal variation of »urorml frequeocy Scott Due (mran of 
1957 and 1968) and llalleU Station 1068. VUual and ri*Mocniphfc 
data ibown *«p*iratdr x Indicate* ■ample Jec* than 5a 
B Dinmal rartatlon of nmynetio di*tarbcnrc at jcrcral Antarctic 
■tattoo* fta moo tin llarch to September 1058 Inrtralvc 

K indices raeasi red during tho International 
Geophysical Year liavo been used to donv o tho dailv 
variations of magnetic disturbance at Scott Base 
and Hallott Station and at two other stations, Byrd 
Station and Littlo America 6 Tho co-ordinates of tho 
stations are shown in Tablo 1 


Table l Co-onDixATra or Axtaictic Btatiohi oted a JUoxrno 


Station 

BrTd Station 
Little America 5 
HalkU Station 
Scott Base 


Dismals cs Akaltim 
latitude 


Geographical Ocmnacoetic Dip 

800*8 -70-0 Apprca -75 

-74-0 


7S 2*8 
72 3*8 
**7 3*8 


90 

-SI-8* 

-82-0 


K indicoe from theso Stations for each 3 hr period 
have been summed for the auroral months March- 
Scptembcr 1958 molusivo Tho diurnal variation of 
£K for each station is shown in Fig IB According 
to Stagg’s classification, Byrd Station 13 in tho outer 
zone , Little America 6 is in tho transition zone 
and Soott Base and Hallett Station are in the inner 
zono although Hallett Station and Little America are 
of similar goomagnotio latitudo Thoir dips, howov or 
ore dissimilar , 

Tho diurnal variations of auroral incidence ana 
local goomagnotio disturbance at See 




890 


NATURE September 19, 1959 


VOL, 104 



Hg 2 Change In auroral probability avltli increase In lo-nl geomagnetic 
disturbance Scott Ilase and Hnllett Station Tlic last i>olnt on each 
of the Scott Base curves 0olncd in the longer dashed line) has a sample 
oflcss than 30 

Hallett Station appear to ha\o no simple relationship 
The probability of occurrence of aurora? during an 
hour which is part of a threo hourly interval of any 
K index is shown foi Scott Base and Hnllett Station 
m Fig 2 At Scott Baso auroral probability increases 
only slightly -with K index until conditions become 
stormy, whereas at Hallett Station there is n marked 
increase in auroral probobility with increaso m 
geomagnetic disturbance A computation of diurnal 
auroral occurrence from Fig 2 and the frequoncs 
spectrum of K indices at each 3-hr intennl gi\es 
single maximum curves with loss than 10 por cent 
diurnal variation in probability Thus, nlthough 
there is a relationship betw eon am ora and geomagnetic 
disturbance the main features of the diurnal variation 
cur\es are caused by e\ents unrelated to local 
geomagnetic disturbance On the oilier hand the 
principal maximum, secondary maximum and the 
minimum of geomagnetic disturbance at Little 
America 5 appeal to be almost coincident, w ith similar 
amoral events at Scott Base and Hnllett Station 
An interesting difference occurs between the diurnal 
charactei of magnetic disturbance at Little America 1 
(1929-30) and that ropoited above for Little America 5 
from recent K indices Dames 4 found that at all 
seasons during 1929-30 the magnetic disturbance 
cun e was of the single-maximum outer zone typo, 
the maximum bomg at 03 5 hr local time This is 
approximately the time of the primary maximum in 
the 1958 observations but the quite noil developed 
secondary maximum of 1958 is absent from the earlier 
observations It should bo stated that Little America 
5 (Kainan Bay) is about 50 miles east of Little 
America 1 (Bay of Whalos) and the geomngnotic 
latitude of Little America 5 is less than that of 
Little America 1 It should also bo noted that the 
magnetic dip has decreased from — 82° 20 1 at Little 
America 1 in 1929 to —79° 66 l at Little America 5 
m 1958 Sunspot numbers m 1929 were lowor than 
1958 although 1928 was the maximum year of the 
cycle 

Comparison of amoral mcidcnco obtained by visual 
and photographic methods is of some mtoiost apart 
from the main themes discussed m this letter for it is 
highly piobable that most future auroral studios will 
be made photograph ically and it is necessary to 
decide w hether the large body of visual data gathered 
m the past can be used together with that derived 


by photographic techniques The intensive observe 
tions mndo at Scott Bnso and Ilnllott Station during 
tho International Geophysical Year enable the 
methods to bo compared for frequency studies and 
Fig l A shows clearly that visual methods provido 
results comparable in this respect with photographic 
studies 

Wo are indebted to tho Director, U S Const and 
Geodetic Survey for providing K indices for Little 
America and Byrd Stations. 

T HaTHEKTON 
G G Midwinter 
G eophysics Division, 

Department, of Scientific and Industrial Research, 
Wellington, Now Zealand 
Oct 1 

1 Wright C 8 Obsmntlona of the Aurora, Brltlali Antnn'llc(7<Tra 
Aorn) Antarctic txpcdltlon (1010-13) 

Mlulhcrt h O lerr Mag . 30, 23 (1031) 

* Stngg J M I’roc lion .Sot A, 149, 205 (1035) 

‘Dtwiest T , Ttrr Ung , 40, 173 (1035) 


Exchange Interaction as a Cause of 
Reverse Thermo-Remanent Magnetism 

We reported, m 1052, tho occurrence or self- 
reversing thermo-remanent magnetism of tho ferro 
magnetic mmorals contained in the hyperstheno 
hornblende daeito pumice of Mount Haruna, Japan 1 
Tho physical mechanism producing this particular 
phenomenon was at first considered to bo one postu- 
lated by Neel 2 , that is, a magneto static interaction 
during field-cooling, lietw een tw o ferromagnetic phases 
(A and B) with different Curio points (Tca and T c n) 
i\ o ascertained that tho ferromagnetic minornls con- 
sist of two distinct phases, A being n cubic titanium- 
poor titnnomngnetito (TVs ~ 500° C ) nnd B a rhom 
bohodral solid xolution between ilmenitonnd li.emntito 
0 55 FoTiOa 0 45 Fe 2 0 3 (T e u ~ 200° C ) 3 The nbun 
danco ratio of A and B was found to lie A/B 
about 0 02 Subsequent imestigntions have ro\on!ed 
that tho ilmenito-hicmntito plmso is the only consti 
tuent responsible for our reverso thermo remanont 
magnetism, tho titnnomngnetito phase, although more 
abundant, is irrelevant to tho phenomenon 4 



Fig 1 Inlcnsltj of thermo remanont magnetism of synthetic 
tlmonlto linminttto zhollO, (1 -t)\ c,0, scries ns dopendont on z 

O O, Just after synthesis at 1200 s l and quenching x ■*> 

after heat treatment 
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Recently , evidence has been obtained showing that 
this property of reverse thermo remanent magnetism 
la intrinsic to the flmenite hromatite senes and that the 
met 1 1 an ism causing it should be of the nature of the 
exchange interaction Fig 1 shows the intensity of 
tho total thermo remanent magnetism produced by 
< oohng from above tho Curie point in a magnetic field 
of 2 0 oersteds, of a senes of eynthotio flmenite 
hromatite solutions, zFeTiOj (I — »)Foi0 3 , the abscissa 
denoting tho valuo of x in the chemical formula It is 
observed that the reversal of tho polanty takes place 
within a restricted range of x t namely, 0 45 £5 * 0 0 

The members having 0 45 ^ x ^ 0 5 show only 
normal thermo remanent magnetism just after the 
synthesis at 1200° 0 folio wod by quenching but can 
acquire tho reverse thermo remanent magnetism 
property aftor an appropriate beat-treatment 

The magnetic properties of tho draenite Iuomatits 
senes are known to be complex® At room tomporaturo 
the senes is divided into the following three regions, 
namely, the paramagnetic region for 1 £ x £ 0 8 the 
fommognetio region for 0 8 £ x £ 0 46 and the anti 
ferromagnetic region for 0 46 a; £ 0 In tho last 
rogion, so-called pflrnaitio ferromagnetism of tho 
hromatite type is superimposed This complicated 
nature of tho magnotic property of the irFeTiOa ( 1 — x) 
F01O3 scries has been Interpreted in terms of an 
order-disorder phenomenon among the iron and 
titanium 10ns m the lattice®, an ordered state of RZ 
symmetry is realized in the ferrimagnetlo rogion 
whereas the disordered Btate of RZO symmetry 
prevails in tho antiferromagnetic region In support 
of this, it was also shown that the magnolia properties 
are oxtremely sensitive) to heat-treatment for tho 
members with * about 0 5, that is, noar the border 
between fem magnet 10 and antiferromagnetic regions 7 
Taking the abovo quoted genoral magnotic properties 
of the nones into consideration, it may safely be said 
that the results in Fig 1 show that tho ability to 
produoe the reverse thermo remanent magnotism 
13 peculiar to tboeo members of the flraonito liremntito 
sen oe which belong to the border region between tho 
femrnngnotic and the antiferromagnetic region#? and 
tho true mechanism of tbo reverse thermo remanent 
raagnot iRm should bo cloeoly related to tho samo ordor 
disorder phenomenon as that winch causes tl>e fom 
magnetic ** antiferromagnotio transformation 

Whatever tho detailed mechanism may be it is 
possible to express the effective magnetic field that 
should bo responsible for tbo production of tho rev eree 
tliorrao remanent magnetism as H e rr *=* H P * — Hi„i, 
where tho suffixes stand for effective, external and 
interaction respectively H# it > 0 and r < 0 
correspond to tho cases of normal and rev ereo thormo 
remanent magnotism Therefore, tho ilependenco of 
tho intensity of thermo remanent magnotism on H« x 
will gno a lower limit valuo of the interaction fiold 
Him at tho valuo of H* x whore the thermo remanent 
magnetism become* zero Tlio reason for tho lower 
limit is thnt tho other forromagnot lo constituents, liko 
tho A componont in tho Haruna specimen, will 
favour tho normal thermo remanent magnetism In 
Fig 2, tho curves (a), ( b ) and (c) show tho intonaity of 
thormo remanent magnotism versus H, x for the 
original Haruna forromagnotie minerals ( A -f #)* 
tho Haruna ferromagnetic ilmonite hromatito ( B ) 
minerals aftor Bonaration from titanomagnetite (A) 
and tbo synthotfo specimen 0 48FoTiOj 0 G2FejCb, 
respoctivolv In tlio former two cases, the condition 
Hen “ 0 gives tho nmgmtude of tho apparent Hint as 



RJb 2 (a) Partial tbmno-renuomt J (25<r-33o ) 

vtnrtw TJ tx (oer*l«U) of riartma foToroaffTKtla mbxeraU (A 4- B) 
(t) Total thenno-mmwnt magnet Urn J (S7*~3MT) vcr*w 7/, x 
(o*rwtefa)ot Jlnrarui UnwnJle-hawiaflte B () Total (hwmo-reiiu/vnf 
mngnrtHm J (t0*-40cr) fftw Ttgx (ocrrt«t*) of tyflthrtlc Htnmlte- 
JutnuUle (M8 PoTlO^ 0-52 JV,Q, 


about 7 and 15 oersteds and in the last case it gives a 
value greator tlian 1 Q x 10 4 ocrat&Ia, Altliough 
the former too values can be explained m terms of 
magneto static interaction 4 It would bo evident tliat 
tho last figure can never bo aocountcd for by- any 
magnoto static interaction 

It may well be mentioned Hint the careful study of 
tho thermal variation of the saturation magnetization 
gave no indication that tho specimen concerned bad 
N^el s N typo characteristics 1 Excluding the pos- 
sibility of the N typo fommagnoticw, tho only pcwwibla 
source of auah an intenso interaction eeems to lie tho 
exchange interaction across the boundary between two 
connected phases This possibility has boon men 
tioned by N4cl* and Gorier* recently Actual examples 
of the exchange interaction ncrorfa tho boundarv 
between separate phase* have lveoii reported bv 
Moiblejohn and Bean as a cause of the extromcl) 
strong magnetic anisotropy of Co CoO Fo FeO and 
Fe FcaO< systems 10 In our case tho participating 
phases are both considered to bo in tho ilmonite 
Iimmatito soriee and the order-disorder phenomenon is 
the possible source for tho distinction of U10 two 
phases A fullor account of tho present study will l>o 
seen elsewhere 11 Tho dotailed nature of tho ox change 
interaction concerned is under m\ obligation 

T N AO AT A 

8 Uyeda* 

Goophysical Institute 

Tokyo University 

• PTTvnl *ddreM rX'jnutnv-nt of flcod^y «*d OoplipJo, Carat* M** 
Umctmd. on from tbo Rjjthqutkc Rmrrii ltuMtrite Tokyo 

Unlvmlty 


* KwaU T„ 169 "W (toil) 

* Nfrl, L. An* 7 DO (1031) 

* T AfcltnrSo B to d Ured*, fl \*i*rr 173, 630 11052) 
‘Ujrda ». J G+o«Bt OfwifC., 7 0(1055) 

1 NnoOa, T and Akitrwto. B , Gtofitiea pnra «oppfU34 36(1056} 

* Iihifcaw*, A and AJUmofo, 8^ J l hr* Japan 13 irfta (10-7) 

Pi t* V Japan 13 623(1056), 

•Vet L. "Adr Ftiy» M 4 1PI (1055) 

* Uorfrr. E. W Adr pi,j, 6 336 <10-71 . 

* Jlritfejohn W TT CP l hi' ifcjv. 105 wi d«T) J 


rkffi 39 451 (1038) and private nmumm/oatfcw 
‘ " Japan J Ofopbt* 3 ‘ 


11 Uytda, 
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PHYSICS 

A Comparison of the Charges of the E lectron. 
Proton and Neutron 

It has recently been suggested by Bondi and 
Ly ttleton 1 - 3 that the magnitudes of the electric charges 
on the proton and electron may differ by a little more 
than one part in 10 18 , in which case electrostatic 
forces would cause the universe to expand In fact, 
Piccard and Kessler 3 attempted to dotoct such a 
difference m 1925, and found that a molecule of 
carbon dioxide did not have an electric charge greater 
than 2xl0- 1 *e, where — c is tho electronic charge, 
from which they concluded that tho magnitudes of 
the proton and electron charges were tho samo to 
within 5 parts m 10 s1 , assuming that matter was 
built entiroly of protons and electrons Since matter 
also contains neutrons, they have assumed in effect 
that the neutron has a charge equal to that of a 
hydrogen atom , but the noutron might equally well 
have a charge opposite to that of n hydrogen atom, 
m which caso their experiment doos not settle tho 
pomt at issue, since carbon dioxido contains equal 
numbers of protons and neutrons (to within 0 1 
per cent) It therefore seemed desirable to find 
whether matter m which there is an excess of neutrons 
is electrically neutral Wo have found that tho charge 
on an argon atom (18 protons, 18 electrons and 
22 neutrons) is not greater than 8X 10- :(l c and that 
on a nitrogen molecule (14 protons, 14 electrons and 
14 neutrons) is not greater than 12 X 10- ;0 c Treating 
the charges on mtrogon and argon ns tho sums of 
charges on protons, electrons and noutrons, it is 
deduced that tho proton charge is (1 ±4 X 10- :o )c 
and the charge on the noutron is less than 4 X 10- so c 
As in the earhor experiment, the motliod used 
was to attempt to detect a charge on a largo volumo 
of de ionized gas by detectmg a cliango of potential 
of a vessel from which the gas was allowed to esenpo 
Fig 1 is a diagram of the apparatus A cylindor of 
compressed gas was placod inside an aluminium box 
A which was itself placed inside, but well insulated 
from, a larger aluminium box, B A vibrating-reed 
electromotor (type 108GC) was used to observe 
changes in potential of box A relative to B when gns 
was transferred from inside the inner box to a gaso- 
meter outside the system, tho gas flow being con- 
trolled by a clip on tho gasometer inlet tube Before 
leaving the inner box, tho gas passed through tho 
1 2-mm gap between two coaxal cylinders hold at 
46 V potential difference to lomovo ions from tho 
gas (The time taken for an ion of normal molecular 
mobility to drift across the gap would bo 1 2 X 10- 4 
sec , whereas tho gas spends at least 5 x 10- 3 sec m 
tho ion trap at tho rates of flow used ) Caro was 
taken that although tho copper outlot tube {H) was 
well insulated from the inner box, the gas did not 
flow directly over any insulators after leaving tho 
ion trap, before passing out of tho system 

The large ionization current m tho air botweon tho 
boxes was backed off by applying a potential of 
about 0 25 V between them before making tho 
measurements, but convection currents winch started 
when the expanding gas cooled the tubes caused 
fluctuations m the current These effeots were 
considerably reduced by using double-walled tubes 
contuinmg thermal insulation 

On starting and stopping the flow of gas, there wore 
sudden changes of potential, which depended only 
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FIr 1 C, Gns cj Under I), redilclnR valve F„ Ion trap, 

T. lnttcrj G, electromotor , //, double-vailed outlet tube 
containing tlicninl Insulation , totalled areas, polystjmis 
Insuintom 

on the rate of flow, and not on tho duration- Thes< 
wero presumably duo to mochanieal movements whei 
tho pressure changod, through capacitativo effect 
of tho applied potential differences and contac 
potential difforencos 

Fig 2 a shows tho mean of 10 sots of observation 
with argon, with tho potential changes convcrte 
into chnrgo on tho inner box Tho chargo on tho lx> 
is plotted at 5 sec inlcrvnls from K to L, when the 
gns flow' was started Tho readings wore continued 
during a steady roleaso of gns (// to AT) and after 
tho flow of gas was stopped (ilf to N) Since tho 
potential jumps on starting and stopping tho flow 
of gns were unequal (duo to u chargo apparently 
carried by tho first 30 c o of gns) tho results are 
roplotted (Fig 26) with tho jumps LU and MM' 
subtracted. As tho trend of the points from L to M 
13 not significantly different from tho rest, tho gas 
can liavo carried no significant amount of chargo 
To obtain n quantitative result, an attempt is mado 
to extrapolate tho readings KL and NM (dashed 
lines), with tho result that tho chnrgo carried away 
by 81 litres of nrgon (at NT.P) is estimated as 
( + 1 5 ± 1 5) x It)- 14 coulomb, corresponding to a 
charge of (4 ±4) x 10- I0 e per atom of nrgon, Wien no 
field was applied in tho ion trap, a chargo of 
( +5 5 jl 2) x 10 l * coulomb por litro was carried away 
under tho same conditions, corresponding to an 
excess of 3 positivo ions per cm 3 , hut this varied 
considerably with gns pressure and rnte of flow 
(This result is not unreasonable, talcing account of 
initial recombination m tho high-pressuro gas, aod 
removal of ions by thermal diffusion in tho trap ) 
With mtrogon tho moan result of 5 runs was that 
58 litres carried (4-1 5±15)yl0- 14 coulomb, cor 
responding to (0 ±0) x 10- 30 c por moleeulo It ^ 
lionco doduced that tho noutron chnrgo is 
( — I±3)xl0- I0 c and tho h\ drogon-atom chargo is 
(1 i<3) x 10” :o c 

Tho ion trap would not roinovo charges corned by 
sufficiently largo particles , but it is unlikely that 
such charges hnvo neutralized a bulk chnrgo of tho 
gns, ns any spaco chnrgo equilibrium sot up m tlio 
cylindor would bo governed by thormnl diffusion on 
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drift of the small ions, which arc later removed by the 
ion trap The same results were obtained with several 
different gas cylinders and also with 300 V applied 
m the ion trap The charge calibration was checked 
using a 10 11 -ohm resistor connected to box A 
A. M Hellas 
T E C RAN 9 ha w 
Nuclear Physics Division, 

Atomic Energy Research Establishment, 

Harwell, Didcot, Berks 
Aug 30 

1 UaacAftitr Guardian jjay 13 1058 

* Proc Ray Soe. (In the pom) 

* Pkc*r4, A., and Keatler E -IrtA. Set PAyi ft Riurtlltt 7 HO 


Table l The Decat Pabtkjlm 


Parti da 
No, Nature 


1 rd 


* rd 

3 n- 


Genond 


Decay at end 
of range 
r*— 

Interaction at 
end of range, 
fitngle (0 S± 
0 4) lle\ 
proton 
emitted 


ltd Id 0*1 

Energy 
at decay 

r»na« 

(mm.) 

Mint 

(&«V) 

28-0 

«-0±0-I 

4 4 

14 5±0S 

*7 

13 1±0 3 


Q ralne 
of deear 
(ilc> .) 


70-SiO 7 


Of the decay particle*, only No 3 atope era table the acanned toJutoc 


Decay of a Tau-Meson Underground 

The decay of heavy cosmic ray particles under 
ground has been reported by Higashi et al l , and L 
and M Avan 1 Higashi found a neutral Y partlole m 
a multiplato oloud cliambor at a depth of 40 metres 
water equivalent underground. The V particle was 
produced by a shower secondary from a large inter 
action in the oh amber Avan, using glass backed 
emulsions at a depth of 300 metres water equivalent, 
reported the docay of two K mesons, one of which 
was produood in the glass backing of an emulsion. 

Support of an unambiguous nature is given here to 
the foregoing evidence on K meson docay underground 
m that the oaally recognisable tau mode of decay has 
boon observed in favourable conditions The tau 
meson decayed at rest m Ilford Q 6 emulsions of 
thickness 400 microns The emulsions formed part 
of a staok of 24 strips of major dimensions 10 X 10 cm. 
which were manufactured, exposed, and developed at 
a depth of 67 metres water equivalent underground in 
Holbom tube station (London) During the exposure 
of 97 days the emulsion stripe wore interleaved with 
thin sheets of tissue paper with their planes vertical, 
and wore packed in an air tight container surrounded 
by 16 cm. of lead. 

The tau meson was found among 134 p mesons, 
97 p mesons, 17 a mesons, 6k*- mesons, 10 neutron 
stars and 9 stars with charged primanoe, in a scan 
covering 38 c o of emulsion. Of tbo c mesons two 
were associated with more than one interaction proton 
of residual range greater than 10p, and seven had only 
one or more short interaction tracks, of residual range 
less than 6p, such os are characteristic of slow p- 
meson interactions Two of the k* mesons were decay 
particles of tho tau meson. All the stars included 
above had three or more heavily ionizing tracks of 
which at least one had a residual rango greater than 
lOOfi. There were 12 other stare in the scanned 
lolumo which did not satisfy tho above criteria 
Four of thefio were of tho 1 +IP type which have been 
interpreted as due to giant resonance interactions of 
p masons* 

The tau meson entered tho stack moving down 
wards at an angle of 00° to the vortical and stopped 
m the stack after covering a rango of 4 7 ram. 
According to tho range -energy tables of tho Gflttingen 
group*, which were also used in calculating energies 
in Table 1 this corresponds to a kinetic energy on 
entry of 26 9 ±0 3 MeY Tho tau meson was ldontl 
fled by its characteristic decay scheme and by the 
results of gnp counting which indicated a singly 
charged partido of mass 1000 ±200 m. Decay at rest 
was confirmed by observations on the decay r mesons 
(see Table 1) which were coplanar to within 2°, and 
showed momentum balance at the point of decay 


within 6 per cent along and perpendicular to the 
direction of decay particle No 1 

Errors in the energies given are based on the 
statistical distribution of mean ranges 4 They do not 
allow for systematic errors due to such factors os 
track looses in the interleaving tissue paper between 
emulsion strips, in erosion and anomalous develop 
menfc at emulsion surfaces, or any difference In 
density which may exist between the emulsions used 
here and those on which the GSttingen tables are 
based However, from observations on tho five 
f i* mesons from the decay of r* mesons in the stack, 
two of which passed from one emulsion strip to 
another it would appoar that any systematic errors 
included in the results are small and may load at 
most to nn underestimation of the Q value of about 
2 or 3 per cent Hence the best mass value for the 
tau meson based on the <3 valuo and the masses of the 
decay particles is (DCS!})™** and agrees with the 
aooepted value of (006 8 ±0 4)m/ In view of the 
above observations it may be taken that the docay of 
a heavy meson has been established 

The tau mode of docay is rare and occurs with a 
frequency of about 1 14 among K* meson decays 
This ratio appears to apply whether production is by 
charged particles or by photons* Hence where tho 
tau mode is obeerved, it ia likely that the other modes 
also occur Of the other decoy modes tho Ap, Arc s 
and A*, which together account for some 80 por cent 
of K* meson decays 7 rcsemblo p meson decay or 
1+Op stare in that they ore associated with a re la 
tmstio decay particlo whose ionization is near the 
plateau value These would be difficult to ldontify 
without extensive measurements In emulsions exposed 
underground os tho rates of particles stopping are 
small even for long exposures , fading of tho latent 
track image occura and a high background density 
has to be overcomo* Further, all tho extensive 
emulsion exposures underground by other workers 
have so far been made with emulsions mounted on 
glass plates As tho glass plate* restrict measurements 
on any event to tho narrow emulsion strip in whioh it 
is found, it is not surprising that only two K * mesons 
have been reported hitherto 
If direct production of A mesons by p mesons is 
assumed, thon the cross section for tho procces should 
be given by tbo Williams Weizs&oker method ns used 
by George* The method associates a virtual photon 
spectrum with relativistic p mesons and their cross 
section for nuolear interactions is given by the product 
of the virtual photon spectrum and the cross section 
of real photons for the process considered Thoro ore 
two major obstacles whioh prevent such a calculation 
here Tho first of those involves unoortainties In tho 
validity of the method for energy transfer* greater - 
than BOOMeV at p meson energies above lOOe' 
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■while the second concerns the paucity of the data on 
heavy meson production by real photons However, 
the limited data which are available on the inter- 
actions of 1 GeV photons are encouraging m that 
heavy mesons 10 and multiple w-mesons 11 ’ 11 are pro- 
duced This would seem to indicate that the W-W 
method may be used to interpret the showers induced 
underground by p-mesons If this is the caso, then 
photon interaction processes such os the production of 
if -mesons and hyperons should occur 

A M Short 
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Ratio of Nucleon Mass and Electron Mass 

In classical physics, the valuo of the fine structure 
constant e J //ic is 1/137 The value of the pion- 
nucleon interaction constant g"/hc is about 14 
Hie mass of the electron is given by in c ~ c'/2r 0 c : 
The fundamental length r 0 appearing m this formula 
is also equal to the Compton wave-length of the pion. 

Let us assume that the mass of the nucleon is 
given by a formula strictly similar to that for the 
electronic mass, m particular w ith tho same value of 
r 0 Then 

Pin g i /2r 0 c i J 7 S g'/hc 14 

= = = 1920 

m t z'-/2r 0 c* e 2 c'/hc 1/137 

which is not. too far from the experimental value 
1840 

A J Rutgers 

Laboratoiy of Physical Chemistry, 

University of Ghent 
Aug 26 


Analysis of Permanent Gases by Gas 
Chromatography Using a Radioactive 
Ionization Type Detector 

Because of its high sensitivity, simplicity of 
operation and stability under changing operating con- 
ditions, the radioactive lomzation-type detector for 
gas chromatography is one of tho most useful so far 
developed Tins detector is, howovor, relatively in- 
sensitive to the permanent gases From preliminary 
experiments it has been found possible to increase this 
sensitivity greatly by introducing a small continuous 
bleed of organic vapour into the argon carrier stroam 
Without the organic vapour bleed into the detector, 
the mechanism of detection is as described by 
Lovelock 1 the argon forms metastable atoms capable 
of ionizing atoms of any eluted component having a 
lower ionization potential than argon, and resulting m 


very high sensitivity to them. The permanent gases, 
howovor, have ionization potentials greater thou that 
of motnstnblo argon and lienee aro not ionized by the 
argon, thus sensitivity to them is low. Used in this 
way, tho detector current is quite small when ths 
earner only is passing 

With an organic vapour bleed into the system, the 
organic vapour is ionized by tlio motnstablo argon and 
produces a relatively high standing ionization current, 
this is, however, kept below tho saturation current of 
tho detector Permanent gas components entering the 
detector reduco thiB higher ionization eurront to a 
greater extent than tho alteration in current tho\ 
produce with aigon alone Tho mechanism of this 
process may ho expected to bo complex but can bo 
qualitatively explained from a consideration of energy 
levels and collision processes 

Using a Pyo argon chromatograph with argon 
carrier gas and a Lindo 5.4 molecular siovc column, it 
has been found possible to detoot permanent gases in 
tho range 0-50 ppm by bleeding ethylene into the 
earner st ream betw eon the column and detector With 
a concentration of etliyleno in tho doteclor of the 
order of 1 p p m,, tho minimum detectable concentra 
tions of hydrogen, oxygen and mothane wero 0 5p p ni 
and for nitrogen 10 ppm (Similar results were 
obtained using an acotyleno blood into the detector) 
Sensitivity is further mcroased by a factor of about 
seven when tho othjleno concentration is at its 
optimum value which would appear to bo about 
100 ppm In eases where tho organic vapour has no 
adxerso effect on tho column, it was found possiblo to 
include it in the carrier gas supply m tho required 
concentration 

A patent application on this work has boon made 

V WrtLis 


Instrument Development Section, 
Imperial Chemical Industries, Ltd , 
Billmgham 
Aug 1 1 

1 J Chrowntoyrnphy, 1 I ( 11 ) .,5) 


Etching of Calcite 

Experiments on etching of calcite linvo been 
carried out earlior by a number of workers 1 and otcli 
pits on calcite have been roported recently by H 
Watts 2 and R C Stnnloy 3 Wo hm e been carrying 
out experiments on otclung of minoral crystals with 
different etching reagents for some time and ha\e 
investigated calcite very thoroughly Some typical 
results are reported hero 

On etching cleavago faces of calcite with a strong 
solution of sodium hydroxide for one hour, perfectly 
boat-shaped figures aro obtained A light profile 
photomicrograph is shown m Fig 1 The depth of 
this particular etch pit is 1 p at the centre and 0 8 g 
at tho ends 

Tho etch figuros produced by ammonium chloride 
solution on a freshly cloaved surface of calcite are 
parallelograms, and these are orionted with thou’ 
sides parallel to the edges , their depths vary from 
a fow hundred angstroms to 2 microns, according to 
the etching time Figs 2 and 3 show' photo 
micrographs for the two stages of etching for fifteon 
mmutos and one hour respectively In Fig 2 the 
pits are more scattered and cleavage linos are found 
to be moving as roported earlier by Patel and 
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Tulnnsky 4 in the caso of tho otohing of mica Multiplo 
beam mterforonce pictures have also been, taken 
over these otoh pits for measuring their deptlxs 
Detailed results will be published eslowhoro 

N 8 Pandya 
J R Pand\a 

Physics Department Faculty of Science, 

M S University of Baroda 
Baroda 
Aug 20 


ITone*<, \ r., Irmtr J SYf. 45, 201 (1018) Iloyer. U C R. AatJ <kl„ 
pari* 1M. 1170 (1010) PfpfTrtfcom, G OptUr 7,208(1960) 
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(1950) 

Stanley. 31 C- 'at*” 163, 15 1 B_( 1 0 VO] 


« PateUX "* K : and'ToU ruky 8., Pro? /toy Soe^ A 243, 33 (1957) 


Field Effects on Chemisorbed Films In 
Electron Emission Microscopy 

Tire migration of mirfuco atoms of tungsten under 
the influence of a high olootric flold is a well -established 
phenomenon*-* In addition tho migration of multi 
layers of adsorbed inert gases in tho applied field 
necessary for flold emission has boon observed 4 
Strangely enough tho effect of the field on the gases 
commonl) used as adsorbates, namely oxy gen 
nitrogen hydrogen carbon monoxide, etc., does not 
seem to hn\o been investigated although field 
desorption* and the migration of barium* lrnvo been 

studied 


We have found that when oxygen is adsorbed by a 
tungsten emitter at pressures of about 3x10-* mm. in 
the presence of tho applied flold adsorption first 
occurs around the 01 1 and 112 planes and particularly 
on the stopped region, jommg them, and that only 
after these appear to be saturated does substantial 
darkening of the 001 region occur (A preliminary 
statement of the effect of the field on carbon monoxide 
was made at the Fourth International Congress on 
Electron Mioroscopy at Berlm in September, 1058 
but at that time it was behoved that field effects did 
not occur with oxygen ) This darkening occurs 
after about 5 mm at the pressure stated. In contrast 
if the cleaned emitter is exposed to oxygon at the 
samo pressure for more than 30 mm , in the absence 
of the field the characteristic block regions around 
tho 001 planes do not form On applying the field, 
tho 001 regions commence to darken immediately 
and the process is complete within 3 mm 

A similar phenomenon oocurs with carbon monoxide 
although with this gas tho initial adsorption is less 
specific, a rather granular pattern being obtained 
without the speciflo adsorption on the 011-112 
'bridge whioli is so cliarnct eristic of oxygen Dark 
circles which engulf the 001 pianos ore apparent 
after 12 mm (Fig 1) If adsorption is allowed to 
occur for as long os 39 mm at tho samo pressure 
without the applied field tho pattern shown in Fig 2 
is obtained (Inoidontally this is a convincing 
illustration of tho absence of oxygen contamination ) 
When the field is now applied rapid darken mg of tho 
001 region occurs (Fig 3) The process is appnrcntlv 
irreversible, for 16 ram with tho Gold reversed fails 
to have any oflbet (Fig 4) on tho 001 region 

There appear to be two mam reasons why tho 
observed ohangos could occur at a faster rato in tho 
presence of the flold Theso are (i) The production 
of positive ions in tho gns phase wluoh bombard tho 
emitter and bo increase the rato of arrival of adsorbate 
above the value predicted by kmotio thoory , (it) flio 



Flfi 1. Emlwlcra pattern obtalrvd after advjrptkm of nroon 
morwxkla foe 12 min-, at a prepare of 3 X 1 mm, In the prr*enM 

of the BeW (12 1 k\ ) . ■ 

Fit 3 Emlwloe pattern obtained after 30 .min. expomrt in inn 
abwivco of the fWd (11-OJc' ) ) 

Flc. 3 rattern of Fin 3 3 min. after { n th* 

F& 4 rattern of llir 3 after 30 min. I^^.£237i2 S *V > 
preaene* of the Held and B «t*bi* cbwur#. 

Reversal of the field prodnwd no imect— 
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roughness of the emitter surface loads to the field 
bemg inhomogeneous , polarized adatoms or admoles 
will thus tend to move to positions where thoir free 
energy is a minimum, that is, to where the field is 
highest If m the course of such diffusion, the 
migrating adsorbate meets hole sites such as occur 
in the 023 planes of tungsten for example, it will 
tend to be trapped there Wo behove that the effects 
obser\ed with oxygen and carbon monoxide can bo 
accounted for m this manner, rather than by bom- 
bardment with ions which would be expected to 
penetrate well below tlio surface lasers because of 
their lugh energies A fuller account of this and 
related w ork w ill be published m duo course 

R I Hru 

P W M Jacobs 

Department of Chemistry, 

Impel ini College, London, S W 7 

1 Benjamin W , and Jenkins ft 0 . Proc Poll „ \ 176,202(1940) 

1 Becker J V , Hell kllH Tech J SO, 907 (lO'.l) 

3 Sokoloifcknln 1 L , A hue Tell, hz 26, 1117 (i‘i',0) 

‘ Gomer ft J Chem Phils 29, 441 (insb) 

‘Mailer E W , Hatimciss^ 29, 533 (1941) 

METALLURGY 

Fatigue-Induced After-Effect in Zinc 
Single Crystals 

Boltzmatcx proposed his theory of superposition m 
1874 to account for the memory effects in doformod 
materials 1 Since then the after-effect, namely the 
tendency of plastically strained materials to return to 
their original dimensions when the external stress is 
removed, has received only occasional attention, 
possibly due to the fact that, in itself, it is not of 
direct technological importance When observed in 
conjunction with forward creep the effect has been 
called creep-recovery and most of the published woik 
deals with this expression of the phenomenon 

Die laws governing the after-effect ha\e been 
lm estigated using polv cr} stalline metal specimens and 
various attempts have been made to reproduce the 
phenomenon in single crystals without success- -5 Dus 
has formed the basis for the theories put forward to 
explain the after-effect Wo havo observed laige 
recoverable strauis m zinc single cr}stals originnliv 
deformed by creep, a fatigue stress w as found necessarv 
to promote the process 

Zinc single crystals, 99 995 per cent puuty, were 
grown from the melt in evacuated capsules m a 
gradient fumaco Die crystals, 7 cm long and 5 mm 
in diameter were annealed at room temperature for 
several weeks and etched m 20 per cent hj drochloric 
acid to remove anv surface oxide Dio stinimng grips 
were soldered to the ends of the civstals so os to 
produce the minimum of end deformation during 
straining Die orientation / of the crystals used, 
which varied between 20° and 22°, was detei mined bv 
the X-ray back-reflexion Laue method (/ is the anglo 
between the crystal axis and the glide plane ) Die 
experiments were carried out at loom temperature 
A static resolved shear stress of 24 8 kgm /sq cm 
was applied to the crystal resulting in a stood} -state 
creep strain rate of 1 4 X 10" 4 /min After the' defoi - 
motion had passed well into tins region tlio stress was 
reduced to 4 9 kgm /sq cm and the fatigue stress was 
then introduced Dus produced an immediate nega- 
tive strain-rate which gradually decreased to a 
vanishing small value However, by inci easing the 
fatigue stress amplitude further recovery vv as produced 
and the effect could be repeated many times as show n 
m the typical example m Fig 1 


It was observed that the total recoverable strain 
increased linearly with fatigue stress amplitudes and 
that the transient part of the recovery curve followed 
a (time) 1 / 3 law , ns shown m Figs 2 and 3 rcspectivclj 
Dio magnitude of the effect was found to bo dependent 
on the frequency of the fatiguo stress, decreasing with 
increasing fioquency Dio frequency-rango uivcsti 
gated m tlio present woik was between 10 and 
10,000 cycles per sec 

Dio present observe! ions show Hint previous 
theories for the after-effect based on grain boundnn 
behaviour or the uneven distribution of strain in a 
poll crystalline aggregate are not sufficient in nccount 
ing for nil cases The processes lending to the after 
effect must hnv o t heir oi igin inside tho individual gram 
ns well Dio dislocation model proposed bolero 
uppenrs to explain satisfactorily the observations 
made m the present work 




I nll/in n in [it It mJ< (ki.m 'tin *) 
Jk 2 
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A proportion of the dislocations goneroted under 
the oiigmal fltntio stress pile up beneath the free 
surface of the crystal or agntnst obstacles m tho slip 
plane M*hen the stress is substantially reduced these 
dislocations tend to niovo baok towards the generating 
iree under their mutual repulsno stresses This 
process is resisted by minor ‘frictional obstacles in tho 
glide piano but the application of a fatigue stress, 
which causes the dislocations to oscillato assists them 
to Q\ crcome these obstacles thus mcreasmg their 
mobility Larger fatigue stresses would result m more 
dislocation mobility leading to further strain recoven 
It is not clear, llowe\ or, \\h> a dislocation oscillating 
at the frequencies used in the present Moil which oro 
much lower than the ‘resonance’ frequency of a dislo 
cation lino, should become much more mobile than a 
static dislocation It i* possible that the low froquency 
oscillations of tho largo dislocation networks in the 
crystal ina\ induco high frequency oscillations m tho 
smaller elements Alternate ely the additional energy 
imparted to the dislocation line even at Ion fre 
quenoies, may bo sufficient to assist it In o\ ercoinmg 
the minor frictional obstacles in tho slip plane 
Fxpenmontfl are being carried out to ro\eal which of 
tho two mechanisms Is in fact responsible for tho 
effects observed 

Recent oudence in support of tho concept of tho 
increased mobilit\ of an oscillating dislocation is given 
b^ Moloka and E\er8lied« where n fatiguo stress was 
found to increase forward creep and by Blaha and 
Langencher* who observed a decrease in the static 
stress required for continued glido alien a fatiguo 
stress was appliod 

A full account of this v ork n ill bo published else 
nhero 

A H Melkka 
O B Dukx 


Phy'Sics Department, 

British Iron and Stool Research Association 
140 Battersea Park Road, 

London, S W 11 
Aug 18 
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Impact Ductile Molybdenum 

It has recently been reported flint unnotchcd single 
crystals of tone molted molybdenum oro ductilo in 
impact well below room temperature 1 Although tho 
impuntA content or this material was vory lowlt was 
felt that tlio improvement may bo duo to tho singlo 
crystal structure and not the punt\ Some crystals 
were therefore forgod and rocrystalflzed to give a 
poly crystalline material of gram sire 4/cm Tlio 
Bpoeimens nero turned to I in diameter and electro 
polished to produce a surface similar to that of tho 
tono mcltod crystal* Tested in a 10 ft /lb Charpy 
impact machine these gavo a 6 ft /lb transition 
tomjieraturo of — 80°C compared wtli — 140°C for 
similar purity singlo crystals A graph of tho two 
aota of results in shown in Fig 1, tho points and full 
lino rotor to poly crystals and the brokon line to single 

crystals 



Tlio increase m transition temperature may bo duo 
to the effect of tlio gram boundaries or a slightU 
worked surface layer No gram boundary facets are 
apparent m the fracture surface Tlio transition 
temperature of recrystallired \ acuura arc molted 
molybdenum is about 350°C under similar conditions 
A comparison of tho impurity contents in weight per 
cent of tho arc-cast and rone mcltod material is given, 
below 


Imparity 

Arr-mit 

Zone-irvUnl 

Portion 

0-01 

ooce 

Kllkou 

0 002 

0002 

lion 

0 O01 

(WXW1 

Copper 

(HXN 

0 001 

niromJnm 

0 001 

0-001 

Kfckfl 

0-00' 

00001 

Cobalt 

0-010 

0 0002 


Tlio oxygen content of both materials is about at tho 
lirrut of doteotion of tho avallablo \acuum fusion 
apparatus, approximately 1 part per million 

The surface condition of the recrystal lizod r.ono 
molted metal was important Electropolishing 
improved the impaot duotihty Further experiments 
nro in hand to assess to what oxtont carbon is tlio 
impurity rosponsiblo for the poor impact properties 
of arc cast moh lxlcnurn 

J A Belk 

Armament Research and Do\olopment 
Establisliment, Fort Halstead 
Smenoaks, Kent 
Sept 17 

l*\k J A., J Lett Common M«att t 60 (IQ50) 


ENGINEERING 
Strength of a Grooved Stud 

It is commonly accepted that on abrupt cliango of 
sect ion (such as a circumferential groove In a bar under 
tho action of tension) will lead to a stress concent rn 
tion at tlio root of tho groove, and bonce to a woakon 
ing of tho bar in. excess of that resulting from 
reduction in sectional area That tho bar in not 
necessarily weaker but may bo very much stronger 
is now w oil established but is not gonorally' rooognlxed 
I recently needed to design anfoty studs which 
would fraoture at a load of 29,300 lb with a maximum 
coefficient of \anation of 1 3 per cent Tho studs 
wore 7 in long and 1J m in diameter with n circum 
ferontial groo\ e of semi circular section turned on it 
with a parting tool It was found that tho studs 
broke at loads which were 00 per cent greater than 
those calculated from tho tensile strength (28/33 tons/ 
sq in ) or the material (which was structural slocl) 
and tho crotw -sectional area The test results nro 
shown in Table 1 
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Table 1 JU-SLi/rs of Groovi Tost 


Warn nt Groo\c 
d (in) 

0 778 
0 501 
0 6703 
0 6800 
0 6805 
0 577 
0 531 

0 520 
0 618 

1 005 
1 202 
0 421 
0 581 


Ratio 

D/d 

1 03 

2 54 
2 00 
2 69 
2 58 
2 00 
2 82 
288 

2 90 
1 00 

1 49 
1 26 

3 50 

2 58 
1 00 


Limit of rroportlonalltv 

1,000 lb 

tons/sq in 

n o 

n 0 

T\ o 

n o 

n o 

n o 

n o 

T) O 

n o 

n O 

11 4 

24 0 

I\ 0 

n o 

n o 

n o 

n o 

n o 

n o 

n o 

20 0 

10 4 

44 0 

17 3 

4 1 

n 2 

8 3 

14 0 


0 0 


Yield Tolnt 
1,000 lb tons/»q In 


n o 

n o 

n o 

n o 

n o 

n o 

n o 

n o 

n o 

a o 

17 8 

30 3 

15 2 

30 0 

14 8 

31 1 

14 4 

50 4 

8 4 

18 1 

48 3 

27 1 

55 5 

21 8 

7 3 

23 4 

15 0 

25 5 

— 

15 2 


Tensile Strength 


1,00011) 

ton*/«q 

51 2 

481 

30 8 

50 1 

20 0 

10 7 

20 2 

19 3 

20 4 

49 0 

23 9 

40 2 

24 2 

48 0 

23 2 

48 8 

23 0 

48 0 

142 6 

30 7 

70 4 

4.1 0 

100 5 

39 7 

13 4 

43 0 

20 0 

43 0 


KcrrmrkB 


Trial stud (wrno material) 

liar 1 

liar 1 

liar 1 

liar 1 

JIar 1 

liar 1 

liar 1 

liar 1 

liar 1 lull section test result* 

liar 2 

liar 2 

liar 2 

liar 2 

liar 2 Assumed Ogures 


/) (full diameter of stud) 1 5 in 

n n no AttcrrvDi mtulc \o o\>*vcr\o tim pTOpOTiA . . , • 

liar 2, no teat data available on full section quoted (lpures obtained 


hj comparison of studs of 0 5S In 


diameter 


Fiona the point of view of stress concentration, tho 
stress condition, according to Petersen 1 , is ono of 
bi-ftxial tension, that is* axial tension together with 
circumferential tension Yielding should then depend 
upon the axial stress value only, since the lowest 
principal stress remains zero Assuming an elastic 
condition, Potersen calculated that the axial stress 
was ] 7 times that in a plain bar of the samo diameter 
Allowing for tho fact that yiolding depends on tho 
Mises criterion, the stress concentration was calculated 
to he 1 6 at the } told point 

Orowan 1 has pointed out that tho stress system at 
the root of a groo\c of this type very rapid 1} becomes 
tn-axiul tension bocauso of tho constraining effect or 
tho groov e m preventing the development of yielding 
This fundamental!} alters the picture, because the tv o 
smaller pimcipal stresses become ecjual to each other 
and rise with the axial stress Under tins condition, 

5 leldmg cannot proceed any further, and t ho material 
will stand very high stresses until it breaks m a 
brittle fasluon at the v nluo of maximum principal 
(axial) stress which is tho limit for tho material 
Orowan postulates that this limit is such that tho 
studs could not have their apparent tensile strengths 
increased by more than 3 3 times by an infinitely 
sharp gioovo 

W ith tins background most of the experimental 
results could be explained Tho ‘plastic constraint 
factoi’ (to use Oiovan’s teim) was about 1 0, but 
his theory did not explain the observed increase in 
yield point and limit of pioportionality These voro 
measured by Martens-type extensometors indicating 
axial extension across the grooves In each case the 
increase was almost as great as tho ‘plastic constraint 
factor’ It seems that a v ery small plastic flow was 
sufficient to produce tho tri axial condition, and that 
the shear stiess did mcroaso soinev hat so that yielding 
stdl occurred generally across the sections 



Fig 1 shows tho various factors plotted against a 
groov e sharpness parameter T)/d f with further factors 
compiling tho ratios of yiold strength and limit of 
proportionality It is interesting to note tho close 
resemblance of tho Peterson (Mises criterion) stress 
concentration curve with tho experimental curve for 
limit of proportionality. Tho discrepancy betneen 
the shape of both tho Pctorsen enrv es. and the oxpen 
mental curvo for fracture is very great 

The fractured specimens showed mainly brittle 
failure oxcopt for narrow bands of ductile failure 
around the edge 

In view of the c\ tdonce of reasonable ductility, ami 
tho fact that tho desired coefficient of variation was 
easily obtained, manufacture of the safety studs was 
continued and tbo\ have, in fact, given perfect y 
satisfactory son ice 

DC HERBERT 


Engineering Laboratories, 

Snowy Mountains Hydro electric Authority, 
P O Box 33 2, Cooma North, 

New South Wales 


'Pctcruen It E 'Strc«* Court ntmtlon Hi-'lcn tnrtors (Tolm tVflef. 

* Orownn ^fundamental* of brittle IKlitwioor In Metal* 
anil Jracturc ofVlctals Svmwslum nt live MxwvcUusitU In* 
of Tocbnotom . 1950 (John W llev New York, 10 j~) 


CHEMISTRY 

Dielectric Absorption in Dispersed 
Systems 

Ip a high-frequency alternating field is applied ^ 
system contaming mobile ions or movable dipoles, i 
loss factor should mcrenso when tho applied frequen > 
approaches tho natural relaxation frequency ot i 
system In dilute aqueous solutions of 8,m Pj9 c *55 r . 
lytes this frequency is of tho order 100 nc/ 
(Fnlkenhagen effect), m pure water it is 10,000 iu / 
(dipolo oscillation effect) With polj electrolytes 
cylindrical Bymmotr} of tho ionic atmosphere rest 
in a much slower relaxation (0 1-1 p sec ) l , and wo iav 
now found a similar effect but with a much higher 
factor for microscopic tvo-pliaso systems, sucli 
fibres, suspensions and emulsions, with water as 1 
continuous phase It also occurs m disperse syste 
where tho continuous pliaso is an insulator, and 
indeed more easily v enfiod than w ith aqueous systems, 
vi lien the froquency-mdopondont conductance may 
mask tho critical frequency offoet 

We prefer to use bridge methods, on account of thoi 
high accuracy but it is very easy to be misled by 
spurious effects duo to electrical ‘strays’ ana 
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'residuals in the megacycle frequency range E\en 
abort leads are inadvisable above 6 Me /s we use a 
micromotor coll sitting directly on tho terminals of a 
product arm radio frequonoy bndgo, which accepts its 
initial balnnco at zero resistance, with the cell elec 
trodos in contact 

W ork is proceeding •with poly electrolytes, where no 
dependence of critical froquenoy on degree of poly 
mentation has jot been found With emulsions and 
suspensions, on the othor hand particular size does 
have a specific effect, ■which is being examined 

G A Jonn80N 
S M Neale 


Collogo of Scienoe and Technology, 
Manolieeter, 1 

’ rtuwluk-k C 9 and \eale 8 M \ttnre 173 403(1854) 


Thermal Regeneration* In 
the Nickel-Oxygen System 

Observations of photo-olectno activation* (lower 
ing of tho plioto electric threshold energy) through tho 
interaction of small quantities of oxygen with various 
metals aro recorded m tho literature 1 Such activation, 
for w Inch no satisfactory theory has been adv anced, is 
obtained without heat treatment and most of the 
metnla concerned posseea a low work function (below 
about 3 eV ) Largo admissions of oxygon alway s cause 
the reverso effect the threshold is shifted to shorter 
wave longtlis The phenomenon of thermal regencra 
tion , that is tho removal of oxygen from the surface of 
certain metals and semiconductors by heating m 
racuo is also woll established Tho oxygon which 
disappears from the surface in thoao coses is not 
desorbed it is either incorporated by regions below tho 
surface 3 - 8 or it is effectively aggregated into islands 
on the surface as the result of rccryst all iza tion pro 
oesses to leave bare areas 4 We havo observed photo 
electric aotiv ation in nickel films (work function about 
ft 1 oV ) after interaction with oxygen followed by 
thermal regeneration of tho surface There appears, 
therefore to bo a closo parallel between thermal 
regeneration and photo-elootnc activation Further 
we have found that regeneration of a nickel surface to 
which oxvgcn has been admitted at 20° C occurs 
spontaneously on standing xn vacuo at that tempera 
turo 

Table 1 Work Vusctio^b or FrAi-oum* Kickl Fiuts Usdex 
ooivq lunumoy wmt Oxtoex 

Surface Woil function (tV 0 


frwhtr evaporated mm I 
Tlircwmhcral it ep wine rbeml*orf-Ucro of 0, at 
£ 0 * V 

Stood In 10 — • Dim. O, 

ramped and raided to 400* t In Uir Cooled 
rapidly 

ltraataratal with O 

I'mhlj evaporated Film II 
Stood 1* hr in i nun. o,. ramprd ami 
ratted to 406 C In 1 hr Cooled raj Idly 
l*xre^ O, 

rnnipod Wood£davt(a 

ftabed to 40U* l In 1 br Cooled rapidly 

Ketatnraled with 0, 

nim 111 alter oxldatkm folkmrd by com 
plete reduction with ll, and cwrtgaMlns? at 

Uxr l 

At once after admWdcm of O, at 2£i* L 
Surface Jmt laturated 
After 15 hr in rocao at £0* C 
iftcr 42 hr 
Alter M br 

After 1*5 br (An adsorptive capacity waa 
rwtoml In thh lorfarr ) 


4- S" 

5- £J 


t-M 
i 19 
5 00 


6 30 

yzn 
6 18 
frlfl 


Plioto electno measurements were made nt 20° C 
m an all glass photocell using ovnporated nickel films 
as the photocathode Photo-electno cliargos were 
recorded m a Compton quadrant electromotor using 
tho method of oharge up in an isolated circuit Spectral 
sensitivity data wore plottod as the square root of tho 
photo -electno yield versus wave-numbers 8 For all 
except clean films (which possessed unique work 
functions) the points corresponding to any one run 
could be fitted to two straight lines double tliresholds 
w ere inferred accordingly Tho work functions presen 
ted In Tablo 1 correspond to tho lower thresholds onlv 
Tlicso results indicate that in tho case of tin 
nickel-oxygen system regeneration occurs slowly at 
20° C but only to o limited extent (the work function 
does not fall much below that of tho clean metal 
surface) Thermal regnemtion however, causes a 
marked fall in tho work function which may be as 
much as half a volt lower than that of tho metal It 
therefore appears unlikely that bare metal surface is 
responsible for the observations accompany mg thormnl 
regeneration Wo tentatively suggest that both 
regeneration and photo-eleetno activation aro the 
mam feet at ions of a cation nob surface (positive surface 
potential) such as may result from a migration of 
cations through the tlun oxide film It is possible that 
these phenomena are general to all oxy genated surfaces 
Tims tho oxtont to which regeneration is observed 
appears to depend only on tho surface concentration of 
oxygen and tho extont of the electronic interaction 
with tho motal or semiconductor lm olved 

J 8 Anderson 

D F Klemperer 


Department of Chcmistrv 
University of Melbourne 
Australia 
and 

Division of Tnbophyeios, 
Commonwealth Soiontific and Industrial 
Research Organization 
Melboumo, 

Australia. 
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Polymerization of PhosphomtriUc Chlorides 

It lias been stated 1 Hint phcmphonitnlio chlorides 
polymerize by a free radical moclmmsm If this wore 
so tlio reaction could bo initiated by lugb-encrgy 
radiation 

Since tho phoephonitriho chlorides are solids at 
room temperature (tho melting point of (PNCli) t m 
114°C) this would provide a convenient method of 
polymerization 1 

Six specimens of n coramoroml mixture of phofl 
phonitruio cliloridcs [Albnght ond Wilson Ltd ], on 
closed in ovnouated gloss tubes, woro exposed in tho 
Spent Fuel Irradiation Facility of tho Atomic Energy 
Research Establishment to 0 0 x 10* rnds/hr of 
gamma radiation The total radiation recoivod varied 
from 10* to 10 1 rads Using tho aamo rate of gamma 
radiation Chapiro* and his oollcaguos obtained 0 5 pet* 
cent conversion per hour for styrene with higher con 
v era ions m the cases of non nromntio com !> oun 
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Two of tlio irradiated samples were heated at. 90°C 
for 2 hr without significant change m the peicontago 
of material winch was soluble m benzene Wien 
phosplionitrihc chloride is polymerized by heating to 
250°C a long chain rubber is formed , no sign of this 
was seen m any of the irradiated specimens 

The specimens wore extracted with bonzene, in 
-which the polymerized phosplionitrihc clilondo is in- 
soluble , in no case was the amount of insoluble 
matter significantly different from that of the starting 
material Tins was approximately 3 per cent -which 
presumably represents low molecular -weight linear 
polymers in the commercial mixture 

Further specimens which -wore irradiated by moans 
of a lmear accelerator up to 10° rads, also showed no 
signs of polymerization As this is tlireo orders of 
magnitude greater than the dose 3 required to initiate 
the polymerization of styrene it would appear that 
free radicals do not initiate the polymerization of 
phosphorus mtrihc chlorides 

For all these irradiations I am indobted to Dr R 
Roberts and the Technological Irradiation Group of 
the Atomic Energy Research Establishment, Harwell 

Thomas R Maxlev 

53 Cherrybum Gardens, 

Xew castle upon Tyne 4 

1 Pntnt F nnd Killlnsky, F , Halromol them , 6, 292 (1031) 

1 Restnino, A J Jfcsroblnn R I! , Moran Hu II Bullnntlnc D S 
Dienes G J , nnd Jlctz, D J , J Amer Chem kot 78, 2039 
(1930) 

J Bonby, L Clinplro A , Vfnint M , Miplrdlejnn h Prcvot Bomns 
A Rclnlscli L , nnd Sebbnn, 1 , Intemntlonnl Conference on 
Peaceful Uses of Atomic Encnw, Geneva 1935, 7, 520 

A Method for Determining Carbon-14 by 
Combustion using Calcium Carbonate 

When organic material is to be analysed quantita- 
tively for the content of carbon-14 by combustion a 
standard method is to convert all the cai bon into 
carbon dioxide which is then absorbed in a solution of 
sodium hydroxide 1 The carbonate thus formed is 
then precipitated by the addition of barium clilondo 
and the total amount of carbon present determined by 
back titration with hydrochloric acid The barium 
carbonate is collected in a manner suitable for counting 
Precipitation by barium clilondo is convenient 
because accurate back titration is possiblo, and the 
precipitate can be collected fairly easily on a filtei 
paper to give an even deposit suitable foi counting 
Where the total amount of carbon in the sample is 
small, the high atomic woight of barium is advantag- 
eous in bulking up the precipitate but it also carries 
the disadvantage that there is high solf absoiption 
and consequently m comparison w ith light or elements 
the sonsitmty of counting is reduced 

Thus when there is adequate carbon available (in 
excess of 1 0 mgm for a 2 4 cm diameter end counting 
window) a carbonato formed from a light ei metal can 
give valuable extra sensitiv lty which may bo especially 
needed when the material being nssayed is of low 
activity 

Of the commoner metals with a low atomic woight 
only calcium carbonate gives a highly insoluble 
carbonate necessary for quantitative analysis It has 
been found (I able 1) that when a comparison is made 
between precipitates to ‘infinite thickness’ of barium 
carbonato and calcium carbouate prepared from 
material of the same specific activity calcium carbon- 
ate gives an increased counting rate over barium 
carbonate by a factor of 1 85 ±0 08 (cf the molecular 
weight ratio of barium carbonate to calcium caibonat© 
of 1 98 1) 
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Unfortunatoly precipitates of calcium carbonate 
formed by adding calcium chloride to mixtures of 
sodium hydroxide and sodium carbonato bIiow a 
tendency to bo gelatinous, nnd titration is made 
difficult nnd lrroproducible by fading ond points 
The calcium carbonate crystals which form on stnml 
ing may also bo laige and thus tend to form uneven 
preparations because filtration is too rapid 

It lias boon established that tlieso difficulties can lie 
av oided by nddmg ningnosmm clilondo to the calcium 
chloride — a convenient proportion is one part mag 
nesium chlorido to two parts calcium clilondo With 
tins mixture, back titration is consistent and reliable 
when thymol blue is emploved ns the indicator The 
end point is not so readily locognizod when the 
mixturo of the calcium and magnesium chlorido is 
substituted for bniium chloride , but a warning of 
tlio approach of the end-point is given by a change in 
colour from blue to grey' Titration should not bo 
carried out until sufficient time has elapsed for pre 
cipitation to lie completed About 1 hr has been 
found to bo satisfactory' for a wido range of conditions 
The proeipitntes formed nro not gelatinous, and the 
cry stals are fine enough to giv e good filt or preparations 
which can be dried without the cracking and distor- 
tions winch mny r bo produced by' precipitates of 
barium cnrbonnte Moreover, the addition of 
magnesium chlorido gives precipitates which show 
less tendency to stick to tlio flask 

Thcso findings nro based on a senes of tests over a 
range of total nlkalmities and ratios of sodium 
hydroxide to sodium carbonate (Fable 1) Frocipita 

1 utcr l 
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ting ngents weie all added m excess All precipitates 
wcie prepared by filtiation on to filter papci disks to 
‘infinite thickness’ (more than 100 mgm ) nnd repli- 
cated samples counted to 10,000 counts From 
Table 1 it can bo seen that, calcium carbonate precipi- 
tates fiom calcium clilondo nlono ns ngauist the 
magnesium chlorido nuxtmo on nverngo exhibit a 
slightly greater activity which is statist leallv Rigmfi 
cant (P = 0 01) It is probable therofoio that the 
precipitates from tlio mixed ehloi ales are slightly' 
contaminated with magnesium hydroxide (not mag 
nesium carbonato ns tins would tend to uicrcnso the 
sonsitivuty') Qualitative nnnly'sis shows magnesium 
to bo present in the piocipitntes Tlio roason why' 
magnesium chlorido is offoctivo is not understood 
I am indobted to Pi of G E Rlnckmnn nnd inombors 
of his staff for thoir guidance and encouragement 

E C R Little 

Department of Agriculture, 

University of Oxford 

1 ^NcwAork! 10 l 0 )' l8Otoplc Cnr,H)n (John Wiley mid Sons, Inc, 
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Aromatic Ring Opening in the Presence 
of Oxygen in Irradiated Solutions 

'A hen aqueous solutions of benzene are irradiated 
t n iv/cwo with a rays or neutron* which produce oxy gon, 
n dialdehydo, identified as mucondialdoln de, is 
produced 1 The samo product was found also when 
solutions of benzene containing oxy gen wore irradiated 
with X rays 5 Thus nng opening appeared to be 
connected with tho preeonco of oxygen, rather than 
with high radical concentration* and multiple rooc 
i ions on tho same benzene nng Tho identification of 
the product as mucondialdohyde wan confirmed* 
Material bainnoe cannot bo obtained 4 unless the 
formation of oxidation products other than phenol is 
assumed The interesting possibility arises that 
aromatic nng opening in tho p resen oe of oxvgen may 
occur as the result of a single primary radical reaction 
step and that mu con dialdehydo l* a primary product, 
being formed in direct competition With tho formation 
of phenol Analytical methods were used whiuh 
enabled us to dotermino phenol catoohol and quinol 1 * 2 
m the presence of hydrogen peroxide* and of mucon 
dialdehydo, o and p qmnone These last threo wero 
letorrmnod after condensation with p NO* phenyl 
hydrozino in 2 jV sulphuric aoid, extraction into 
carbon tetraclilonde ro^extraction into 2 N sodium 
hydroxide and Bpcctrophotomotric measurement in 
0 8 N sodium hydrato at 390 mp (mucondialdohyde) 
510 ran (max ) and 400 mg (mm ) (o qmnone) and 475 
ni|i ( p qmnone) Details of tlie analytical methods 
developod will bo published soparatoly 

We havo found that mucondmldehyde is indeed 
formed simultaneously with phenol chrootly from 
benzeno, without tho previous formation of phenol 
cntochol, quinol or quinones In Fig 1 it is shown 
that m aqueous benzene solution irradiated with 
X rays at pH « 7 I whilo phono! is formed with an 
initial yield of Q =* 2 00 mucondtnldehydo is being 
formed with on initial yield of O *= 0 8 Under tho 
samo conditions quinonc* nrc not formed in mcaaur 
able quantities Tho addition of phenol to tho solution 
before irradiation docs not increase (ho yiold of 
mucondmldehyde The ratio of (7 (phenol)/# (mucon 
dialdehydo) remains constant at ~3 m the range 
pH «r> 0 4 — 7 5 The nbsoluto yield increases *hght ly 
at low pH \ alues 

Ono poeslblo explanation of tho direct aromatio nng 
oponing is Hint duo to Weiss'’ who assumes that the 
addition to benzeno of ono radical fomiod from water 
by tho radiation leads to furthor addition of oxygen 
and formntion of a hydroperoxide which, losmg water, 
yields mucondmldehy do directly through ring opening 
Altomnti\o possibilities include tho mtcmotion of an 
excited benzeno moloculo with oxygen leading to 
direct nng opening and dialdehydo formation 

Wo havo therefore investigated tho photochemistry 
of aqueous benzeno solutions containing oxygen, 
irradiated w ith ultra v idct light of w av o length abov o 
2100 A Formation of phenol and mucondmldohy do 
was observed mucondmldohy'do being onco again a 
primary product formed in competition with tho 
formation of phenol Tho ratio of phenol/mucondinl 
dohydo how over changes with changing pH, tho 
rolativo y leld of mucondmldehyde decreasing strongly 
with decreasing pH Tho different degrees of dopen 
donee on pH would indicate that the mechanisms 
involved in photochemistry and radiation chemistry 
arc not wholly idontical * 
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l la t rormAUoa of phenol ( + ) »ixl imicmidJaJdehrde (#) In 
transmuted Imwor *olulVcm »t pH — **l o, rr^nlU fai r>rt-wncr 
of laltUUr»d<ie<llhmo (2 x 10-‘ JH. 2no-tV] X tap 13*6 r /min 

It appears thoroforo that tho interaction with molt 
culnr oxy'gon of both an oxcitod bonrono moleculo or of 
a radical formed from benzeno may lend in aqueous 
solution directly to aromatio nng opening Wo art 
investigating tho possible connexion with tho known 
offoct of oxygen on tho spectrum of benzeno" 

Full details will bo published BCparatoh 

IstlAIJL JyOEKT 
0 \nnn n Stftv 

Dopartniont of Physical Cliennstr\, 

Hebrew Umvcrsitv 
Jorusalem 

* SIcId n »rxlWcM J J CVm W 3^15 (1010) 

» Btflo, 0 trnd Cht in 9<v 3_CL> (Mil) 

' Jlanlcli M SHkiIm O amJWrt** J J Sor 83-«(1 ?j6) 

4 Uaxcndale J II nrul Hmlthfc** I> J Ctrm Xx- 7~l) ( U)jO) 

4 JlochxnatW C J J 1 km thrm W 087 (10V*) rUubriu 0 31 

Ind i.r\j Ck<m 15 327 (1013). 

* WrH* J., ** Action* ChfmJr|o>«i dri lUwllitk>a 4 4i <Ma***m tt ( I 

rarf* 1033) 

* I vain 1> t J C Snc 1331 3*85 (!«“) 


BIOCHEMISTRY 

Isolation of 2-AmInocthane Phosphonic Add 
from Rumen Protozoa 

Iv tho ooureo of experiments on tho ammo acid 
composition of rumen Protozoa an unknown nmltv 
drm positive substanco was found by paper chroma 
tographv to bo presont in acid liy drolyimtes of tho 
other -ethanol soluble fraction of Protozoa Tim 
substance was isolated in crystalline firm »nn 
idontified ns 2 nmuio-otlumo pliosphonio ncut 
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Fig 1 Infra red spectrum of isolated 2 nmlnoetliane pbosplionlc acid ( Wajol mull ) 


H.N OH, CH. PO(OH)„ (symthosized by Finkel- 
stem 1 , Kosolapoff 1 , Hackspdl 3 and Clmvano 4 ) 

The isolation of tins new amino-phosphonic acid 
was made possible by using paper chromatography for 
following the compound through each stage in tho 
process 

Protozoa were obtained by a modification of tho 
method of McNaught el al s Rumen contents were 
taken out through tho rumon fistulas of two sheep 
maintained on daily rations consisting of 250 gm of 
concentrate mixture (equal parts of soybean cake and 
wheat bran) and 4 kgm of green grass or 1 kgm of 
dried grass The contents were diluted with equal 
volumes of 0 5 per cent glucose and 0 5 per cent 
sodium chloride solution (39 C C ), and squeo/ed through 
8-folded surgical gauzo Tho liquid was then poured 
into cylinders and allowed to stand in a warm water- 
bath (39°C ) After a short time, tho floating fibrous 
layer was removed by suction and tho liquid was 
decanted, and the w’ell-defined layer of larger Protozoa 
at the bottom was collected Tho fibrous layer was 
ivell mixed with glucose - sodium ehlondo solution 
and allowed to settle once more to remove any 
Protozoa trapped in the fibrous materials Tho liquid 
obtained by decantation was centrifuged (approxi- 
mately 3,000 rpm) and tho smaller Protozoa w ore 
collected The combined protozoal fractions were 
resuspended in glucose - sodium chloride solution and 
then treated m a manual centrifuge repeatedly until 
the supernatant layer was quito clear Tho latter 
treatment is essential to obtain tho Protozoa almost 
free from bacteria Microscopic examination of the 
protozoal preparation showed that it contained no 
extracellular material, and its fibre content moasured 
by the method of A 0 A C (1950) was 0 0 per cent 
The Protozoa, which wore still actively moving, were 
then preserved in acetone, filtered and nir dried In 
all, 50 kgm of rumen contents wore treated in this 
way giving a total yield of 203 gm of Protozoa on a 
dry basis 

The fauna consisted of Dtplodimum (mainly D 
magn and D ecaudatutn), Isotriclia, Ophryoscolcx, 
J Jasy tncha and Entodinvum (mainly E simplex, E 
longinuclealum and E caudatuin) Entodmxum, 
Ophryoscolex and Dasytncha constituted a largo 
portion of the whole 

Tho Protozoa were extracted with several portions 
of hot ether - ethanol (1 1) The extract was hydro- 
lysed by refluxing for 13 hr with 100 ml constant- 
boiling hydrochloric acid After extracting the 
resultant lipids with ether, the hydrolysate was taken 
to dryness and transferred with 4 ml of water to a 
bed (13 cm x4 cm ) of ‘Dowex 60-X4’ (hydrogen 
form) After washing the bed with water, the fraction 
containing acidic and neutral ammo -acids was eluted 
with 5 per cent pyridine The eluate was taken to 
dryness and transferred to a column (1 1cm x 68 cm ) 


wit ‘Dow'ox 50-A'4’ (hydrogen form) 
a li 2 ml of 0 0 N hydrochloric 
cid Elution wns earned out with 
0 0 N hydrochloric acid Under these 
conditions, tho compound omorged 
from the column after about 150 ml 
ns a singlo peak Tho pooled effluent 
fractions containing the compound 
were concentrated to dryness, and 
tho resultant liquid was transferred 
with 1-2 ml of 0 5 N ncolic acid to n 
bed (I 1 cm cm ) of ‘Dowex ] A'S’ 
(acotato form) Tho bed was washed 
with 0 5 N acetic acid until aliquots 
from successive portions of tho effluent were negatno 
to nmhydrin Tho first 7 ml of tlio effluent usualh 
contained all this compound Tho effluent was taken 
to dryness, dissolved in n small nmount of 5 per cent 
acetic acid and treated with a small bed of decolour 
ising carbon Then tho compound was obtained in 
crystalhno form upon evaporation of the acetic acid, 
and recry stnllizat ion from water - ethanol ga\o 
03 mgm of tiny rhombic crystals 

Tho compound hnd a melting point of 295-297 1 ’ 
(dccomp ) , (found C, 19 57 , H, 6 GO , X, 11 34 , 
P, 24 7 C.H.NPO, requires 0, 19 20, H, 0 55. 
X, 11 20; P, 24 70 per cent), the nitrogen was 
presont ontirelv as amino-mt rogen as shown by tho 
Van Slyko amino-nitrogen method , the compound 
was soluble m water , less soluble m methanol , 
insolublo in ethanol, acetone, other and benzeno It 
was optically mnctise and hnd no unsaturnted bond 
Hydrolysis with 5 N sodium hydroxide at 120° for 
8 hr did not liberate phosphoric acid The infra-red 
spectrum (Fig 1) showed tho nbsenco of COO* m 
the molocule From the titration cun o the molecular 
weight was estimated ns 125 

From tlieso results, tho compound was assumed to 
be 2-ammocthnno phosphonie acid, and this was 
synthesized by us by Chavnno’s method 4 Tho 
isolated and synthotic compounds behn\ed identically 
on paper chromatograms developed m ji-butanol- 
acotic acid-water, phenol -water, and lutidinc-nniluie- 
w’ator soh ents, and show od the same infra-red spectra 
Phosphorus is combined with other elements in 
organisms, as well ns in thoir products, gi\ mg 0 P, 

0 = P and N-P , nov r tho occurrence of tho C-P bond 
has been demonstrated It well bo interesting to 
imestigato whethor this compound is widely distri- 
buted m Nature or occurs only in rumen Protozoa 

Masaaki Hokiguciu 
, Makoto Kandatsu 

Department of Agricultural Chemistry, 

University of Toky o 

1 Flntclstcln, T J Amcr Chan Soc 08, 2397 (1040) 

* KosohpolT, 0 31, J -rimer Chan Sor , 00 2112 (1047) 

* Ilnckuplll, JL L C It Acad Xci , I’arin 224, 400 (1947) 

* Clminno V , Ann chtm , 12, 4, 372 (1040) _ „ 

* McJCnuptlit, M L, Owen, >, C, llcnn, 1C M , nntl Kon, 8 K, 

lUochcm J , 50, 151 (1054) 

Presence in Rose Hips of Substances Inhibiting 
the Oxidation of Ascorbic Acid 

It has been demonstrated that oven AnalaR 
grade chemicals may contain sufficient heavy-metal 
impurity to catalyso tho oxidntion of ascorbic acid 1 , 
it was found that tins oxidation W'ns diminished by tho 
addition of an aqueous extract of the flesh fiom lnps 
of Rosa camna Tho protective action of tho lap 
extraot was thon tested in tho presence of oxtracts of 
cauliflower ascorbic oxidase, apple poly'phonolaso and 
horseradish peroxidase * In each case reaction 




No 4690 


September 19, 1959 NATURE 


903 


Table! The Eitect or ax Aqrtoca Exrut cr or Hit Flesh os 


OxMliIna ajxfem 


Cauliflower &*cortAa 
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mixtures were prepared containing the oxidase 
«VBtera, hip extraot and added nscorbio aoid (final 
< onoontrution about I 0 mgm /ml ) buffered to 
pH 6 0 , tho mixtures were inoubated at 25°C , 
aorated and samples taken at intervals for tho assay 
of residual ascorbic acid Controls wore also run 
containing only tho oxidaso system, buffer and addod 
ascorbic acid To confirm tho effect on metal 
catalysed oxidation a further mixture was ms do 
consisting of buffer ascorbic acid and copper sulphate 
(final concentration 2xl0-*iU) Table 1 gives tho 
average results for a number of replicate experiments 

TU© 'protective substance or substances wore 
ihermostablo and insoluble in ether but soluble in 
ethanol and aoetone An acetone extract was there 
fore reduced to dryness under -vacuum and the 
residue In nquoous solution, was streaked on to 
.VHiatman No 3 paper and run in butonol/acotic 
acid /water (4 1 fl) The chromatogram was halved 
N^d ono half was further cut into eovernl longitudinal 
S tps each strip was then sprayed with a different 
reagent Tho other half was cut into ten transverse 
sections , ench scotion was eluted with water and the 
eluates assayed for inhibitory activity as before, using 
cauliflcrwor osoorbio oxidnso Controls wore obtained 
from the eluates of the sections taken from before the 
starting hue and from bey ond tho solvent front Two 
inhibitory fractions appeared the first frnotton giving 
the larger inhibition (03 per cent) rematnod on tho 
starting lino, had a brown colour gave a darker brown 
colour with ammaniocal sfiv er nltrato a dark colora 
tion with ferric chloride and reduced 2 0 dichloro 
phonolindophenol very slowly The second fraction 
giving the smnllor inhibition (30 per cent) was centred 
at Hy 0 5 and seemed to be associated with a band 
of yollow and bluo fluorescence which appeared in 
ultra v lolet light after spraving with dilute ammonia 
it also gavo a pale greenish blue colour with ferric 
chloride 

Tho identities of tho two fractions, and the offect of 
each of them on tho other oxidases, bavo still to be 
worked out In their combined effoct on the three 
oxidases tlioy resemble tho inhibitor found in cortnin 
fruits and v ego tables by Somogyi* so far as affinitv 
to tho tannins is concerned there is a similarity to tho 
fraction isolated from the Indian gooseberry by 
Damodaran nnd Nair* The function of tlioso 
inhibitors in tnro is not known It is perhaps signifi 
cant liowover that (a) tho fiesli of rone hips 
possesses to a remarkable degree tho ability to 
accumulate ascorbic acid and (6) tho oxidation of 
iiRcorbio acid tn vitro by tho main solublo oxidase of 
tho tissue (a peroxidase) i b also inhibited bv tho 
protective substances dosenbod abov o 
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University Collego of North "Wales, 

Bangor 

1 Wood. 1U11 mod Jaekeon G A D., One lltindred and Fifth Cocf 
Boc Cxw BW. (1054) 

* Soratiji i C. ft fir rJyriof trta 2, £09 (1044) 

• I>*modar*a, M nnd Mdr K., Biorfcm 10 10U (1030) 


Dietary Protein and Serum Cholesterol in Rats 

In order to study the influence of the diet on 
atherosclerotic changos in experimental animals 
diets hav e been dev eloped which produce n high lev el 
of cholostorol in the blood The degree of hvper 
cholesterolromift is known to be dependent on sov era) 
dietary factors, including the amount of protoin 

In previous experiments with rats marked differences 
m tho serum cholesterol level wore observed if 
different protein concentrates wore added to a 
liyperoholesterolomic diet consisting of 15 per cent 
casern 20 per cent hydrogenated coconut oil 4 per 
cent minerals, 2 1 per cent vitamin mixture, 0 2 per 
cont cholino chloride 1 per cent cholesterol 0 2 per 
cent cholio ncid and 0? 5 per cent starch Tho 
addition of 5 per cont wheat gluten resulted in a 
considerably lowor cholesterol level than did tho 
same amount of either gelatin or casein 1 Low serum 
cholesterol levels have also been observed in rats fed 
on dieta con tarn mg wheat gluten as the only source 
of protein* 

In order to obtain more information on tho cboles 
terol lowering effoot of various proteins groups of 
10-12 newly weaned male and femnlo rats wore fed 
the above hyperoliolestorolromio basal diet with 
supplements of different protein concentrates or 
amtno acids Additions were made at the expense of 
an equal amount of wheat starch Growth and food 
consumption wore recorded during 4 weeks Then, 
aft or the blood was analysed for total serum cholesterol 
content by the Liobermann Burchard reaction 
Results are presented m Tablo 1 

Each of the protein supplements addod m ft 
concentration of 5 per cent of tho ration caused a 
decrease of the serum cholestorol lovol (experiinont 1 ) 
The lowest levels wore obtained with dned vrholo ogg 
wheat gluton, fish meal and moat meal Supplements 
of casern gelatin and soybean protein were less 
active m lowering serum cholesterol The proteins 
with tli© higher activity supported faster weight gam 

In a subsequent experiment (experiment 2) the 
same low cholesterol lovol was obtamod when a 
mixture of amino acids based on tho composition 
of wheat gluten was substituted for tho intact protein 
Moreover It was observed that tho addition of 
different combinations of each three essential amino 
acids (m concentrations of 0 2 0 4 and 0 0 per cent 
respectiv ely ) lowered the cholesterol lev ol if ractlnonlno 
was one of the three This effect was paralleled by 
faster weight gain nnd increased food consumption 


Table 1 

Mea* Total Srninr cholesterol (eg* /100 xi4 

Experiment 

Vddltlon to b**al diet 

Total MTOm 
cholesterol 

1 

None - 

Caaetn 

Of U tin ~ 

Soybean protein 

Meat meal 

Cod n»h rami 

Wheat friuten - 
Dried whoUt ntfl 

1021 

643 

760 

"63 

642 

6*9 

&7l 

(E 

2 

Xoor 

Wheat jilutcn 

Amlno-acW* of wheat tfluten 
llUtUUw lyrine Iwlendnc 

Methionine threonine phenylalanine 
Tryptophan valine leucine 

HbHdlor threonine lenctne 

Tryptophan lyaloe phenylalanine 
Metnkmtor rnllne lkSeudno 

1**7" 

663 

C60 

l&7o 

843 

1603 

13"0 

1739 

736 

3 

Nemo - 

Wheat alnten 

Butanol extracted wheat Elntrn 

Butanol extract of wheat Klat*n 

1033 

4«H 

"39 

• RaiwUielr 0 * o i »od o a 1,11 
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These results suggest that the cholesterol-lowering 
effect of protein concentrates may bo ascribed 
primarily to the ammo-acids, especially motlnonine 
This view is supported by the well-known liypor- 
cholosterolfemic effect of methionine, as obsorv ed in 
experiments with mice 3 , rates 3 ' 4 and clucks 3 -" 
Moreover the basal diet used m our experiments is 
deficient m ammo-acids containing sulphur, ns it 
contains casern as the only source of protein in a 
suboptimal amount 

Recently, however, Nath and Harper 3 arrived nt 
the conclusion that the cholostoiol lowering properties 
of wheat gluten are associated w ith the lipid fraction 
which may be reraoi ed by prolonged extraction with 
hot butanol In our experimental design, however, 
wheat gluten extracted with butanol, showed nearly 
equal activity in lowermg serum cholostoiol ns 
untreated wheat gluton, whereas the corresponding 
amount of butanol extract was less active (experiment 

3) 

Further experiments are necessary to evaluate the 
significance of amino-acids and accompanying lipids 
of protem-ncli foods with respect to their cholesterol- 
lowering properties 

A P i>e Groot 

Central Institute for Nutrition 
and Food Research, T N O , 

Utrecht 

1 Groot, A P de, Yotding 19, 715 (1053) 

“Nath, K, Harper, A h and Elvelijem, C A, Arch Biochcm 
Bioplw , 77, 234 (105S) 

• Fllllos, L C , and Mann 0 V MetaMwm 3, 10 (1034) 

4 Passnnnnti, G T , Gucrrant, > T B , and Thompson B Q , J 
A ulnt 66, 55 (195S) 

4 Stamler, J , Pick, K and Katz L X Circulation Itu 6, 442(1033) 

• Kishlda, T , Tnkenahn, F , and Kmmneron, 1 A , Circulation Hen , 

6, 104 (1053) 

T Johnson D , and Fisher, H , Fed Proc , 17, 480 (105S) 

• Xflth, N , and Harper, A E , Fed 1’roe , 18, 530 (1050) 

Glutamic-Pyruvic Transaminase in Rabbit’s 
Long Bones 

The finding that a transamination process is opera- 
tive m metaphyseal cartilage of grow mg animals 1 
led to drawn some relationship between protein 
metabolism and mineralization 2 Moreover, tho 
observation that cortisone treatment winch is known 
to inhibit skeletal development 3 probablv through a 
blocking activity on sulphate incorporation in the 
mucopolysaccharides 4 of the organic matrix, also 
decreases tho activity of glutamic-oxalacotic transa- 
minase m metaphyseal cartilage 5 , suggests an active 
participation of transamination to osteogenesis, or at 
least m ono of tho metabolic processes leading to 
mineralization 

The relatively high level of pyruvate in pro-osseous 
cartilage 0 prompted us to check the presence in this 
tissue of an enzyme involved m tho utilization of this 
substrate, namely', glutamic pyruvic transammaso 
This enzyme can be used as an indicator of ammo-acid 
metabolism 7 In order to connect tho activity of this 
enzyme with mineral deposition, it was determined in 
three zones of the long bones of young rabbits in which 
mineralization (1) had not yet begun, (2) was pro- 
ceeding, and (3) was already completed, namely, 
epiphyseal cartilage, the zone of the secondary 
spongiosa and cortical bone respectively 

The bones, which were obtainod from 15 day-old 
rabbits, were quickly excised and chilled in ice 
Glutamic -pyruvic transaminase was determined m 
the three zones mentioned above after careful homo- 
genization of the tissues m a Waring blendor The 
reaction was followed for 30 mm at 37° C , following 
the method of Caldwell 8 


Tnble 1 Gictamic Pvituwc Tkassaiiisasf is Timn Zovns of Votna 
BinniTS Bovr (Aviraoi Vvtnra oi Xivr DiTEtnii'JAnovs) 

vrctnplivHcnl Secondnr) Dhplijjtal 

cnrtllnge Rjiongloin liono 

umole pyruvntc 

tillllzi.il/iiifcm 0-110 ± 0-038 0 209 i 0-010 0 028 4.0005 
bone (tlrj vclKhf) 

/JO min 

The results bIiow that besides asparlic-cr-koto 
glutaric 1 glutamic pyruvic transnmmnso, is present in 
ossifinblo cartilage Tho comparison of the activities 
in the threo /ones bIiows a closo relationship between 
tho amount of the transamination and the degree of 
mineral deposition Tho results obtained hero do not 
show whether this fact is in some way related to nn 
essential step in tho bone-formmg process, or whether 
it is only' tho expression of the local proteolysis which 
takes place during the osteoclastic rcsorbtion and 
reconstruction to which the zone of tho secondary 
spongiosa is subjected 0 However, the finding that 
testosterone treatment, which has n favourable in 
fiuence on bone formation 10 , increases transamination 
in metaphyseal cartilage 5 wlnlo corticoids, w’hicharc 
known to inhibit skeletal development 11 , decrease 
transamination activity' 5 , and tho results reported 
hero are consistent with nn involvement of glutamic 
pvruvic transaminase m osteogenesis 

L Tessaiu 
L Pap. nun 

Orthopedic Clinic, 

University' of Milan 

1 T>« Bomnril, B , nml Gnzz-irlnl, A , Bend Irt Aomt Sc Istt , 88, 537 
(1035) 

I Tc.»»nrl h , Jim , Boll Sac Ital Ihot Spcr , 35 6(13 (1050) 

* 1 o)IL<, II H , lun , 1'rnc Soc dxp Bio! Med ,7b 722 0041) 

4 Ijivton, I, J , l'roc Soc Irp Hi at Med , 76, 506 (1051) 

4 It I' cl lie, A ,etat, Boll Soc But Hint S/vr , 34, 003 (1058) 

4 Lorcnzl, 0 I Jlotl Sue llat Hud Spcr 29 10 >4(104 1) 

' Jlenton G H ,rtal l'roc Soc J- rp Jhot Med 83, 731 (1043) 

■ C altlwell h 1 , nml WcIIrnry E W , Arch Biodiein ,45 , 07 (1053) 

4 ’leo-nri, J, Arch Putti (In tin prt"«) 

’* J Ichtnitr, A , ri at , Ada ph i/‘ thrr Hhcumat Ulj , 5, 116 (1030) 

II Bicker, B I ,rl at , Hndocrinolo-rp 43, 422 (1043) 

Formation of Leucrose in Dextran-Producing 
Cultures of Streptococcus bovis 

Ik addition to doxtran and frucloso a mixturo of 
reducing disacchandes, containing glucoso and fruc 
toso, is formed when Lcuconostac mcAcnlei oitle-n strains 
aro grown in sucroso media 1 The same disacclinrides 
nro produced when cell-free doxtransucrase, obtained 
from a sucrose cultuie of L incscntcroidcs, is incubated 
with sucrose 2 From tins disacebando mixlmo Stodola, 
Slmrpo and Koepsell 2 isolated ono of the components 
ns a crystalline compound Tho pure sugni, named 
loucrosc, was markedly resistant to ncid hydrolysis 
and was sbovm to have the structuio 5 O a n- 
glucopvranosy'l-D-fructose 2 In recent studies on tlic 
production of doxtran from sucroso by i nmcn strains of 
Streptococcus bovis 3 4 it was noted that similar acid- 
resistant reducing disacchandes were fonned in good 
yield when dextran was being produced Tho exact 
nature of tho sugars was not determined at the timo 
An examination of the disncchondo fraction lias now 
been made 

Culluro fluid (200 ml , freed from doxtran) obtained 
from a 48 hr culture of S bovis (strain l) 4 was 
fractionated with aqueous otlianol on a cliarcoal-colito 
column Tlio sycrupy disaccharido fraction obtained 
(0 5 gm ) was crystallized by tho method of Stodola, 
Sharpe and Koepsell 2 to yield, finally, 0 15 gm of 
twice recrystallized sugar Tho sugar was shown to 
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be idontical with authentic Ieucrose by the following 
et idcneo 

After aoid hydrolvaiB under conditions giving 
minimum fructose destruction (5 mgm in 1 ml of 
0 20 N hydrochloric acid for 3 hr at 9C° C )* approxi 
mately equal amounts of glucose and fructose together 
v lth some unhy drolyBed disacchando wore detected on 
paper chromatograms When tho acid solution was 
heated for only 1G min , conditions which completely 
ctea\e furanosidca, no dotectable hydrolysis occurred 
On paper chromatograms developed several 1> with the 
organic layors of mixtures of n butanol, ethanol, water 
(40 11 10) pyridine, ethyl acetato water (1 2 2) 

und ethyl acetate acetic acid, water (9 2 2) tho 
sugar was cliromatographically idontical to authentic 
leucroeo This identity was mamtamod on lonophore 
tograms run fr borate buffer The sugar wns reducing 
to Bil\ er nitrate spray* and gave a positiva test for 
ketoso with p anisulme fl With urea phosphoric aoid 
spray 7 it gave tho grey brown colour winch is typical 
of Ieucroso* but m marked contrast to tho bnght-bluo 
colour given by froe fructose and acid labile fruotose 
(Ontaming oligosaccharides Similarly ft positive 
ketone tost was obtained with nnphthorcsorainol and 
resorcinol sprays only when they wero strongly acid* 
W ith aniline diphenylarouio spray* both the sugar and 
authentic loucroso gave a greenish bluo colour oom 
pared with a yellow -orango colour for free fruotose 
The colour rooction obtained with this spray is to be 
expected if loucroso has tho Btnicturo assigned to it 
with the glyooeyl luikago joined to tho fourth carbon 
from the reducing carbon of tho molecule* (that is 
carbon 5 of fructopyrnnoso) 

By tho Shaffer and Hartmann 10 cupnmotno motliod 
the sugar bnd a reducing value of 46 per cent of that of 
fruotose Tills reducing valuo was unchanged after 
treatment with nlknhno hypoiodite 11 , nhoumg that the 
reducing moiety of the Bugar was fructose Finally 
tho infra red spectrum of tho sugar was identical to 
that of leuoroso and its m p (150-1G7 0 0 ) was not 
doprossod by mithentio loucroso (I0O-I58 f, C j* 

Tho mother liquors from tho crystallization con 
tamed m nddition to leucroee, a second disacchando 
which ga\ o a bluo kotoso colour wntli urea phosphoric 
acid 'Hus sugar appeared to be chromatograph lea lly 
similar to tho second diwicchnndo whioh is present in 
teuconotloc cultures Attempts arc being made to 
isolate and identify it 

It bos boon suggested that loucroso formation 
represents some intermediate stop in dextran syn 
thesis 1 This has beon queried by Barker and Boumo 1 
who suggest that loucroso synthesis if due to doxtran 
sucrose activity is the result of a side reaction Such a 
rcnction could arise from tho ability of fructose to 


act as an altomatno glucosyl neceptor in dextran 
synthesis Although Ieucrose has been produced by 
the action of d ex t ransu erase, tho preparations used 
ha vo been neither highly purified nor necessarily freo 
from other corbohydrato (synthesizing enzymes Tlie 
isolation of Ieucrose from S bovw does offer further, 
indirect, ov idence that Ub formation is duo to doxtron 
sucrose activity First, with S bowo, dextran is only 
produced from sucrose in the presence of abundant 
carbon dioxide* 4 although the organisms grow 
vigorously in suoroee in an atmosphere almost froe or 
carbon dioxido The reducing disacclinrides wore 
only dotected in the cultures when thov w , er© producing 
doxtron Secondly, tlio rato of doxtran formation 
can bo controlled to some extent by buffering the 
culture when the disacobande concentration increases 
as tho rate of doxtran production rises* 

The specimen of loucroso was kindly supplied by 
Eh* F H Stodola, U S Dopt of Agnculture nnd tho 
infra rod spectra wore prepared by Dr 8 A Barker 
of the University of Birmingham Tins work was 
initiated (R W B ) at the Plant Chemistry Labors 
tory, Palmerston North, Now Zealand and com 
ploted as part of a progrnmmo supported by tho 
Department of Scicntifio and Industrial Research 


R W Batlca 
E J Bourne 

Royal Holloway College, 

Bnglcfield Green Surrey 
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* Balky It W and Oxford A E. Aabnr 183, \K> (10XS) 
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PHYSIOLOGY 

Neuromuscular Blocking Action of some 
Antibiotics 

CmtARETiKE effects duo to streptomj cm and 
neomycin, havo boon reported 1- * Tbe^o two onli 
biotics have been nhown to bo cnpnblo of oxorting a 
curanform block of tho neuromuscular transmission* 4 
Ono of us (G B ) obsorved that Bomo patients under 
heavy antibiotic treatment wore more senmtivo to 


Table 1 rAkALTiixo Acrrmr or d tcbocttueise Chloride asd DEaunrrHoxira Bro«px r* lumnT* triutcd with axttdiotkb 


Antibiotic 


loot ml 
Streptomycin 
Streptorartln 
CUoramjmenkol 
*iK-elnnlo 
Control 
Tetracycline 
lH?nIeiuta ~ 

Control 

Streptomycin 


Dom 

Curorirlna 

Do»e 

Inlcr\-al 

between 

Animal* with 
partial paraly*U/ 

Vnlmali atlli 
total oaralj-aW/ 
treated animal*! 

Dead animal*/' 

tnfftn^krm 

dru* 

/ran /biro 

tbe two 

treated animal* 

treated animat* 


d taboenrnre 

1£0 

treatmenta 

(min.) 

14/21 

0/21 

0/21 

60 


120 

VI 1 

6/5 

3/6 

0/5 



120 

10 

1/2 

o/- 

0/2 

100 


120 

8 

G’O 

1/9 

0/0 



125 


18/20 

3/20 

0/30 

£3 


125 

8 

7/7 

0/7 

2r 

100 


12j 

5 

0/0 

1/9 

0/0 

— 

Uccamethnolam 

bromtde 

100 



3/6 

0/6 

0/s* 

DO 


100 

5 

0/0 

0/0 

0/0 


* Partial paTalyxU mean* TveurotnnscdUr tnnuffleteoey *hkh however alktwi tbe anlmnU to retarao aaleklr U*e normal aUrrdla* ap portion 

after (hey base been pat In the lateral podtloo. . .t 

t Total pcr*ly»l» Lj a MVerrr neuromtucular Imufflctency In which tbe animat* are tmfllde to reiurae tbo nonnai po« 
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the muscular relaxant action of d-tubocurarme Wo 
have therefore begun to study the influence exerted 
by the most widely used antibiotics on the sensitivity 
of rabbits to the paralysing activity of curanzing 
drugs 

The antibiotic drugs so far tested include strepto- 
mycin sulphate, tetracycline, chloramphenicol suc- 
cinate and benzyl sodium penicillin The curanzing 
drugs were d-tubocurarine chloride and dccame- 
thonium bromide (C 10 ) All drugs wore rapidly 
injected into the marginal vein of the labbit’s ear 
The results obtained are shown in Table 1 

Streptomycin and tetracycline increase the eurariz- 
mg effect of d-tubocurarine while tho other two do 
not Streptomycin did not affect tho activity of 
decamethomum bromido under the experimental 
conditions wo emploj ed However, if streptomycin is 
administered to rabbits which have just recovered 
from paralysis induced by deenmothonium bromido 
it ro-mduces tho muscular paralysis A similar experi- 
ment was tried with d-tubocurare and chloramphenicol 
succinate, but the results were negative 

This work is now being extended to other antibiotics 
and paralysing drugs The results will be published 
m detail elsewhere 

G Bezzi 
G L Gessa 

Institute of Pharmacology and 
Institute of Surgical Pathology, 

University of Cagliari, Itnty 
June 26 

1 Loder, B Tj , find Wolkcr. G f . lancet. 1, 812 (1050) 

1 Pittlnger, G 11 , and Long, J P , Antibiotics and Chemotherapy, 8, 
108 (1058) 

3 Foldes, F F , Anesthesia. 13, 101 (103S) 

‘Brazil O 1 , and Comdo, A V , J 1'harmacol 120,452 (1057) 

Inositol Concentration in the Cerebrospinal 
and Ocular Fluids and Tissues of the Foetal 
and Adult v Sheep 

Ik the adult ewe the concentrations of free rneso- 
mositol in the cerebrospmal fluid and aqueous humour 
are similar and exceed several-fold tho concentration 
present m the plasma of the same animal 1 It was of 
I interest to oxamme this relationship in tho foetus since 
characteristically the concentration of inositol in foetal 
plasma is greater than m that of tho mothor 2 

Welsh mountain sheep of known conceptual ago 
were used, in this breed, term is at the 145-147th day 
In all oases the cerebrospinal fluid w as obtained from 
the cistema magna Determination of tho vitreous 
humour concentration was carried out after filtration 
through glass wool The fluids and tissues were 
removed as rapidly as possiblo after death and esti- 
mated for inositol by the microbiological assav 
method 3 

Krause and Weekers 4 , and later Van Heymngcn 5 
showed that the lens was a tissue comparatively rich 
m inositol In this senes of observations the values 
obtained by Van Heyrungen in adult sheep Ions were 
confirmed and extended to mclude data on tho foetal 
and neonatal lens It wall be seen from Table 1 that 

Table 1 INOSITOL CONCENTRATION IX SHEEP LENSES (MOM /100 OH 
Hoist Tissue) 

Free Total 

Mean Itango Menu Rnngo 

Ffotnl — — 57 (0) 50-00 

Adult 487 (5) 300-740 500 (0) 340-040 

Figures In parentheses refer to number of obsrnntlons 


free mositol forms a major part of tho total inositol 
present m tho adult lens, the total inositol concontra 
tion in the fcetal lens is considerably less than that 
present in the adult In tho feetus no correlation of 
concentration with fcetal age was apparent By tho 
2nd and 10tli day of neonatal life tho freo inositol in 
tho lens had risen to 91 and 140 mgm / 100 gm moist 
tissuo, representing 99 and 79 per cent of tho total 
mositol respectively In contrast to tho lens, the 
dispnrity between tho total inositol in tho optic none 
of the adult and fietus is not so great, tho mean eon 
centrntions were 335 mgm / 100 gm moist tissue 
(range, 280-440, six observations) and 245 mgm f 
lOOgm moist tissuo (range, 170-290, five obsei vations) 
respect i\ civ 

It w ill bo seen from Tablo 2 that m spite of the high 
concentration of mositol present in tho foetal plasma, 
tho concentration in tho cerebrospinal fluid is corre 
spondmglv elevated, such that the cerebrospinal fluid/ 
plasma ratio of the foetus and tho lamb resembles that 
of the adult ITio concentrations in tho fcetal aqueous 
humour, however, arc bimilnr to thoso of tho plasma 
and only attain an aqueous humonr/plasma ratio 
comjiarablo to the adult in Into fcetal life or sliorth 
after birth 

Tnhlp 2 Furr Inositol CoscrvriuTioN in Plasma, Geri iipospin al 


Fluid (C S F ) and 

OctJLAH Finns or Tin 

Snur (MOM '103 ML 


1 cctnl or 
iironntnl 

rinsma 

F 3 F 

A 11 

V 71 

Fcctm 

ngi (dinn) 
91 

20 4 

190 0 

27 8 



m 

2-> 4 

R 3 9 

— . 

— 


127 

22 4 

78 3 

24 3 

27 5 


111 

13 1 

71 1 

177 

20 2 


132 

m 

no i 

24 3 

134 


FI8 

11 2 

70 1 

22 3 

142 


142 

11 0 

52 0 

13 > 

13 1 


145 

4 1 

41 0 

10 4 

10 4 

Limb 

O 

4 0 

38 n 

88 

10 7 


<> 

2 4 

40(1 

11 2 

24 3 


3 

2 5 

21 4 

02 

— 


r. 

38 

22 8 

18 7 

— 


10 

25 

10 0 

171 

152 


15 

1 0 

— 

7 7 

— 

Adult 

lUtlRC 

0 44-5 8 

5 3-21 5 

0 4-20 0 

7 7-100 


Mem 

1 28 (29) 

0 11 (20) 

10 07 (29) 

10 74 (8) 


I Igurcs In purenthr*CA refer to number of ob’ennflom 


Tho concentration m tho vitreous humour, in both 
tho adult and tho foetus, is similar to tho concentration 
present m the respective samples of nqueous humour 
In tho adult, tho combined mositol m tho vitreous 
humour amounted to a moan of 13 8 per cent of the 
total mositol present (soven observations) 

A possible interpretation of tlieso results is that the 
secretory processes lesponsiblo for tho formation of 
cerebrospmal fluid nncl aqueous humour hav o a 
different developmental tunc course Floxner 9 , in 
studies on tho foimntion of cerebrospmal fluid in tho 
fcetal pig, concluded that up to tho first third of gestu 
tion tho formation was ono of diffusion and thereafter 
one of secretion A difference in tho degree of develop- 
ment of tho blood-corobrospinal fluid and blood- 
aqueous humour bnrriors towards p anuno-bippuinto 
was observed by Davson 7 in tho rabbit six weeks after 
birth It is suggested, in view' of the mositol concentra- 
tions, that an analogous development of tho soorotorv 
processes responsible for tho formation of these two 
extracellular fluids takes place Thus, m tho sheep 
foetus, a secretory process for tho formation of cerebro- 
spmal fluid w ould appear to bo established by 94 dnvs, 
whereas m tho aqueous humour tho cliango over from a 
P _f 1 raa difTusate to a secretion is either delayed until 
birth or that the rate of turnovor, due to a less efficient 
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blood aqueous barrier, is bo fast as to mask the 
secretory activity 


Table 1 Wool Giowth Feed 
or Diet avd jEmcictcT or 


Intake, Caere Peotect (m cejt) 
Pkotei.v CoTvnwros ixto Wool 


D A. Nixon 

Physiology Department, 

8t Mary’s Hospital Medical School, 

London W 2 

XIxon.D A J PSgtiol 131 11-12P (1955) 

« amHhm, J D and Nixon. D A PSytio/ 126 71 11034) 

* Mxon P A J I hrtioi 132 4-61* (t936) 
kmu*e A 0 and WeekrA, 11 -trdi. OpteJxd, 20 200 (1038) 

\*n Hej-nlntrsn, /l Mocfcn J 66 24 (I0j~) 

Elexncr U 14 -lwr J PJkyticJ 124 131 (1938) 

DA vi on II. J 1 Syria/., 120 111 (1955) 

Influence of Dietary Protein Percentage on 
Growth of Wool 

As with other forms of animal production, it w a 
common experience that growth of wool is affected 
by nutrition and the quantitative relation botwoen 
Huch growth and intake of food has boen studiod 
experimentally 1 * 

Early investigators stressed the high cystine 
content of wool, and suggested that the nutntiv e value 
>f pastures for growth of wool depended on thoir 
ability to supply this amino acid* * Mnrston 1 
elaborated tlio theory that the rato of growth of wool 
is determined principally by the dietary supply of 
essential amino acids, subject to competing demands 
on this supply This \ xew of the meclmnism by which 
nutrition influences tho rato of growth of wool has 
been widely accepted despite somo earlier oriel once 
to the contrary* 1 

Results of reoent oxponmonts at this Laboratory 
indicate that growth of wool is independent of tho 
dietary protein percentage over a wide range for 
diets fed both at maintenance and ad Itbitttm levels of 
intake Pelleted diots ranging from 7 5 to 20 per cent 
crude protom w ere prepared by v arying the proportions 
of peanut moal and mnizo in tho ooncontrate and the 
proportions of lucomo and w beaten oliftfT in the 
roughage An additional diet was used in. which tlio 
concentrato comprised a mixture of wheat, oats 
linseed meal and coconut meal The diets all con 
tamed 50 por cent roughage ami 50 per cent con 
centmte and were approximately equal m not energy 
content os judged by published starch equivalent 
\ alues for tho constituent feed stuffs 

Growth of wool was measured at 4 weekly intervals 
by clipping 10 x 10 cm midside Bamplo areas defined 
by tattoo lines The relation botwoon tho sample and 
total growth was dotormmed for oacli sheep over 
a 12 week ponod during tho experiment (period 2) 
It has boon found that tho ratio of total to midside 
growth is not affocted by tho level of foeding* Tlio 
wool samples were extracted successively With othor 
and water to romovo wool wax and mnnt and tlio 
oven drv weights obtained Tho cnulo protoin 
<ontont (N 0 25) of tho diets wns determined by 
Kjeldnhl « method on aliquot samples of feed 

Thirtv six 2\onr old medium vvool Alonno ewes 
boused m indtv idunl pens were fed 500 gm daily of 
ono diet prior to being div ided at mndom into 4 
groups and fed ad libitum diets of different protein 
percentage Intakes of tho samo diets were reduced 
ogam to 500 gm por dov for a further period After 
wards tho sheep uero nil again fod ono diet prior to 
being divided into four diflbront groups and fed 
anothor senes of diets Phc scquonco of expcnmental 
treatments and results arc shown in Table 1 Tho 
mtako and growth data for periods 2 and 3 are for 


Dura 



Feed 
In take 

Crude 

pro- 

tein 

(per 

cent 

Wool growth 

r si Em 

tkra 

(vreeia) 

Group 

Ration 

Onu / 
day) 

(ttraJ 

day) 

deucy' 

(per 

cent) 

8 

I 

A0 

600 

10-0 

4-00 

6 7 


rr 

.FO 

617 

16-fl 

4-40 

6-0 


m 

ro 

607 

10-0 

4 81 

56 

12 

IV 

SO 

603 

lfH> 

4 68 

5 3 

i 

F 0 

1 5^3 

18 0 

12 46 

4 4 


i) 

FI 1 

1 330 

18 6 

11 

4-0 


hi 

i 12 

J.332 

24-0 

12 64 

3 8 


i\ 

Fia 

1 330 

203 

1C 27 

3 S 

12 

i 

K'? 

400 

18 4 

« 38 

6-0 


ii 

OOO 

18 3 

0 43 

7-0 


in 

Fii 

600 

21 5 

0 80 

6 7 


it 

FlS 

600 

20 6 

733 

6-0 

8 

i 

Fll 

600 

1H 1 

6 70 

C 4 


ii 

ill 

600 

18 1 

6 63 

6 1 


m 

Fll 

600 

18 1 

6 89 

a 6 


!\ 

Fit 

600 

18 I 

0 03 

0 7 

12 

V 

no 

447 

7 

6 10 

16 8 


M 

>*16 

401 

11 2 

4 fto 

8 4 


\ II 

>14 

600 

13 0 

4-88 

7 7 


Mil 

F 11 

40j 

1"2 

4 93 

6 ■> 

c> b rxprraeod u (tan, dean 
protein Intake) x 100 

dry nooI>/(gra 

crude 


the latter 8 weeks of tlioso periods to allow some 
adjustment to ocour to the changes m feed mtako at 
tho beginning of those ponoda Intakes of 600 gm 
por day were sufficient to maintain tlio sheep m 
average body condition No differences in body 
weight ohongo wore observed between the groups on 
diets of different protein content at this food mtako 
On ad libitum intakes only alight differences were 
observed in the rates of body weight increase botweon 
tho different diets Tins suggests that diets wore in 
fact approximately wocaloric m net onergy 
The effect of increasing tho intnko of food of tho 
sheep is shown by a comparison of tho growth of wool 
in period 2 with that for tho other periods* Comparison 
between periods also shows the ovist onco of a seasonal 
trend in growth of wool 1 The experiment com 
roonced on August 2, 1057 and flnialtod a year later 
midsummer occurring in period 2 

Within any period there were no statistically 
significant differences in growth of wool between 
th© groups fed diets of different protein contont 
Tlio commonly obsorvod growth response to increasing 
intake of food cannot therefore be attributed to an 
moronsing diotnry supply of amino acids and must bo 
wholly duo to an increased onorgy supply wlion diets 
containing more tlian 8 per cent crude proton (on ft 
dry matter bonis) ore fod It must be expected that 
with diets of lower protom content a point must bo 
reaohed when tho supply of amino acids u m 
sufficient for w ool symthesU Howov or it is not known 
w bother this point is roaoliod bofore protein deficiency 
intorfores with tho digestive function of tlio rumen 
and thereby with tho availability of energy from 
tho diet 


Tv A Ferguson 
C ommonwealth Scientific and 
Industrial Research Organization 
Div inion of Animal Health and Production 
Sheep Biology Labors ton, , 

Prospoct Now South W ales 

1 Jftnfon, H II Amrt J 4W AW-, 11 t M2 (UH*) 

• Femuvm, K A-, tarter H B*. and Hardy 31 tl 4w*( J ‘Jrf. 

]» 5,42(1940) 

Mnrston, H II and BraAvTorl Robert »ou, T Coun. Set leu) art. 
Hex Amt Doll No 30 ( 1028 ). . . 

4 Marrton }1 R_ Rep laurtb Imenuit Omul rooirr n Aberyrtiryth, 

1 Marioaf*!?, R„ T roarer In tl* 1 hyiioJogr of Fann Animal* 
edit by Hammond. J Chapter 11 (I latter* orttp 2?*^- 

4 Frver A H 1 1, ami Ira-er Robert*. J V J Art* Art- p 

* awl Whiting. >*, J Uf-c Srt, 11 
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A NewTrichothecin-like Antifungal Antibiotic 

lx a screening programme for antibiotic effects of 
Basidiomycetes wo found a strain which inhibited 
Candida albicans The antifungal substanco was 
produced by this strain in surface and submerged 
culture in a medium containing peptone, glucose, 
inorganic salts and aneurin The substance for which 
we provisionally propose the namo ‘antibiotic-I" -was 
easily extracted from the fermentation liquor by most 
of the usual solv ents After extraction v ith benzene 
and e\aporation of the sohent the residue became 
crystalline within a few days Rccrystalhzntion twice 
from methyl alcohol ga\e pure crystals (prisms), 
melting point 126°C ,[<x]n :o + 18 5°, elm chloro- 
form No ultra-violet absorption characteristic of 
antifungal antibiotics of the polvene typo was found 
The antibiotic contains no halogen, sulphur or 
nitrogen Micro-analyses found (per cont) carbon, 
68 51 , hydrogen, 7 G , and oxygen, 25 0 The 
substance is very slightly soluble in hot water and 
gives a neutral solution , it is soluble in alcohols and 
sunflower oil and readily soluble in non-polar soh onts 
Its solution m water is stable for two months, is 
thermo-stable at its boilmg point, but is mactiv ated 
at pH 12 within a few hours 

From tho chemical and biological data available 
antibiotic-T seems to be \ ery similar to the antifungal 
antibiotic trichothccin I,; Tho two materials lun c 
howev er different II f values in paper chromatography 
tests A further difference between tho two anti- 
biotics is the negative 2 4 dinitriphenylliydrazine test 
of the new antibiotic The infra-red absorption 
spectra of the two substances (Fig 1) are very similar 
antibiotic-2 1 however has no band at 1G8G cm ~ l and 
therefore presumably contains no kotono group 

Freeman et al 1 found trichothecm to be an ester, 
the components of which are lsocrotomc acid and a 
ketonic alcohol, tnchothecolone The structure of tho 
latter was given by Freeman recently 3 Tho new 
antibiotic was hydrolysed with a cold methnnohe 
solution of potassium hydroxide Tho aud com- 
ponent obtained seems to bo identical with the acid 
component of trichothecm by the paper chromato- 
graphy test 

The new alcohol component of hydioljsis has a 
mp 152°C’ on recry slalhzation from a mixture of 



Fig 1 Infn red absorption spectra 1 6 per cent solutions of 
(top), antibiotic- 7* and (bottom) trichothecln in carbon tetra- 
chloride The region of solvent absorption Is marked with an 
arrow 


Table l 


Candida albieana 
‘Saccharompcte errermrr 
Crirptowcus nrofannans 
AiprrgtHm ttiger 
TneJiophnton tnrnlagrophnteJt 
Fpidcrmophirlon inguinale 
ilicrotporon audouxnx 



Dnjs of Incubation 


1 

2 

5 

8 

14 

Inhibitor} concentration*?, apm /mL 

4 0 

11 0 

45 0 

00 0 


5 0 

10 0 

20 0 

37 0 



2 r. 

10 0 

15 5 

40 0 


100 0 





2 5 

40 0 

00 0 





4 0 

20 0 



1 2 

2 5 

5 0 


The fungi wore seeded on the surface of agar slants containing 
various nntlblotlc concentrations Tho tubes urn Inctilrated »t 
25°C The llgurcs Indicate mean total Inhibition on a given day of 
incubation 


ben/eno and light petroleum The hydroxyl content 
was G 82 per cent which corresponds to a molecular 
weight of 250, if one OH group is present per molecule 

The antifungal effects of antibiotic T (Table 1) are 
sinulnr to those of iiichothccin 1 , though somewhat 
weaker m tho case of most of the fungi examined 
Tho effect is fungistatic Bacteria are not inhibited 
at a concentration of less thnn 500 ggm /ml The 
LD lo in mice after mtruperitoneal administration m 
a gum nrnbic suspension is 810 mgm /kgm and after 
administration per os more than 1000 mgm /hgni 
Doses smaller thnn the LD sa pioduco transient 
collapse, ataxia, pnrnlysm of the hind legs and some 
times convulsions, symptoms which are analogous to 
those observed by Freeman with ^10110111001^ No 
antibiotic was found m tho blood after administration 
by various routes of 50-200 mgm /kgm to mice and 
rats Tho antibiotic is mactivutcd when incubated 
with blood at T7°C for 24-48 hr It is effective in 
reducing tho y east cclLs found in f.eces of mico fed a 
standard diet, containing terramy cm, after tho admini- 
stration of 250 mgm /kgm by mouth with a sonde 
Reddening and irritation is caused when tho anti- 
biotics applied to the skm of guinea pigs, rabbits and 
human beings , the alcohol component of the new 
antibiotic docs not havo this effect 

The antibiotic isolated seems to differ from those 
mentioned in the bteruturo but is very similar to 
trichothecm 'The antifungal antibiotic cephalotbe 
cm’, perhaps similar to tr/ehotheem, contains carbon, 
hvdrogcn and oxygen and decomposes at J24-20°C 
Antibiotic-P molts without decomposition at this 
temporaturc 

We wish to thank S Holly for tho infra-red absorp- 
tion data 
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Phenazine Di-N-Oxide as a Carcinc static Agent 

Pipenazine di-A r -oxido lias been found to bo a 
carcmostatic agent for the Ehrheh ascites tumour 
ore than 90 per cent of tumour-bearmg animals 
6 " lt l ^ 1,s com pound mtrapcntoneally surv'iv ed 
ay's or more, and were thon free of tumours as 
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compared with an avorage 13 day survival of the 
untreated control group A comparison of this agont 
with other drugs active against this tumour reveals 
that fl morcaptopurino administered intrapentone 
nllj 1 or N mothylformamide given oral!} * f extended 
mean survival time by 26-100 per cent but that all 
animals died with ascites tumour Other phenazine 
i (impounds, like the dyo janus green B* have been 
reported to have activity against a transplanted 
mouso tumour but onlj at toxic levels 

The compound was mado bv oxidation of phenaxine 4 
Swiss Webster mice were inoculated with 0 1 mi 


This research was supported bj Grant CY 2798 
(03) from the National Cancer Institute 
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Table 1 Effect or Phesaxixe m V -oxide ox Schtival Time or Mich wito Eamucit ascites Tcmoc* 


Urug 

Number of 
Anlmali 

7 

Weight at day 

14 

21 

Mean survival 
time 

Ranee 

(djyiJ 

Number of 
tuniraU 
after 30 day* 

Controli 

20 

20 1 

22 2 

2 0 

13 3 ± 2 0 

jo-r 

0 

Fltcniuliie'dl 5 -oxide 
Intro rerttoortinr 
60-75 mjnx/kffm. 

60 

10 5 

10 2 

10-0 

Or» animal 
dead on d ay 

30 10 21 23 


46 

rhenatioe-dl V -oxide 
•aben Unready 

60 mum Arm 

10 

to- 

21 7 

25 0 

22 6 ± 2 7 

38-23 

2 

Then* tine 
JntrapetitooeaHy 

75 mam /X«m. 

30 

10 0 

21 1 

25 9 

16 3 ± 1 3 

32-37 

- 

2,3-dlmetliyl 
qtilnoxaUne 
dl N-oxWe 

Intro perttoneallj 

60 mwu./kgm. 

10 

18 1 

22 2 

302 

12 4 ± JS 

8-17 



Mean imrlval time calculated exdoalve of 30 day iurrlTOn 



(10-16x10* cells) of undiluted osoitio fluid from a 
donor mouse bearing a 7 daj -old ascites tumour 
24—48 hr lator the drug was admmisterod ultra 
peritoneally or suboutaneousl> ns a suspension in 
1 per cent carboxymethj Icelluloso at a dose of 
60-76 mgm /kgm The drugs wore given once dull} 
for fivo consecutive days Control animals were 
similarly treated with the exception that only tho 
suspending agent without drug was injected At the 
end of thirty days all surviving animals were killed 
and examined for tumours 

Tho results for the several ngonts nro shown in 
Tablo 1 After mtrnpontonenl treatment 40 out of 60 
mioe survived 30 days and were then grossly freo of 
tumours except in 2 cases where thoro were sub 
cutaneous Bolid tumours When tho drug was 
administered subcutaneously tho average sun. ival was 
22 days ns compared with 13 days for tho controls 
and only 2 of the animals survived to 30 days without 
the appearance of tumour This suggests tluit the 
mtrapentonoal efloct was m port local Phenozino 
itself and 2, 3-dimothyIqumoxnlino di N oxide a 
compound with structure similar to tho active 
phenozino-di N-oxldo, wore devoid of activity In 
other experiments with the di N-oxide now in progress 
a few subcutaneous solid tumours have been noted in 
animals surviving over 40 days As a result tho 
compound is being tested for carcinogenic actnity 
also 

PhenaxmcKll N oxide is a simplo compound it is 
apparently not an anti metabolite and it is not a 
cholatmg agent The nature of tho inhibition is 
being mv estimated, but tho presence of tlio potontiallv 
reducible N-*0 groups in tho 0,10 positions of tho 
molecule suggests that respiration may bo depressed 
through interference with electron transfer 


Thiamine-sparing Action of Sorbitol In Rats 
and Mice 

Deficiency - of thmmino mnj bo prev ented in rats if 
the} are given sorbitol Administration of sorbitol to 
dofioient rats cure* tho dofloionoy withdrawal of tho 
sorbitol leads to deficiency* All those results havo 
now r been found also in mice (Fig 1) Alice Jiko rats, 
also showed an enlarged civcum when they were fed 
diets with sorbitol (Tablo 1) 

About 1 in 8 or tho mice did not respond to sorbitol 
m these wn>s On thots deficient m thiamino Uioy 
lost weight and ultimately died oven though sorbitol 
was present in their diets Wo found that theso 
mico which did not respond showed no enlargement 
of tho ctocum and dov eloped bradjeardia This is 
a characteristic! feature of thiamine deficiency In 
rats, although so far as wo know it has not beep 
described in mice 

With rats we Imvo attempted to assess tho 
thmmino cqu«\nlent’ of sorbitol First wo oomjiarcd 
the growth of rats receiving 16 per cent sorbitol in 
their diets and no thinmlne w ith that of rats rocoivmg 
16 per cent ghicoso nnd graded doses of thiamine 
Tho rats recoi\ ing 8 pgm thiamine dml} grew rather 
more slowlv than those receiving sorbitol, whereas 
those receiving 12 jigm dadj grew faster Wo can 
sa> then that 16 per cent sorbitol in tho conditions 
of our experiments is oqun olenfc to tho administration 
of something liho 10 pgm thiamino daily 

Secondlj , wo liav o compared the stores of thiamine 
in tho tissues of rats fed sorbitol and no thmnune 
with those of rats fod glucose and graded doses of 
thiamine We determined tho thiamino b> tho thio 
chromo mot hod in brain liver and gostroonemlu* 
muscle By interpolation wo calculated that t**° 
rate receiving sorbitol had storoa of thiamino tw orptt 
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Table l Effect of Sorbitol ox vv eight of Alimentary Canal 
in Mice 



Wet weight (gm ) 


Organ 

Diet 

Diet with 

Hallo 

without 

sorbitol 

(-4) 

sorbitol 

(•B) 

HU 

Small Intestine 

1 IS 

1 55 

1 3 

Small intestine with contents 

1 57 

1 77 

1 1 

Ctecum 

0 03 

0 2 8 

3 5 

Ctccum with contents 

0 24 

0-09 

4 1 

Average weight of mice 

20 

27 2 


(number of mice) 

(4) 

(0) 



as they would have obtained from ingesting about 
9 ggrn thiamine daily 

Thirdly, we have roughly determined the thiamine 
equivalent of a single dose of sorbitol given to thin- 
mme-defieient rats The heart-rate of the rats was 
measured daily When it had fallen from the normal 
450 beats a minute to less than 300, we gave one dose 
of 1 gm. of sorbitol This restored the heart-rate to 
normal for 12 days A dose of 10 (igm thiamine 
restored the heart -rate for 10 days 

In our earlier communication, we gave reasons for 
believing that the thiamine sparing action of sorbitol 
was brought about by a synthesis of thiamine m the 
gut The question then arises whether the v itamin 
was absorbed m the gut, immediately after sj-ntlicsis, 
or whether it was excreted m the faeces and was 
avadable only after the animal had eaten its faeces 

As is well known, coprophagv m rats is not prevented 
by simple means such as housing the animals on 
grids, as we have done m all our experiments We 
therefore attempted to devise a procedure which 



so _40 oo 

Days on experiment 


Fig 1 Effect of changc-over'of dlot Growth of 4 mice on diets 
deficient in thiamine one pair was Initially given no Borbitol 
and one pair given 10 per cent sorbitol At the times Indicated 
the diet of one mouse of each pair was changed to that of the other 

Pair O O, Diet with 60 per cent sucrose , • •, 

diet with 10 per rent sorbitol and 50 per cent sucrose 



1 

I 

100 200 210 220 
Age (dnys) 


Hg 2 Hole of coproplnm In thhmlnr-spnring action of sorbitol 
3 rats fed thhmlnr free dirt containing 10 l>cr cent sorbitol and 
50 per cent sucros for nbout six months from weaning At times 
indicated, devices to present eoprophne> were fitted to rats 1 and 

2 • •, Hat 1 fn-ees dhcardrd , • • rat 2, 

f-rces collected each daj and fed to animal following daj , 
• • rat 3 coprophagj not presented 


■uould pretent coproplmgj In the Grot scries of 
experiments when mo thought up had achieved this 
sorbitol still showed its tlunminc sparing action, and 
wo reported that coprophagj- was not a neccssarj- 
feature of tho act toil of sorbitol 1 Later, wc Mere 
able quite definitclj to prevent coprophagj- bj' a 
recentlj published technique 3 As a result, mo cam! 
noM saj that most of the thiamine synthesized in thef 
gut under the influence of sorbitol onlj becomes | 
avnilablo to the rat after coprophagv' If coprophagj 
is prevented, rats fed sorbitol uithout thiamine lose 
m eight and dio of thiainino deficioncj- If the faces 
collected m these experiments arc re fed to the rats, 
thoj- groM in the usual un\ (Fig 2) These fieces 
from sorbitol-fed rats also pre\ ent the dev elopment of 
deficiency m rats fell on glucose 

Bv further experiments of this sort we found that 
the thiamine deficient rats fed on glueoso also excrete 
a small amount of thiamine in the fieees Though 
\erj- little it is nevertheless enough to prolong the 
life of such rats for a short while If coproplingy is 
prevented, death from thinnnno deficiency is 
accelerated 

Measurement of tho heart-rate confirmed that the 
effects of allow mg or preventing coprophagj were due 
specificallj- to tluamino Tho prevention of copro- 
phagj' m rats fed on sorbitol led not onlj- to loss of 
weight but also to the development of bradvcardia 
Administration of thiamine, or removing tho device 
which prevented coprophagv, led to a restoration of 
the heart rate 
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Effect of Sorbitol on the Urinary Excretion of 
some B Vitamins In Man 

The inclusion of sorbitol m the diets of rats makes 
them able to survive and grow in the absence of 
dietary sources of B vitamins 1 It is likely that the 
sorbitol acts by increasing the synthesis of these 
vi tarn ms in the alimentary canal We ha\ e invosti 
gated the possibility that sorbitol similarly increases 
synthesis in man We have done this by determining 
the urinary output of three vitamins in a male 
subject aged 27 (JDW) before during and after 
the ingestion of sorbitol 

Urrno was collected for exactly twelve hours dailj , 
for four days a week, over a period of 20 weeks 
From the beginning of the fifth week to the end of the 
thirteenth week sorbitol was taken The intention 
was to begin with 20 gm daily for two or three days, 
and to increase it within two weoks to 50 gm daily 
However, occasional mild diarrhcea led to reduction 
of tho dose from timo to tune, so that the daily- 
intake varied botweon 20 and 40 gm during the nine 
weeks of supplementation Tho vitamins investigated 
wore thiamine riboflavin and nicotinic acid Wo 
measured tho excretion of the first two as such and 
of the major excretory product of the third, 
N 1 methjlmcotmamide Fluorometrio methods were 
usod for all estimations , that of Mawson and 
Thompson for thiommo* of Slater and Moroll for 
riboflavin" and of Carpenter and Kodicek for 
N l methylnlcotinamido* 

The subject kept a weighed record of all the food 
he ate during the 26 weeks of experiment the 
nutrients therein wore calculated from food tables 
There was little variation m the intake of any nutrients 
including tho three vitamins under study m par 
ticular there was no significant difference in intake 
between the periods before, during and after the 
consumption of the sorbitol (Tablo 1) 

The excretion of tho vitamins fluctuated con 
siderably (Fig 1) The ingestion of sorbitol produoed 
no offoct during the first week or more, but then there 
was a distinct increaso of excretion of all three 
vitamins Wien the sorbitol was stopped there was 
again no change for a weok or more After this, the 
oxcretion of tluamine and riboflavin fell but tho 
excretion of N 1 mothylmootinairude remained at the 
level it had reacliod with sorbitol It is possible that 


Tilde 1 ATEXAQE DULY DTTAKE OF CALORITJ AMD XUTUKUT* 


Calorie* , 
Carbohydrate (tpn.) 
Fat (gm.) 

Thlaratne (mgm ) 
JUboflarln (menu ) 
NtcotLnk) add (mgm.) 


W eek* 1-4 

Week* 6-13 

Weeks 14-1 

(before 

(during 

(after 

aorbltol) 

KOTbltol) 

aorbltol) 

2410 

2290 

2270 

290 

£85 

285 

108 

07 

04 

1 1 

1 1 

l*0j 

2 1 

2-0 

2-0 

HI 

13 <1 

13 7 


Table 2. A rrumr Ruimoi ix Uimc. 
AT ERROR \AUJKX FOR 12 HR PERIOD* 


Week* 

W«k* 

Week* 



1-4 

8-13 

17-20 

HJgnlfTranre 

(before 

(during 

(after 

(P) 

aorbltol) aorbltol) aorhltol) 
a b e 

b~* 

b-< 

14 7 

23-0 

10 6 

0-001 

0-001 

172 

200 

147 

0 01 

ocoi 

2 34 

283 

2 81 

0-002 

0 25 





(’W 


Mtamia 

Thiamine (pmn ) 
Hiboflartn (pgm 
X 1 methyl 
nicottoamlde (mam.) 


Rmbltol 20-40 inn dally iru Ulren during Mb to 18th vt«ka of the 
experiment Urine fu collected for 12 hr each day from Monday to 
Tharadaj 



WEEKS 


& 

a. 

i 


Fig. 1 Effect of aorbltol on urinary excretion of 11 vltamina 
Urinary excretion of B Tltamln* before during and after mffratton 
of 20-40 gm aorbltol dally \ «lu« are mean 12 -houriy 
excretion* foe 4 day* weekly 


thw might also have shown a fall if we had continued 
witli tho study for a longer period For statistical 
calculation it seemed reasonable to omit a transition 
period of three woekB following tho lieginning or end 
of sorbitol administration (Tabic 2) Wo then find 
that the increases in excretion of all three vitamins 
with sorbitol and tho decreases m excretion of 
thmmino and riboflavin after sorbitol are significant 
at levels of 1 per oent or less 

Tho effect of sorbitol on increasing tho oxcretion of 
vitamins might be due either to in ere as od synthesis 
w ith subsequent absorption, or to enhanced absorption 
of the \ itamins alreadj present m the diet Tho latter 
mechanism it has been suggested occurs with 
vitamin B,, (ref 5) However, we nlrendj know 
from our animal experiments that sorbitol induces a 
synthesis of B vitamins It is also known that 
vitamins synthesized in tho human gut may be 
absorbed Wo are inclined therefore to behove tlint 
our results are due to increased synthesis of tlirce 
of tho vitamins which are then absorbed The delay 
in tho effect of sorbitol on tho oxcretion of those 
vitamins would support tho suggestion that tho 
effoct is on microbial synthesis rather than on 
absorption Tho final decision however must 
depend on further investigation 

1 J D Watson 

ToitN Yudkw 

Department of Nutrition, Queen Elizabeth College 
(University of London) Campdcn Hill Rond 
London W 8 
July 30 
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Figs 1-0 

Figs 1-0 Pliotomicrogmphs showing the cfTect of inseclleldcs on 
Nlssl bodies oflocust (nil tnken from the fourth nyniphnl instnrs) 
Materials llxed in Carnoj’s fluid and stained in Borret a methylene 
bluo Fig 1 Normal condition Fig 2 BHC-treated 
(i specimen showing the reduction in number of Nlssl bodies and their 
i tendency to accumulate Figs 3-4 BHC-treated specimens 
showing the reduced number of Nlssl bodies and their migration 
townrds the coll periphery Fig 6 Barge neurono from BHC- 
treated nymph showing that Nlssl bodies arc greatly reduced In 
t number Fig 0 Nymph treated with sodium arsenate In which 
\ ery few Nlssl bodies are found In tho cytoplasm 
1 Moussa, T A , and Banhawy, M., J Hoy rrncr boc (In tho press) 

* Moussa, T A , and Banbawr, M-, Ann Zool , 3 (1050) 

* Young, J Z , Quart J mi cr Sc i , 75 (1932) 

oxygen -which brought about tho migration of tho 
Nissi bodies along the axon of tho cell after its death 
Other pathological effects "were reported by Young 
following axon sectionmg He noted that tho Nissl 
substance began to disappear from tho central part 
of the cell, and this continued until only a few 
granules, together with a few separate masses at the 
peripheral region of the cytoplasm, were loft Young 
noticed that the Nissl’s bodies were reformed after 
fifteen days 

In the nerve cells of normal locusts tho neuro- 
fibrillte appear as threads surrounding the nucleus 
and passing into the axon 1 The insecticides used 
exhibit no effect on the morphology or topography of 
the neurofibrils 

Tohamy A Moijssa 
M Banhawy 

Zoology Department, 

Em Shams University, Cairo 


PATHOLOGY 


Tumourigenesis in Ovaries of Mice Trans- 
planted to the Liver, Kidney and Adjacent 
Tissues 


0 vatu an tumours, though rare in normal mice, 
occur with high frequency' under a variety' of oxpen 
mental conditions low doses of total body X 
radiation 1 , transplantation to tho spleen 5 , application 
of 9 10 dimothyd-l 2-bon7anlliraccno to nearby' skin* 
rotum to normal site after a short sojourn in tho 
spleen 4 , m mice hereditarily' deficient until respect to 
reproductive function 6 , and m ovaries transplanted to 
tho testes of intact mice" 

Study' of tho morphological sequences in tumour- 
lgoncsis m o\ anes of mico in tho lntrnsplonic position 7 
and following low doses of total body' X-radiation* 
lias shown precocious loss of ovarian follicles to bo a 
conspicuous common feature Drastic reduction of 
follicles has also boon roported m ovnnes of mice 
subjected to bonznnthrncono 3 and m those gonoticnllv 
modified 5 It is possible to refer tho initiation of 
tumourigenesis m theso ovaries to tho local cellular 
imbalance After reduction of the primary' targets 
(granulosa colls) for gonadotropic hormono, Intent 
growth potential is released m tho .interstitial colls 
Tho tumour originates in an ovary' that exists m an 
adult hormonal environment but is prematurely aged 
in so far as its content of follicles is concerned 
Induced ovarian tumours in mico hn\ o been explained 
in terms of increased and prolonged gonadotropic 
stimulation* 

In ordor to explore more fully’ tho relationship 
botveen disruption of cellular organization and 
tumour formation m tho ovary of tho mouse, auto- 
transplantations were made to tho liver and kidney' 
TJioso More made to render unlikely' nny r modification 
of the hormonal balance m tho animal and, also, to 
produce loss of tho gorminnl opitliolium in order to 
speed reduction m number of folhclos and obviate 
confusion concerning tho source of tho tumour cells 
Tho formation of mtrahopatic and mtraronal ovanan 
tumours in tho rat has boon reported 10 

Ovanes of recently born mice of tho inbred strain 
MAf/Sp (a milk-agont-freo strain of Marsh albino) 
were removed under cold antosthesia, and one of each 
pair v as thrust into either tho liver or tho loft kidnoy' 
Recoveries woro made at intervals of 4-0 weoks for 


18 months , some ovaries were found in ndiposo tissuo 
and m tho body wall near tlio liver or ktdnoy Tho 
report is based on senal sections of 119 ovancs 
Although encapsulation did not occur regularly' at 
any of theso sites, os it doos m tho spleen, the germinal 
epithelium was absent Reduction in number of 
follicles was slower in ovarios resident in the livor, 
kidnoy, and adjacent tissues than m the spleen , tins 
may bo roforrod to tho degree of vascularization 
After the time of appoaranco of tho first nrens of dis- 
organized growth during the 20th week after trans- 
plantation, 50 por cont of tho ovaries recovered con- 
tamed tumours During the Inst G months of tho 


Uv Ulo \V UJLU 1UUIIU. Ill DU pUT CCUli Ol LllU 

ovaries In no instance did disorganized growth begin 
until the follicles were conspicuously reduced m 
number , ovaries characterized by' markod loss of 
follicles always contained tumour areas Lutoimza 
tmn of interstitial colls and granulosa cells of regressing 
follicles was common from an early period ns in 
mtrasplenic and X-irradiated ovarios Tho pattern of 
tumour formation by the interstitial (stromal) cells of 
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Fl8 1 Tnnwur In ovary of mouvs after 77 »re)o In aobcutaneoui 
rite Left entire aection right cetialtr detail 

the ovaries reported hero was much like that of the 
mtrasplenfc ovary (Fjg I) It may bo noted that 
control ovaries from Maj/Sp mice 10 months old 
contain normal follicles and corpora lutea and none 
of the atypical structures found in the transplanted 
ovarioe 

A portion of uterine horn from each mouse wtls 
oxoxnined to determine the hormonal outpnt of the 
transplanted ovaries Although there was variation 
in the level of response among mice of a given lot, 
especially in the earlier stages, the horns were costrogen 
stimulated 11 The matrix of tho stroma was abund 
ant mitotic figures occurred in the glandular and 
surface epithelium, and secretion was present in tho 
glands As tumoungenesis began, cystic hyperplasia 
was common and leucocytes wore present in the 
stroma Metaplasia was observed in a few horns 
The observations support the view* that local 
factors play on important part in tumoungenoeis in 
tho ovary of tho mouse The primary lesion is found 
to be a profound disturbance of cellular balanoo by 
loss of tho dominant structures of tho organ Under 
such conditions, the growth potential of colls ordinar 
ily relatively quiescent is released m response to what 
con be presumed to be the normal flow of hypophyseal 
gonadotropins The importance of cellular balance in 
biological controls has been discussed by Little 1 • 

This work was supported in part by grant 0 1872 -O 
of the National Institutes of Health, U S Public* 
Hoalth Service, and by institutional grants to the 
Detroit Institute of Cancer Research from the 
American Cancer Society, Inc and tho American 
Cancer Society, Southeastern Michigan Division. The 
technical assistance of Hildognrd Richter is gratefully 

acknowledged 

Mar\ J Guthiue 

Detroit Institute of Cancer Research and 
Dopartmont of Biology 
Wayne State Umvoreity 
Detroit, Mlchigon 
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AGRICULTURE 

Routine Methods for Determining Quality In 
Merino Wool 

Usually two distinct definitions are given of the 
term, quality’ 1 1 First, there is the technical 
definition which is usually employed by the wool 
textile trade and which refers to the diameter of wool 
fibres Secondly, there is the relative or primary 
definition which expresses an ideal so tliat a wool is 
said to be of good quality if it possesses to a marked 
extent the desirable features of ite typo The term 
‘quality , os employed in this note refers to the second 
definition and has no connexion with fibre dinmotor 

According to Sou li African woolmen quality 
implies softness and kindness of handle and a well 
defined even enmp Similarly wool textile erperts 
with long industrial experience are able to predict the 
behaviour of a wool during processing from its 
appearance and feel These subtle properties 
associated with wool quality have so for proved to bo 
incapable of exact measurement by routine methods 

Samples of 60 Merino wools were submitted to four 
wool experts for the appraisal of quality in threo 
degrees, namely good fair and poor From the 50 
samples only 12 wools in which there was good 
agreement between the experts in tho appraisal of 
quality, were selected for this studv Only root 
portions of those wool samples wore used for tho 
following determinations plasticity*, total sulphur 4 , 
tyrosine 1 \ solubility of wool in alkali* and urea 
bisulphite* solutions The average* of these dotcr 
initiations together with their standard errors are 
given m Table 1 


TtDLE 1 



Tyrodoo Alkali Urea 
rogm. aofabfllty bhulpbito 
per gm. per rent totabDItjr 
per cent 


Good 4 89 7 ±8 4 3 43±0-07 70 1±0 8 11 4±0 3 50 0±1 7 

F*lr 4 74 3i8 4 3 6"±0 06 62 3 ±0 9 9-O±0 4 43-fl±4-2 

Poo e A 60-0±4 8 3 69±0*O5 58 7±1 4 ”2±l-0 44 2±29 


The results indicate tliat nil these methods may bo 
used to ohametonzo wool quality Of special interest 
are tho solubilities of wool in alkali and urea bisulphite 
solutions as theso determinations are of a routino 
nature Tho relationship betwocn these solubilities 
and wool quality lias also been established m two 
other sets of wool samples os will bo reported 
elsewhere 


Recently Dusonbury* has shown that tho urea 
bisulphito Bolubility measurement is a useful way of 
characterizing tho cortical structures Tho lowest 
solubility is exhibited by tho para cortical fibre (for 
cxomplo human hair), the highest solubility by tho 
orthocortical fibre (for exoraplo kid mohair) and 
intermediate solubilitioe are exhibited by the ortho 
para fibres Theso results for the solubility in urea 
bisulphite, therefore, show that good quality wool 
contains a greater proportion of ortho-cortex than 
the inferior qualities 

The sol ability of wool in alkali and area bisulphite 
solutions is also used to do term mo damage in wooIb 1 * 
In order to establish tho effect of photochemical 
decomposition on the relationship between qnnhty 
and solubility in alkali, wool sample* wore Kom 

173 sheep of different qualities and the •olubilHy 
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NATURE AND THE RECENT PRINTING DISPUTE 


T HjE printing dispute which for about six weeks 
hold up much printing and publishing in Britain 
is now happily over Unfortunately, during that 
period it was not possiblo to publish Nature , ne\or 
thelees, contributions continued to bo submitted from 
all parts of tho world at tho usual rato and volume 
This meant that the Editors were able to function 
and face thoir normal duties during tho dispute , but 
abnormal problems arose, afterwords 

Now that tho dispute has boon resolved, typo 
Bott-ore, block makers printers and publishers through 
out tho country arc finding tliomsolvos tied bv 
commitments and inundated with requests Nature a 
problem w not only to catoh up oe quickly as 
possiblo but also to aocommodato tho many con 
tri but ions which linvo boon accept od before, during 
and Binco the strike Goodwill is prevailing among 
all those concomod with producing tho journal and 
a spirit of understanding emanates from tho scientists 
themsoh oa Thoeo tlie Editors gra to fully acknowledge 
However, in spito of all efforts being roado by the 
printers, who have been bo completely and com 
potently m charge of tho production of Nature for 
tho past, woll nigh thirtv years, it lias proved doemvblo 
to mvoko tho aid of other tvpo setters and printers 
especially if the unmodiate aim is to bo dual purposo 
that u, come up to data quicklv but not at tho cost 
of volumo of work pubbshod Again wo are happv 
to record that everyone connootod with this move 
and the extension of activities is co operating closely 
Nevertheless, such a project involving as it docs tho 
transfer of some manuscript b not Bet Romo typo of 
those partially or complotoly sol and tho selecting of 
when, and where those are to )>e Bont for finishing and 
collating is proving to bo a heavy burden ospocially 
on tho Editors Yot tins work is being carried out 
successfully and in. good heart , and it is to bo hoped 
that full issues of Nature will soon bo appearing on 
thoir appropriate dates 

Nevertheless so complicated ib this work that 
whorcoa Homo communications aro delayed, others 
nro being publishod more quickly than is normal 
No doubt tho authors who or© suffering tho longest 
delay nro thoeo whoso manuscripts woto only par 
hn% roadv for prmtrng when tho dispute began 
Tho Editors regret that m such coses they had no 
choice in tho mattor, and nobodv can l>o bkunod for 
this temporary sot-back 

As readers of Nature will liavo notod, tho proeent 
modifications of normal procedure liavo resulted m 
oacli isauo being published in two parts — tho “Letters 
to the Editors” appearing ns a supplement 

Although this will help to oxpodito tho publication 
of letters, and ease tho strain on tho roet of tho 
journal, and although this will soon moon that ovon 
moro communications tlrnn hitherto can bo pub 
iished, now is an appropriate tuno for enlisting tho 
assistance of contributors and mdtcatmg how thoy 


can help— though it should bo strayed that tho 
following comments apply to any journal at anv time 
When referring to tho preparation of manuscripts 
for press, m a locturo dolivored before the Royal 
Society of Edinburgh somo years ago Mr L J F 
Brunblo suggested tliat a would bo author should 
ask himself tlio three following questions boforo 
mailing his manuscript (I) Have X said what I 
really moan T (2) Have I said it in tho minimum 
niunbor of words ? (3) Is it necessary to say it at 

all 7 Tho fact that this was quotod in at loast oightv 
journals throughout the world and afterwards per 
eonaliy ro it ora tod by oilier editors indicates that 
authors might woll ponder sucli quories for tho sako 
of thomsolvoe, thoir reader* and their editors 

By and large, on editor roeervos tho right to assist 
an author in deciding tho answer to tho third quoo 
tion, at any rato so far as his own journal is con 
corned yot, oven if occoptahlo, articles and othor 
communications could often bo much unprovod before 
submission for publication, and for tlus tho author 
and/or lus advisers are entirely responsible For 
oxamplo, corrections in proof are exacting for a typo 
sottor time consuming for him and tho printer 
costly to tho publisher (and in tho case of somo 
journals to the author iumself) and frequently 
irritating to the editor oepocially whon tho lost 
named known full woll that more careful preparation 
of tho manuscript in its initial stages would liavo 
rendered many such corrections unnecessary In tho 
caso of Nature costs of corrections aro homo b\ tho 
publishers 

There are authors who Btill rush thou* manuscripts 
to an oditor knowing tliat they liavo not \ ot nmd tho 
last word on tho subject, but who aim at correcting 
and improving (?) m proof Recently, for oxamplo 
tho manuscript of a communication to Aa/rmc con 
In mod tho following numerical values 7 28 £ 0 82 , 

8 02 i I 00 , these wore chnngod to 11 Id ± 

I 30, 5 12 i 0 85 in tho proof 

Although in gonorol authors aro roaHonnblo with 
thoir corrections there are tlioso contributors whoso 
correct ions cost more than tho original sotting 
Porhnps the most oxponsivo author is ho who does 
not hesitato to mako changes on the proof of an 
illustration wlitoh ho himself had onginallv projmrcd 
apparently assuming flint such olumgos are possiblo 
Actually, orcopt in tho case of v cry minor alterations 
a now block has to bo made which mn\ cost ro\ oral 


pounds sterling 

Another problem which must now bo facing all 
editors of scientific journals and certainly most re ad urn 
of such journals is tliat of abbreviations Ob\ lously 
many of those, symbols, otc » are essential to euoh an 


exact discipline as science } but among a high per 
cento go of scientists to-day tho den ismg o1 nbbrm i«- 
tiona sooms to ha\o developed Into n cult 
sfrnightlbnvnrd full word is nil tlmt fs n ,v 
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oven moie important in any journal which covcia 
all branches of science, it must be borne in mind 
that on abbreviation often lias moie than one 
meaning, especially between one subjoot and anothor 
For example, a geologist recently submitted a com- 
munication containing the lottors B C to moan 
Boulder Clay To most biochemists PAS moans 
periodic acid-Schiff, but to otliors it may moan 
para -ammo-salicylic acid The symbol H has boon 
adopted by some to indicate histamine , but for a 
verv long time to all scientists it has boon tho symbol 
for hydrogen One author expected tho oditors to 
use tho expression cytidylic acid-U-C 11 to mean 
“uniformly labelled cytidylic acid with lospoet to 
carbon atoms contained therein” To a feu authors 
the letters D C L stand foi Distdlors Co , Ltd , 
wlieieas in the much wider field of acadomics those 
have a quite different connotation Some physio- 
logists indicate cardiac output by the abbreviation 
CO, which might well confuso otliors One author 
who wrote MIT to moan monoiodotyi osino had 
apparently not heard of tho Massachusetts Institute 
of Technology 

There is no doubt that many abbi o\ intions aio 
essential, for they can be so exact , but tlioro aio 
certamh a number of authors who apparontlv 
imagine that their articles appear moro ‘scientific’ if 
these are peppered with abbreviations Although tho 
Editors of Nature are now well vorsod m abbrevia- 
tions adopted by scientific writers, such is tho presont 
height of tins Tower of Babol that tho former some- 
tunes have to refer a communication bock to an 
author askmg what ho moons This is, to say tho 
least of it, a waste of time Rocontly a communica- 
tion received hod anything from ono to throo 
abbreviations m each lino (some obviously mado up 
by the author himself) The communication defied 
interpretation , yet aftor the authoi had beon shown 
the error of his ways, the revised roanusenpt, without 
a single abbreviation, revealed an elegant and 
interesting piece of research work But boforo tliat 
communication could be published it had to pass 
backwards and forwards throe times half-way m ound 
the world 

It is not irrelevant to point out now that, despite 
many efforts at achieving standardization m scientific 
presentation, journals vary considerably, though 
each one endeavours to be consistent within itself 
It v ould save much time and, indeed, bo a courtesy 
to any odator, if an author consulted beforehand tho 
journal to which he proposes submitting lus manu- 
script Ho would certainly obviate the risk of enors 
I or example. Nature endeavouis to bo consistent m 
the way footnote references aro inserted , yet fre- 
quently authors adopt their own mothods (or thoso 
of othoi journals), and these, somotimos being quito 
diffeient from Nature’s custom, involve oxtia work 
on the part of the Editois and the lisk of wrong 
quotations 01 citations 

Perhaps the most problematical of all authors is 
he who wishes to withdraw his communication aftor 
it has been submitted The timing of such with- 
diawnl is often very awkward If the authoi with- 


diaws at about tho same time us tlio oditor docidos 
to rojcct then httlo harm has boon done But if tho 
author withdraws, ns ho somotimos docs, after tho 
communication has boon sot m typo, then considor- 
nblo costs havo beon incurred and tho timo of oditors, 
typo sottors (and somotimos ovon block-makers and 
pimtors) has boon wasted Moroovor, if tho request 
to withdraw comes after tho contribution has reached 
pago-proof stngo, then really difficult editorial and 
printing piohloms nr iso An author is tlioroforo Moll 
ndvisod to pondor Ins communication aftor ho has 
written it, and scrutinize fully tho possible con 
sequences to lumsolf and tho roadors of Ins com- 
munication, boforo submitting it to any journal , for 
there is tho ultimate risk, which somotimos occurs, that 
it. is too lato to withdraw’ tho publication, anyhow 
Tho forogoing suggestions and obsoivations should 
bo considered cnrofulh by all likoly contributors to 
tho columns of Nature, for thoy apply at any time, 
though noior so urgently ns at presont It is to bo 
hoped that all authors and readors will roeogmzo the 
movitability of a cortam amount of dolay during this 
period of gottmg back to normal , though wo havo 
alrondy 1 cached tho stago wlion gonumoly urgent 
material can ho dealt with promptly Tho tirao is 
not far off now wlion Nature will again bo on an even 
kool so fm ns date of publication is concomod, nnd 
oqually ns soon it is hopod that oven more text than 
hitherto can bo accommodated 

Tho Editors gratefully acknowledge tho assistance 
givon nnd co opoiation shown by all typo sottors, 
blook-makors, printers nnd publishers during wdiat 
lias turned out to ho tho most exacting ponod in 
Nature's lustory , and everyone concomod with tho 
production of tho journal lias beon encouraged In 
tho sympathetic understanding shown bv scientists 
tho woild ovor 


FORTY-SEVEN AUTHORS IN 
SEARCH OF A CONCLUSION 


Virus Growth and Variation 

Ninth Symposium of tho Society for Gonoral Micro- 
biology held at the Sonate House, University of 
London, April 1959 Edited by A Isaacs and B TV 
Lncoy Pp vm + 272 (Cambndgo At the Univer- 
sity Picss, 1959 Published foi tho Sociotv for 
General Microbiology ) 35s not 

Perspectives in Virology 

A Symposium Edited by Moms Pollard Pp 
xix + 312 + 2 plates (Now r York John Wiloj nnd 
Sons, Inc , London Chapman and Hall, Ltd , 
1959 Pubhslied for tho Institute of Microbiology, 
Rutgers Umvorsity ) 60s not 

Advances in Virus Research 

Yol 0 Edited by Kenneth M Smith nnd Max A 
Lauffer Pp vm-t-382 (Now' York Academic 
Press, Inc , London Academic Books, Ltd , 1959 ) 
10 dollars 


I m ^ s t integrated of these three volumes is 
flection of essays on virus multiplication 
that the Society for General Microbiology expected 
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those attending the symposium, that it arranged in 
April, to ha\o bought and read boforo the meeting 

There is now fairly general Bgrcemont with the 
opinion, stressed b\ some when tbe somo symposium 
''vas hold m 1002, that vims multiplication cannot 
usefully bo compared to the growth of a micro 
organism on on inert medium Rather, it is the 
exploitation and divorsion of the pro existing syn 
thetio capacities of the host cell One product of 
this anomalous motabolism is material that resembles 
fho intruder It is, however clear from tho papers 
bj Harrison and Hoskins tliafc tho host has definite 
synthetic preferences Not only is there the well 
known insusceptibility of most organisms to most 
a lrusee, but there are many oxamples of variation 
induced by the host Virus infection is a general 
metaboho derangement, and the derangement often 
precedes any apparent \irus multiplication. 

liUria, Kelienberger and Hirst stress tho analogy 
between genetic processes and virus multiplication 
It may well bo tliat this is moro than an analogy and 
that there is substance in Muller s suggestion in 1023 
that viruses oould be likened to froo genes Somo 
writers, though not those quoted haw followed the 
analogy blindly and mado it seem ridiculous Put m 
sober biochemical terms it amounts to the pro 
position that among the mechanisms deranged are 
those normally concerned with the production of 
whatever it Is that genes are mado of and of the 
nucleoprotems of chromosomes Enthusiasts will find 
that a colourless way to put the matter but this 
may serve to bring out the diversity of tho problem 
There was a time when some biochemists announced 
resoundingly that they were studying oxidations or 
even ‘enzyme actions , we now havo the sense to 
state the substrate and ttone actually used bo 
too with viruses Biffertmt viruses m the same host 
interfere with different processes and the normal 
processes most commonly doronged vary from host 
to host This book makes it abundantly clear that 
there is no one answor to tho question How do 
i i ruses multiply * 1 

‘Perspectives in Virology ’ w less integrated It 
contains a charming cewav by Duboe °a the breaking 
of tulips , ho realizes that a perspective can point m 
nny direction On the historical framework of tho 
part played by tins v inis infection in promoting the 
spread of tulips around the world ho discusses the 
irrationality of tho criteria by which we cominoxuv 
distinguish symbionts from pathogens The puzzling 
relations between pigs, earthworms lungworms and 
tho hog eholorn v irtw are dearly and thoughtfully »ofc 
out by Shopo Almost half tho symposium is devoted 
to tumour causation Kilham dismisses transtorma 
tions and points out that many cfToota are as hkely 
to bo tho result of the failure of a restraint as oF tho 
appcnranco of a now capacity Beard deals with 
current work on v iruees os a causo of cancer Tills is 
a sensible artiolo marred by tho isolationist syndromo 
that often makes American scientists concentrate on 
v\ofh done In their own country Its historical per 
spoctivc is also limited thus Qyo does not appear 
among the 114 references Fashions in science are 
cyclical, so tliat ono advantage of a knowledge of the 
older literature is that it gives ono an up to dato or 
won advance, perspective on contemporary contro 
\crs\ Tho names change but tho iasuca remain 
much tho same 

Tho papers making up this symposium were 
upporentlv presented in Fobruan 1958, and the 
dWrw'Uon tliat followed is printed though some of it 


is rather alight Verbatim treatmont has, however 
tlie immense advantage that it preserves several of 
Povton Rouse romraisoences and anecdotes, and 
these might wo 11 have been shorn from a strictly 
edited version 

‘Advances m Virus Research * appears annuallv 
and is, naturally without vmity A third of this issue 
is devoted to a review bv Sonnobom on kappa and 
rotated factors in Poramertnm it is oomprebonsiv e 
and includes a valuable survey of similar bodies found 
in other protozoa and in insects, and a discussion of 
tho reasons for looking on a particle as large ns 
kappa oa a virus In tho course of this he discusses 
the limits of tho category virus and this is probabh 
the mam reason for including the essay in tho 
volume But it would have mode an excellent 
127 page book on its own Two articles deal with the 
purification procedures used for plant and polio 
myelitis viruses It i* useful to have nil these methods 
collected together, but it may be that tho authors 
under rate tho extent to whioh differences m the 
precise state of the host tissue normally used in 
different la bora tones, will affect, tlie way m which 
these methods work in practice Consideration is 
also given to tho mootrvation of polio virus for use 
na a vaccine , hero it is puzzling to find attention 
concentrated on formaldehyde There arc many 
other potentially useful inactivating agents with 
more systematic and predictable behaviour There 
are lucid articles by Brenner on phage genetics and 
by Broadbent and Martini on the spread of plant 
viruses The latter give so many examples of trails 
mission through seeds that we can no longer regard 
this os unusual 

A review of thirty -*uc articles is neeessanh 
sotectivo a list of titles and authors alone would 
nearly havo filled the space allowed In general tin 
standard is high and jt is by no means a bad thing that 
widely different audiences are aimed at Ono wonders 
however, whether such ephemeral material needs to 
appear with eo expensfvo a format Tlie total cost 
of these three \ olumcs ir £8 N W Pmir 


FROM AXES TO ATOMS 


Man the Maker 

A History of Technology and Engineering Bv 
Prof R J Forbes Fp xv i-f 3(J5-f 41 plates 
(London Constable and Co , Ltd , 1968 ) 30 a not 


“A /TAN tho 3 raker 1 ' te certainly tho most flattering 
iVA image of him For whatever cleo may lie 
dubious in man s relatively brief history, there is no 
doubt tliat his capacitv to make (or rather, construct 
for man creates nothing) has steadily increased 
Beginning with no more than tho power to chip and 
hack, endowed with an mstlnctlvo dexterity leas than 
tlmt of Borne insoct*, ho has acquired tool after tool 
and mastered process after process, until ho can 
rearrange to accord with (at least partially) pre 
determined patterns all the component ports of Die 
universe withm his range from tho particles of the 
nuoleus to millions of tons of rock and water Tlie 
growth of roan s power os Prof Forbes tells it, is tlie 
fltrongest confirmation of progress that hlstorv con 
offer It is a storv without retrogressions without -Dark 
Ages Further ho is right to insist that tht* grw* jv 
power has boon used for constructive ^ 



NATURE September 26. 1959 V0L , 8 < 


from trees, then successors have gone on to pillage 
the Earth and poison the air on a scale over propor- 
tionate to their growing power, for they could not 
build without materials nor beautify w ithout making 
ugliness But build they did and as a result human 
life has becomo ever more socuro and comfortable 
and its focus has moved from the stomach to tho brain 
The history of technology divides into two essen- 
tially different overlapping phases Tho first is tho 
development of craftsmanship, the limit of which is 
whatever is best of its kind, though not nocessanlv for 
its function Some stone axes are perfoet examples of 
craftsmanship, but a Wool-worth's one is a better 
tool Tho second is tho transfer of craftsmanship to 
the machine and tho factor}-, tho production of which 
has no limit m whatever is good or bad Onco man 
had learnt to hunt and grow, to carponter smolt, 
and weave, as ho had by about 2,000 n c , tho carly 
lustory of techniques is largely concerned with tho 
development of tho fino crafts of tho potter, silvor- 
smith, silk-wcav er and dyer Such artisans possessed 
tho most advanced skills Under successiv o empires 
from the Egyptian to tho Holy Roman tlioj supplied 
their masters with beauty and luxury while tho life 
of the peasant masses continued essentially unchanged , 
equally ungraced by the potter} of Corinth or Deruta, 
by the steel of Non cum or Toledo, bv tho linon of 
Pharaohs or the scarlet of kings So far as the 
majority of humanity was aware of tho finest works 
of ingenuity m machines, in architecture, in w capons 
or m pageantry, it was aware of them ns arousing 
superstitious wonder or deferential awe Until some 
500 years ago teclmological progress, tho uso of 
metals and of bright colours, tho building of clean, 
solid houses, the availabdit} of transport and of 
variety of food, diffused downwards to the masses 
of Europe and Asia with incredible slowness Nor 
m the age of craftsmanship could it bo otherwise 
Beginning under tho Romans, however, and gathormg 
momentum during tho Middlo Ages m Europe, is a 
new trend that will break down such restrictions, 
the importance of which is fully recognized by Prof 
Forbes This is tho use of powored machines The 
most astonishing fact m his book is grvon on p 328 
half tbo avadablo energy m tlie United States is con- 
sumed by its inhabitants for thou private uses, the 
other half being nearly evenly divided botweon 
manufacture and conversion-losses That is tho truo 
sign of the affluent society 

The author, whose association with Royal Dutch 
Shell and experience as a historian of science and tech- 
nology give him uruquo authority, has devoted more 
than a third of his book to the earbor phase of man's 
career as a maker This section of tho book, though 
it can enter into little detail of how things woro done 
by the laborious craftsman, gives a clear and balanced 
account of the origins of tho chief manufactures , 
nor are their social effects ignored Tho later and 
longer section on the last five hundred years has 
much detad of inventions and their development 
Prof Forbes shows a wise caution in appraising tho 
contribution of pure scienco to invention and the 
revolution m technology the importance of science 
m this respect is little more than a century old Tho 
extension of the wind- or water-driven machine from 
corn-milling to fulling, smelting, pumping, spinning 
and weaving , tho use of coal as a fuel and cast iron 
as an engineering material , tho mastery of steam 
and the beginnings of industrial chemistry were all 
effected through craft empiricism Changes in 
industrial organization were scarcely less productiv e 


than the now techniques Thf effects of scienco in 
tho nineteenth centurv w ero v rought on a world 
already changed, crtidel} perhaps, yot reaching 
towards “a lational exploitation of the material 
world on behalf of tho common good” Through 
machinery and powor, through book -printing and 
cotton-manufacture, railways and precision lathe-,, 
sulphuric acid, soda and gloss, quantity production 
was offering tbo earth-bound peasant more tlian tlin 
whole history of craftsmanship had over provided 
for tho few That, one cannot deny, is progress in 
making 

Tho text of ‘‘Man tho Maker”, now re issued, is 
identical (oven to misprints) with that issued bv 
Henry Schuman (Now York) in 1050 The author 
has enlarged tho epilogue by several pages and has 
revised tho bibliograpbv Although historians of 
tochnologv are not idle, tho book is still tlio broadest 
most readable and comploto .survey of tho field It 
is written with continuity, perspective and social 
sense Some casunl statements that will nnnov 
specialists and a number of relatively trivial slips in 
dato and narno might hnv e been corrected, but the^o 
aro minor blemishes on n work that will open a new 
prospect of the pa*-t to mnnv lenders 

A R 


HEAVIER ELEMENTS 

The Transuranium Elements 

By Glenn T Scaborg (Ynlo Umversit} — Mrs 
HepsaEK Silliman Memorial Lectures ) Pp xx^-'dSS 
(London Methuen and Co , Ltd , 1938 ) 50s net 

T HE material in this book was originall} presented 
at Yale University m lecture form during 1957 
After considerable expansion, it was published as 
ono of the series of books produced by the Addison- 
Wesley Company and presented bv the United States 
Government to foreign delegates at tho United 
Nations Conference on the Peaceful Uses of Atomic 
Energy, Genova, 1958 It is now available in a 
different binding published in Great Britain b} 
Methuen 

Prof Seaborg lias a well-established place in the 
discover}- and elucidation of the complex chemistrv 
of tho transuranium elements, and any now publica- 
tion by him is deserving of our closo attention This 
book is not, how over, written for tbo specialist in 
this field and is of quite n different character from tho 
highly successful volumo “The Chemistr} of the 
Aetimdo Elomonts” written m collaboration with 
•T J Katz Moreover, much of tho basic motenal 
has appeared previously 

There aro four mam sections The first is historical, 
beginning with a detailed description of tho discovery 
of plutonium early in 1941, and continuing through 
tho development of methods for its large-scale 
separation, -with some digressions on tho related 
actinide dements Tins section is not easy reading 
despito the introduction of a considerable number of 
personal recollections of important events the 
inclusion of long lists of names m tbo running text is 
distracting Tho emphasis is on tbo chemists whose 
contribution to tho succoss of tho war-timo project 
for the synthesis and separation of plutonium was 
only briefly mentioned m the Smyth Report of 1045 
Although tho reviewer is not m a position to judge 
tho accuracy of detail in tho accounts given of this 
v er} early work in tho United States some errors 
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and raiflJoodtng statement* were detected in tho brief 
references to the Bntiah project. As examples, no 
distinction is made between R W Spence (of Loe 
Ahnnos) and R Spence (of Harwell) on p 73 and 
in tho index, and the work of Welch and collaborators 
on plutonium compounds (pp 87-88) is erroneously 
quoted as having token place at Harwell rather than 
at Wlndsoale The briof description of the Chalk 
River Laboratories (p 73) doe* not mention the 
important laboratory scale development of the 
Win decal o plutonium separation plant during the 
period 1945-48 

The second section of tho book, in which the 
chemical properties of the actinide element* are 
discussed briefly in a correlative manner, is more 
digestible Although one mast agree with tho author 
that the mam point* of the actinide conoopt ore now 
well established, there will still be many chomists 
reluctant to see the undiscovered element 104, instead 
of thorium taking the oka hafnium position in tho 
periodic tablo At the end of tho book there is a 
shorter fourth section in which Prof Seaborg attempts 
to extrapolate the generalizations ho has derived to 
predict tho chemical and nuoloar properties of 
element* well boyond those whioh have yet been 
suoooasfully synthesized Tlio magnitude of tho 
experimental problom of isolating suoh elements ib 
illustrated by a detailed do*cnption of the discovery 
of elomont 101 Since on average of only one atom of 
element 101 was oxpootod to bo produced in each 
oxponmont, tho subsequent separation and idonti 
flcation must rank a* one of the most outstanding 
feats in the history of chemistry 

Tho most valuable part of this book is the third 
section, which deals systematically with the nuclear 
properties of tho trans uranium elements However, 
thoro is here, os in the rest of the book, a oomplete 
lack of detailed reference to sources of information 

In summary, the book, though containing much 
material of interest is written in such a way as to 
fall rather awkwardly between two stools Specialist* 
in the field will profor other expositions on tho subject 
by the same author, while the layman interested in 
scientific matters will find difficulty m following tho 
book, oe a considerable background of scientific 
knowledge is required for a full understanding of oven 
the historical sections. 

The book is well produced, with a commendable 
lack of typographical errors T K Dawson 


SCIENCE EDUCATION 

The Challenge of Science Education 
Edited by Joseph 8 Roucok Pp xdi + 491 (New 
York Philosophical Library 1959 ) 10 dollars 
XT THEN Sputnil was announced to a startled 
W world in October 1057 tho reaction in the 
Umtod States WU3 immediate and \igorous, hut no 
whoro was it more unsettling than m certain radical 
proposals for revolutionizing the American oduen 
tional system by copying that of the USSR Tins 
book is an attempt to make a first BVBtomalio survey of 
tlio post SpulmL educational practices in tho field of 
science in the United States, tho UJ5 S R and Bn tain 
Tlio work is edited b> a former Czech, who commonoos 
with a brilliant, short historical account of tho impact 
of science upon human thought and behaviour More 
than thirty collaborators are oaoh responsible for a 
chapter and thoso mclude Dr James R Killian 


lately consultant to President Eisenhower, and Dr 
Werner Heisenberg The contributions differ in sire 
and value as is to be expected, and the treatment of 
tho subject is generally diagnostic and experimental 
rather than conclusive Standards and content in 
American science education vary more by renson of 
geographical looation, religious and political factors 
than they do m Britain, though so for ns the last 
is concerned, even here it still remains to be soon 
whether politic*, which has fnvndod tho field of 
secondary education, as in Derbyshire, will prove 
harmful to science teaching at a high level m the 
grammar schools The salary levels, which affect tho 
recruitment of suitable men and women to teach 
science, operate in the United States more forcibly 
tlian in Britain, and there is the added difficulty of the 
lower rating in social status “Don t become a 
teacher,” said tho head of one science college in 
tho United States, wo want to he proud of all our 
men ” 

Werner Heisenberg’s defence of a background 
education in the classic* in relation to his own mental 
development as a theoretical physicist is most 
interesting and suggestive and so are tho chaptors 
on now approaches to mathematics touching by 
using the thoonoe of sets and probability The 
underlying tone of tho book is by no means optimistic 
There is a quotation from Don K Price ( ‘Govern 
mont and Scionoo ’) who concludes that *1710 role of 
world leadership Is an uncomfortable ono , it requires 
a steadiness of purpose, an ooonomy of our energies 
and a breadth of philosophy that havo nevor boon 
characteristic of Am on can temper’ 

The short account of science oducation m Great 
Britain (though it might have been more accurate 
to say England) by Dr Kennoth Layboum of Bristol 
and tho longer account of the U SB by L A. D 
Dollm of Vermont are von usoful summaries 

The documentation at the end of each cliapter is 
excellent Every chapter is worth reading and ponder 
ing cm, particularly by those who are interested 5n 
scionco and mathematics teaching, but general!} b\ 
those who have any interest in maintaining the free 
world W L StfUNun 


SIR CHARLES HASTINGS 


The Life and Times of Sir Charles Hastings, Founder 
of the British Medical Association 
By William H McMenemoy Pp xU+510+32 
plates (Edinburgh and London E and 8 Living 
stone Ltd 1059 ) GO* net 


I N 1051, Dr W H. MaMonemey v. as invited by tho 
Council of tho British Medical Association to 
deliver tho flrat Sir Charles Hastings memorial 
oration, for which task he was singularly woll 
equipped, for he had worked for several years oa 
pathologist at Hastings s own hospital, and in 1047 
had mado a namo for himsolf with his scholarly and 
ohomnngly written “History of tho Worcester Ro>nl 
Ttiflrmary ' An elaboration of this oration, “Tho 
Lifo and Time* of Sir Charles Hastings* is a huge 
tome, to which the liacknoyed phmso “labour of 
love” ma\ unhesitatingly bo applied If will for 
long remain the standard biography of tho founder of 
tho British Medical Association ond of tho nrclutoct 
of tho Medical Act of 1853 Dr MoMonomo} 
a scholar o coneoimco in «m«ult ^ 
and ho quotes estenwvely end I.eppuy 
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temporary medical periodicals, newspapers, minutes 
and letters, yet he wears his learning lightly and 
unobtrusively, and his style is both elegant and 
dehghtful Some readers might cnticizo his story 
on the grounds that it is too detailed and too discur- 
sive, and that the lengthy accounts of lus contem- 
poraries detract from a true appreciation of the subject 
proper of the biography , but even those who would 
have preferred a more succinct narrative will yield 
to none in their admiration for an invaluable w ork of 
reference 

We meet Charles Hastings as a medical student at 
Edinburgh, where ho developed “a catarrhal inflam- 
mation of the lungs”, which was treated by tho distin- 
guished physician, James Gregory, and we learn that 
this malady inspired his lifelong interest in diseases 
of the chest In 1820 was published his classio 
“Treatise on Inflammation of the Mucous Membrane 
of the Lungs”, which was translated into Gorman two 
years later We accompany lum to Worcester, whero 
he was appointed physician to the Infirmary, and 
watch him first using the stethoscope m tho summer 
of 1820 We road how he founded, and edited, tho 
Midland Medical and Surgical Reporter in 1828, 
and m 1832 launched the Provincial Medical Associa- 
tion, which was watched by Thomas Wakloy m 
London “carefully and with considerable suspicion” 
Little did Wakley realize that one day it w ould grow 
mto a British Medical Association Hastings was 
“the pivot around which the Association revolved, 
for they all looked to him for guidance and inspira- 
tion” We are told that he narrowly escaped becom- 
ing mayor of Worcester, paying a fine of £60 for having 
refused office We seo him m tho role of naturalist and 
in his company attend a dinner whoro tvonty toasts 
were drunk “When the celebrants finally arose they 
had completed just over six wonderful hours of feast- 
ing and conviviality ” It is interesting to find that 
in 1844 a National Association of Genoral Practi- 
tioners was formed with seventeen branch secretaries 

Lavishly and fascinatingly illustrated, Dr 
McMenemey’s book bristles with bitter controversies 
m “disturbed and disputatious” moetings It con- 
cludes with a bibliography of Hastings’s writings, a 
general bibliography, and a model index I like 
the chapter headings W R Bett 


PANBIOGEOGRAPHY 

Panbiogeography or an Introductory Synthesis ol 
Zoogeography, Phytogeography, and Geology, 
with Notes on Evolution, Systematics, Ecology, 
Anthropology, etc 

By lAon Croizat Yol 1 The New World Pp 
1018 Yol 2a The Old World Pp m + 1-771 
Yol 2b Tho Old World (continuation) Pp ui+ 
772-1731 (Codicote, Nr Hitchm Wlieldon and 
Wesley, Ltd , 1968 ) £10 10s (paper bound) 

I T is a distinct understatement to call this enonnoui 
work unusual Published in three separate booki 
making up two volumes which weigh something lik< 
ten pounds unbound, it contains 2,700 pages anc 
probably at least a million words To this must b< 
added that it is highly prolix and repetitive , that it n 
written m a peculiar brand of semi-colloquial ldiomatu 
English which often obscures the author’s exac 
meaning , and that it contains too many ammadver 
sions on biologists with whose views Dr Croizat l 
not in accord In short, the author seems to havi 


put almost every possible obstacle m tho way of the 
reader who wishes first to understand and then 
carefully to consider his opinions This is nil a great 
pity becauso there are two oxcollent roasons at least 
why this magnum opus should on no account he 
regarded ns unreadablo and therefore snfoly to be 
ignored 

Tho first reason is that tho book is a vast compen 
dium of information about plant and animal distribu 
tion which is arranged and discussed on a geographical 
and not a taxonomic basis, thus making it much more 
valuablo than it might otherwise be Indeed, the 
broad sw eep of its geographical background is one of 
tho book’s best features Tho first volume begins 
•with an introduction, which concludes with a romark 
able piece of self-criticism by tho author, and is there 
after concerned with tho Nov World in genoral and 
then with Venezuela, Colombia, Ecuador, tho West 
Indies and Galapagos (that is, with sovoral crucial 
areas) in particular The first book of tho second 
volumo denis with Africa, Eurasia, Malaysia and 
Australasia tho second book covers Polynesia and is 
thereafter mado up of conclusions , a long opiloguo on 
evolution , nnd various addenda, of which tho most 
extensive is ono on physical anthropology Tho 
chapter of conclusions is tho shortest of all tho 
chapters but also tho most rendnblo 

Tho second reason is that Dr Croizat is a man of 
quick mlolligonco vlio has for years pondered over 
many fundamental problems of biology, not only m 
its narrower sense, but also m its wider philosophical 
expression m which it comprehends tho wholo history 
of the human raco and of its thought His comments 
and beliefs on many such subjects are interlnrded, as 
it woro, through his immensely long recital of tho data 
of biogeograpliy, but tlioy often roveal groat discern- 
ment and may therefore bo forgiven for any digres- 
sions thoy cause 

As regards biogeograpliy Dr Croizat 's main thesis 
is that plant and animal distribution, using this 
word in its more particular sense of ‘dispersal’, must 
not bo studied m isolation , it is simply ono aspect 
of the throe basic factors of evolution, namely time, 
space and form To quote his own words, his book 
“replaces tho Darwinian understanding of ‘specie s’ 
originating at some definite spot on tho map nnd 
‘migrating’ via ‘occasional means’ with a fitting 
understanding of form-making and translation in 
space as a smglo process” 

Thus, this vast book is, in essence, a study in 
evolution, chiefly, but by no moans only, from the 
biogeographical point of view It is clearly inspired 
by tho author’s discontent with the approaches 
to this subject of Darwin, Wallaco and some of their 
successors, and so it is yet another contribution to tho 
swelling stream of opinion that the general biological 
outlook which wo now call Darwinism, however great 
its value may have been m tho past, is no longer 
a suitable vehiolo for progress m tho biological 
sciences 

Tho maps, with which the book is liberally supplied, 
are open to some criticism Most of them might be 
clearer and too many of them are drawn on Mercator’s 
projection, which is quite unsuitable for depicting 
biological distributions Also, they are too plentifully 
supplied with arrowB purporting to show movement 
along various ‘tracks’ of migration It is easy onough 
to postulate tracks of this sort but it is quite another 
thing to produce satisfactory evidence to show winch 
way along them movement has been 

Ronald Good 
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Plant Growth Substances 

By Prof L T Audus Second edition (Plant 
Science Monograph*, No 1 ) Pp xxud-654-f 34 
p bit os (London Leonard Hill (Books), Ltd , 
1959 ) 05* net 

T O produce within a mnglo volume a comp rehen 
rivo and up to -da to treatment of a subject which 
is developing so rapidly as plant growth substances 
is no moan achievement Yot m this second and 
revised edition of his book, Audua has dono this with 
considerable success As m the first edition, phymo 
logical aspects of growth regulating activity receive 
careful attention throughout, but in addition a now 
chapter on the mechanism of notion of the auxins, 
dealing with more fundamental physiology, is now 
included Other changes m tho nook are shown in 
the more detailed treatment given to flowering control 
and chemical control ofaexual processes in lower pi ants 
and to non auxin type growth substances The 
chapter on. the ohemistry of the auxins has also been 
considerably expanded 

Although this is «n excellent book, it is perhape 
portinent to oak whether it ia attempting to cater tor 
too many classes of reader In the reviewer’s opinion, 
most of the contents are far beyond tho reach of the 
“non-scientifio layman’ , whoso requirements would 
perhaps bo mot better by a book written specifically 
for him 

With this reservation, the present volume can bo 
confidently recommended It ia well produced with 
oxoollent photographs and diagrams Many references 
to original work are given and appendixes relating to 
the practical uso of growth substances in agriculture 
and horticulture are provided. R L Waim 

The Design of Physics Research Laboratories 
A Symposium held by the London and Homo Counties 
Branch of the Institute of Physics at the Royal 
Institution, 27 November, 1957 Pp 108 (London 
Chapman and Hall Ltd , New York Re inhold 

Publishing Corporation 1069 Published on 
bohalf of the Institute of Physics ) 21s not 

T HE proceedings of the symposium on ’“The 
Design of Physics Research Laboratories'’ held 
on November 27, 1067, at tho Royal Institution and 
organised by the London and Home Counties Branch 
of the Institute of Physios have now been published 
in book form A report of the symposium appeared 
m Naturt (181, 90 , 1968) Tho symposium was very 
timely and extremely successful It was attended 
by some 400 architects, physicists and others in 
forested in tho design of research laboratories, and 
the book contains a full account of the proceedings 
including the discussion and many of the photo- 
graphs which wore presented os lantern slides 
Nobody who is about to plan a now physica labora 
tory or an extension to an existing laboratory should 
omit to read this volume first It contains a wealth 
of excellent hints and reminders, and may save much 
exponuo In assisting to avoid faulty design and much 
timo in providing quick and accurate roforonce to tho 
authoritative literature It is difficult to summarize 
the contents, but oil those who have had experience 
of planning buildings and the responsibility of super 
vising tho construction will ngreo most wliolohoartodly 
with tho st at omenta that properly plannod sound 
construction using lasting and easily maintained 
materials Is the most economical, and that regular 
site meetings should take place between tho user 
of tho building, the architect and tho most essential 


person, whom Mr Eramorson calls “the budding 
supervisor” and who should be the sole official 
channel of communication between the various 
parties concern od in tho building of the laboratories 

S Weintooub 

Aromatic Substitution 

Nitration and Halogenation. By Dr Y B D do ]a 
Mare end J H. Ridd Pp vuq-262 (London 
Butterwcrths Scientific Publications , New York 
Academic Press Rio , 1059 ) 60s 

T HIS book deals with the nitration and halogens 
tion of aromatic compounds Two introductory 
chapters cover the basio principle* of electronic 
theory and methods used to investigate reaction 
mechanisms Next follows a group of four chapters 
deal mg with methods of nitration and the mechanism 
of the nitration reaction, and them a further grtrup of 
four chapters dealing likewise with halogenation Tho 
authors then review substitution m diphonvl, in polj 
oyoilo hydrocarbons, in non bonzenoia hydrocarbons, 
and m heterooycho systems, and substitution reactions 
involving displacements of groups othor than livdro 
gen Tho final chapters deal with molecular orbital 
calculations of reactivity and with linear free energy 
relationships. 

Tho authors have succeeded in giving an exooUont 
well written and critical aocount of thoir subject 
Although tho book is both short and readable no 
important aspect seems to have been omitted and 
no important papers overlooked The authors ha\o 
not boon afraid to express forceful opinions on o 
variety of contrm orsml wmioe — a pleasant phono 
menon m this era of depresmngly uncritical com 
pdations Tho book is, moreover, vory well produced 
and the price most reasonable It can bo strongly 
recommended to any chomlst interest od in organic 
reaction mechanisms M J $ Dew ah 


Constitutional Diagrams of Uranium and Thorium 
Alloys 

By Prank A Rough and Arthur A Bauer (Addison 
Wesley Physic* Book*) Pp vi 1 54 (Reading 
Maas Addison Wesley Publishing Company, Inc 
1959 ) 3 dollar* 


T HIS book, which supersede* tho Battollo 
Memorial Institute publication, “Compilation of 
U S and XT K Uranium and Thoruun Constitution 
Diagrams Is a new compilation of United States 
and United Kingdom uranium and thorium eon 
stitutional diagrams Tho book is divided into two 
major sections, one for uranium and tho other for 
thorium Each soction is preceded by a short account 
of tho transformation, temperatures and crystal 
structures of the base metal The method of pre- 
sentation U tho constitution diagram, with a short 
account of the investigations on the system, tho 
essential data on tho crystallography of tho com 
pounds and a list of references for each alloy Most 
of the references ore unclassified, but m several 
systems, whore tho unclassified literature is racom 
plete, somo classified references are given The 
various systems are listed in alphabetical order and 
include both binary and ternary alien's. Tho in 
formation on each alloy is quite comprehensive and 
the form of presentation is neat and concise Thi* 
publication will be extremely useful as a 
book to everyone interested either from nth ^, 
or practical pomt of view, m the 
and thorium 



926 


NATURE September 26, 1959 


VOL 164 


SHIP HYDRODYNAMICS LABORATORY, FELTHAM 


O N Oetobei 19, HBH the Duke of Edinburgh 
opened at Fel thorn tho new Ship Hydro- 
dynamics Laboratory of tho National Physical 
Laboratory 

Smco 1932, when No 2 Tank was built at Ted- 
dington, test -work on models of now slups lias 
increased m -volume to a point whore it has seriously 
impeded research At the same time, ilianks to tho 
steady investigations undertaken over the past fifty 
j ears, research requirements have theinsolv os changed 
Increasing emphasis is falling on the seagoing qual- 
ities of ships, particularly at lugh speeds, and tho 
facilities at Feltliam have beon specially' designed for 
these requirements It is expected that, m general, 
tests of commercial ship-models m smooth water wall 
continue to be earned out at Teddmgton, wlulo tests 
of commercial models in rough water and a groat 
deal of the research wall bo done at Foltham This 
research will mclude theoretical and experimental 
studies of ship motions in regular and irregular seas, 
together with a stud}' of full-scalo multi-diroctional 
sea states, propeller and h} , drofoil cavitation and 
ship vibration Various other resoarch projects form- 
erly followed at Teddmgton will bo carried over to 
Foltham, where larger models can bo usod than is 
possible in the existing tanks , those will mclude skin 
friction of smooth and rough surfaces, ship-model 


correlation, wavo-making resistance and boundary 
layer investigations 

The design of the now Laboratory (Fig 1) was 
dovolopcd by tho Ship Division of tho National 
Physical Laboratory' working in collaboration with 
tho Chief Architect's and Chief Engineer’s Divisions 
of tho Ministry' of Works Tho principal facilities at 
Feltham compriso a towing tank, a sca-kocping and 
manoeuvring basin and a propeller wator-tunnol for 
cavitation resoarch 

Tho ship-tostmg tank is tho largost of its kind in 
Britain It is 1,300 ft long, 48 ft wide and 25 ft 
deep Its length, which is almost doublo that of the 
No 2 Tank at Teddmgton (080 ft ), is necessitated 
by tho requirements of testing modols in irregular 
seas or at high spoods and tho uso of largor models 
of multi-screw ships In soa-kooping tests tho modol 
must ho run through regular and irregular seas for 
long enough timo to obtain comploto cycles of motion 
and also to ensure a long enough steady' run for 
making measurements at high speod The original 
design was for a length of 1,800 ft , but this had to 
bo reduced m order to keop within tho funds avail- 
able, and tho presont longth ropresonts tho minimum 
for fulfilling those requirements Tho site, however, 
has boon planned so tliat tho additional length can 
be added in tho future 



Fig 1 Ship Hydrodynamics Laboratory of the National Physical Laborntorj 


[Oroicn copvnqM reserved 
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Flc, a, Ck ningo mil main touring tank 1 500 ft long 


lOrtnm evprnpM nttrrtd 


Tho tank itoelf has boon built of reinforced con The carriage is equipped with a speed holding 
croto sections It xs above ground level, as the sorvo which will maintain any sot tost speed between 
expense of koeping out the subsoil water would have 10 and 50 ft /s within 0 1 per cent of tho sot speed 
boon heavy in this aroa, where the water table is Muoh study has boon given to the broking system 
very near the Burfaco Special care has boon taken necessary The normal method of broking will bo 
in the heating and ventilating arrangements to keep electrical but at high speeds a sjstom of mechanical 
on evon temperature m the building in order to friction brakes will be brought into use, which nro 
maintain accurate rail alignment avoid condensation spring operated and held off pneumatically so Hint 
effects on electrical equipment and ensure a reason they fail to aafotj in tho event of loss of mr supply 
ably constant nominal water temperature of 60* F To limit tho duration of tho test run track switches 
Tho towing cam ago (Fig 2) is designed to tow have boon mstallod to bring on both eloctrica] and 
ships' models up to 5 tons m woight and 40 ft in mechanical brakes And bring tho carriage to rost 
length Tho maximum speod attainable za 50 ft /sec , with a maximum deceleration rato of 0 2&g Should 
but this would not bo used with heavy ship modols. all theso systems fad, an aircraft arrestor goar has 
The carriage has four girders forming a square frame boon fitted, with cables on each side of tho tank, A 
work 50 ft X 60 ft externally, completely open shock absorbing nylon harness on tho underside of 
inside, giving a space 30 ft. square Into this centre tho carriage will ongage hooks located on tho inside 
apaco a fore and aft girder containing dynamometers face of the tank walls 

and other instrumentation can bo placod in a number Tho investigation of tho bdiaviour of vessels in a 
of positions to give flexibility m carrying out diffaront seaway domands tho generation of regular and 
typos of tests. irregular wave systems in tho tank. A wavo-makor 

To decrease tho effects of track dofloxion and thus has boon installed at one end of tho tank capable of 
assist in providing undisturbed and uniform motion making waves up to 40 ft in length and 2 ft. in 
tho carriage is driven by four twin whooi self height from crest to trough with an infinite variety 
frtooring bogies on which tho frtvmo is in effect of possible combinations within thoso limits Tho 
pivot-mounted via a system of .rubber compression wave-maker takes tho form of a wodgo -shaped 
springs Each bogio is powered by a 300 h p peak plunger 17 ft in hoight which spans tho tank and 
rating d.o. motor Tho total peak power of 1,200 h p tapers almost to a point at tho bottom The front 
has been calculated to provide, with nd equal o margin, face is curvod to follow a theoretically ideal contour 
sufficient power to accelerate the carriage, which will and is true to within i|m. over tho wholo frontal 
weigh noarly 40 tons fully oquippod, at tho maximum area Tho plunger moves \ ortically on slides on tho 
rato without whooi slip This valuo will have to bo end wall of tho tank nnd la dm en by hvdrauho royi* 
determined precisely by expenmont, but will be of from a pump which operates normalb* on _n smusoim 
tho order of 0 3 g Wind tunnel testa have boon rondo proesuro cj clo to give a regular train of t J 

on a model of tho carriage frame to help nsscss varying tho pressure oyol° ’ mC ^’ ) typlonl of 

accurately the wind loadings at high speed generate irregular wave *3 
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average ocean sea-states To prevent reflexion of the 
■waves from the other end of the tank, an end beach 
has been provided This consists of a curved sloping 
surface, continuous below water and slotted in and 
above the water It can be raised or loworod by 
means of buoyant chambers 

When tests are being made with a model in smooth 
water, she creates her own wave system, and timo 
has to be allowed between successive runs to allow 
these waves to die down In order to reduce this 
waiting time to a minimum, a similar beach is fitted 
m front of the wave-maker and can be raised to the 
surface when required In addition, there are sido 
beaches consisting of continuous longths of curved 
flaps on either side of the tank which aro hinged to 
the tank walls so that they can either bo raised into 
a vertical position clear of the water when making 
waves or let down and partly submerged for still- 
water testing 

In long towing tanks tho bohaviour of models can 
be studied under conditions of head-on or stern-on 
waves It has long been desired at tho National 
Physical Laboratory to carry out tests in waves at 
different angles to the head mg of tho modol and in 
confused seas and to investigate manoeuvring qual- 
ities generally This will now be possiblo at Feltham, 
with the new manoeuvring and soa-koopmg basin 
(Fig 3), which is 100 ft square with a dopth of 
water of 8 ft A plunger-typo wave-maker has boon 
fitted along one sido capable of producing waves up 
to 15 ft long and 9 in high A beach has boon fitted 
on the opposite side It is mtondod later to fit 
another wave-maker on an adjacent wall, and this 
may be articulated, to enablo confused seas to bo 
generated. 


September 26, 1959 vou )01 , 

Models up to 10 ft. in length can bo usod in this 
tank, and as thoy aro to bo froo-runnmg, they must 
carry their own sourco of power and instrumentation 
Thoy must thoroforo combine lightness with strength, 
and will in gonoral bo made of fibre glass plastic 
Thoy will bo radio-controllod from shore, and tho 
instrumentation in tho models will either record its 
own data or tolomotor thorn ashore Tho Control 
Mocliamsms and Elootromcs Division of tho Labor 
atory is assisting m tho dovolopmont of a tracking 
system 

Tho now wator tunnel (Fig 4) is mtondod primarily 
for rcsoarch work on propollors up to 24 m m dm 
motor and con also bo adaptod for testing hydrofoils 
and similar bodies This work is hkolv to grow in 
importance with tho increasing demand for high 
speeds in ships of all classes Tlio tunnel is one of 
tho largest of its typo, with a circular closed test 
section 44 m in dmmotor , it is designed for a 
maximum water velocity m tho working section of 
50 ft /s 

Tho tunnel shell is arranged ns a rectangular 
circuit of ulnch tho uppor horizontal limb is at 
ground-lovol Tins portion mcludos tho contraction 
section, whore tho water is accelerated to the working 
section velocity, tho working section itself and tho 
transition and diffusor soctions, whore tho spood of 
tho water is gradually' reduced boforo entering tho 
suction sido of tho pump Tho remaining portions of 
tho tunnol form n U-shnpcd circuit descending 180 ft 
into tho ground and forming a ‘rosorbor’ This is 
dosigned to subject tho water to an additional static 
pressure hoad during transit, wlion nil bubbles created 
by cavitation at tho modol and released into the 
water stream arc re absorbed into solution 



Fig 3 Sea keeping tank lCrown eopmtU res ' r * d 
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Fig 4 Kodel of the w»Ur tunnel thcrwln* imd*TgToTmd portion 


Tho water will bo circulated 
nrournl the tunnel bj g 92 in dia 
meter vertical variable pitch pump 
driven at a maximum speed of 
220 rev /min hy an 860 h p moan 
oontmuous rating vertical dc 
motor which is equipped with auto 
matio speed holding equipment de 
signed to hold onj set speed with 
on accuracy of 0 1 per cent 

Tho model propeller is mounted 
on a downstream shaft, fitted with 
tlirust and torque dynamometers 
and driven by a 300 h p motor 
Tlie pressure in tho test soction 
can be varied from near zero to 0 
atmosphere* absolute Tho tunned 
is fitted with stroboscopic bght 
ing and high speed photograpluc 
equipment 

Tliero are a number of small 
laboratories devoted to tlio dovolop 
ment of new instrumentation a 
photographic room and a vibration 
laboratory containing a water tank 
20 ft by 14 ft and 0 ft deop for 
experiment s on virtual mass and 
s urular probloms 

The laboratory is fully oquippod 
with workshops for making wax 
wood and plastic hull models, and 
casting and finishing propeller 
models m bronzo Tho office block 
includes a handsome library a dm 
mg room and kitchens Tho offices 
and workshops hav o boon occupied 
since August 1968 and much of 
tho now instrumentation has lieen 
built m tho shops 

Tho new Ship Hydrodynamics 
Laboratory will bo under tho per 
sonal diroction of Dr F H Todd, 
superintendent of tho Ship Div ision 
of tho National Physical Laboratory 


LOCALIZATION AND ASSAY OF RESPIRATORY ENZYMES 
IN SINGLE LIVING CELLS 


Absorbancy Measurements on the Nebenkern 


By Dr. ROBERT P PERRY*, Dr Bo THORELL, Dr. LENNART &K.ERMAN 
and Prof BRITTON CHANCE 

Johnson Research Foundation University of Pennsylvania, Philadelphia, Pennsylvania 
and Department of Pathology Kirollruka Institute, Stockholm 


A STUDY and selection of appropriate optical 
electronic nnd photoelectric components now 
permits remarkable sensitivity in the detection of 
Hinall changes of abeorbancj caused b} enzyme 
reactions in living materials In tho case of suflpen 
sions of whole cells or cell particles, a detoctabilil> 
of I0~ u molo can bo achiosod without difficult j in a 
1 c c cuvotto of a recording spectrophotometer* 
Microspoctrophotomctrj affords an e\ cn more fa\our 

present a'ldrrM Lahormtorr of Animal Itorfholofty Frw Uniter 
illy of Belgium, 


blo situation for the studv of small amounts of 
uological materials in that measurements can be 
realized to specific parts of singlo living colls, and tho 
alls thamsekex mas ba selected on the basts of 
emporal or morphological criteria Hitherto how 
tver It has boon used mamb, for the o\nlimtion of 
ubstanoes present in relatively high concentrations 
uch as pro to ins nnd nucleic neids* nnd I for , 

bo formntion of! hmnojtobta Jn^ 

Jo fnr only limited „ hlch present 

boon pigment* of tnc >»» 
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m ‘enzyme concentrations, since this lequiros sonsi- 
ti vi ties in measuring changes of absorbancy between 
one-tenth and one per cent over an nperturo of about 
a micron 

This communication reports the application of a 
combination of a highly sensitive recording circuit 
and the microscopic teclmiquo i * * * * 6 which permits 
the assay of the cytochromes localized in single 
mitochondrial aggregates, particularly the 5-g dia- 
meter Nebenkem of grasshopper spermatids, with an 
accuracy of several per cent Tins sensitivity allows 
the detection of 10" 10 mole or G,000 molecules of tho 
cellular enzyme, cytochrome b The following 
communication describes locahzed measurement of 
the fluorescence of pyridine nucleotide of tho Ncbcn- 
lem and that of mitochondrial aggregates of other 
types of cells with a sensitivity comparable to that 
of this instrument 

The optical system used is similar to that dcscnbed 
by Thorell and Akenman 4 It emplovs a 250 mm 
focus, grating monochromator, a 1 (5-mm Grey 
reflecting water-immersion condenser and objective 
(NjI =1 0), and a 3 5 y quartz ocular which pro- 
jects the beam on to a vibrating mirror assembly 
Tho photomultiphor is typo 1P28 and operates in the 
range of total voltage 400-G50 V Tho tungsten lamp 
is given an overvoltage of approximately 30 per cent 
to provide adequate illumination The spectral inter- 
val of the monochromator is approximately 3 mg 
The amplitude of the vibrating mirror corresponds 
to approximately 12g The hole in front of tho photo- 
cell corresponds to a 1 5 g diamoter aporturc 

The electronic circuit incorporates tho dynode 
feedback circuit of Picard® as previously used by 
Yang 7 and Akerman 8 * Tho circuit is insensitive to 
grid and dark currents, and will operate at vory low 
signal-to -noise ratios duo to a switching circuit that 
adds a signal to the phototube output oxactly equal 
to that of tho reference signal ( ~ 1 V ) Thus tho 
output wave-form consists of alternate pulses 
reference beam, dark, measuring beam, dark, in a 
balanced wave-form with no ‘pips’ for equal roforenco 
and measurement signals (Fig 1) This signal 
can be highly amplified without amplifier overload 
and demodulated to give appropriate signals for 
control of the dynode voltage (reference minus dark) 
or measurement of absorbancy (reference minus 
measure) The noise-level of tho spectrophotometer 
at 420 mg is about 10~ 4 in optical density units with 
a 2 5 sec -time constant 
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i Wave-form diagram Illustrating the principle or operation 

the electronic drcult of the mlcrospcctrophotometcr As Inrtl 

ented In the left-hand scale, the amplitude of tho wave-form Is 

slightly Jess than 1 V The top trace represents the wave form 

of the photocurrent after electron amplification The portions 

labelled D arc those corresponding to the dark Interval and those 

labolled it and M refer to the Intervals during which the light 

posses through the material In the reference and measuring areas 

The second trace represents the wave-form after 1 V 1ms been 
Inserted Into the wave-form at Intervals it and M A measure 

ment of the absorbancy difference between the it and A1 optical 
paths Is made by a closure of the R-M switch Control of the 
dynode voltage for the photocell In response to any deviation of 
tho it -X) difference from 1 V Is measured by the closure of the 
it - D switch (MB - 82) 


420f gli 



I Ig 2 Spsctnim of anaerobic spermatid Trace A rcpnscnls the 
difference of nbsorhancy between tho RtUntcm and the adjoin 
Ing free space Trace J) represents the difference lictwcen the 
cj toplasm of tho cell and the adjacent free space Tho recording 
Is on a linear wave length scale (UV - 1) 


Spermatid preparations were made from mature 
grasshoppers bv Belar’s motliod 8 The cells were 
confined botwcon a slide and covorshp suspended 
m about 3 gl of buffer Aorobic conditions were 
obtained in glucoso-frco suspensions for approxi- 
mate]} IVlir observation Thereafter coll rospimlion 
exhausted tho ov}gon and the mntorial contained m 
tho suspension became anaerobic By this simple 
inolliod it was possiblo to obtain, m one experiment 
on a single Nebenkem, spectra corresponding to tho 
oxidized and reduced forms of tho cytochromes If 
glucose was added to tho buffer, anaerobic conditions 
were attained a fow minutes after preparation. The 
anacrobiosis was monitored by flic inclusion of some 
human erythrocytes under tho coiershp, and tho 
timo of anacrobiosis was checked from measurements 
of the characteristic shift of the birmoglobin nbsorp 
tion bands 4 

Fig 2 rIiowb two traces obtained from a smglo 
anaerobic spermatid in a preparation treated with 
glucose Curve A illustrates tho absorbance of tho 
N chcnkcm measured with respect to tho surrounding 
freo spaco , curio B records tho absorbance of the 
cytoplasm of the spermatid, also with rcspoct to the 
surrounding freo spneo Tho Nebenkem shows an 
absorption maximum at 420 mg with a distinctno 
shouldor at 434 mg 

Observations of the Nebenkem m a glucoso-freo 
suspension 70 mm after closing tho preparation 
with a covorshp show a singlo peak at approxi- 
mately 413 mg, such ns tlmt shown in Fig 3 Olhei 
experiments m which tlio spormatid respiration was 
mhibitod by iodoacotato show, for a considerable 
interval, the smglo peak characteristic of tho cyto- 
chromes, mainly m tho oxidized state 

Tho measurement of tho Nebenkem undor aerobic 
or anaerobic conditions invariably gnos elenr Soret 
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peaks 413 mp for aerobic conditions and 430 and 
434 n»p for anaerobic conditions These are almost 
ident ical with the theoretical composite curves 
( nm true tod from the known spectra of rod u cod or 
oxidized cytochromes a, a, 6, and c mixed on an 
approximately equimolar basis Preliminary attempts 
have been made to examine the alpha bands of the 
o\ tochrornets, but inadequate sensitivity is available 
with tho light intensity, photosensitivity and response 
tunes used at present Hawover so mo encouraging 
preliminary results have boon ob tamed with hv er cells, 
ns doecribod in tho third communication of this senes 
The curves of cytoplasm or nucleus versus free space 
aro mono tome functions which may show a systematic 
donation corresponding to about 2x10 3 optical 
density units per 100 m(i chan go of wave length 
The direction of the shift is variable and depends upon 
the combination of instrumental error and differences 
of light scattering in the specimen 

Errors due to the motion of the cell can be 
readily observed and precautions ore taken to record 
only those colls which are immobilized at the gloss 
surface by surface tension or aro entangled in the 
tails of mature sperm Tho error due to motion can 
bo negligible undor favourable conditions compared 
to tho intrinsic noise of the spectrophotometer Tho 
a\orage reproducibility for several curves is approx i 
mately 3 x 10~* optical density unite. 

Tho remarkable absorption of tho Neb&nkem and 
tho lack of any significant absorption, m this wave 
length range, of the cytoplasm give direct support 
to the current idea that the bulk of tho respiratory' 
aofcivity is associated with the mitochondrial bodies 
Tho experiments reported hero show that the Nehsn 
lent contains in vivo at least 60 times more evto 


chromes per unit volume then any other comparable 
part of the coll 

An estimate of tho concentration of oytoohromo in 
the single Nebcnlem based upon these data (A O.D 
at 425-430 mg **= 8 x 10~ a ), an extinction coefficient 
of reduced cytochrome b of 100 cm.” 1 mAf- 1 and an 
estimate of 60 per cent contribution of cytochrome 
b to this peak, gives an effective concentration 
of 36 pinoles per litre over a 7 5p* volumo of fbo 
NrfienXent Assuming equimolar amounts of the four 
principal cytochromes, tho total ovtochromo concen 
tration is 144 pinoles per litro or about 10* molecules 
per p* If tho difference of optical density is expressed 
m terms of the amount of cytochrome b m a 7 5-p* 
volumo, ono obtains 6 x 10 _1 * mole or 30 000 molecules 
Since the signal to noise ratio is about 60 1, the 
error in detection corresponds to lO -1 * mole or 0,000 
molecules This value compares vory favourable 
with that obtained by any other method for tho 
determination of tho amount of an enzyme concen 
tration t n vtvo 

This investigation was supported m part by grants 
from the National Science Foundation the UJ3 
Office of Naval Research, and tho 8wodish Medical 
Research Council 
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Fluorescence Measurements of Mitochondrial Pyridine Nucleotide in 
Aerobiosls and Anaeroblosfs 

By Prof BRITTON CHANCE 

Johnjon Reve*rch Foundation Unbenlty of Penruylvznla Philadelphia Pennsylvania 

AND 

Dr. Bo THORELL 

Department of Pathology Karollnska Institute, Stockholm 


S PECTROSCOPIC observations of the largo pyrid 
ino nuclootide content of isolated mitochondria 1 
uere recently supplemented by tho demonstration of 
the. intensified and shifted fluorescence of this sub 
stanoe in mitochondria* Those results direct atton 
tion to tho possibility of a oloso relationship between 
tho blue autofluoroscenoe of tho living colls and that 
of tho reduced pyrid ino nucleotide component of 
the mitochondria 1 -* Tins communication, deeanbes 
photoolootno measurements of fluorescence of mito 
chondrml bodies in tho grasshopper spermatocyte 
The localization of bluo fluorescence m mitochondrial 
aggregates has been demonstrated, and quantitative 
moasuremonts of tho kinetics of changes in response 
to aerobiosis and an aerobiosls liavo been mndo A 
comparison of tho fluorescence of mitochondrial 
aggregates and tho neighbouring oy to plasm during 
this change from aerobiosis to anaerobiosis may load 
to a much clearer understanding of tho dynamics of 
interaction of tho cytoplasmic and mitochondrial 
pyridine nuolootido in vito While tho present toch 
nlquc has boon apphod only to colls showing largo 
mitocliondnal aggregates tho excellent performance! 
obtained undor these conditions may allow the study 


of much smaller numbers of mitochondria Tho 
combination of this instrument for measuring the 
mitochondrial pyndino nucleotido Mith that of a 
sensitive microspoctrophotometcr (boo procoding com 
mumcatlon) for tho study of tho cytochromes may 
provide a now method for following metabolic changes 
in oytologically defined parts of tho living cell 

The 1,000 watt All ft morcury arc illumination was 
filtered by moons of a water coolod Coming 584 
filter (Marshall, personal communication), and by 
an ‘EppondorT 300 mp multi component filter 
Dark field cardioid illumination of the sample was 
observed through a 100 x adjustable aperture lens 
set at N.A — 1 00 and a 10 X ocular A 00 c /s 
vibrating diaphragm 7 with nn effective 5 p nperturo 
sweeps through an efTocth o distance of 15p and 
allows comparison of the intensity of fluorescent 
portions of tho coll and the adjacent free space bv 
means of an electron multiplier photocell The 
intensity of tho a c -oporat rd mercury lamp reaches 
a maximum at tho excursions of tlio vibrating dm 
phrogm (eco Fig 1) Simultaneous^ 
switch oommumailofl signals to a „r 

to that the d.fTcrcnce of tho Inten.Itfo- at the pook- of 
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Ftp 1 "Wave-form diagram Indicating the time relations of the 
light Intensity photocurrent, and snitch closure for the mlcro- 
fluorlmotor The top line represents the time variation of (he 
intensity of the mcrcurt arc lamp The modulation frctpitnev 
is 120 c /s , and the amplitude ot modulation Is nearly 1O0 per 
cent The second rente form Is that of the pliotocurrcnt alter 
electron amplification (An Increase of current Is Indicated l>> 
a downward deflexion ) This hare-form Is In response to a 
fluorescent object In the M position of the aperture, and the sur 
rounding froe spneo In the if aperture , the distance bctuccn M 
and R is approximately 15// As Indicated at the bottom of the 
trace, the closure of a synchronized mcelianlcal switch Is eo 
Incident with the penb of the Aland it ware forms The electronic 
circuit measures the difference between the amplitudes of the 
pliotocurrcnt at the M and it Intennis (Ml) -83) 


the excursions of the diaphragm arc recorded by a 
millivoltmeter, the sensitivity of winch is 1 mV for 
10~ 18 amp of primary photocurrent Tho average 
signal from the mitochondrial aggregate or Ncbcnkcrn 
(4 X lO -18 amp ) gtvos a signal -to-noiso ratio of 
the order of 30 1 with a time constant of about 
2 sec 

Localization of fluorescence in giasshoppcr spcrmatul 
Ftg 2a represents recordings of fluorescence intensity 
as a function of tune for two positions of tho measur- 
ing aperture w ith respect to tho cell At the loft of 
the graph, the abrupt downward deflexion of tho 
trace indicates opening of tho photocell shutter and 
the maximal downward deflexion corresponds to the 
intensity of fluorescence of tho Ncbcnkcrn measured 
with respect to the free space surrounding the cell 
By an adjustment of the air pressure on the movable 
stage 8 tho cell is movod so that one aporture coincides 
with the cytoplasm Here a 50 per cont diminution 
of the intensity is noted Tho specimen (moved a 
distance of about 5g) is thon returned to its initial 
position so that the Nebenkem again coincides with 
the aperture, and the previous value of fluorescence 
intensity is obtamed The record ends wuth the 
closing of the shutter In this way the fluoresconco 
intensities of different portions of the cell can bo 
scanned A schematic diagram of such a study 
(Fig 26) indicates intensity measurements corro 
sponding to tho free space, cytoplasm, and Ncbcnkcrn , 
the width of the rectangles corresponding to tho 
half-power response of the measuring aporture 
Those results suggest that the fluorescence of tho 
cell is highly localized m the Nebenkem body 

The study of many anaerobic spermatids having 
Nebenkem indicates that the ratio of tho fluorescence 
signal of the A ebenkem to that of the cytoplasm vanes 
from a minimum of 1 7 1 to a maximum of 6 1 
the average for ten cells being 3 3 1 The variation 
of these values may be due to a number of factors , 
for example, the position of the Nebenkem or the 
thickness of the cytoplasm in which a measurement 
is being made or the metabolic state of the spermatid 
A significantly higher fluorescence has been observed 
m the nucleus than in tlie cytoplasm, values ranging 
as high as 2 1 However, the biochemical signi- 

ficance of fluorescence other than that of the Neben- 


kern requires studies of its biochomical response to 
different oxidalion-icdtiction conditions ns described 
below 

Biochemical response of the intcnsitg of fluorescence 
In order to subject tho Nebenkem of tho living coll to 
a molabolie change which would specifically idontifi 
its fluorescence with that of mitochondrial reduced 
pyridine nucloolido of tho respiratory chain, wo hau 
followed its tnno courso in tho transition from am 
biosis to annoiobiosis (heo Fig 3) As described m the 
preceding communication, glucose freo spermatids 
will exhaust tho oxygen undoi a covorslip m about 
90 nun In tho mierofluorimelor, u covershp of smaller 
diameter and a smaller liquid \olumo arc used It 
is calculated that nnnerobiosis can bo expected m 
about 40 mm The right band portion of Fig 3 
(open circles) shows tho fluorescence as n function 
of the tune after excluding air from tho preparation 
'Die fluoresconco of tho Ncbcnkcrn rises slowlv for 
40 mm and thon abruptly until a total of 00 mm 
has elapsed Thereafter, the fluorescence of the 
Ncbcnkcrn is constant Measurements of the eyto 
plnsmic fluoresconco (solid circles) indicate no rise of 
fluoresconco over tho 90 nun interval and there is 
somo indication of a slight decrcnso In order to 
ax oid prolonged ultra-violet radiation of a particular 
cell, three cells wore studied m tho course of the 
experiment and they are identified by the numbers 
along the abscissa In order to dimmish instrumental 
error and any' difforonces botween tho cells which 
might contribute nn error to tho right hand portion 
of tho figuro, tho results nio plotted m tho left-hand 
portion m terms of tho ratio of tho Ncbcnkcrn fluor- 
esconco to tho cyrtoplasnnc fluoresconco ; it is seen 
that tho fluoroscenco mcreasos slowly for tho first 
40 mm , and thon rises nbrujitlv between 40 and 
55 mm to roach a plateau which is maintained there- 
after Tins behaviour is characteristic of tho transition 
from tho oxidized to tho reduced stato of mito- 
chondrial pywidino nuclootido in tho transition from 
aorobiosis to nnnoi obiosis 1 -* * 
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Hr 2 a An oxnmplo or the measurement of the iluorcscenec 

Intensity of two portions of the grasshopper spermatid under 
anaerobic conditions The phototubo shutter Is opened nnu 
closed at tho points labelled 'on and ‘ofT’ The time scale runs 
from loft to right , tho initial reading Is mndc with tho measuring 
m,, l the reference aperture nn the 
8 H^n Vn The specimen Is then ruoecd 6// bj means 

blato, after which the tracing records the 
!! n a Sii °C (,1 ° cytoplasm (C'l -i’.S) The specimen 

s t olnied tU TUA 0 t Position (Xh-VS) nnd tho shuttor 

olosed The scale indicate* tho prlmnn photo current 

Fig 2 b Scan or iiLaIII)'' Per 5 scale dh lalons) (025n) 
ffncrmatld Tho ppIMu*™" 00 ^ n c . n f lc8 Mincroblc prnwhopper 
Sureto mennsn/fhA 0 n Cll n"; lth res P cc ‘- to the measurement 
c/ioscn with the mensuremcjft ajVrlurT^ flatc and positions arc 
plasm, nnd A/Mrn 'CmTu™,”" * hc frco "race eyto 
the i 0/ . position on\le C °sl&{ ! i r„ 1 !,^r™ r S) n " 
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Tig- a. Tlmtvcoui^ of tho fluorescence ctun B e* of tho \ tUrOrr* (open circle*) and the 
enopttsm (Mild cirde*) of a orantuwer ipcrmitld during the aerobic-anaerobic tratni 
(ion. On the right .the Independent determination* In the crtopU*m and on the tteUnHr* 
arc plotted on tho left the ratloi of the two meaaarrmant* The abrupt dlreoDtlnoltr 
at 46 min correspond* to the expected time Tor the exhanjtlon nf oxynen under the cover 
• Up Tho number* adjacent to the circle* refer to the cell which la under obsemtlon 

6) 


Those results appoar to identify the tfcbtnkem 
fluorescence with that of reduced pyndlno nucleotfdo 
If we assume that tho cytoplasmic fluorosconco is 
also duo to pyridino nucleotide, these results suggest 
that there fa no rapid clumgo of the oxidation 
reduction state of oytoplasraio pyridine nucleotide 
of tho grosahoppor spermatid associated with the 
aerobic-anaerobic transition 

Studies of other cells Cells whioh do not show 
a distinctive localization of mitochondria as does 
the grasshopper spermatid, do not permit a dis 
t motion between cytoplasmic and mitocliondrial 
fluorescence However, in tho anaerobic state the 
greater fluorescence of mitochondrial materia! would 
lead at least to a preponderance of mitochondrial 
effects For example, observations of tho effects 
of tho transition from nor obi os ia to (macrobiosis 
can be observed by measurements of the brighter 
portions in tho cytoplasm of aeoites tumour cells 
In those cells tho fluorescence is constant for 
about 10 mm , rises for on interval of 10 ram and 
then remains approximately constant (Fig 4) A 
comparison of this graph with the right hand portion 
of Fig 3 (open circles) shows that tho percentage 
increase is considerably lc*s for a cell in which both 
cvtoplosmio and mitochondrial fluorescences are 
summed fn fact a curve similar to that of Fig 4 
can readily be constructed from the results of Fig 3 
if one plots tho mini of mitochondrial and cyto 
plasmio fluorescence as a function of time 


CqieukiM , 
for-H 
Anaerobtotb 


TIT 

time (mW 


yisr 4 Tbtte-coawr of tho Raorttcrnct rh*Bpe* of an «*dte* 
tumour cell during the aeroblo-atueroblc tradition Thr 
recording It Uk*n from *rh»t *ppwr* to be a mitochondrial apgrt 
colt In the cytoplasm of the cell 'Calculated time for anaeru 
Moil* rtpmcttU the number of minute* It tbooM hare taken 
tho tuiperulon to become anaerobic If the retpltatorr rate 
meawred In the bulk ph*» e T » ,ld foT microscopic wmple 
(OOfta) 

It would appear thcroforo that in spito of tho 
inferior localization obtained with tho ascites tumour 
cells substantially tho snmo results arc obtained fn 
the aerobic-on no robio transition Similar results 
have been obtained for pontaplold \cftst cells, and 
preliminary studies of tho application of tins method 
to the kinotica of transfer of mitochondrial material 
from tho mother to tho dnughtor coll in budding > cast 
Iifv\o boon mado 


Discussion Tho hluo autofluor 
©sconce of living colls and tissues has 
been indirectly asaacintod with imto 
chondml bo<hos b\ SjCstrand*, who 
has studied m detail tho fluorosconco 
characteristics of thiamin and frozen 
dry sections of axons and of nbo 
flavin in acid treated groups of 
kidnev colls (Sj&strnnd, nnpublisbod 
work) However no detailed in 
vestigations of tho fluorosconco of 
the living tissue were possible duo to 
its relatively lower intensity Indo 
pendent developments in the studv 
of fluorosconco of solutions of re 
ducod pyridine nuclcotido by Boyer 
and Theoroll 4 and bv Huyscns and Kronenbcrg* 
liave shown a characteristic shift and an enhance 
mont of this fluorescence m tho presence of enzymic© 
which will bind tho coenzymo The peak of this 
fluorescence is approximately 443 mp. Duysons and 
Amcsz* have recorded a similar fluorescence in sun 
pensions of yeast cells Spectroscopic observations of 
the high content of pvndino nuclcotido in isolatod 
mitochondria 1 • havo led to a studv of their fluor 
eeconce* Hero again a maximum at 443 mp is oh 
tamed suggesting that the reduced pvridino nuoleo 
tide of tho mitochondria is m a bound form, and there 
fore that tho blue nulofluoresecnce of mitochondria 
of living cells may woll bo associated with its bound 
reduced pyndmo nuclcotido Tho experiments 
reported hero vorify tho localization of a fluorosconco 
characteristic of reduced pyridine nucleotide in tho 
mitoohondrinl aggregate of the grasshopper spermatid 
and also show that it has excitation and emission 
cl laract eristics which aro not inconsistent with those 
of reduced pyridine nucleotide However, tho fol 
lowing kinetic data givo the most direct support for 
this supposition 

First the change of fluorescence in tho grasshopper 
spermatid occurs at the time expected for nnnero 
biosia In view of tho calculated respimtorv nctivitv 
of the cells Second, tho change of fluorescence is nn 
mercaso, as expected from studios of suspensions of 
mitochondria or intnot cells llmt w where increased 
reduction of pyridine nucleotide occurring in tho 
aerobic-anaerobic transition lends to increased floor 
osconco of intramitochondnal pyridino nucleotide 
Thirdly, tho fact that the hebmkem shows somo 
fluorescence in the aerobic state is consistent with 
tho observation of a partial reduction of pyridine 
nuclcotido m tho stcadv state of metabolism pro 
v idod subatrato is present Thus reduced, py ridme 
nuclcotido could readily account for neorlv all tbc 
fluorescence of tbo ^ rfernl ern This confirms obsorv a 
lions of suspensions of liver mitochondria in which 
complete oxidation of intramitochondnal pvndino 
nuolcotido removes tho bulk of fluorescence that is 
excited m tho wave length region 340-300 mg (ref 2) 
Tho fact that fluorescence of tho Nebenlcm is 
considerably' loan than that of the cytoplasm m tho 
aorobio cell and morcasce to a value considerably 
greater than in tho anaerobic cell is also significant 
Since pyndino nuclcotido is present m the cytoplasm 
and may woll be bound to dehydrogenases and hence 
have shifted and intensified fluorescence it appears 
reasonable to attribute tho cytoplasmic fluorescence 
at least in part, to this substance On this basis wo 
conclude that n cbnnp» m tbo ovldutlon irductton 
stnto of tho mitoohondrinl rori.Hno^n'io^ 
faotor >3 hM no nuwumMo rnoci j 



934 


VOL. 104 


NATURE 


the cytoplasm this is a demonstration m vivo of 
the phenomenon of impermeability of mitochondria 
to reduced pyridine nucleotide While this pheno- 
menon has been accepted on the basis of in vitro 
experiments 10 , the possibility existed that the 
impermeability of the mitochondrion may have been 
acquired during isolation, for example, by its envelop- 
ment m the endoplasmic reticulum (ref 11, also 
personal communication) Within the framework of 
the assumptions hero, wo can put forward ovidonco, 
at least, for the grasshopper spoimatid, of the un- 
roactivity of tho mitochondrial membrane to cyto- 
plasmic pyridine nuclootide in vivo This observation 
is of considerable importance in tho study of meta- 
bolic control and m tho dynamics of interaction of 
intracellular bodies 15 In cells tluit fad to show tho 
extent of mitochondrial aggregation observed m tho 
Nebenlern, wo are at present unnblo t-o give further 
data on this point 
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Absorbancy Measurements on Liver and Kidney Cells 


By Dr BO THORELL and Prof BRITTON CHANCE 

Department of Pathology, Karollnska Institute, Stockholm, and Johnson Research Foundation, 
University of Pennsylvania, Philadelphia, Pennsylvania 


I N the multicomponent reaction system of the living 
cell, the organization and spatial distribution of 
the different enzymes aro of fundamental importance 
During tho past decade, much data hate been 
obtained about the localization of enzymes in various 
cellular structures A further step towards a more 
integrated and physiologically adequate picture of 
the cell functions can be mado if these enzyme 
systems are studied in situ 

This communication reports tho localization and 
assay of respiratory enzymes (cytochromes) m areas 
of I 5g diameter m the cytoplasm of single, living 
rat liver and kidney cells under different external 
conditions as regards the oxygon tension, immoly, 
under aerobic and anaerobic states Tho analyses 
were made by recording tho specific light absorption 
(magnitude about 1 per cent) in the Soret w a\ o length 
region with tho highly sensitive inicrospoclrophoto- 
motor outlined m tho first communication of this 
group 

Single parenchyma colls from the liver or kidney- 
cortex of adult Wistar rats were teased out m a drop 


of Krebs-Ringer solution on a microscope slide with 
a small scalpel and a needle After a covorslip had 
been put on, the colls wore washed with a fow r 
drops of Krobs— Rmgor solution sucked through tho 
preparation by a piece of filter paper To obtain 
anaerobiosis, ethanol-treated, starved yeast cells 
were incorporated m the preparation prior to sealing 
w P ara ^ in wax around tho co\ orshp edges 

Without the yeast, aerobic conditions of tho colls were 
obtained for several hours The state of each prepare . 
tion was cheeked by measurement of tho hromo- 
glohm absorption bands in some added human 
erythrocytes 1 


Hie microspectrophotometer 13 descubod m detail 
elsewhere 1 The microscope optics were a 1 0 mm 
Grey reflecting water-immersion condenser and 
1 ONA objective A 3 5 x quartz ocular projected 
the imago via a vibrating mirror assembly 1 on to 
the photomultiplier aperture The location of the 
cell imago on tho light-receiving system was con- 
trolled by means of an interchangeable cross-hail 


The nrcas m tlio cell solccted for absorption measure- 
ments were 1 5g in diameter Tho ‘rofcrenco area’ 
in tho preparation was at n distnnco of 12;i from the 
measurement area and care was taken to choose as 
clear a space ns possible to provide ‘absolute’ spectra 
On tho light-absorption records obtained, nil 
empirical wa\o-lcnglli calibration was made bv 
tracing tlio 4] .Ting maximum of the erythrocyte 
oxyliiemoglobin with tho identical waio length 
scanning speed and timo constant as in the other 
measurements In tins way tho cj tocliromo nbsorp 
tion maxima could bo estimated within ±2 mg 
Figs la nnd b rIiow tj picnl seta of absorption curi es 
from points m tho cytoplasm ofsinglo liver and kidnoi 
colls, where tho nnnorobic state was ensured by the 
presence of respiring yeast cells In tho various 
curves three distinctive absorption maxima or 
‘shoulders’ appeal at 413, 423 and 445 mg 
If tho yeast, colls wore omitted and tho donsitv oi 
the rnt parenchyma colls was low enough to permit 
the aerobic state during several hours, the changes 
in the state of tho respiratory enzymes could >e 




i*nn<,rooic iivtr con c> toplnani Trace Ji represents a taso-llw 
(tree space \ ersua another Tree apace) The rccoelB arc on a linca 
... ,, 'em c length scnlo 

Absorption Bpectro from ndlnccnt sites (1-4) In thi 
ci toplasm or an anaerobic hldnej coll Tlio locations of tho foni 
different areas correspond approximately to the four arms of thi 
cross in tlio Inset diagram 
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Fig. 2- Spectra from an area of 1-5/* dlatnctex In a ItTcr<cn 
cy top bum during the aerobic (bottom record) and mbaeqnent 
anaerobic (top record) »tate* The iccond ipeetrmn vu recorded 
after an Interval of SO min during which the lurmoclobln ab*om- 
tlon of an adjacent human erythrocyte ahlfled at ihoirn by the 
two lefwntnd reccntU 

recorded within the samo, single cell Fig 3 shows 
such an experiment, in which the hromoglobin 
absorption of an adjacent erytlirocyte was also 
recorded The reduction of the rod cell hemoglobin 
which in this particular oxporiment preceded by 
about 20 min the absorption changes in tho intro 
cellular cytochromes Indicated that tho oxy Ron 
concentration m tho medium was lees tlum 20 x l O'* 
mole per litre 

The results show that absorption bonds of the 
luomoproteln typo can be obtained from small areas 
(d X 5p) m the single in toot mammalian cell Tho 
shift in tho absorption maxima which occurred parallel 
with changes in tho oxygon tension indicate** that tho 
specific absorptions are duo to respiratory enzymes 
The orders of magnitude of tho absorptions measured 
m tho single Jivor cell (about I per cent) are the same 
as can bo calculated theoretically for oytochromos* 4 
If tho spootra obtained from tho single intact colls 
are compared with the spectra of punftod oyto 
chromes tho mam peaks at 408o*. and 415^, 433rtd. 
and 445 red. will correspond to tho Soret absorption 
bands of cytochrome c, b and o respoctivoly 

Tho strlotly quantitative interpretation of the 
absorption spectra from such optically inhomo 
gonoous materials as liver and kidnoy colls fs more 
difficult than in tho cos© of the goomotnealh 


URE 

uniform (seo first communication) Tlio 

obviously multicomponent curves in Fig 16 were 
obtained within a very small optical cross sectional 
area (about 2x1 5p*) Tho different proportions of 
the components found at adjacent sitr« con bo 
explained either by tho presence of structures con 
turning varying proportions of cytochromes, or by 
changes m the layering of a few distinct structures 
along tho microspeotrophotomotrio light path through 
tho cell 

If the present tn vivo rrucrospectrophotomotnc 
results are compared with the data on enzyme din 
tnbution obtained from the bulk isolation of cellular 
components, so mo apparently contradictory pointR 
emergo The rather pronounced absorption band 
40 So*. -415^ in practically every port of tho liver 
cell cytoplasm indicates largo amounts of a cyto 
chromo unllko 6, Tho samo absorption bands are 
also present in tho largo portiolo free homogeneous 
cytoplasm! o area ( endoplasm ) of tho ultra-centri 
fuged but othorwiso intact liver coll* Cydocliromo 6* 
which can bo isolated from the 'microsomal U\ or cell 
fraction, has bands (413 0 *.-423rt<i.)* Different 
explanations for this chscropancy can bo put forward 
for example, that the isolated microsomal fraction 
might constitute only a minor port of tho ondoplasm 
and that a cytochromo might hnvo been lost during 
the isolation procedure Some support for tho oxist 
one© of a difference between tho spectral character 
of tho DPNH reduciblo pigmonts and Hint of tho 
isolated microtomes is emerging from studies of sub 
pons ions of liver colls (Clrnnco and Rutter unpub 
iisliod observations) In any ovont tho studios 
reported here underline tho importance of structural 
interpretations of absorption sjioctra obtainod micro 
spoctrophotomotncally from tlio higldv complox 
onzymo system of tlio living coil 

The mam conclusion omorging from tlio results 
described is that it is possiblo to analyso components 
of tlio respirator} system and to dofino tho metabolic 
stato of porta of tho singlo intact mammalian coll 

This research has boon supported by grants from 
the Swodiflh Modical Research Counoil the Nationnl 
Scicmco Foundation ami tho Ofilco of Nn\ nl Research 
1 TlKtrcll B ud Akrrmaa, L Lxp CV0 Rrtttrtk Strpp 4 83 (105") 

* Cb*n« T1 rerrr R. Akertnan L. wrd ThoirQ B Srt 

InMr 90 ” 35 ( 1050 ) 

* dunce B wxl WlBUnu 0 R. J BM Cjfca , 221 477 (10^<) 

4 Thorell B. Adr Blot Med. rhytlc*" 0 05 (19M) 

* Thorell B and Chance B Exp CtU Ut&mjk (In the pm*) 


CELL AND ORGAN CULTURE 

T ECHNIQUES of coll cultivation are being (HERT TIrsuo Culture Laboratory, University of 
increasingly applied in all fields of biological Glasgow) As Dr Paul oxplnmod tissuo culture renllv 
resonreb. Recent do\ olopments m tlioso motliods and began fifty voors ago with Dr Ross Harrison’s 
m thoir application to cancer research wore described domonstration that axons would grow out of nerve 

h\ four speakers at a session of Section I (Physiology Qolls cultivated on frog lymph. Although tho prm 

and Biochomistrv ) of tho recent British Association tuples of tho toclmlquo wore at that tunc clenrh 
mooting at- York Cell and organ culture techniques stated only a fow biologists followed up this work 
mako possiblo tho rapid proliferation of animal and with enthusiasm and success Ono of tho common 
human colls outside tlio body, and tlio maintenance objections to tissuo culture m its first years was that 
tn vitro of small organs or sections of organs m a tho cells whioh grow were 'neither ono thing nor 

healthy condition. It was appropriate Hint tho chair another When tissues wore oxplanted in a wn\ 

man on this occasion was Dr E N "VV 11 liner, ono of whioh encouraged Hio rapid multiplication of cells 
tho leading authorities on tissuo culture toclimquos tho organized pattern of tho organ was dostrmxMl am 
and research in tho United Kingdom. tho colls which appeared could only jf t }ic 

Tlio first paper was concornod with recent technical most cases as either fibroblast , or f <ir»vc! 

advances m coll culture and was givon by Dr J Paul ongfnal morpliologj wn* ^ n n<v 
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abnormal features and deteriorated too rnpidlv foi 
useful investigations to bo undertaken An outstand- 
ing achievement m the pionoer phase was tho demon- 
stration in Alexis Carrel’s laboratory that avian cells 
could bo induced to multiply mdofmitoly This 
particular cell strain lasted for thirty years — several 
time3 the lifespan of the foul — and only died out 
when there was no ono axailablo to keep up the 
loutmo feeding and sub-culturing 

Dr Paul described, xxith tho aid of oxcellont dia- 
grams, how tho mechanization of tho tochmquo during 
the past ten years had led to its increasmg uso m 
resoarcli laboratories and m tho pharmaceutical indus- 
try' Although tho hard work of developing correct 
procedures had been done before 1949, tho impetus 
for a rapid nd\ ance came from tho demonstration by 
Enders and his colleagues that poliomyelitis virus 
would multiply in cultures of non-nerxous origin 
Tins was followed by' tho successful uso of tiypsm 
for producing suspensions of living cells from body' 
tissues, a technical trick which made easier tho largo 
scale cultivation of cells Cultures of this typo grow 
m an unorganized manner, and they may, as occasion- 
ally happens, produeo permanent coll strains Cells 
cultured from tumour tissue also grow indefinitely, 
and these permanent strains of different origin are 
available to any' laboratory' for mx cstigations on their 
nutritional requirements and metabolism, and for 
virus and cancer research 

Such strains aro, of course, specially' adapt ed to 
grow m culture conditions and genetically', they' may 
form a most heterogeneous population Another 
technical advance which opened the wav to tho study 
of the genetics of somatic cells nos tho discoxery that 
single mammalian cells could bo mducod to multiply 
and form clones with distinctly e features This xxas 
first accomplished bv Dr Ka thermo Sanford at 
Bethesda, who developed an mgomous, although 
tedious, method of cultixating singlo colls within 
capillary tubes Easier mothods of cloning cells from 
permanent strains have since boon doxjscd, and the 
sublines are being used to study, for example, varia- 
tions in tho malignancy of cells and their response to 
irradiation 


Tho second paper in tho session bv Dr O A 
Trowell (Medical Research Council Radiobiological 
Unit, Harwell), was an entertaining account of the 
principles and practice of organ culture Tho aim of 
this technique is to preserve tho normal histology' and 
functioning of the organ cells outsido tho body' Its 


success largely' doponds upon suppressing tho out- 
growth of cells, the principle originally demonstrated 
by' Dr Honor Foil in tho cultivation of embryonic 
limb buds Dr Tiowell explained that tho business 
of physiology' is to find out how tho animal body 
works and that the logical approach is to study' the 
different organs one at a tune This can bo dono either 
py observing tho behaviour of the organ m tho intact 
animal in various states of bodily activity or bv 
cutting tho organ out of tho body and studying its 
behaviour and capabdities under artificial but com- 
pletely controlled conditions These approaches arc 
complementary, and Ins own choice was to study the 
isolated organ in vitro The outcome of this approach 
depended upon keeping the tissue alive as long as 
possible, sines there are many physiological ant 
pathological responses of organs which take sex ora 
day's to develop Dr Trowell had, therefore, set oul 


to study systematically the conditions which would 


maintain organ tissue in a healthy condition for a 
week or more 


'Dio diffusion of oxvgen and nutrients mto all tho 
colls of tho organ culluro can only' bo ensured by using 
tmy' organs 2 mm m diamotcr, such os pituitary, 
thymoid, adrenal, ovary and Jvmph nodes of rats nn>l 
mice With lnrgor organs, it is necessary to cut ofl 
2 mm sections of tissue Cult i\ ntion by immersion o! 
the tissue in tho medium proved unsuccessful betnuv 
of the low solubility' of oxygon, and efficient stirrim 
of the medium onlv increased cellular damage Tb 
oxygenation problem is solved by' allowing the organ 
cultures to project mto tho gas phase Tho tissue-, 
aro, consequently', supported on a stainless steel 
gild, coxercd with fino tissue paper which is lex el 
with tho surface of tho medium Tho grid, in its 
shallow dish, is kept in on atmosphero of oxygen at 
body temperature inside a sterilo aluminium con 
tamer With this apparatus, many' organs can be 
kept nine for ns long as nine days, each 1 m square 
grid can carry’ up to twenty cultures, and tho medium 
can bo suckod off and roplncod without disturbing 
tho tissues Culture conditions nro completely 
standardized by tho use of a chemically defined 
medium 

Larger organ cultures would be mi ady outage, and 
Dr Trowell hopes tonchiovo this by using tissue from 
horsos and cows winch haxo ‘built into’ their rolls a 
much loxyor oxygon consumption and metabolism 
than is found m the colls from rats and nueo Cultures 
of cow tissue bax’o showm that this is a feasible way of 
oyercoming tho limiting effect of oxygen diffusion 
By' adopting a ‘mixed grill’ technique, different organs, 
for oxnmplc, endocrine organs and their target tissues 
can lie cultured in tho same xe«sol, and tliojr histology 
can be correlated with metabolic effects rexealed by 
the changing composition of tho medium 

Tho two remaining papers yyero concerned with the 
application of cell and organ culture in cancer research 
Scientists and laymien xyJio aro still not cominced of 
tho connexion bet xy eon lung cancer and cigarette 
smoking nsk for direct proof of tho causal relation- 
slup For tho most sceptical, it is not sufficient to 
show, as has been dono, that cigarette tar and the 
carcinogens it contains produeo tumours m experi- 
mental animals , tho only' acceptable proof is that 
they' mduco malignancy' m human lung cells The 
organ culturo teclmiquo used bv Dr Use Lasmtski 
(Strangeways Research Laboratory', Cambridge) pro- 
x ides tho most dirocf experimental approach possible 

Dr Lasmtski described )io\y slio prepared lung cultures 

from human foetal tissuo and how the explants would, 
under normal conditions, shoxx the characteristic forma- 
tion of bronchioli in utro Tho normal histology of 


these lung cultures and tlio abnormal changes pro 
duccd by 3,4 benzpyrene and three tyqios of cigarette 
smoko condensate in tho medium wore beautifully' 
illustrated by' microphot ogroplis of stained sections 
of tho tissuo T\xo or throe days of oxposuro to 
tho carcinogon stimulated dix’ision of tho epithelial 
cells, and in some soctions takon from oultures about 
tliroo weeks later coll proliferation had completely' 
obliterated tho lumon of tho bronchioli During the 


early' stages tho normal ciliary' and secrotory' activity' 
of tho epithelium w r os intensified by' the carcinogen, 
but later tho colls lost tho characteristic features 
°u ^ )ronc ^ lla l epithelium Occasionally', cells with 
abnormal mitotic cliromosomes woro found xn tho 
treated cultures Dr Lasmtski mado it clear that 
loro is, as yet, no proof that cancerous cells had 
oeen produced m thoso experiments The changes 
observed might be procancerous, but proof of malig- 
nancy would only bo obtained if treated cultures 
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would produce tumour like growth after hetoro 
transplantation Into experimental animals 

Tho usefulness of organ culture was further ill us 
t rated by I>r LaamtaM'a research on another form 
< »f con cor Malignancy of tho prostate gland in men 
i-' one of tlie hazards of old age and it is of particular 
interest to the investigator that this typo of cancer 
( on temporarily be controlled by treatment with 
fomale sex hormone s Cultures of mouso prostate 
gland we to oxposod to a chomical carcinogen, this 
time 20 methyloholanthreno and again the epithelium 
of tho aheoh became hyperplastic and produced a 
histology similar to that of skin Dividing cells with 
polyploid chromosomes wero frequently soon in tho 
cultures As in cases of human tumours, tho coll 
proliferation was dependent upon tho hormone, since 
the hyperplastic action of the carcinogen was abolished 
bj the presence of cestrono m the medium and pro 
servod by the male hormone, testosterone Dr 
Laamtski concluded by describing briefly uiveetiga 
tions on the metabolism of those cultures Auto 
radiographic studies, undertaken with Dr 8 R Pelo, 
showed tlrnt tho carcinogen stimulated deoxynbo 
nucloio acid synthesis in the epithelial cells but 
inhibited dooxyribonuoleio aoid synthoeia by fibre 
bloats oftor 2-8 days treatment Amino-acid uptake 
from the medium was investigated in collaboration 
with Dr J A Luoy and it was found that leuoino 
and xso loueme wore well utilized by normal and 
treated cultures However tho uptake of arginine 
associated with normal cultures was decreased after 
a period of exposure to rnotliylcholanthrone 

In the fourth paper Dr I Leslie (Department of 
Biochemistry Queen’s University, Belfast) described 
tho search for motabolic features wluch distinguish 
normal and cancer cells, and tho opportunities pro 
vided b> cell culture for tackling this problom Throo 
coll types are being studied in Belfast. Normal colls 
are represented bj short-term cultures of human 
fcetal tissues, and malignant cells by the HEP 1 
strain, derm od from a human carcinoma at tho Sloan 
Kettering Institute Tor C oncer Research, Now York. 
Tho HEM strain came from liver cell cultures pre- 
pared from a human foetus in 1060 Unlike tho other 
cells grown from this foetus, tho HLbl cells grow 
indefinitely m culture and, in this roe poet they 
resemble the HEP 1 carcinoma colla. Tills 'trnna 
formation of normal cells to an apparently 'immortal’ 
form is not uncommon m coll culture and tho process 
is open to investigation. It is important to find how 
far transformed cells resemble cancer cells and how 
far they rotmn the properties of tho parent colls The 
way m which those colls dorivo their energy from 
ghicoso was investigated in 1050 in collaboration 


with Drs W 0 Fulton and R Sinclair According 
to Warburg b original concept the unique propert} 
of malignant colls is thoir ability to grow by means 
of the energy of fermontation, that is to say, tho 
onzymio conversion of glucoeo to lactio acid During 
proliferation in cell cultures, however, tho normal 
(foetal) cells showed more intensive fermentation than 
the carcinoma or tho transformed HLM cells Other 
investigators haw reported similar results, and 
Warburg b recent studies on monolayer cultures of 
monkey kidney colla have caused him to change 
fundamentally his empliasis on fermentation ns the 
essential feature of mnhgnontrv 

Tho explanation of cancer has therefore to bo 
sought elsewhere in the metabolism of tho cell Since 
1963 when Watson and Crick first described tho 
deoxyribonucleic acid moleculo and its process of 
replication, knowledge of cellular physiology has been 
progressing rapidly As a working basis, Dr Leslio 
suggested that cancer metabolism con bo defined in 
terms of tho biochemical o\ onta wluch lead to the con 
turned replication of dooxyribonuoleic acid and wluoh 
are out of control of the normal restraints imposed 
by the adult organism It is necessary to study the 
motabolic events leading to dooxyribonucleic acid 
synthesis and to find which are essentially different 
in normal and cancer colls 

Four possible dofects in cancer colls wore discussed 
and illustrated by observations on cell cultures The 
dofects were abnormal cliromosomes producing 
modified coll proteins tho channelling of compounds 
into the synthesis of nuoleio acids , tho doletion of 
enzymes controlling tho degradation of nuoloic acids 
and proteins and tlio loss of control over growth 
because of the altorod response of cancer colls to 
hormones Evidence for onzymo deletion n» n \ital 
defect has come prmoipallj from biochemical imosti 
gations on liver tumours at tho MoArdlo Memorial 
.Laboratory, Madison, and tho Montreal Concur 
Institute Now tho absonco of xantlnno oxidaso and 
arginaso in both transformed and carcinoma cells 
is an examplo of this type of dofoct m permanent cell 
strains The failure of tho HEP 1 colls of conical 
origin to respond to cestradiol (although tho> re 
spond to insulin) is possibly linked to tho recent 
(bscovcmos bj American groups tlrnt cestradiol is tho 
co factor for a transhj dregonaso system, and that 
this onzymo is much reduced in certain tumours It 
would howm or, bo wrong to suppose that thoro is ono 
vital dofect common to all tumours Tho encouraging 
features of current research are that tho koj problems 
in tumour metabolism can bo oloarly specified and tlrnt 
tho teclmiquos for solving thorn are avadablo 

I Lksiue 


OBITUARY 


Prof F S Bodenhefmer 
Fuepeuick Simo> BoDEnirrMFU, who died in a 
London hospital on October 4 from internal com 
plications after a successful o>o operation, was born 
m Cologne on Juno 0 1897, son of Mnx Bodenhoimor, 
ono of tho founders of tho Zionist movement Ar a 
schoolboj, ho was attracted to biology but wn« per 
minded to study medicmo which offered a more 
certain future, at Frankfurt and Bonn Hia mam 
interest was howo\ ct, still in zoology, and ho obtained 
Ids PhD at Bonn m 1921 with tho intention of 


gecialrzing in cmtomologN and going to Palestine to 
.ork there Ho studied at tho School of Agriculture 
n. Goisonhmm and after spending half a voar at 
’ortici with Silvostn and Grandi, accepted an 
ppointmont as entomologist in tho now agricultural 
escarch station of tho Jewish Agencj at Tol A\ n » 
Oiero ho workod during 1922-28 
His studies during that period wero coiwHtrotw* 
tn economic ontomolog} but Mb 

‘Dio Bel ittdl mgsfrtuna ( inoxlumn Iblo 

nterestR ware wider and his enow so 
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that he succeeded, at the same time, m producing 
two volumes of the “Matenahon zur Goscluchto dor 
Entomologie” (1928-29) and m carrying out an 
expedition to the Sinai xnth Dr 0 Thoodor to settle 
the problem of the origin of manna, which proved to 
be the excretion of a eoccid ( Najacoccus scrpcntinvs) 
on tamarisk In 1928, ho was appointed a Research 
Follow, and m 1931 professor of zoology at tlio newly 
founded Hebrew Uimers tty at Jerusalem Tins 
opened a period of most fruitful research on a vat ictv 
of biological problems, resulting m a long soncs of 
publications, the total of which during his life 
exceeded four hundred, including a number of books , 
apart from tlioso already mentioned, ho published 
“Animal Lifo in Palestine” (1935), “Prodromus 
Faunae Palaestmao” (1937), “Problems of Animal 
Ecology” (1938), “Animals m tlio Bible Lands” 
(1949, 195G), “Citrus Entomology in tlio Middlo 
East” (1951), “Insects as Human Food” (1951), 
“The History of Biology” (1958), and “Animal Ecology 
To-day” (1958) His last book, just published, “A 
Biologist in Israel”, is an extensno autobiography, 
and, at the same time, as ho described it to mo, “a 
history of a generation of ecologists” 

Bodenlietmer travelled extcnsivclj , m 1931, after 
a term as a visiting professor at Minneapolis, ho went 
around the world, stopping where ho would , during 
1938-41 he was a i isitmg professor at Ankara and 
played a prominent part m developing entomological 
work in Turkey , m 1943 ho was ini ited to Iraq to 
study the locust problom there , m 1 955 he lectured 
m the Unn ersity of Durham on Canon H B Tristram 
and visited Finland , m I95G ho went to Austmlia 


NEWS an 

Chief Scientist of the Ministry of Supply 

Dr R Cockburn, C B , O B E 

Ok Octobor 1, Dr Robert Cockburn took up the 
post of chief scientist of the Ministry of Supply 
Cockburn gamed his first degree at the University of 
London when he was only nmeteen adding to it 
later both tho M Sc and the Ph D From 1930 lie 
taught science at tho West Ham Municipal College, 
and at the same time conducted research on the 
effects of electron transit time m very high-frequency 
oscillators, until, m 1937, ho joined tho Radio Depart- 
ment of the Royal Aircraft Establishment, Fam- 
borough, where ho was engaged m tho do\ elopment 
of a new very high-frequency communication system 
for the Royal Air Force From 1939 until 1045 
Cockburn was at tho Telecommunications Research 
Establishment, Malvern, where ho and his team 
developed and used radio counter-measures of all 
lands in the protection both of targets m Britain 
and British bombers operating ovor enemy territory 
For his outstanding work bo was apjxnntcd O B E 
m 1946 Ho spent a short period at Chalk Rivor and 
at Harwell, until in 1948 bo became scientific advisei 
to the Air Ministry He stayed there for five years, 
joining the Ministry of Supply in 1953, where he hns 
been successively responsible for research and forward 
thinking m all applications of electronics, for the 
organization of all the research and development 
programmes in this field, and since 1956, as con- 
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for a Unosco mooting on tho Climatology of And 
Zonos and look in South Africa cn route Whoroier 
ho wont, ho lost no opportunities of looming at first 
hand all that could bo learned of local biological 
problems and institutions and workers 

His mam hfo-mtorcst was animal ecology in the 
brondosf sonso His curlier published hooks on the 
subject did not recoi\ o sufficient recognition, since he 
had to write in English, which was not lim own 
language, and many of his original ideas havo been 
offered in a not cnsilv digestible form Moreover, he 
was necor easily satisfied with formal definitions of 
concepts and always searched for othoi than the 
accepted solut ions of such basic prohloms ns tho 
equilibrium in animal populations, animal com- 
munities, tho intcrnctionofonvironmont and heredity 
etc On mnnv of these points ho was ontspokonly 
critical of viowb of others, but his criticisms were 
always such as not to annoy, but to stimulnto 

As iui entomologist, Bodcnhcumer left a great 
heritage, but ho was also well known to mnmmalogisls 
for his studies on tho vole ( Microtus ) populations in 
Palestine, and beforo Ins dentil ho propared a rowsion 
of Canon Tristram’s work on tho mammals of 
Palestine 

IIis mam trn\ els and Ins deep interest in tho work 
of others hu\o made Bodonheimcr well known to a 
largo number of biologists nil over tho world and his 
early death will bo deeply regretted by’ many His 
wife Mrs Rachel Bodonheimcr, who accompanied 
him on many of his trmcls, mndo friends wherever 
sho wont Their many friends will share her feeling 
of loss B P Uvaroi 


d VIEWS 

trollor of guided weapons and electronics, for the 
whole field of research, do\ elopment nnd production 
of tlioso equipments 

Cockburn brings to his now post exceptional prac- 
tical know ledge of tho operational use nnd tccluncal 
requirements of systems that ho gamed m tho Second 
World War, tho intimate knowledge of tho Services 
that ho ncquned when at the Air Ministry, nnd tho in 
side Imowledge of the Ministry of Supply' gathered m 
tho tlireo senior appointments that ho hns nlrond\ 
hold thero He adds tlieso to his wide basic scientific 
Imowlcdge nnd his international standing and 
prostigo as a scientist who hns concentrated on tho 
special probleins of dofonco His appoint mont is 
warmly welcomed by his professional colleagues. 
Service nnd scientific, throughout tho many' circles 
m which ho is well known 

Engineering at Leicester . Prof E. W Parkes 

Dr E W Parkes has boon appointed to tho now 
chair of engineering in tho University of Leicester 
Dr Parkos was bom at Sutton Coldfiold m 192G, nnd 
was educated at King Edward’s School and St 
John’s College, Cambridge, whoro ho gained first- 
class honours m the mochamcal scionccs tripos m 
1945 After leaving Cambridge, ho worked for a year 
at the Royal Aircraft Establishment and for tv o 
years with tho Hawkor Siddoloy group on tho design 
and testing of aircraft structures Ho returned to 
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Cambridge m 1948 to study the olasfcJc stresses in 
floured beams In I960 be was appointed University 
demonstrator and afterwards locturor He was elected 
mio a fellowship at Gonvdlo and Cams CoUogo in 
19 A and in 1957 was appointed tutor Dr Porkes’s 
main fields of roseoroh aro the inelastic dynamic 
behaviour of structures and the behaviour of struc 
turns subjected to tomporature vnnation Ho is 
particularly interested in repeated thermal loading 
phenomena such os incremental collapse under 
thermal cycling In the industrial fiold Dr Parkos 
has actod as consultant on the design of crano jibe, 
tall towers, bridges, boilers and vacuum \ ossols Ho 
has lectured on lua work on thermal stresses on a 
number of occasions in Denmark and Sweden and is 
evt present spending six montlis oa visiting professor 
at Stanford University California, working in the 
eamo fiold 

Highway and Traffic Engineering at Birmingham 

Prof J Kolbuszewskl 

Da J Kolbuszewski, who has been appointed 
to tho cliair of highway and tmffio engineering which 
lias recently boon established within the Department 
of Civil Engineering at the University of Birmingham, 
joined tho Univorsity os a lecturer in 1951, tho title 
of reader in sod mechanics being conferred on him 
m 1967 During tlie past three yearn ho has boon m 
charge of the Graduate School of Highway Engineer 
ing and tho Graduate School of Foundation Bngrn 
coring Original lv, Dr Kolbuazowski graduated from 
t)io Umvcruty of Lwow, where ho was afterwards ft 
locturor in civil engineering Ho nerved throughout 
tho Socond World War with tho Polish, French and 
British armies After tho War ho studied at tho 
Imperial College, London, where lie obtained his 
Fli D degreo Ho was ft member of the staff of the 
Polish University College, London, from 1940 to 
1050, joining aa a locturor and being promoted to 
professor and director of atudlee in 1947 

Dr KolbuBzewski’a research interests have boon 
principally con corn od with problems in soil m eel ionics 
and foundation engineering, and in particular, with 
problems arising in connexion with pressures under 
pavemonto and tho trofficabflity of boachos A few 
years ago he carried out some original experiments in 
tho Sahara Desert, when he obtainod eomo interesting 
information regarding the boar mg capacity of wind 
deposited sands 

Radiation Protection 

The occupational lmtards associated with radio 
active materials havo for a generation been under 
periodic review by the International Commission on 
Radiological Protection, which is a commission sot 
up by tho International Congress of Radiology and 
by national bodies In tlio United States this is tlio 
National Committee on Radiation Protootian, wluoh 
issued its latest report on Juno 6 (US Department 
of Commerce National Bureau of Standards 
Handbook 09 Maximum Permissible Body Burdens 
and Maximum Permissible Concentrations of Radio 
nuclides in Air and in Wator for Occupational 
Exposure Pp viil+05 Washington, D 0 Govern 
mont Printing Ofilco, 1950 36 cents) Tho ohnirman 
of tho sub -committee responsible for this report is 
also cliftirman of tho corresponding international 
committee It can therefore bo taken tliot this 
document ir in roanv respects a pro mew and 
abbreviated version of the corresponding recom 


mendntions of tho International Commission on 
Radiological Protection which nro now in press 
Previous figures for permissible body burdens of 
radios ctivo nuclides were given m 1953 Tho basis 
for recommendations concerning permissible exposure 
was revised, recently (Recommendations of tlio 
International Commission on Radiological Protection, 
September 0, 1058 Porgamon Press London, 1050) 
This lias led to corresponding revision to smaller per 
missiblo body burdens only for nuclides which result 
in irradiation to tho wholo body However, now 
biological data and improved methods of calculating 
physical doses have led to a complete re assess 
mont of values This has allowed permissible figures 
for some nuclides to l>o increased notablv twice 
as much strontium 00 a* before is now allowed At 
tho timo this produced a furore in the American 
daily press On strictly logical grounds tho 00 m 
mitt 00 could havo raised tho valuo fivo-fokl That it 
did not do so indicates that judgment and opinion 
as well as numbers havo boon used rather tlmn 
strict logic After all, the figures are not magical 
thoy are still capable of revision in tho light of further 
information and experience after a fhrthor quin 
quonnmm. 


International Council of Scientific Unions 
The flnnnoial statement of tho International 
Council of Scientific Unions for tho period November 
1, 1967, to December 31 1058 (pp 12 Tlio Haguo 
International Council of Soiontifio Unions, 1959) 
records an excess of expenditure over mcomo for tho- 
period of 1C 038 dollars, in spite of a further increase 
in tho mcomo from member unions to 2,852 dollars 
Tlio 07 428 dollars recta vod from national mombors 
during tho year includes 20 898 dollars representing 
annual duos previously in arreor Tlio incroaso in 
expenditure from 42,970 dollars in 1050-67 to 88 139 
dollars is attributed to tho increasing scientific 
activity of the Council tho higher costs of running 
tho Secretariat mainly duo to increased staff tho 
heavy costs of holding tho 1958 Gonoral Asscmblv 
and Mooting of tho Exocufcho Board m tho Urutod 
States and tlio establishment of a Secretariat m Tho 
Hague, opart from tho fact tlint running expenses 
are for fourteen months instead of tho normal twelve 
For the tnonnium 1950-01 tho eighth General 
Assembly adopted a budgot of 58 000 dollars per 
annum, and the Assombly also strongly endorsed the 
decision of tho Executive Board to establish cv 
capital fund 


University Foundation of Belgium 


DonTKO tho nen domic year 1967-G8 tho Univorsity 
Foundation of Belgium distributed subeidios totalling 
4 858,092 francs and 2 441,500 francs in awards for 
ordinarv studies Of tho latter, 1 040,600 francs wore 
at tho University of Louvain 718 000 francs at tho 
University of Ghont, 359,000 francs at tho Univorsitv 
of Brussels and 198,000 at tho University of Li6go 
Of the 107 awards 32 were in science, 4 in phnrmnoy t 
33 in modicino 1 in vctonnnrv medicine 3 m dontnl 


science 32 in engineering 4 in agronomy , 5 in 
political, social or administrative scionco, 6 in com 
mereial or ooonomio science or finance and 4 m 
appliod psychology and vocational guidance Ft\ e 
awards wore made for courses of study abroad >n- 
in Franco and ono m Switrorland Subsidies fj* *£ 

publication of Bclontifio trork* rmur* n-hlla 

Ws find to period lent, to 3 IKS OOO fmnr* 
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scientific associations received subsidies amounting 
to 000,000 fiancs The thirty-eighth annual report of 
the Foundation (Fondation Um\ oiaitanc Tionto- 
huitifeme Rnppoit Annuel, 1957-1958 Pp 148 
Bruxelles Fondation Umv ersitairo, 1959) which 
gives those figures, includes a list of beneficiaries 
during the year, as veil as sorao notes on institutions 
with winch the Foundation has connexions It also in- 
cludes a list of bursais for 1958-59 undor tho Belgian 
American Education Foundation, Inc, both in 
Belgium and in America Of tho 29,G51 university 
students enrolled m 1957-5S, 81 5 per cent wore mon 
and 18 5 pei cent women 11 35 per cent were m 
science, 25 33 por cent m medicine and phnimnev 
11 02 por cent in apphod scionce, 2 52 per cent in 
agronomy, 0 15 poi cent m social, political and 
econonuc science, and 13 10 per cont m comma cinl 
science Of 4,770 diplomns obtained m 1950-57, 030 
were in scionce, 1,035 in medicine and pharmacy, 
33 m veterinaij mcdicmo, 405 in applied sacnce, 
151 in agronomv 200 in social, political and ec onomit 
scienco, and G54 in commercial science 

Industrial Psychology Grant Increased 

The Department of Scientific and Industrial 
Research is to continue its annual grant to the 
Rational Institute of Industrial Psychology for a 
further five years Tho amount is to bo raised from 
£4,000 to £G,000 a vear, on tho understanding that 
tho Institute will meioaso to £9,000 a -sear its own 
income from membership subscriptions nnd special 
contributions for long-term research The Depait- 
ment of Scientific and Industrial Research is also to 
add another £100 a year for overy £100 of grant 
earning income which the Institute can obtain in 
excess of the qualifying £9,000 up to a maximum of 
another £G,000 a year This moans tlial if tho 
Institute can raise £15,000 a year from industry , the 
Government will give it £12,000 Tho grant nnd the 
grant-earning income hav o to bo put m a special fund 
and used only for long-term research Among rcseai ch 
projects now m tram aie an inquiry into workers’ 
attitudes to tho opportunities and row aids offorod bj 
their jobs, which max liavo a bearing on personnel 
policies , an investigation into tho relation botw eon 
satisfaction and efficiency on tho job , a study of 
industrial management structure and efficiency , nnd 
experiments on tests for manual skill Tho Institute 
has received many inquiries from industry rcconth 
about tho special tests it has dovised for selecting 
suitable school-leavers to be ongmeoung apprentices 

Australian Atomic Energy Commission Research 
Grants 

Reseauch grants totalling almost £28,000 have 
recently been awarded by the Australian Atomic 
Energy Commission in support of research under 
contract m seven Australian universities Fields 
covered include chemistry, physics, geology, mining, 
electrical, metallurgical and chemical engineering, 
and the biological sciences Tho grants lieu o been 
made foi work in fields winch will contribute to the 
Commission’s own work m developing civilian uses 
of atomic energy 

Alkali and Similar Works in Britain 

The ninety-fifth report of tho Chief Inspector on 
Alkali, etc , Works m England and Wales covering 
■the year 1958 notos an increase in the number of 
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works rcgistcicd under the Act from 872 at the 
ond of 1957 to 2,1 GO at tho end of 1058 It ako 
shows an meioaso in tho number of soparato pro 
cesses fiom 1,731 to 3,412 in coasequoneo of (he 
extensions of tho list of sclioduled works and of 
noxious or offensive gases under the Alkali, etc, 
Works Order, 1958 Many of tho now registration 
lolnto to very largo undei takings, particular!) at 
legnrdx tho non and stcol industry and tho newer 
electric powoi stations Tho result of tlicso increases 
is that tho staff of the insjiectomtc has boon increased, 
and it will now bo necessary to adjust the mternnl 
organization TJm 7,142 visits and inspections during 
tho \enr included 255 special \ isits by tho chiof nnd 
deput) chief inspectors and 32 by Mr W A Damon, 
tho formei chief insjiector, who continues to sene m 
a sjitcinl advisor)' capacity Sovornl visits wore again 
paid to establishments of tho Atomic Energj 
Authonti, and disi nssioas with tho Authority during 
1958 covered pioblems arising out of the nucloar 
power problem, particularly as regards tlio increased 
scale of ]iroce°smg uranium for uso ns a fuel and of 
irradiated uranium from tlio projected nuclear power 
installations Considerable interest has boon shown 
by local authorities- in clean air matters nnd m tho 
processes scheduled b> the 1058 Order, nnd friendl) 
and adequate liaison nnd co operation appear to 
havo boon established There wore twolvo infractions 
of pro- 1958 processes compared with sovontcon m 
195S, and of these, six related to escapes of neid 
gnsc3 m excess of statutory limits and six to failure 
to aso ‘best practicable means’ The Chief Inspector 
for Scotland reports 213 visits during tho venr, 
including 27 m connexion with the Alkali, etc , Works 
(Scotlancl) Order, 195S, mainlv about points of doubt 
in applications to register In the courso of 89 
chemical tests, throe infringements woro found, two 
in chninbor sulphuric acid plants, which appeared to 
bo quite inadvertent, and one at a plant for concen- 
trating sulphuric acid Two further infringements 
were noted during visual inspection of premise? 
registered for distillation of tar 

New Journal of Psychopharmacology 

Liteiiatuiif on ps)chophnrnmcologv has hitherto 
oifher appeared ns contributions to symposia, of 
winch the past vents havo soon cv or-incrcasmg 
numbers, or been scattered in tho ponodicnls of many 
disciplines, such ns psvcliology, psvcluntrv, physio 
log) r , biochoinistrv and pliniinncnlogv Psycho 
pharmacologia is a now’ journal aiming at finding ft 
smglo homo for tho investigations on tho effect of 
drugs on behaviour carried out b) workers with tho 
greatest vnriotv of training (Vol 1, Faso 1 Bp 
78 + 10 9 00 DM Maximal pras 1959, 40 DM 

Maximal-piois 1900, 80 DM Balm Sprmgci 

Yerlng, 1959) Thoro will bo somo overlap with the 
recently launched paiodicnl Biochemical Pharma 
oology as there will lie with tho Journal of Ncuro 
chemistry, but intoiost in this field lias boon so great 
in rocont yoars that ibc editors will oxjiorionco little 
difficultv in obtaining mnnusajpts of tbo lugbost 
stanclaid Papers w ill bo nccoptod m English, Fronch 
or Gorman Tho ndvisoiy bomd is recruited from 
■Western Em ope and Noitli Ameiica Tho first 
number contains a roviow nnd a numbor of original 
articles and makes interesting icaduig It is to bo 
hoped that psychopliaimacologists, whdo keeping up 
with their own discipline, will find time to rend yet 
anotlior integrating journal 
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Bird Paintings of the Eighteenth Century 
The Trustees of the British Museum have pub 
h4ied an account of “Some Eighteenth Century 
Bird Painting a in the Library of Sir Joseph Banka 
(1743-1820)’, by Averil Lysaglit (Bull Bnl Alua 
(Nai Htai ), Historical Series, 1 No 0 Pp 
251—371 -f plates 35-37 From the Museum 40« ) 
Tina collection, ultimately passing to tho British 
Museum, included the -work of various artiste 
accompanying Captain Cook on Ins three voyages 
These are of interest to svBtematists in that 
somo of tho drawings rank as the typos of the thon 
newly discovered species, the actual specimens 
having deteriorated or perished Tho record is of all 
the moTo value in that eomo of the species have 
meanwhile become greatly reduced m numbers and 
geographical incidence if not oxtinot Owing to the 
accidont that somo of the illustrations remained in 
Bloomsbury when others wore transferred to South 
Kensington. In 1880, these wore o\ or looked by 
Bowdler Sharpe and others Tho task of making a 
now assessment was originally suggested by the late 
Sir Norman Kmnear 

Microcard Adapter for Dagmar’ Microfilm Reader 
Tite Dutch 'Dagrruvr microfilm microfiche reader 
which was mtroduced into Great Britain in 1957, has 
proved itself to bo a good, cheap, porta bio reader with 
many'- attractive features It has boon made even 
more versatilo b^ tho addition of a micro card adapter 
This lias been developed in tho library of the Rian 
cheater Collego of Science and Technology and it is 
now boing manufactured for sale to others Anyone 
already owning a 'Dagmar eon effect the alteration 
necessary to take tho adapter in a few momenta A 
small holo has to bo cut m the front panel above the 
lens and a triangular casting bolted on. This takes 
the condensor system of the adaptor and positions 
tho illumination so that it shines down on to the 
microcard which is in the glass microfiche holder 
The adapter is being distributed by Trow 
Microfilming Ltd , 22 Park Lane Croydon at 
obont £19 

Museum of Applied Science, Victoria 
Those engaged m museum work ha\o oft on 
doplorcd tho name but ha\o failed to find an adequate 
substitute The Roport of the Museum of Applied 
bcicnce for tho year ended Juno 1958 states that tho 
Trust oos have unanimous!} recommended that tho 
term Institute shall replace ‘Museum’ and they 
trust that the necessary legislation to effect tho 
chango sliall be introduced It is folt that tho now 
titlo will indicato more oloorlv the present functions 
and activities ospocmUj as tho displays interpret tho 
rapid and continuing advances m applied science and 
toclinology Tho International Geophysical Year 
wns well publicized both bv means of spooinl displays 
and booklets 

Cancer Current Literature Index 

The Excorpta Modica Foundation, which has its 
main office in Amsterdam, pros idee a monthly com 
prelicnsivo scrips of abstracts on branches of modicmo, 
ono of which is de\ otod to cancer Tho August issue 
of tho cancer section is a sizoablo volume of 170 
pages containing noarly 000 abstracts Tho Foundft 
tion has now, m collaboration with tho U 8 Cancer 
Society , begun tho production of a still more con 


densod form of abstracts which consists only of title 
author and reference to publication the first 
number (September) is a guide to 300 papers dealing 
with different aspects of cancer research Tho aim of 
this publication, which has been made possiblo by a 
grant from the U S Cancer Societ\ , Inc , New York, 
is to provide a regular up to date index of tho 
bibliographical references to tho world 8 literature in 
tli© field of cancer The “Cancer Current Literature 
Indox’ will appear at intervals of tw o to three woeks 
Each yearh \oIume •will contain approxmmtch 
4,500 references from Romo 3 000 medical journal* 
published all over tho world, including tliose from 
tho USSR 


Cattle and Buffaloes of India 

About 20 per cant of tlie total number of cattlo in 
tho world exist m India, and while at jircscnt thm 
are raaihh used for draught purposes, thoir pot on 
tmlity at present but poorly developed for milk 
suppl} is great Improvement of these cattlo for nuik 
production would not only supply ono of tho main 
nutritional needs of tlie Indian peoples but also 
would impro\e tho economic position of tho peasant 
farmor by giving him the wocklj income which ho 
does not receive from crop farming alono One of tho 
stops towards on improvement is the IioJdmg of cattle 
showB for tho development of special broods A 
bulletin published b\ tho Indian Council of Agri 
cultural Research on “Bovmo Stars of India dlua 
t rates somo of tho Wd individual cattlo of different 
broods exhibited at four Rogional and tho AH India 
Cattle Shows in 1955 (Indian Council of Agricultural 
Research Misc Bulletin No 82 Pp i\ -*-29 Delhi 
Manager of Publications 1057 Rr 2 37 4* ) It is 

Rtatod tliat somo of tho cattle luuo boon given prizes 
foT being tho best milch typo but tlie nbscnco of am 
actual records of production to go wnth tho photo 
graplis is to bo rogrottod Stneo the buffnlois and 
native Zebu breeds of cattlo lm\o a high degree of 
hoot tolerance it is on their improvement ratlar than 
by tho introduction of European breeds lacking hoot 
toloronco that tho future milk supph of India lies 
Bulls and cows of somo twenty six lircods of cattle 
and thrco broods of buffaloes lmvc l>ccn photographed 
against a squared background which enables ono to 
judge nctunl size and an attempt is to bo mndo to 
record bo civ measure me nts at future shows Somo 
good draught typo cattlo are also ilium rated but ono 
wonders how long it will bo before tlie\ are replaced 
b\ mechanization. 


Pest Control 

The Ministry of Agriculture Fisheries and Foot! 
has published under tho titlo ‘Infestation Control 
a Service to Agriculture and Food Storage” (pp iv-f- 
32 + 12 plates, London H.M Stationery Ofiloo 4#) 
a pamphlet describing tho research earned out by its 
officers on tho problems of infestation control m 
farms and warehouses, together w ith a brief history 
of tho subject m Great Bntmn Tho work falls Into 
two mam parts ono dealing with tho Insect jiests of 
stored foodstuffs tlio other with \crtobmto enemies 
such as rodents and birds By wliat must be regarded 
as a political accidont vertebrates are co\ored 
whothor thov attack crops in the field or in store 
whereas tho mvortebmto field pests are tho respond 
ibiUty of another poction of the Ministry Both r*rt* 
of tho ,— co^ a 
topics in whioh tho npphcfli'OJ 
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has made important contributions to public health 
or profit Those concom especially the control of 
insect pests by chemical means and tlio development 
of new techniques for baiting rodonts and, more 
recently, the development of anti-coagulant poisons 
Perhaps characteristically m Britain, the pioneer 
work was dono in the universities and received final 
Government blessing during the Socond World War 
There is a useful list of papers published bv members 
of the infestation control division during the past 
fifteen years 

Nitrogen Replenishment in the Soil 

Land fertility improv ernent was tlio theme of the 
presidential address by Dr N R Dhar, of the 
University of Allahabad, this year to tho Indian 
Society of Soil Scienco held at Dolhi Ho points out 
that the amount of fertdizer used in tho w orld is still 
very madequate and production of nitrogen fertilizer 
appears to be lagging behind production of phosphate 
and potash Under-developed countries are poor!; 
equipped with nitrogen-fixation factories because of 
the Ingli capital investment involved Dhar estimates 
that approximately one hundred million tons of fixed 
nitrogen is neeessarv for tho food supplv of the world, 
but present production is less than eight million tons 
This emphasizes the importance of other nitrogen 
sources For example, legumes probably fix fivo 
million tons of mtrogen and ram contains about ten 
million tons It is also pointed out that the amount 
of mtrogen lost in refuse from urban areas is about 
equivalent to tho amount of nitrogen supplied to 
world crops as fertilizer Even in lughlj organized 
agriculture such as m the United States, moro nitrogen 
is removed from the soil than returned as fertilizer 
resulting in an annua] deficit of six million tons Tins 
translated into world figures means a loss of about 
fifty million tons of mtrogen a year Tins annual loss 
must be compensated in permanent agriculture by 
natural methods of recuperation By making assump- 
tions concerning the amount of carbon added to the 
earth by photosynthesis and tho proportion of this 
which in turn is oxidized, it is estimated that one 
hundred and ten million tons of mtrogen a year is 
fixed by natural processes Hence this is tho chief 
natural source of soil mtrogen and far exceeds tho 
amount supplied by fertilizers 

Tectonics in the USSR 

A great advance in tectonics was mado by tho 
publication of the tectonic map of tho Soviot Union 
in 1957 on the scalo of 1 5,000,000, published on 
rune sheets This map is coloured vividly in 
accordance with the orogemc age of the formations, 
with tints and shadings indicating various folding 
phases and structural features Tho mnp was com- 
piled by a number of geologists under tho direction of 
N S Shatsky, one of the foremost teetomsts in tho 
Sov let Union It was accompanied by an explanatory 
xnomoir written by N S Shatsky and A A Bogdanov 
A small-sizod variant of this map is published by 
Y A Kosygin ( Pnroda , 8, 21 1958) as an illustration 

for his article dealing with new methods applied to the 
study of tectonic structure of tho Earth’s crust by 
means of 'deep stratigraphies! boreholes This 
method, according to the author, is particularly suit- 
able for the study of the ‘cover’ of ancient ‘platforms’ 
and also for tho preparation of ‘palieogeologicnl’ map9 
of the ‘floor’ of the ‘cover’ In another article Y A 
Meshcheryakov ( Priroda , 9, 15 , 1958) discusses 


‘neotoctomcs’ — a term proposed by V A Obruchev 
for tho study of tho recent or noar-roeent movements 
of tho Earth’s crust In this article ho gives a 
‘nootectomc’ map of the Euiopoan part of tho Souq 
Union and a generalized map of tho world showing 
regions of recent olovation and depression as well ns 
tho earthquakes zones Tins map shows that (Ik 
modem regions of olovation nro not confined to the 
areas of Quaternary glaciation and therefore cannot 
bo explained bv tho hypothesis of glacial lsosfasv 
control 

Meteorological Data 

Radaji is a powerful tool for tho meteorologist m 
tho detection of precipitation as it is tho only means 
of locating tho positions of all precipitation falling at 
above a certain moderato rate and at any one time 
within a distance of tho order of 100 miles froni the 
transmitter Tlio strength of tho radar echo is pro- 
portional to ND e /L*, whoro A 7 is tho number of drops 
m unit volume, D tho drop diameter and L tho wave 
length of tho radar The echo intensity thus increases 
v cry rnpidfi with the sizo of tho drops Tho ndv nntage 
of a v cry short wav e-]engtli is, how over, offset by 
increased nttonuation of tlio beam by precipitation 
and tho water vapour and oxygen of the nrr, and by 
engineering difficulties of obtaining ndequato radiant 
power In practice, wave-lengths m tho region of 
3—10 cm are mostlv mod, giving admirable ropre 
sentntion of moderate and licav v ram at distances up 
to 100 miles or more Radar is of great vnluo for 
guiding aircraft m and out of airfields to avoid 
highly turbulent thunderclouds, m forecasting the 
approach to cities of thunderstorms with tbexr effocts 
on public transport and demand for lighting, and 
also m tlio studv of cloud structure and hjdrologv 
Tito' subject is compreliensiv olv discussed in all its 
aspects in a recent report bv the World Meteorological 
Organization prepared In a Working Group of the 
Commission for Instruments and Methods of Observa- 
tion under the chairmanship of Mr. R F Jones, of 
the Meteorological Office (Technical Note No 27 
Uso of Groimd-Bnsi d Radar in Meteorology (Ex- 
cluding Upper-Wind Measurements) Pp xvi +S0 
Geneva .'secretariat of tho World Meteorological 
Organization, 1959 0 Swiss francs) Tins describes 

tho basic theory, types of radar and displnj , recording 
and transmitting tlio information, the types of radar 
echo associated with clouds and precipitation, echoes 
from other plienomonn such ns smoko, insects and 
birds, tho practical applications and tlio uso of radar 
in research 

European Nuclear Energy Project, Dragon 

Three engineers, one from Switzerland and two 
from Italy, arrived m Britain on Soptombor 21, 
representing tho advance guard of somo mnetv 
European engineers and scientists who, with 190 
from the Umtod Kingdom, will comprise tho inter- 
national staff of tho Draqon projoct of tlio Organiza- 
tion for European Economic Co-oporation at tho 
Atomic Energy Establishment, Wmfrith, Dorset (see 
Nature, 183, 507 , 1959) 

Harwell Reactor School Courses 

Standard Course No 20 of tho Harwell Reactor 
School will commence on January 4 and contmuo 
until April 29, 1900 Those courses, which began 
in September 1954, are dosigned to tram engineers 
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in t lie techniques of reactor construction and 
°P ration, particularly fa connexion with nuclear 
power stations A special course for senior technical 
ov cutiv es, the tontli of its kind, will bo held during 
May 9-20, 1000 Application forms and details of 
both courses can bo obtained from the Principal 
Reactor School, Atomfo Energy Research Establish 
mont, Harwell, Didcot, Berks 

University News Oxford 

It is announced that tho Medical Research Council 
lms provided a grant not exceeding £1 100 for tho 
v car beginning October 1 for Bciontmc assistance m a 
study of X ray analytical methods of insulin and 
related structures, to be earned out m the Laboratory 
of Chemical Crystallography under tho direction of 
Dr D M Hodgkin. A grant not exceeding £5 700 
for tho tkreo years beginning October 1 lias been 
provided by tho United Kingdom Atomic Energy 
Authority for studios in interferometric spectroscopy 
to bo earned out in tlie Clarendon Laboratory under 
tho direction of Dr H G Kuhn , and in addition a 
further grant not exceeding £1,250 during tho period 
October I, 1950 to September 30, 1000, for work on 
tlie constitution of bismuth rich alloys being carried 
out in tlie Department of Metallurgy under the 
direction of Prof W Humo-Rothery 

Tho United States Pubhe Hoalth Son. ice has pro 
vidod a sum of 14,100 dollars for the year winch com 
mencod September I for tho continuation of research 
on vision and light quanta, boing corned out in tho 
Department of Physiology by Dr M H Prrannc, 
under tho direction of Prof EOT Liddell 

Grants are to bo received from the Department of 
Scientific and Industrial Research as follows £1 000 
for tho year beginning October 1, for research on 
some natural products with biological activity , to be 
earned out fa tho Sir William Dunn School of 
Pathology under tho direction of Dr E P Abraham 
£1,600 for ono year os from October 1, for research 
into perceptual limitations in high spood performance, 
to he earned out in tho Institute of Experimental 
Psychology by Dr H Kay, under tho dirocticm of 
Prof R C Oldfiold , £22,800 for tho three yearn 
ending September 30 1902, for an investigation of 
tho geological age of rook botIcs bv methods based on 
natural rndioactiv it\ being carnod out in the 
Department of Geology under the direction of Prof 
L R Wager , £1,220 for equipment for roeoaroh on 
tho biochemical mechanism of cell division, to bo 
carried out in the Department of Biochemistry under 
tho direction of Sir Hans Krohs ; £25 725 for tho 
period October I, 1050 to July 31 1002 for on 

investigation of materials using magnetic resonance 
and doublo resonance tcohmquos to bo carried out 
in tho Clarendon Lalwraton under the direction of 
Prof B Bloonov £17 010 for tho period October 1, 
1969 to July 31 1902, for an investigation of nuclear 
orientation and nuclear cooling m magnet io Holds to 
l>o carried out in tho Clmxndon Laboratory by N 
Kurti under tho direction of Prof B Blonney Tim 
Ministry of Supply lias provided a grant not exceeding 
£1,175 for tho year as from Soptombor 1, 1959 for 
the continuation of an investigation of fluorocorbo 
hydrates being carried out rn Urn I> partmenfe of 
Biochemistry under tho direction of Dr P W 
Kent £2,200 is to bo expended from tho Unlv orsity 
General Fund on alt orations to the Department 
of Zoology in order to provide additional teaching 
npnce 


Mr F A Burohnrdt director of the Institute of 
Statistics who diod on December 21, 1968, lrna been 
succeeded by E F Jackson, Jellow of St Antony s 
Coll ego 

World Meeting on Veterinary Education 
A world meeting on votcrinnry education to bo 
hold in London during April 25-20 1000, is being 
corn onod by the Food and Agnculturo Organize 
tion Tho meeting will bo held at Church House 
West minster, by invitation of HJtf Government 
and will bo attended, by participants from most 
parts of the world, inoludmg tho Far East Latin 
America, the Near East and Africa 

British Society of Rheology 
The British Society of Rheology has announced 
tho following officers for the year 1969-00 President 
Dr H Kolsky (Armament Design Establishment) 
Bon Secretary Dr M F Culp in , Hon Treasurer 
Mr 0 C Mill Hon Editor ( Bidleiin ) Mr J F 
Hatton (Shell Research, Ltd ) , and Bon Editor 
(Abstract*), Dr T C Vernon 

British Electronic Achievements 
The scheme for awarding annual premiums for 
articles on electronics, organized in the past fa <ho 
Radio Industry Council (London) is now under the 
jomt sponsorship of the Council and of tho Electronic 
Engineering Association. Articles published during 
1969 will be considered by tlio pnnol of judges early 
m the Now Year and explanatory leaflets can bo 
obtained from tho Eloctronio Engineering Assocla 
tion, 11 Green Street. London W 1 to wliich also 
eligible articles should bo submitted beforo the end 
of tho yoar 

The Annual Review of Pharmacology 
Ahnttal Reviews, Ikc , of Fafo Afto California 
announces tho organization of a nov. senes “Tlie 
Annual Review of Pharmacology' Dm first volume 
is scheduled to appear in April 1001 Prof Windsor 
C Cutting, of Stanford Univorsity* has boon appointed 
as editor, and Prof Honry W Ffiiott, of the Umver 
sity of California as ossoomto editor Members of 
tho Editonal Committee, under whoso direction the 
Reviews will lie organized aro initially ns follows 
Windsor C Cutting ( chairman ) Bernard B Brodio, 
National Hoart Inatitulo , Maynard B Chonowoth, 
Dow Chemical Co Louis S Goodman University 
of Utah G B KooIIo, University of Pennsylvania 
Chaunoy D Leake, Ohio State Umvomty , and 
Mminco H Soever'* University of Michigan 


Announcements 

Mr A Perttia representing Colon luvs boon 
appointed elmirman of the Exocutnu Council of tho 
Commonw enlth Agricultural Bureaux, in succession 
to Dr J G Mallooh Mr C K Reheem repre- 
senting Pakistan, 1ms succeeded Mr Pcrcra as vice 
chairman 


Erratum In tlm communication unlit led 'Pro 
duction of Serum Albumin and of Globulins ’ , by 
Prof E Broda et of , in Mature of August 1, p 301 
tho penultimate line of column I should ho ai t ■ w 
foot or column 5 furtlw, Dr UyKon i -train "/rp”* 
to in column 2 dioul.l bo r/Llf ^ not nn< « 
printed - ^ 
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THE EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH 

PRESENT STATUS 


T HE European Organization for Xuclear Research 
(CERN ) has in operation a synchrocyclotron, 
accelerating protons to 600 MoV and is in course 
of constructing an alternating-gradient svnclirotron 
which is designed to accelerate protons up to 2.) Got 
In addition to these ho accelerators, CERX is 
building up on its site at Mevrin, near Genera, 
experimental equipment and services comparable 
with those existing or being built at Brookhaven and 
Berkeley m the United States and at Dubna in the 
USSR 

The synchrocyclotron, which has been running for 
more than a year and in recent months has operated 
for 95 per cent of the scheduled time, is y leldrng an 
or er-increasing flow of experimental results Analr sed 
beams of mesons, neutrons and protons ore amiable 
m two experimental halls on either side of the machine 
The most recent expei anents rrliicli hare been com 
pleted include a charge-independence experiment con- 
cerning tho ratio of the cross sections of the reac- 
tions p -r d — H 3 -r vrandp — d — ^ He 3 — r°, which 
should be (apart from Coulomb and mass correction) 
exactly 2 The experimental accuracy achicrcd was 
5 per cent, which is perliaps the most precise con- 
firmation of chargo-independenco jet obtained at 
high energies An experiment m an earlier stago is 
examining the neutron groups from the reactions 
— + p — ► r° *r n and — -r P — n with 70 MeV 
pions Tins has already r lelded an accurate ralue of 
the mass Two experiments which aro now being 
designed are on the scattering of (x-mesons by nuclei 
(for which a focusing channel for muons is under 
construction) and an experiment for tho accurate 
measurement of the anomalous part of tho magnetic 
moment of tho muon Tw o experiments using In dro- 
gen bubble chambers aro just starting , tho first, 
using a 25 cm diameter chamber brought to CERX 
by- an Italian group, deals with tho scattering of 
350 MeV pions bv protons, and tho second, using a 
30 cm diameter chamber built at CERX, deals with 
the double production of r-mesons Many other 
experiments are being carried out with tho svncliro- 
cyclotron by teams of CERX physicists and by 
visiting groups from the member countries of CERN 
About 30 per cent of tho running time of tho machmo 
is scheduled for these visiting groups, which include 
teams from Padua, Utrecht, Harwell and University 
College, London 

The magnet units of tho 25 GoV proton synchro- 
tron, one hundred m number and weighing m total 
4,000 tons, are mounted in tho machmo building, a 
subterranean annular tunnel covered with 3 m of 
earth Pulsing tests on the magnet, using tho rectifier - 
inverter set and generator, began m tho latter part of 
July The v acuum system, a 020 m long elliptic tube 
pumped by fifty- vacuum pumping stations, is nearly 
assembled, as are tho sixteen radio-frequency nceolor- 
ating stations Two tanks of tho throe tank linear 
accelerator, which w ill inject protons with an energy" 
of 50 MeY into the synchrotron, are w orking, giving 
3 5m amp of 30 MeV protons 

Considerable thought has gone into tho planning 
of the experimental apparatus to be used with tho 
25 GeY accelerator and mto the layout of this 
apparatus in the experimental halls The largest 


pieces of equipment being built at CERX are a 2 in 
long liquid hv drogen bubble chnmbor, a 1 m diameter 
pi opnno bubblo chamber and n 2 m long gas Cerenkov 
counter Tho projicnc chamber, comjileto with it? 
macnct, giving a Held m tho chamber of 18,000 gaus? 
weighs about 100 tons and is planned to come into 
operation m tho middle of noxt vear Tho hydrogen 
chamber and its magnet weigh nbout 000 tons and 
arc scheduled for operation in 1062 A French group 
from tho Centro d ’Etudes Ntnk'nires, Sac lav , will 
hung an 80 cm long hydrogen bubblo chamber to 
CERX towards tho end of I960 and a British group 
plan to bring an even larger hydrogen chamber m 
1061 Another French group, from the Ecolo Poh- 
technique Paris, plans to brim: a 1 ni long propane 
bubble chandler mxt year Theso ‘visiting’ bubble 
chambers will be used at CERX In mixed teams of 
CERX physicists and tho physicists coming with the 
chambers Initially', tho 80 cm diameter CERX 
hv drogen bubblo < liamher w ill bo it sed for exploratory 
experiments To get momentum analysed and puri- 
fied beams of particles to these bubblo clininl>cr3 and 
to counter experiments, systems of bending and 
focusing magnets have been doMimed and ordered 
and a 30 m long boom separator is in course of stuck 
Direct current generators, totalling 8 MW inpacifv, 
arc being installed to power these experimental 
magnets 

Although nbout 500 sq in of floor area are nt 
jiresent available for experiments with the proton 
svncluotTon this spare will ho fully occupied by ox 
pcninenlnl equipment w ithm a yeni or so of the accel- 
erator coming inter operation A new cxperunentnl 
mea, foreseen for use in 1902 y\ ill prov ale special build- 
ings for tho v erv largo by drogen bubble chambers and 
a 600 m long flight path for the beams of particles 
emerging from the synchrotron Tins long flight 
path is necessitated by the extreme difficulties 
encountered in trying to distinguish between different 
tyjies of particles at such high energies where all 
part icIos, irrespect n o of t heir rest mass, are travelling 
at very- nearly the vclor ity of light It is possible to 
discriminate between different particles only after 
they have travelled hundreds of metres, when the 
small relative velocity differences of tho particles 
have resulted in a timo scjinration which can be 
measured by oloctromc discriminators with resolution 
times of a few nanoseconds (10"' sec ) 

Tho analysis of the bubblo chnmbor photographs 
will bo earned out with semi automatic measuring 
machines, designed nt CERX, similur to those 
already m use nt tho Radiation Laboratory" at 
Berkeley The output of theso machines, m digital 
form, is fed into tho Forranti Mercury computci 
now in operation at CERX, for spatial reconstruction 
and kinomatic analysis of events 

In addition to tho experimental groups using the 
COO MeV sy-nchrocy clou on and planning experiments 
with tho 25 GoV synchrotron, there is a strong 
theoretical group established at CERX which not 
only contributes to pure theory-, but also takos an 
important part, m tho initial planning of experiments 
and in tho interpretation of tho experimental results 
Among the problems studied by' this group are 
thoso of parity conservation m strong and weak 
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interaction*, particularly how it ib possible to recon 
cilo tho violation of parity in strong interactions 
involving K mesons with tho quasi conservation in 
nuclear interactions involving r mesons Another 
problem being studied relates to the magnetic 
moment of the g meson. 

Apart from tho two accelerators, their export 
mental programmes and theoretical work CERN is 
•arrying out a basic research programme on new 
methods of accelerating particles the results of which 
can bo usod as a basis for future machines and to 
improve the existing machines Tho Accelerator 
Research Group is at present studying intersecting 
beam machines that will yield energies m the centre 
of mass system higher than is practicable with exist- 
ing machines using targets in which the bombarded 
nuclei are at rest , \ cry high current machines using 


beam stacking techniques, and plasma accelerators 
that can cither be used as high-current machine* or 
to provide by moons of very high circulating electron 
beam currents, intense magnetic guide fields for 
heovtor particles Several experimental plasma 
betatrons have been built and an electron beam 
stacking model is now being planned which will 
provide a flexible experimental tool for investigating 
stability problems in high -current beams and in 
intersecting beam machines 

The total staff of CERN Is n carls a thousand, 
about two hundred of which are physicists and 
engineers and in addition to staff appointments 
CERN offers fellowships to enable physicists from 
all over tho world to participate in die work of tho 
Laboratory About sixty physicists are currently 
using those fellowships at CERN 


THE BRITISH COMPUTER SOCIETY 


FIRST CONFERENCE 


I N view' of tho widespread interest in computers 
nowadays, particularly in tho fields of science and 
engineer mg it is perhaps a little surprising that the 
British Computer Society should have held only its 
first conference last June However, as the president, 
Dr M, V Wilkes, romindod us, it was not the first 
time that a conference of those interested in com 
puling had boon hold at Cambridge, the last one being 
almost exactly 10 \oexft previously, when the subject 
was in its infancy The rapid growth of interest in 
tho subject is instanced by tho capacity attendance 
of 330 at tho conference and by tho increasing 
membership of the British Computer Society, which 
is now more than 2 000, drawn from a wide variety of 
backgrounds. 

These differing backgrounds accounted for the 
considerable Tange of topic* discussed, running from 
the structure of mjoglobin through automatic 
programming and logical design to the problems of 
auditing accounts kept by computers. The work 
currently being done by Pemitz, Kandrow and others 
on protein structures would scarcely have been pos 
Bible without the use of fast computing machinery 
and Dr J C Kendrow, in his interesting address, 
brought out clearly the importance of tho existence of, 
and of further developments in those powerful tools 
He described the work recently dono on the structure 
of myoglobin, mainly using X raj diffraction toch 
mques applied to structures into which a heavy atom 
had boon artificially introduced by chemical methods 
Photographs of diffraction patterns from single crystals 
haio enabled tho broad outline* of the structure to 
be determined and a model of the polypeptide chain 
to bo built up It is hoped next to dotenmno the 
detailed atomic positions within the structure by 
more sophisticated techniques Those techniques 
will involve processing \ery large amount* of data 
sorao thousands of reflexions being obtainod from the 
X ra^ apjwxmtu* 

Ail those must be included in the refinement 
calculations which result in tho tabulation of electron 
densit\ values oxer a hundred or more two-dimen 
Monal Fourier sections through tho crystal, each 
section imohing eiolimtions at many hundreds of 
points The processing will thus require not onlj \ cry 
rapid calculation facilities but also adequate support 
mg equipment for input of data and output of rwrolte 


Furthermore, myoglobin is one of the simpler protein 
structures, so that future advances in this field will 
undoubtedly require the fastest and largest equip- 
ment available 

Development* in very fast computer* were do 
scribed in a crowded session b} Drs T Kdbirrn (ilan 
Chester), 1L Lehmann (Israel), and N C Metropolis 
(Chicago) Dr Kflbum described tho Must project 
which is now m an advanced stage of planning to 
build a computer at tho Uiuverstt } of Manchester wit h 
speeds of operation in the millimicrosecond range 
This machine like most other modem dos olopments 
wdl rely primarily on transistors and magnetic cores 
a* fundamental elements for storage, arithmetic 
operation, and control. Tho arithmetic unit n 
prototype of which hae been built and is now be mg 
tested, is capablo of carrying out multiplications and 
additions on numbers in floating point representation 
in less than 2 microseconds and administrative 
instructions will be earned out in loss than 1/5 pscc 
Tho main storage is to be on magnotic cores with an 
access time of 2 psoc Howo\er, overlapping of 
operations in some part* of tho machine wj/i reduce 
tho offcctive access to ( psoc In addition, a special 
store is also provided from which words can bo reed 
m about 1/7 pace but into which writing is restricted 
A wide use of timo sharing is to be made in controlling 
input, output and bulk storago mechanisms such as 
magnetic tapes Up to 10 magnetic tapes and in 
addition, up to 10 Mower mechanisms can bo feeding 
into or bo fed by the computer simultaneous!} , the 
computer control scanning those unite in *oqucnco at 
a pace nufBciontl} rapid to allow inspection of each 
one at a mntablo interval 

It is hoped that this very powerful inachmo will be 
working in just over two years time, and that copies 
will later bo available commercial!} 

Dr Lohmann described a fast but comparotivol' 


mall computer which is being designed for the 
sraeli Ministry of Defence This will include on 8 000 
,-ord drum and o core store of 128 worth and is ox 
ccb-d to be \er\ cheap to produce aJthough com 
arable in speed with many of tho largo moc)un< h * of 
o-dav which cost hundreds of thousand* of 
Dr" Metropolis desoribod Uu> computer 
-pod at tho Vruoom.n of Ch, capo 

machine Is to bo m the m«» speed mne 
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Muse, but is not planned, at presont, on quito such 
a largo scale Nevertheless a core storo of moro tban 
8,000 words with an access time of 2 psec is to bo 
provided, and thore is provision for at least, four 
magnetic tape mechanisms to bo attached to tho 
machino Two very interesting features are tho 
proposed structure of tho arithmetic unit and a non 
method of number representation it is intondod to 
incorporate The arithmetic unit is to bo built on tho 
same principle as tliat of tho Maniac at Los Alamos, 
using asynchronous circuitry, but will includo many 
additional cross-connexions botwoon registers to 
facilitate rapid arithmetical u orbing A number 
representation, called ‘significant digit’ representation, 
will be used This is a form of floating point represen- 
tation which avoids tho appoaranco of many mean- 
ingless digits at tho end of approximate numbers, 
wlule retaining a few guarding digits against rounding 
errors 

An important application of fast machines is to 
problems in supersonic flow-past aerofoils and other 
surfaces An interesting contribution to tlus subjoct 
was made by Mr D. S Butlor of tho Armaments 
Research and Development Establishment, who 
described some recent work ho has carried out on 
this problem 

In order to calculate tho linos of flow around and 
pressures on a solid figure in a suporsonic nirstream 
it is necessary to solve a hyperbolic partial different tal 
equation m threo variables Ho discussed various 
methods of domg this and mado particular reference 
to the method of characteristics, a powerful teclmiquo 
for solving equations of this typo Ho wont on to 
doscribo a particular oxamplo of stationary flow 
around a body shapod liko a delta-wing aircraft and 
showed how tho calculations had boon carried out 
m this case using the computor at Fort Halstead, a 
Ferranti Mk 1 * 

Other topics at the conference wluch oxcitod 
considerable interest coneomod tho control of pro- 
duction m factories and the application of operational 
researoh techniques to this and allied problems Mr 
F Bryen of Imperial Chorrucal Industries described an 
application of punchod card machmory to factory con- 
trol, and Mr J Harhng of Urwiek, Orr and Partners 
dealt very interestingly with tho uso of computers 
for operations research An application of ono of tho 
latter techniques within tho Shell group of companies 
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formed tho subjoct of a lator address by Mr C S 
Galor Thoro wore also sessions on hooping accounts 
by computor, on auditing tho accounts so kept, 
on tho ti anting and solcction of programmers, on 
automatic programming, and on working exponeno 
\v ith magnotic tapo mechanisms On tho mathematical 
side, Dr A S Housoholdcr of tho Oak Ridgo National 
Laboratory, Tonnosseo, directed attention to some ot 
tho pitfalls m tho techniques commonly used on com 
putore In particular, ho considered tho stabiliti 
of two methods of mvorting a mntrix, and concluded 
that tho motliod of rotation is not more stablo thnn 
tho motliod of elimination, although an argument 
can bo ndducod to tho effect tlint it is After tins paper, 
as after all tho formal papors presented, there was b 
lnoly discussion, in which many of tho dologntes 
took part 

A i\ ldo ranging roviow of the state of tho computing 
art was givon by two speakoi s, Mr J A Goldsmith of 
Robson, Morrow and Co , and Dr A S Douglas of 
tho Unnorsity of Loeds Mr Goldsmith noted that 
dohvory of 70 installations of electronic computers 
had so far boon mado m tho United Kingdom and 
that 33 wore on order, although recenllv tho tempo 
of orders had slackened. Much of tlio work m tho 
commercial bold had so far boon unambitious and the 
results somowhat disappointing Ho felt that it would 
bo 5-10 years boforo computers play’od n full part, in 
liolpmg manngomont to control tbeir organizations 
Di Douglas reviewed tho work of computers in 
British mmorsities Much work has been dono m 
training m their uso at tho postgrnduato-Jo\ol, and 
ho foil that this could woll bo extended to tlio under- 
grnduato-lo\ ol Ho discussed tho problom confronting 
univorsitios m tho installation nnd mo of largo scale 
machinery, and suggested that it woidd bo desirablo 
for tliroo or moro of tho largo fast computers such os 
Mvsc to ho installed m universities, where then 
would net. (on a sorvico basis) ns focuses for local 
computor users Ho gn\ o details of son iccability and 
uso of typical present-day uni\ orsity installations, and 
concluded that a high standnrd of officioncy can be 
attained 

All tho sessions wore very well attended throughout 
It is intended in tlio future to hold annual conferences 
of tho Socioty’ at various centres in tho United 
Kingdom, tho noxt conference being plonnod for 
Juno or July 1900 A S Douglas 


THE INTERNATIONAL INSTITUTE OF REFRIGERATION 


T HE first International Congress of Rofngoration 
was held in Paris in Octobor 1908 Shortly 
after this, m January 1909, the International Associa- 
tion of Refrigeration was established, following tho 
suggestion of Kamerlingh Onnes, tho namo boing 
changod to the International Institute of Refrigera- 
tion just after the First World War Tho organization 
has therefore just celebrated its jubilee 

Tho general objective of the Institute is tho 
development of the science and teclmiques of re- 
frigeration in the international field It promotes 
scientific research, as well as tho teaching and 
popularization of refrigeration and its application in 
all fields, particularly in food preservation, health and 
industrial processes The International Institute of 
Refrigeration headquarters are in Pans 


Tho main tasks of tho Institute are determined 
by tho gonoral conference, at presont presided ovor 
by Dr Ezor Gnflltlis Tins moots ovory four years, 
at tho samo timo as an International Congress 
of Rofngoration, also organized by tho Instituto 
Exoeutivo power is vested m an oxecutivo committoo 
A technical board, of which Dr. J C Fidlor is tho 
current prosidont, co-ordinates the scientific and 
technical activity of rune commissions, which be- 
tween thorn covor all aspoots of refrigeration matters 
from fundamental research to applications in agri 
culture, transport, otc 

The tenth International Congress of Rofrigoration 
wno h ? d T Copenhagen during August 19-20 and 
f^ ndo f % about 1,500 delegates from all 
wor About 300 scientific and technical 
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papers "were discussed at plenary sessions and at 
meetings of all the commissions held during the 
period of the Conferenco 

Tho Institute publishes six times a year a Bulletin 
which appears in both English and French, the two 
official languages of the Institute Tho Bulletin 
contains abstracts of scientific and technical articles 
and information about current research m rofngera 
tion and on othor refrigeration activities from all over 
tho world The Institute also publishes the works of 
its various commissions 

Full membership of tho Institute is restricted to 
tho governments of member countries, which at 
present number 36, including the United Kingdom, 
the United States and the USSR Tho United 
Kingdom interests in tho Institute are co-ordinated 
by tho Department of Scientific and Industrial 
Research, with tho advioo of a Standing Committee 


representing research, institutional and industrial 
interests in Groat Britain. 

In 1952, tho Institute introduced associate member 
ship available to qualified firms, institutions or 
individuals active in tho science or in the industry 
of refrigeration Tho annual subscription is about 
£13 for firms and institutions and £3 Kb for in 
dividuals Associate members recoivo the Bulletin 
and tho proceedings of tho nine international com 
missions of the Institute, together with tho texts 
of reports presented Associate members may par 
ticipate m tho work and tho meetings of tho com 
missions in which they are interested and can also 
use the services of the large library of tho Institute 
Applications for associate membership may be made 
to the Director of the International Institute of 
Refrigeration, 177 boulevard Maloeherrbes, Pans 
(17*) 


STERIC ASPECTS OF THE CHEMISTRY AND BIOCHEMISTRY 
OF NATURAL PRODUCTS 


T HE interest taken in stereochemical problems 
by chommts and biochemists aliko has been 
greatly increased in recent years, and tho Biochemical 
Society recogmxod this fact by arranging a sympo 
slum on “Stone Aspects of tho Chemistry and 
Biochemistry of Natural Products ’ which was held 
in the Senate Houso of tho University of London on 
Juno 30 Tho chairman of the morning session. 
Prof A. Neuborgor (London), discussed some of tho 
main trends of recent work in this field and empha 
sized the importance of stereochemistry in modem 
onzymology 

Dr W Klyno (London) then discussod in a com 
prehensivo manner tlio types of evidence usod for 
cstoblislimg relative or abeoluto configurations of 
asymmetric compounds Tho term absolute con 
figuration’ can now be usod with confidence, as 
Bijvoet and his colleagues working in Utrecht liavo 
demonstrated by means of a special X ray techmquo 
that tho Fischer convention for gly ccraldohy do 
Imp pons to bo correct Dr Klyno pointod out that 
tho most satisfactory method of correlating two 
asymmetric compounds is by o chemical reaction 
which docs not lznolvo tho asymmotrio centre The 
second type of approach is concerned with chemical 
reactions m which ono or more of the linkages of tho 
asymmotrio atoms are broken Tho stereochemical 
correlation In tills situation must be based on kinetic 
and other o\ Jdenco and must m\ olvo certain ossump 
tions about tho mechanisms of tho substitution 
concerned 

Dr Klyno then wont on to discuss the deductions 
which can bo roado from studies of asymmetric 
synthesis methods usod successful! v by Prolog and 
by Cram Another typo of approach which was 
developed mainly by Frodgn in Sweden, and which is 
probably not sufficiently widely known, is based on 
tho study of molting points of mixtures of a compound 
of known configuration and a structurally similar 
compound of unknown configuration If the two 
compounds ha\o opposite configurations they may 
form m the solid phaso a quasi racemic compound 
and Hus can be deduced from the molting point curve 
Reference was also mode to the information 
obtained from tho applications of X rav analysis 


especially to compounds with more than ono u*ym 
metric centre Finally mot hods wore discussed which 
depend on a numerical comparison of tho values of 
optical rotations of structurally related compounds 
Those calculations and deductions liavo in tho past 
been largely baaed on measurements at a single 
wavo longth and have indeed yielded much valunblo 
information. In recent years this tool lias boon 
made more powerful by extending tho measure 
monte to the whole vfsfble and a largo part of tho 
ultra violet rango of the spectrum In this devolop 
ment (rotatory dispersion) Djeraem of Detroit has 
token the leading part 

Stone aspects of tho biosynthesis of tor pones and 
steroids were considered by Dr D Arigoni (Zurich) 
who discussed first the formation of an jsopontano 
derivative from acetate Tho early slogra of the 
synthesis consist of a condensation of acetoacety 1-CoA 
with acetyl CoA to giro the CoA derivative of 
(3-hydroxy p mothylglutano acid Tho latter is then 
reduood, probably through tho aldchydo acid, to 
P 8-dihydroxy p mothylvalenc acid or mevalonic acid 
The absolute configuration of this compound has 
boon unambiguously related recently by Ebcrlo and 
Axjgom to that of quinic acid, which in turn lind boon 
established by Dangsdiat and Fischer ra i960 by 
relating it to glyccraldehydo Dr An goal then 
referred to tho stereochemical problems imolvod in 
tho conversion of louclno to p hvdroxy p methyl 
glu laconic acid, which occurs through the CoA esters 
of p mothylcrotoiuc acid and p mothy lglutoconio acid 
Tho hydration of tho doublo bond and tho carboxy la- 
tion of mothylcrotomo acid must bo stcreospocific 
and this is also likoly to apply to tho reduction of 
movaldic acid to mevalonic acid Tho next stops in 
tho reaction sequence ore tho simultaneous docarb 
oxylation and elimination of tho tertiary hyxiroryl 
group from tho pvroph osphnto of mevalonic acid to 
glvo isopentony 1 pyrophosphato and tho i no mentation 
of tho latter to givo duncthylallyl pyrophoepliato 
it can be postulated that tho Isomerization is stereo 
specific and Dr Angom thought it F™ ° 
that only r ono of tho two hydrogen 
pontcnyl pyrophonphnte fa involved ■" 
ization 
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Tho allyl compound is assumed to react with tlio 
isopontonyl pyrophosphate, rosultmg m tho formation 
of a new C— C bond This roaction must again have 
storoospecificity, smeo tho now double bond producod 
usually has a trans configuration , but Dr Arjgoru 
stressed the fact that tho dotailed mocliamsm of tho 
formation of this condensation is not yet socuroly 
established and ho suggested that oxporimonts 
involving labelling with deuterium and determining 
the axial or oquatorial position of tho doutcriuin m 
a suitable cyclization product aro likely to give 
further information 

Dr Arigoni pointed out that stone factors had to 
be taken inte account in any attempts which w ore 
made to explain tho actual cyclization and tho 
rearrangements which either follow tho cyclization 
proper or aie couplod with it Otherwise, it would 
be difficult to explain tho formation of dmstoreo 
isomers from one single aliphatic precursor, squalono 
If a carboruum ion is mvolvod m cyclization reactions, 
it can only have a structure which prosorvos tho 
original configuration , a ‘hi idged ion’ fulfils this 
requirement and addition of this relatively stablo 
species to a base or nuclooplulic substance ("anti- 
planar addition’) will produco only ono isomer The 
jiostulate of antiplanar addition imposes restrictions 
on the typo of folding and it appears tliat only the 
chair-type and boat-typo of folding explain, foi 
example, the formation of both lanostorol and tim- 
callol from all-trans squalono Experimental ovidoncc 
for the theory is providod by tho u ork of Bloch and 
bv that of Comforth and Popjnk Furtlior interesting 
examples from the work of Dr Arigoni lnmsolf and 
from that of Prof Birch wore givon, showing the 
application of stereochemical rules to tho biogonosis 
of torpones, but a note of caution w r as soundod 
against the assumption that the configuration of the 
A jB ring junction is alw'ays the samo 

Stenc aspects of drug action wore discussod by 
Dr JR B Barlow (Edinburgh), who began his talk 
by emphasizing the distinction first made by Stephen- 
son between affinity or adsorbabihty of a drug to a 
receptor site, and efficacy, that is, tho ability of tho 
adsorbed drug to start a soquenco of reactions which 
can bo observed m a pharmacological experiment 
While it is possible to make dofinite statements about 
the stone arrangement of drugs, ideas on tho stereo- 
chemistry of receptors are generally based on some- 
what uncertain deductions made from stmetures of 
active compounds and those of thorr antagonists 
Dr Barlow illustrated his talk with oxamplos from 
the field of drugs resembling acotyleholino oithor in 
its muscarine-like or nicotine-liko function or of 
compounds antagonizing such action For rucotinc- 
like activity the molecule should contain a cationic 
head such as a dimethyl ammo or trimothylamino 
group and a partial positive chargo at a distanco 
similar to that which separates tho ether oxygon of 
acetylcholine from the charged nitrogen atom In 
nicotine itself the two optical isomers havo identical 
pharmacological activities Tho constitution and 
stereochemistry of muscarine have recently been 
worked out and it is found that it has three centres 
of asymmetry Dr Barlow then discussod the 
activities of the various stereo-isomers of muscarine 
and of various synthetic substrates resembling this 
substance pharmacologically, such as acetyl-p-methyl- 
cholrne In this case the (+)-isomer is reported to 
be about 200 times as active as the ( — )-isomer 
Dr Barlow then mentioned the importance of stone 
factors m flexible molecules and he pointed out that 
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m those casos it is more difficult to arrive at qunn 
titativo conclusions In particular, tho work of 
Scliuelor was discussod m dotail and somo rocent 
criticisms of Ins calculations wore montionod ]> 
Barlow' thon doalt m somo dotail with di quatomnn 
bases, such ns various cstors of alipliatio dicarboxylie 
ostors containing two quaternary basic groups, such 
as suxamothonium Tho many oxamplos winch were 
considered illustrated tho difficulties which still ovist 
if ono atlompts to correlate tho storcoohomistrj 
of tho compounds undor consideration with their 
biological activity. 

Tho last papor of tho morning session was given 
by Dr G A J Pitt (Livorpool) on bohalf of Prof 
R A Morton and himself, and doalt with cts trans 
isomers of rotinono m visual processes Dr Pitt 
briofly discussod tho chomistrv of rotinono (vitamin A 
aldoliydo) and that of vitamin A, and m particular 
roforrod to tho early work of Pauling winch predicted 
tho oxistcnco of tho following four isomers, all 
trans , 0-monocia , 13-monoei-S ; and !) 13 dim 
Thoso four isomors of rotinono and vitamin A havo 
boon synthosizod, but it has boon possiblo to prepare 
two othor rotinonos and v ltamins A containing a 
cis lmkngo m tho ‘hindered’ 11-position. No 7 m 
vitamin A lias vot boon prepared and it scorns almost 
cortam that 7 cis isomors cannot oxist, as in such a 
moloculo there would bo considerable stone inter 
foronco Dr Pitt thon roforrod briofly to tho occur- 
rence of cis-isomors in Nature, and montionod that 
tho thonnodynanncally most stablo isomer and tho 
ono found most commonly m Nature is tho nll-trenw 
isoinoi Ho (lion roviowod tho isoinorizntion of 
tho various rctmono isomors and llioir absorption 
spoctra Tho importance of tho cts trans isomerization 
was appreciated when Hubbard and Wald found that 
tho rotinono which unitod with opsin was tho 11-cw 
form 'Dio 9-cis form also reacted with opsin but tho 
resulting complox has not boon found m Nnture 
Tho mam offoct of tho introduction of a cis-bond at 
tho 11 -position is that it producos a bond of tho sido 
eham whorens in tho all-trans isoinor tho sido chain is 
straight Wlion rhodopsin is illuminated it breaks 
down to tho protom opsin and a rotinono, hut tho 
latter was found, rathor surprisingly, to bo tho all 
trans isoinoi Tins all-tmns rotinono liboratod by tho 
blenching of rhodopsm docs not give rhodopsin again 
when mixod with tho opsin in vitro, and strong 
ovidonco has boon obtamod by Hubbard that tho 
utilization of tho trans isomor in a more complox 
system is causod by tho prosonco of nn on/ymo callod 
rotinono isomernso, which (linages tho all-trans 
rotinono to tho 11-cvs isomor Dr Pitt discussod this 
onzymic isoinorizntion m more dotad and thon wont 
on to report on rocont work winch has boon dono on 
mvortobrnte rhodopsms, doaling m particular with 
indicator yollow Ho also gave an account of tho 
cffoct of light on various rhodopsms undor a varioty 
of conditions, but it would bo impossible to sum- 
marize udoquatoly tho latlioi complicated relation- 
ships which have boon established, mainly duo to tho 
work of Hubbard and Wald 

Tho chan w r as takon for tho afternoon sossion 
by Prof S Poat (Bangor) , all tlneo papers wore 
dovoted to various aspects of storoospecificity in 
enzyme action Dr E C Wobb (Cambridge), who 
doalt with hydrolytic enzymos, troatod somo general 
matters relevant to all onzymos Ho emphasizod 
that onzymic catalysis is at loast a two-stago procoss, 
and that stone factors may bo important both m tho 
formation and in tho breakdown of tho mtormodiato 
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enzymo -substrate complex To be of real valuo anv 
< nmpanson of substrates should involve measurement 
of both the Stichaelis constant (/v m ) and the reaction 
\ ©locity, as measures of the two stages 

Examples considered Included ah -esterases and 
lipases, cholinesterases glycosidases, lactonases, pep 
tidascs, argmase and fumamso For the chohn 
est erases knowledge has accumulated which permits 
the representation of the catalysis in terms of onioruo 
and osteratic Rites on the enzyme surface The high 
Bpooificity of glycosidasee is well known, and this ib 
paralleled in tho recently studied group of lactonases 
Proteolytic onzymes may be used, thanks to their 
high stereospocificity oa tools for tho resolution of 
synthetic amino-acids Work on the behaviour of 
synthetic substrates as competitive inhibitors of 
a chymotrypsin emphasizes tho importance of dis 
tmguishing the two stages of enzymo action 

In conclusion, tho miportanco of Ogston’s conoopt 
(1948) of three-point attachment between enzyme and 
substrate was empliaaizod This idea explains very 
b imply tho formation from a symmetrical substrate 
[CX t YZ) of an asymmetric product (OXX'YZ) Ogston 
has recently discussed this concept farther (1958) 
Dr H Gutfround (Shinfiold) m discussion con 
sidorod further tlie specificity of a-chymotrypsin in 
the reactions of which tlireo stages can be distinguished 
(E + AB AB ^EA + B ^ E + A + B) 

Prof E 0 Slater (Amsterdam) dealt with on da 
tion reduction enzymes Ho began by considering 
dohydrogennsefl winch act on hydroxy acids and more 
complex systems which can (indirectly) transform 
one enantiomer into tho other (commonly but wrongly 
called racomasee) After a brief discussion of ammo 
acid oxidases tho greater part of the paper was 
devoted to Btereospeoiflcity of hydrogon transfer in 
tho reactions of pyridmo nuolootide dehydrogenases 
Those compounds nro dinuclcotidcs, ono unit of which 
is the nicotinamide group which can undergo revor 
siblo oxidation and reduction at N and C— 4 The 
elegant work of Vennesland s school in Chicago us mg 
substrates and enzymes lobollod with den ten um has 
shown that those dohydrogonascs fall into two classes 
those are distinguished by the fact that they add 
hydrogon at C— 4 of the diphosphopyTidino nucleotide 
moloculo on opposite sides Other related work donlt 
with reactions invoking oytoohromo e ilium and 
orotic acid 

An important extension of Vennesland b work was 
the preparation of stereospocifically labelled and 


optically active CH, CHDOH Alternative mcchan 
isms of action for a typical dehy drogenase have boon 
suggested by Dixon and Wobb in then* claasio text 
book on "Enzymes , and by Van Eyk Kaplan ct at 

Finally , succinic dehvdrogenaso which invoh cs 
another type of steroospecificitv was introduced 

Dr H K Levy (Chicago) emphasized in discussion 
that the steroospecificity in tho reactions of pyndmo 
nucleotides is another example* of the nbilitv of 
enzymes to distinguish beta eon two identical groups 
and gave further oxamplos Dr W Ivlyno directed 
attention to the important work of Prolog on micro 
biological oxidations and reductions of simple 
decalones and rolated compotmds Tho pictorial treat 
ment of those reactions may constitute a valuable ex 
tension of Ogston’s concept of throe point attach 
ment 

Dr G R Barkor (Manchester) dealt with enzymes 
of nucleotide motabolism Ho began by outlining 
current views on tho lnosymthesis of r> nboso and 
2-dooxy d rfboso tho important routes leading to 
ribose involve the 6-phospliotce of D xylulose and 
d ribuloso Tho formation and fission of glyeosidu 
bonds m nuclooaides was next considered these 
reactions are generally pliosphorolvfics and not 
hydrolyses Tho stereochemistry of analogous ehomi 
cnl syntheses of nucleosides has been studied with 
respect to rolativ© configurations at 0-1 and C~2 
and it is necessary to consider hov\ far the stereo 
spociflaity of tho enzymic reaction is attributable to 
tho enzymo, and how far it is inherent m tho nature 
of the reaction catalysed Tho answer at present is 
tliat both factors are involved 

Tho formation and fission of intemuclootido links 
in polynucleotidee v\ore then discussed Pancreatic 
ribonneleaso degrades ribopolvnucleotidcs via nuoloo 
eido 2 ,3' (cyclic) phoepbatos to 3 phosphates, and 
tho storic factors involved m tins and tho reverse 
reaction wore considered Finally the polynucleotide 
phosphory loses wore considered many reactions 
require a polynuclootido ‘primer tho composition of 
which dotermmes that of the polyoner fanned this 
is a direct demonstration that the primer acts as a 
template 

All three papers emphasized in different ways the 
ossontially complomontary nature of enzymo and 
substrate and the two (or more) stage character of 
the onzymo-substmto reaction 

A NEUBnnonn 
W Kxvnt 


OIL IN NAVIGABLE WATERS 


I T is now so\ on vears since a group of representatives 
of tho interests m Great Britain which ore most 
affected by oil pollution formed therasoKos mto tho 
Co ordinatmg Advisory Committoo on Oil Pollution 
or the Sea under tho clwmrmnship of Mr James 
Collnghnn, M P In 1053 this Committee organized 
an international conference m London which called 
for a meeting of governments of all m anti mo coantnos 
to tako action to prevent the growing pollution of 
iho oceans of tho world This request met with 
considerable success, for an mter governmental 
confcrenco wna hold in 1954, at which on international 
convention woe drawn up This Convention came mto 
forco m July 1958, and has boon ratified by tho 


United Kingdom Belgium, Canada Denmark 
Finland, Franco tho Federal Ropublio of Germany, 
tho Irish Republic, Mexico tho Notliorlonds Norway 


and Sweden 

The Convention docs not prohibit tho discharge 
of wnsto oil entirelj , but merely within certain zones 
and tho countries vihich obsorvo tho Convention 


■©present only about one half of tho world's tanhor 
hipping, notable omissions being tho United States 
[J S S JR , Poland, Italy , Panama and Idboria Dio 
2o ordinatmg Advisory Committee on Oil Pollution 
>f tho Soo. UioroForo dcoulcd to ors»n^<> J 
mtional conforoncoto dwcjuw, P in 

low fur the 1054 Convention Jmd boon om? 
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diminishing the contamination of coasts and honchos, 
and the destruction of bird lifo Tins Conforonco iuis 
held in Copenhagen during July 3-4 It was presided 
over by Mr James Callaghan, M P , with Dr Bojo 
Bonzon (chairman, Danish National Section, Intel - 
national Council foi Bird Preservation) and Hr 
Ekspoditionssokroticr Svon Lunddalil (Secretary, 
Danisli Coimcil for tho Pxovontion of Oil Pollution 
of the Sea) as vico cliaumon 

Tlio meotmg was vory noil attended, and included a 
wide lango of interests, for among tlioso piosont wore 
representatives of government departments of trans- 
port and commerco, ship owners, port authorities, 
ship repairers, seamen’s unions, sea fishorics associa- 
tions, local authorities, ploasuro rosorts, tourist 
organizations, hotel and rostaurant associations, and 
conservation, ornithological, and humanitarian or- 
ganizations, of many countries, togotlior with tho 
diplomatic representatives of mnotoon nations In 
addition, sevon international bodies, tho Inter- 
governmental Maritime Consultative Organization, 
the Food and Agriculture Organization, tho Coiuieil 
of Ernope, tho International Union of Biological 
Sciences, the International Council for Bird Preser- 
vation, tho International Union for tho Conservation 
of Nature and Natural Rosourcos and tho World 
Federation for the Protection of Animals wore 
represented 

The Conference was opened by Mr Holgo Juul, 
deputizing for tho Danish Mimstoi of Commoree, 
and the first section of tho proceedings was devoted 
to a review of tho situation arising from tho 1054 
intergovernmental Conforonco In a pnpci on tin. 
working of tho Oil in Navigablo Waters Act, 1955, 
Sir D C Haselgrovo, imdor-socrotary, U K Ministry 
of Transport and Civil Aviation, pointed out that tlio 
provisions of this act go beyond tho basic require 
ments of the 1954 Convention, and quotod as an 
example that the soa zonos in which British ships 
registered m the United Kingdom must not discharge 
oil extend beyond the zonos laid down m tho Con- 
vention Ho paid a warm tribute to tho ready 
co-operation of British ship owners, dock and hniboiu 
authorities, and the oil industry Capt K C Angus, 
Marine Regulations Branch, Department of Transport, 
Canada, in a report on tho preventive moasuros taken 
by the Canadian Government, stated that tho coasts 
of Newfoundland suffered most from oil pollution, 
and after them tho eastern maritime provinces and 
the St Lawrenco river, but tho whole Atlantic coast 
was subject to heavy and habitual contamination 
He stressed tho value of weight of public opinion, and 
directed attention to the fact that m many countries 
only a very small percentage of the population was 
aware of the existence of oil pollution and its soi ions 
consequences Mr Lestor A Gilos, jun , American 
Humane Education Society, in association with Mr 
John W Mann, State Department, Washington, D C , 
announced that an mtei -departmental Committee 
had unanimously adopted a draft report for submis- 
sion to the Secretary of State, recommending that tho 
United States accept tho 1954 Convention with 
reservations of a teclinical nature, a statement that 
was received with acclamation 

In a paper dealmg with tho working of tho Con- 
vention from the point of view of British tanker and 
od companies, it was recalled that since the Second 
World War the use of oil, and consequently the num- 
ber of tankers, had increased enormously, and that 
ownership was now spread over a great variety of 
flags, some quite new to shipping, and it was urged 
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that univoisal ratification bo strenuously pursued I a 
tho discussion regin ding mothods of cleaning carp, 
tanks winch followed, Mr A Lognn (Shell Tanker,, 
Ltd ) uttered n wotd of warning regarding tho mdis’ 
criminate uso of choimcals, and pointed out that tho 
uso of largo amounts of doteigent might lead to a 
situation oven more destructive and less manageable 
than that arising from tho original oil sludgo 

Disposal of oil wasto and facilities in ports were 
doalt with In speakers from Denmark, tho Nethor 
lands and tho Unitod Kingdom Mr S Glnzcnburg 
(Netherlands) forecast Hint tho consumption of 
134 million tons of oil by Euiopcnn countries in 1957 
would riso to a consumption of 190 million tons in 
1053 and 310 million tons in 1975, with a (orrospond 
mg expected riso m refinen capacity, particular]} 
m Western Europe Coinpnrntivolv more oil pro 
ducts would ho exported from Western Europe, and 
in proportion to this nicrcnso m oil movements tho 
problem of tho disposal of oil residues would bccomo 
more acute 

Speaking for 43 coastal municipalities m thoNother 
Junds tho Buigomastor of Bergen described tho sj stem 
of weokl\ reports on tho condition of tho beaches m 
Holland which are suminari/od annually in ordor to 
give a general survey of the amount of oil pollution 
during tho } ear He urged that municipalities m other 
eonntnes should orgntu/o sunilai sun ox's and that tho 
infornint ion should be co-ordinated on an international 
scale Fi om tlio point of x*iow of tourism it was pointed 
out b\ Mi Eric D Croft, director-secretary of the 
Bntisli Hotels and Restaurant s’ Association, that 
dollnr earnings from touris-m exceed tho total mine of 
exports of <nrs and Scotch whisk}’ together from tho 
United Kingdom to tho United States, and ho stressed 
tho serious loss to tho tourist trade presented by 
pollution of honchos 

Reports, on tlio destruction of birds bv waste oil, 
received from Cunndn, tlio Gonnnn Isadora] Ropublic, 
tho Nothorlnnds, Newfoundland, Poland and tho 
Unitod Kmgdom, showed tlmtin tho Netherlands it was 
estimated that a minimum of 20,000 and a maximum 
of porhaps 50,000 birds nro destroyed annually, and 
that 50 different species ha\o been affected , m 
Newfoundland all species of soa-lmds around tlio 
coasts nro xuctnns, further midoncing tho great toll 
of sea birds winch has boon continuing for more than 
forty years 

Major Bortil Funek (Sweden) directed attention to 
tlio rocuiTing pollution of tho Baltic, especially east 
and south-east of tho island of Gotland Under tho 
Convontion tlioro is an area in tho Balt ic, south-east 
of Gotland, 50 nautical miles from tho island and iho 
mainland, wlioro discharge of oil is permitted Ho 
opmhnsizod that tho Baltic is too small m area for 
oil discharge, and proposed that n resolution bo possod 
Booking to obtain tho molusion of tho Baltic as a 
prohibited zono for oil disclinrgo Ho also rocom- 
mondod that tho whole North Soa should snnilarlv 
bo declared a pioliibitod zone 

Tlio representative of tho socrotnry-goneral of tho 
Intor-govoinmontal Munf imo Consultative Organiza- 
tion, Kommorsoroadot G M E B6Cs, stated that tho 
bureau functions for tho International Convention 
for tho Prevention of Pollution of tho Sea by Oil 
had boon discharged by tho Unitod Kmgdom up to 
Juno 15, 1959, whon tho Organization took ovor 
tho dutios and obligations couforrod upon it undor 
tho terms of tho Convontion Among other respon- 
sibilities tho Organization would liavo tho duty of 
convening a further conforonco to revioxv both tho 
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working of the Convention and the possibility of impress upon go\ emments and upon ship owners and 
bringing about complote cessation of discharge of ship s officers and crews the serious consequences 
persist out oils into the soa In resolving to take over nriBing from the discharge of oily wastes into the soa 

its functions, however , the Organization point od out that all noccesary facilities be provided for tlio dis 

to tbe governments concerned that, owing to otlior posal of oily wastes in mam ports and harbours , 
urgent tasks, it would not bo possible to convene that technical research mto means of avoiding dis 
a further conference boforo 1001 Mr BMs ended charges of oily wastes mto the sea bo intensified, 

on a personal note, stating that though the con and tho results made widoly known through the 

verung of a further conference on od pollution was not Inter governmental Maritime Consultative Organiza 
an obligation mode under the Convention he would tion , tlmt with a view to achieving tho aim of total 
characterize it as a moral undertaking inspired by tho avoidaneo of the discharge of persist ent oils mto tho 
first resolution of tho 1954 Conference Tho nun of sea, tho governments and the Organization should 
that resolution was certainly the sarao as the object make preparations for holding a further inter goiem 
of the present conference namoly, tho completo mental confcronoe as soon as possiblo 
avoidance of disci rnrgo of persistent oils mto tho sea Tho second resolution, though reiterating tho only 
which, so far as was known, was tho only ontireh effective solution of tho problom, proposed in tho 

effective method of preventing oil pollution meantime an extension of tho prohibited zones for 

Two resolutions were adopted by the conference oil dischargee m such arena as the Gulf of St Law 

Tho first urged that tho gov crmments of countries renco tho Grand Banka of Newfoundland, and tho 
whioh had not yet ratified the Convention of 1954 eastern seaboard of North America and also in tho 
should do so , that further efforts should bo made to Baltlo and North Seas V Barclay -Swrrn 


RADIOACTIVATION ANALYSIS 

N EW methods of chemical analysis using tech Beveral different activities Fortunately many of 
tuques derived from nuclear physics were the common matrix dements (aluminium, silicon 
discussed at a Symposium on Radioactivation iron carbon, mtrogon, oxygen) have relatively 
Analysis hold in Vienna during June 1-3 Sponsored small cross-sections for thermal neutron capture 
by the International Atomic Energy Agency and Differences m half hfo and decay energy between 
tho International Council of Scientific Unions, the trace elemont and matrix or between different trace 
meeting brought together research workers from dements in tho sample are also advantageous 
twenty-one countries for the first international Tho isolation of individual activities for radio 
conference on a subject of rapidly growing importance active assay may often bo achieved by y my spoctro 
in many branches of science, medicine and industry scopy, but a preliminary chemical separation is 
An introductory survey by O B Cook (Atomic generally advisable, oven when dealing with short 
Energy' Reaoaroh Establishment, Harwell) was fol lived nuclides When onco the experimental material 
lowed by reviews of the uses of aotivntion analysis lias been irradiated, along with a known amount of 
in geochomi8trv (W Herr, Max Planck Institute tho element under Investigation (to servo as a stan 
of Chemistry, Mainz), biochemistry and mediolne dard) tho isolation may bo simplified by tho addition 
(J M A Lonihan, Western Regional Hospital Board of stable earner in any desired amount Anothor 
Glasgow) and metallurgy (J Hoste University of useful advantage of tho aotivation method is that 
Ghent) V Lev equo (Centro d ’Etudes Nuol&ures contamination of reagents often a source of trouble 
Saclay ) spoko of applications in industry and GW in tho micro -determination of trace elomcnts, need 
Leddicotto {Oak Ridge National Laboratory) do not bo considered at ali 

scribed recent dovolopmonts in the United States The sensitivity of thormal neutron activation 
Several shorter contributions wore also given analysis for traco ostunntlon is remarkable Mnnv 

Most analytical methods depend on tho behaviour elements can bo estimated at levels of 10“* to 10~ 11 
of electrons Activation analysis depends on tho gm using a noutron flux of 10 1 * n/cm acting on a 
properties of tho nuclous in particular tho radio 1 gm samplo TIkj detection of trace elements bv 
activity induced by bombardment with neutrons or this method has boon useful in sovcral industrial 
other partiolos Many oloments have isotopes which probloms, notably tho measurement of deliberate or 
docav Blowly onough for tho assay to bo dono a day fortuitous contamination in somi conductor materials 
or two after irradiation but work on short-lived Applications in tho oil industry are so numerous (and 
activities can only l>o done close to a neutron source so important financially) that many companies have 
A reactor in tho instrument of choice for aclivatfon acquired noutron sources of their own A typical 
analysis, but more modost facilities are often service problem, in whioh conventional methods of analysis 
nblo Disci rnrgo tubes using tho doutocium-tntmm are not sufficiently sensitive in the control of vena 
reaction gjvo neutron fluxes as high on 10 t njcm t }sec dium whioh acts as a catalyst poison In creckmc 
at moderate cost Useful work lias been done with operations and an a corrosive agent in fuel olln 
tho lower fluxes provided bv radium-bo rvllium or Tho same element is Important in a different con 
antimony -beryllium routoch ; a recent innovation is noxion as a constituent of high alloy steels Here the 
tho ninoricium-borvllium source, which has the merit activation method of analysis is valuable for its speed 
of freedom from residual y ray emission and accuracy' A 10 second irradiation nfc a flux of 

Since nearly sovontv olomonts bocomo appreciably I0 1 * n/cm *jsoc , is sufficient for analytical 
radioactivo aflor a few hours oxposure msldo a nuclear tions using tho isotope vnnftmuni-53 D* ^ useful 
reactor of moderate thermal noutron flux (I0 lt n/ minutes) In prospecting or n noutron 

cm 9 (bo c ) tbe irrmlintod sample generally contains technique is to lowvr n 
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generator After a few minutes tho generator is 
replaced by a scintillation counter to estimate tlio 
vanadium-52 activity 

In geochemistry, whore tlio study of natural radio- 
activity has been of primo nnportanco for moro than 
half a century, tho new possibilities offered by acti- 
vation analysis have boon welcomed A powerful 
technique for age determination in rocks and meteor- 
ites depends on measurement of tho relativo abund- 
ance of parent and daughtoi nuclides m a natural 
radioactive decay process Usoful impro\ emont m 
sensitivity can be expected whore one or both of the 
nuclides can bo subjected to activation analysis 
Potassium /argon and rubichum/strontium ratios aio 
readily measured in this way Uranium-238 can bo 
estimated dowm to a limit of 10" 12 gm by tho reaction 
238 U(n, YP) 23 »Np For uranium-233 tho limit of sensi- 
tivity so far achieved (at the Argonno National 
Laboratory) is 5xl0' n gm , using tho reaction 
235 U(n,/)“°Ba 

Activation analysis of biological matoual lias- 
attracted relatively littlo attention, though tho 
method has many interesting potentialities Sovcml 
elements, including vanadium, mangancso and cobalt, 
are important to plants or animals but their function 
m human nutrition is still obscure, through lack of 
sufficiently sensitive analytical methods Tlio role of 
vanadium in dental caries and of manganese in bono 
formation were two of the subjects suggested for study 
by activation analysis Many problems m dental 
science and m animal biochemistry are also awaiting 
exploration by activation methods 

Arsenic is an element of continuing interest m 
clinical science, partly because of its increasing uses 
and hazards m agriculture and partly because it is 
the only component of tobacco smoko known to bo 
carcinogenic m man Ai sonic levels m normal tissue 
are too low for accurate estimation m living subjects 
by conventional methods Activation analysis lias 
been used m several investigations of arsonic poison- 
ing, whether accidental or homicidal An unusual 
toxicological experiment was tho lccont study by 
activation analysis of tho remains of Enk XTF, a 
sixteenth-century Swedish king who died in 
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mysterious circumstances Tlioso tests gavo support 
to tho theoiv that ho was poisoned by mercury 
said to have been administered m a dmli of pea 
soup 

Although thermal noutions are the most versntilr 
agents foi activation analysis, fast neutrons have 
some distinctive applications The estimation of 
trncos of oxygon has boon done satisfnclorih bj 
mixing the oxpeiimcntnl sample with lithium fluoride 
and irradiating with fast neutrons to prodaco the 
reaction °Li (», a) 3 H followed by le O( 3 H, ») ,, F (hnlf- 
hfo 112 mm ) Tho limit of sensitivity of this method, 
ns practised at Harwell, is 5 10' 7 gm of oxygen 

Piotons have been used for tho estimation of boron 
in silicon, a test of considerable nnportanco to 
transistor manufacturers Neutron activation yields 
no sintablo isotopes but fast protons induce the rcac 
(ion n B(p, n) n C (half-life 20 4 min ) Tlio silicon 
provides nn internal standard by tho reaction 
3D Si(p, n) 3;> P Concentrations of boron as low as 
1 in IO" have been measured in this way. Proton 
ncfivntion is useful also for the estimation of boron 
m germanium Dcuterons prov ldo the best method 
for tho estimation of magnesium m iron, by the 
reaction ll Mg(d, a) 2i Na An internal standard is 
given by- the reaction 88 Fo(r7, a) J4 Mn 

Two conclusions emerged from the symposium 
The first is that any laboratory' using conventional 
methods of chemical or speef rograplnc analysis would 
do well to explore tho possible advantages of nctiva 
tion method?? for somo of its work Tho second is 
that activation analysis, though superficially a 
simplo technique, requires considerable skill m 
nuclear physics and in annlvticnl chemistry for tho 
full realization of its possibilities 

Tlio success of tho meeting was enhanced by the 
genial hospitality- of tho sponsors and by tho agree 
ablo atmosphere of tho magnificent new conference 
suite of the International Atomio Energy' Agency in 
tho Hofburg The proceedings of the symposium 
wall bo published shortly- in book form A long- 
awaited manual of experimental procedures is in an 
advanced stato of preparation at Onk Ridge 

J M A Lsnihan' 


THE CAPE TOWN SCIENCE EXHIBITION, 1959 


E NCOURAGED by the success of tho Scionco 
Exhibition hold in Capo Town m March 1958, 
the Cape Council of tho South African Association 
for tho Advancement of Scionco, in collaboration 
with the Royal Society of South Africa, organized 
tho second Scienco Exhibition in moro spacious sur- 
roundings (10,600 sq ft ) during the period April 
6-11 After introductory addresses by tho chairman 
of the Organizing Committee and vico prosidont of 
the South African Association for tho Advancomont 
of Science, Dr Ronald Smger, and by H M Astro- 
nomer at the Capo, Prof R H Stoy, tho Exhibition 
was officially opened on the ovoning of April 6 before 
a distinguished audience of scientists, industrialists 
and educationists by- His Excellency the Govomor- 
General, Dr E G Janson 

Dr Jansen stated that the Exhibition must bo of 
particular interest to the layman, “bocauso although 
one does not always understand all that science has 


to teach us, one realizes tho impoitnnco of scionco 
and scientific research especially m tho troublous 
timos m which wo hvo, and where scionco lias, 
to a largo oxtont, changed tho hfo of civilizod 
man and touches our o very day hfo at overy 
pomt” 

Dr Jansen mdicnlod that it is a ratlioi startling 
thought that, according to somo reports, tho Soviet 
Union is moro advanced than any other country, not 
only m certain fields of scientific research but also m 
tlio numbor of mon and womon rocoiv mg education 
and training m Bcionco and scientific methods “Tho 
quostion arises as to whether sufficient is boing dono 
in tliat direction m our country If wo beliovo 

that the future of tlio countiy is m tho hands of tho 
youth of to-day, wo should surely- see to it that tho 
education of our boys and girls is in tho hands of 
men and womon most fitted for the task, and who 
are devoted to their work It follows that they should 
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bo adequately remunerated and enjoy fair conditions 
of employment ” 

The organizing committee produced a handsomo 
brochure of 48 pages, providing not only a guide to 
tho twenty seven oxhibits but also a general deeorip 
tion of the scientific methods behind each oxhibit 
In tho introduction, Eh Singer stated that ‘tho 
Exhibition is an attempt to present to the lay publio 
interesting aspects of modem scientific research and 
tho application of science to industry and commerce 
Some, if not moat, of tho important research projocta 
and applications of research to industry in South 
Africa lia\e been carefully aascrnblod for the public 
of Capo Town and environ* A wider understanding 
of scientific endeavour and its vast potential will 
inspiro lay indrv lduals and give them some insight 
into the multitude of problems besetting almost 
every aspect of our daily lives — which we generally 
take for granted Ignorance of these matters must 
only provide a false sense of security —an ‘acceptance 
without contemplation’ which can only end in a 
degeneration of our standards of civilization 

Tho exhibits (fixed at twenty seven because of 
tho limitations of space) wore of three typos — pure 
science, applied research and modem technical equip 
xnont The South African Council for Scientific and 
Industrial Research presented a display depicting 
tho nnturo and scopo of its iune national research 
laboratories (roughly as outlined in Naiurr 183 853 
1059), a demonstration on tho electrodialyais process 
for desalting water and a post or -demonstration of 
tho theme ‘Tho Planet Earth’ emphasizing tho 
international character of the recent International 
Geophysical Year The roothoda of geophysical 
research wore dramatically illustrated The United 
Kingdom Information Office presented an impressive 
display outlining Britain’s role m the development 
of power from the atom. Models of Colder Hall and 
Ztda providod the basis of the exhibit 

The Division of Fisheries presented it* integrated 
programme of pelagic fish research indicating the 
types of problem investigated and the directions in 
which tho research has progressod It clearly out 
lined tho essential part it played in tlio £15 million 
fishing industry In addition tho Fishing Industry 
Research Institute at tho University of Cope Town 
providod an exhibit covering throe aspects of its 
research — electrical thermomotcre on board ship* 
pratom. analysis and tho bacteriology of fish 

The South African Broadcasting Corporation pro 
vidod a unique studio to display tho great deal of 
research and development work that bos behind a 
modem transmission system The mothoda used to 
minimize distortion and noise were demonstrated 
The 8outh African RadwnyB and Harbours exhibits 
demonstrated centralized traffic control tho draught 
arrangement and problems in modom locomotiv os 
and tho ultrasonic testing of materials 

Tho telluromotor microwavo systom of precise 
measurement of distanco (an electronic dov ice winch 
measures distanco between a master unit at ono 


oil industry, the bacteriology of canned foods, the 
standardizing of colours of printing inks, etc 

The South African Tngouomotncal Survey ox 
hibrtod the methods and techniques m modem survoy 
operations The Division of Entomology indicatod 
the more important aspects of two of its research 
projeots on forest and timber insects Dr S H 
Skaife exhibited his ingoruoua and simple equipment 
used in studying the liabits and nature, of some of 
the 400 species of ants in South Africa The South 
African Museum's exhibit demonstrated a 14 ft 
fibre-glass cast of a slab of rock containing tho foot 
prints of threo mammal like reptile* wluch lhod 200 
million years ago in Basutoland 

The South African Association for tho Advance 
mont of Knowledge and Culture displayed methods 
of promoting scion ce education 
Tho most dramatic and most popular exhibit was 
that of the Department of Surgical Research of tlio 
University of Capo Town, which had a working 
heart-lung machine, and films and slide domon 
strati o ns on open heart surgery opproximatolv 
twenty people a day were treated for syncopo by 
the St John Ambulance Brigado 

Films of BOiontifio interest wore screened through 
out the daily 12 hr period when the Exhibition was 
open in a specially erect od cinema insido tho hall 
Approximately 17,000 peoplo of oil races visited 
th© Exhibition m comparison with 5,000 who 
attended tho 1958 Exhibition As a result of tho 
sale of tho brochure and tho rent mg of exhibition 
Bpace to commercial firms, moro than £1,200 was 
collected Most of tills rnonoy will form the basis of 
a fund to provido scholarships to suitably qualified 
young men and women who wish to take up science 
as a career 

Tlua Exhibition is part of an ambitious programmo 
on which the Cape Council of tho South African 
Association for tho Advancement of Sclonco has 
embarked during tlio past threo years to stimulato 
an interest in and an understanding of tho progress 
of modem science among non specialists and Invmcn 
Tho Council organizes four to fivo ncwnco film siiow* 
a month which attract capaoitv audionccs and in 
addition, fortnightly luncheon film allows aro put on 
at tlio South African Museum (whore thcro is at 
proeont also a planetarium attracting visitors) 
Through tho Council a mitiativo, ro Fresher courses for 
science teachers aro now regularly providod at tho 
major Koutli African universities and at present the 
first in n series of autumn lectures (based on tlio 
Cliristmas Locturea in tho United Kingdom) is being 
arranged for Botuor pupils at school* in and around 
Capo Town Regular conversaziones are held and 
last v ear tho Counoil organized tho Darwin-Watloco 
centenary woek of exhibitions, lectures and *ympofun 
on o volution A special comm it too is investigating 
science toad ling and particularly mathematics in 
schools and making rocommondntionft for improve 
mont to tho educational authorities Tho formation 
of a Parliamentary and Scientific Comraittoo is being 


end and a remote unit at tho other bv phase com mootod, and tlio Capo Council is already planning 

pnrison of a number of pattern frequencies) was for tlio Diamond Tubileo Congress of tho Association 

imontod m South Africa and is now used in mam in 1062, when it hopes to mvnto distinguished soicnt i*ts 
part* of tho world Thiswn* ono of tho exhibits by a from overseas 

number of industrial and commercial firms, including Tlio Capo Council of tho South African Association 
modem methods of sock ranking, tho scientific aspects for tlio Advancement of Science firmly boUovcs that 
of a modom motor-car, ocho- sounders industrial in providing these service© to tho lay public it will 

closed -circuit television, automatic alarm equipment ovontually produce noticeable offocts on tin U ure 

on sen gomg voseols, modem inotal spraying equip loaders of not only science but ft ^ iNorn 
mont, prevention of corrosion, atomic power in tho ethics and morel philosophy 
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Table 1 Aftershocks or tiie Aellowstoxf Tajik Earthquake 
or ACQUST 18 (ALL DJJRIVO ALOCST) 
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From the first of these epicentres earthquakes on 
June 27, 1926, reached intensity 10 on the Rossi- 
Forel Scale and caused greatest damage at Man- 


hattan, Logan, Tin eo Forks and Lombard From 
tho second location shocks in October and November, 
1936, attained maximum intensity 9 on tho Rosy 
Forol Scalo Howcvor, minor shocks of intensity 4-5 
(R F Scale) from an epicentre in Yellow stono National 
Park, Wyoming (44° N , 1 1 1 0 W ), occurrod at various 
times from August 24 to Decomber 22, 1930 In 1047 
(November 23) at OOh 46m 05s c. xi t. a shallow 
focus emthqunko from on epicentio 44?° N , lllj°l\ 
reached a magnitude 0J on tho Richter Scalo Earth 
quakes aro always hablo to recur at or near old 
opicontres 

Aftershocks of tho earthquake of August 1959 
so far listed bv tho United States Const and Geodetic 
Survcv nre given in Table 1 although smaller shocks 
are said to linvo occuired at intermediato times 
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A THEORY OF AGEING 


T TTE theory of ageing put forward by Szilard 1 
refers explicitly to mammals It is tho purpose 
of the present communication to point out that this 
theory cannot explain agoing in Drosophila, sinco it 
is inconsistent with two oxporimontal observations 
Jins of course does not provo that it cannot oxplam 
ageing in mammals , but reasons will bo giv on for 
doubting that it does so 

Szilard postulates tho mndom occurrence of 'hits’, 
each hit rendering mcffoctivo tho goncs of a vvliolo 
chromosome, or perhaps of a largo sogmont of a 
ohromosomo A coll bocomos inoffoctivo oithor w hen 
two homologous chromosomes liavo each suffered a 
hit, or when one of a pair of homologuos lias suffered 
a hit, and the other camos an mhoritcd ‘fault’ Bv 
a fault is meant a rocessivo gone which m homozj gous 
condition lenders the coll mviablo, or incapable of 
performing a nocossary function m tho adult organ- 
ism Death occurs when somo predetermined fraction 
of the colls initially prosent is m this way rendered 
ineffective , Szilard suggests that this fraction is of 
tho order of 2/3 to 11/12 

It is a direct consoquonco of this theory that, m 
the author’s words “Tho mam reason why somo 
adults hve shoiter lives and otliors livo longor is tho 
difference m the number of faults thoy have mhoritcd” 
This is the first eonsequonco of tho thoory which is 
contradicted by observations on Drosophila In so 
far as differences in adult longevity aro genotically 
determined, by far tho laigost differences aro those 
between inbred and outbrod individuals 5 5 F, 
hybrids betwoen mbrod lines live for longoi than 
do the parental lines (sometimes for twice ns long) 
Outbred and genotically variablo wild populations 
have approximately the same expectation of life ns 
do F, hybrids Now inbreeding increases tho propor- 
tion of loci at which individuals aro homozygous An 
individual which survivos for an appreciable time as 
an adult cannot, by definition, be homozygous for a 
fault Therefore inbred individuals which survive 
to become adults, and which do not dio immediately 
after emergence, are not homozygous for faults at 
any loci, and would be expected to bo heterozygous 
for faults at fewer loci than are members of outbrod 
wild populations If two mbrod lines are crossod, 
the F, hybrids would be expected to carry a load 
of faults intermediate between the loads earned 
by the parental lines Thus according to Szilard’s 


thoory, inbred linos should hav o a highor expectation 
of life than wild populations, and F, hybrids botw’oon 
mbrod linos should bo intermediate botueon their 
parents Neither of tlicso predictions is in fact truo 

Ftirthor, sinco males have onlv a singlo X chromo 
somo, any hit on that clironiosomo m n mnlo would 
rondor tho coll mviablo, whcions in ft fomalo not 
hoterozvgous for n sox -linked fault both X chromo 
somos must bo bit boforo a coll heroines mviablo 
Therefore fomnlos should hvo longoi than males 
This again is not tho case in D subobscura In somo 
strains fomnlos do hvo longer thnn males, but m other 
strains, both inbied and outbrod, tlio rovorso is truo 
This point is particularly tolling smeo m Drosophila 
tho sox cln omosomes account for about ono-fiftli of 
tho total chromosome matonal 

Tho other group of facts winch aro inconsistent 
vi itli tho theory concern tho rato of agoing at different 
tompornturcs 1 Fomalo D suhobscura of a particular 
strain havo an oxpoctation of lifo of about 66 days 
at 20° C and of 18 dnvs at. 30 6® C Jlio changes 
responsible for death at 30 6° C aro not ropairod or 
rovorsod m individuals kept for a time at 20° C 
Consequently tho changes responsible for death at 
both tomporatuios can piopoily ho regarded ns 
ngomg procossos If tlioso processes vvoro, at each 
temporatmo, tlioso postulated by Szilard, differing 
only in tho into at which hits occui, it follows that 
individuals kopt for an appreciable timo at 30 6° C 
should havo, whon rotuinod to 20° C , an oxpoctation 
of lifo at that temperature low ci thnn that of indi- 
viduals of tho samo chronological age not previously 
oxposod to 30 5° C In fact, exposure to 30 6° C for 
ponods of (ho ordoi of half tho oxpoctation of life flt 
that tompornturo docs not nltoi tho further expec- 
tation of lifo at 20° C of malos, and significantly 
increases that of fomalos 

Honco, if, dospito tho gonotic ovidonco to tho 
contrary, wo ossumo that ngomg at 20° C is duo to 
random hits on chromosomes, then ngomg at 30 6° C 
cannot bo explained by tho same piocoss procooding 
at a highor rato In otlior words, oithoi at 20° C 
or at 30 6 C ngomg must bo duo to a piocoss different 
from that postulated by Szilnid , it is possible, and 
m my view likoly, that such a procoss is not primarily 
responsible for agoing at oithor tomporaturo 

It is perhaps unreasonable to criticize a theory 
intended to oxplam agomg , n mammals by quoting 
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obh(?r\ at Iona on insects Unfortunatel} the tompora 
turo oxponmenta cannot ho repeated on a honuo 
therm But thoro is Rome evidence 1 in mice, as •well 
oh in Drosophila that inbred iruliv i duals do not h\ o 
as long oh outbred one® In addition to this purolj 
observational point, there is one more general reason 
why Szilard’s work has mado a theory of agoing by 
Romatio mutation lees, and not more, promising than 
it had previously appeared to be It is assumed that 
the ‘target is a •whole chromosome , a ‘hit* renders 
ineffective all the genes earned by tliat cliromosomo 
This assumption is mado because, os Szilard shows 
if it wore assumed that the target were an individual 
gene, it would be nocessary also to assume that each 
individual carried a load of faults so high as to bo 
inconsistent with the known fertility of conaan 
guineous mamagoe There are ov enta particular!} 
mitotic orroTB and chromosome breakages, which 
would deprive cells of whole chromosomes or of 
largo segments of chromosomes but they do not 
scorn likelv to be common enough to bo the mam 
causo of agoing Most biologists would bo happier 
with a theory which assumed as tho unit evont a hit 
on a geno using tho word gone hero to refer to a 
functional unit or cistron Perhaps the moat impor 
tant thing Szilard lias done is to show that imoli a 
tlioorv at least m its simplest form, would run into 
difficulties 

J Maynard Smith 

Department of Zoolog} 

University College, 

London, W C 1 

•8UUrU L. Pnx U s Vat Srt. 48 30 (1950) 

*01»rke J If *ud 3f»yn*nl Smith, J J Gto* M 
3£ayn*nl “mlth J , J (invt 80 227 (1M0) 

•Mfvywtl Smith J J Exp Biol *0 83^(10^8) 

•MOblbork 0 CJBA Co/towta on irHitg 3 116(1057) 

All the observations quotod bv Mr Smith 
m his interesting communication relato to fVuit 
flies and tho> fall into two classes observations 
wluch we may expect to bo able to duplicate in the 
case of mammals and those which wo may not Since 
I do not propose to discuss here whether tho theory 
might or might not be oxtonded to insects I am 
primarily concerned with tho former of the two claasoe 

Smith states that a gonoticnlly variable ‘wild , 
population of fruit flics lias a substantially higher 
lifo oxpoctancy than inbred fairly or wholly homo 
zvgous, strains derived from it Ho also states that 
tho F\ hybrid, obtained b> crossing two different- 
inbred strains, has a substantial!} higher lifo oxpec 
fancy than the two mbr d strains themsclvos Smith 
holds that these findings are not compatible with tho 
theory of agoing that I proposed 

It is probabl} true that the observations quoted 
abovo could be duplicated with mammals and I am 
qulto prepared to accept this thesis for the sako of 
argument As I shall prcsentlj show , liowov or, m> 
thoor} does not prechtdo that tho homozygous inbred 
strains maj havo a substantial l v smaller lifo expoc 
tano> thon tho w fld t> pe strains Further, tho theor} 
demands that tlie life oxpccfancj of tho F t hjbnd 
bo apprccmbl} higher than that of tho wild typo 
strain, if tho wild typo strain carries a substantial 
number of faults In order to see this, wo may 
consldor tho following 

At present thore is no cv idenco that a gone mav bo 
responsible for anything except for tho production 
of a specific protein molecule which might be endowed 
with a specific cnzvmatic activity In a wild popula 


tion, a given gene maj be present in the fonn of a 
variet} of allolos and the corresponding enzymes mav 
differ in thou* turnover number For tho purposes 
of discussion here I slrnll call an ollole weak if 
the turnover number of the correspond mg enzyme 
is small If this turnover number is yen small tho 
allelo might be a recessive lethal A complotel} 
homozygous strain is of course, free of recessive 
Iethols, but it mo} contain a number of ‘weak 
allelea 

Agnm for tho purposes of discussion here I shall 
adopt a eomowhat ovor simplified picture and shall 
disregard tho poraihihtj that the enxymo levels in 
tho somatic oells nmv bo dotonmned to some extent 
by tho regulatory mechanisms of tho cell through 
enzyme induction or otherwise On this over sum 
plified basis, we may then sav that the somatic cells 
of an inbred strain which is homozygous for a number 
of ‘weak’ alleles, arc impoverished in tho correspond 
ing enzymes, so far as their biochomical aotivit} is 
concerned 

Mv theory assumes tliat onlj a small fraotion of 
the enzymes, less than one fifth perhaps is important 
for the functioning of the somatic cells of tho adult 
wlule practically all of the enzymes nun be important 
for differentiation and morphogenesis during tho 
embryonic life of tho individual According!} wo 
may then expect tliat an individual of the inbred 
strain (which is homozvgous for a number of weak 
alleles) may bo maldev eloped in tho sense tliat it nun 
have a muoh smaller resorvo at birth than the wild 
type individual with respect to a number of plivsi 
ological functions Thus it is conceivable that an 
individual belonging to an inbred strain mav die at 
an ago at which / tho surviving fraction of its 

somatic cells has fallen to sav f* " whereas 

on individual belonging to the wild type strain mav 
dio at an age at winch f tho surviving fraction of 

its somatic colls has fallen to about f* « ~ 

We maj compute for this caso tho most probable 
ago at death for man from formula (14) given on p 33 
of m} paper ( loc fit ) which roads 

Xr + r ” \/ + ln j. 


where x r is tho number of hits at death r is the 
number of tho inherited faults m ™ 23 is tho number 
of ohromosomo pairs and /* is tho surviving fraction 
of tho somatic colls at the age of death 

Tho most probable ago nt death, t r , is given b> 
l r 6 y x r years 

For tho inbred strain wo obtain tr, tlie most probable 
ago at death bj writing r o and 1 n~ vl W 0 


thus obtam t r « 63 G } ears 

For the wild type wo obtain t„ tho most probable 

age at death, by writing r ■» 2 and \s\ji w2 Wo 

thus obtain t r •= 81 5 years The actual \ alue for 
whito females in theUnitod States is t r ** 80 Gvcars 
For tho F t hybrid wo obtain t r , tho most probablo 

age at death bv writing r ■=* 0 and lnj^ r* 2 Wo 


i obtam f r «=. 93 5 soars This is 12 \enrn more 
i the v'aluo for tho wild type «,i,ort»*nr*l 

may thus Ik> mot tbnf a . 1 - 

oxpXtmwyofH*' kom»wo»« in*— 1 " ln,m 
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compared w itli the w lid tvpe, need not bo inconsistent 
with the theory Howovor, an increased life expec- 
tancy of the F v hybrid as compared with the v lid typo 
strain is a necessary consequence of the theory 
This consequence of the theory could be tested by 
experiments on short-lived mammals, say mice In 
order to render the experiment more sensitive, one 
may first expose to ionizing radiation a population 
of wild type mice over several generations and may 
thereby increase the number of faults m tho popula- 
tion Starting with such a ‘wild’ population, enriched 
in faults, one would then select tw o unrelated families 
and derive from them two inbred homozygous 
strains The theory demands that tho F , hybrid of 
these two inbred strains should live appreciably 
longer than the population from which the two 
families were selected Given a suitable oppoi t unity , 
I propose to arrango for experiments of this sort A 
negative result might well prove fatal foi the theory 
I should peihaps add at this point that the observ cd 
differences in tho life expectancy' of the mnlo ami the 
female do not provide a usable criterion for the 
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validity of tho thoory because/*, tho ‘surviving’ frac 
tion of tho Bomatio colls at doatli, might differ 
appreciably for tho mnlo and tho fomalo 

Smith citos a ratlior peculiar effect of tho tempera 
turo on tho hfo oxpcetancy of tho male and tho female 
m D subobscura It seems to mo that any future 
theory of agoing that may' be generally' applicable to 
msocts would bo put to an unduly sovoro test, were 
one to domnnd that it account for this particular effect 
Boenuso tho thoorv of ageing that I proposed make; 
quantitative predictions, it is capable of being dis 
proved by' experiments and, soonor or Intor, such 
might bo its fate At present I am not aware, how- 
ever, of any' valid observations which contradict this 
theory In llicso circumstances, I am not at present 
disposed to agree with tho appraisal of tho theon 
implied in tho Inst paragraph of Mr Smith’s com 
mumcntion 

Lko Szilard 

Bunco Fermi Institute for Nuclear Studios, 
University of Chicago, 

Chicago, 111 


CROSS-LINKING OF DEOXYRIBONUCLEIC ACID IN 
SPERM HEADS BY IONIZING RADIATIONS 

By Dr P ALEXANDER and Dr K A STACEY 

Chester Beatty Research Institute, Institute of Cancer Research, Royal Cancer Hospital, 

London, S W 3 


I RRADIATION with X-raym of dooxvribonucleit 
acid m dilute aqueous solution loads to a reduction 
in the size of tlio moloculo duo to attack by' by droxvl 
radicals 1 Irradiation of tlio solid acid ns tho sodium 
salt was claimed by' us to roduco tho molecular weight : 
and we wrongly concluded (soo bolovv) that ionizing 
radiations, whotlior acting directly' or indirectly' v m 
free radicals from water, produco breaks in tho mam 
chain Smco in vivo deoxyTibonucloic acid is con- 
jugated with protom, nuclooprotoin obtained fiom 
the sperm of fish was irradiated and attempts wore 
mado to isolate tho dooxyribonucloic acid so os t-o 
measure its molecular woight and to sco if its radio- 
sensitivity was affected by' the proseneo of protoms 
Sperm heads were chosen foi thoso oxpenmonts 
since they contain essentially only' dooxyribonucloic 
acid and protamine Thoy can bo prepared without 
denaturation as they' tako up only' a fow por cent of 
water and no break up of the nativo configuration 
occurs duo to swollmg After tho nuclooprotoin 
complex has boon dissociated in 2 Jlf sodium chloi ldo, 
deoxyribonucleic acid can bo isolated in a very' puro 
form (less than 0 1 per cent of protom contamination) 
by precipitating the protamine by' tho usual pro 
coduro 3 with an amornc soap, sodium dodocyl sulphate 
Tho detorgent-protamme complex is removed by 
centrifugation at 20,000g for 30 mm If tho sperm 
heads are obtamed from viable sperm by' cytolysis 
at temperatures below 4° C , the recovery' of deoxy- 
ribonucleic aoid is quantitative (bettei than 95 per 
cent) 

Following irradiation by 20,000-1,000,000 rads 
with 1-MeV electrons from a Van do Graaff machine, 
the sperm beads dissolved apparently completely' in 
2 M sodium chlonde, but after the removal of tho 


protanuno complex it was found Glut n substantial 
fraction of tho deoxyTibonucloic acid had beon lost 
In this dose range, no deoxyTibonucloic acid was lost 
if tho solution in 2 M sodium chlorido was centri- 
fuged at 20,0007 for 2 hr It was found that tho loss 
of dooxyTibonucloic acid was related to tho doso as 
shown m Fig 1 No significant difference was found 
between speim bonds fiom salmon, trout nnd herring , 
and moreover, tho samo effect was obtamed if vinblo 
vvholo sperm were irradiated m their sonunal fluid 
and the nuclooprotoin isolated after irradiation 

Evidence for Cross-linking 
A possible ronson for tlio loss of dooxyribonucloic 
ucid on tlio addition of tho dotorgont is that somo of 
tho protamine is chemically' linked by tho radiation 
to tho deoxyTibonucloic ncid so that it, too, is inv olvod 
in tlio detergent-complex* But all attempts to demon- 
strate such a combination linvo fftilod Thus tho 
deoxyTibonucloic acid was precipitated quantitatively' 
from tho disporsion of sporm heads in 2 M sodium 
chlorido by the addition of a polywalont cation, 
lanthanum chlorido, and tho procipitato analysed 
for protom by papoi clnomntogrnphy No differences 
could bo dotoctod botw-oon tho control nnd lrrndmtod 
samples, though tho latter ‘lost’ 30-50 por cent of 
thou- dooxyribonucloic acid on tho addition of tlio 
dotorgont and neither contamod more than 0 5 
por cont protein Tho bost ovidonco that there was 
no combination wnth protom was obtained bv 
isolating tho deoxyTibonucloic acid by ultrncontrifuga- 
tion In a preparative ‘Spmco’ tlio dooxyTibonucloic 
acid from a solution of sporm heads m 2 M salt 
(concentration of dooxyribonucloic acid 0 03 por cont) 
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Doio of radiation (rtui*) 

PIb 1 Bffect or !•* ileA electron* on the recovery of aotnMo 
deoiyrllto nucleic acid from nueieopiotelne and -Q- 

Dlfferent preparation* of B*'nion *jwrm bead* -O- trout iptrm 
liaad* -V- nuclei from boning te*te» . -A" viable trout 
•perm rocotutltutcd nuclcoprotamiae fibre* from trout 

*porm head* 


w as complotelv spun down after 16 hr at 35 OOOp 
The pellet of dooxyribonucloio acid was dissolved 
m water and then respun in 2 M salt under tho same 
conditions This was repeated twice and the final 
pollot of dooxyribonucloio acid oontamed leas than 
0 1 per cent protom according to tho sensitive 
chromatographic technique of analysis developed 
b> Kirby 1 No difference in the protein content 
could bo detected between dooxyribonucloio acid 
prepared in this way from irradiated and ururradiated 
sperm 

However, the solubility behaviour of the pellets of 
doovyribonudeio acid obtained by ultracentnfugation 
is changed by irradiation and this provides evidence 
for tlio mechanism by which part of tho deoxy 
rlbonucloio acid « removed by soaping after irradia 
tion Wlnlo tho control samples dispersed completeh 
in 0 1 M sodium chlondo, the deoxyribonucleic acid 
pellet from irradiated sperm heads, contained some 
dooxyribonucloio acid in gel form which could bo 
removed by spinning at 20,0000 for 3 lir Tlio amount 
of deoxyribonucleic acid spun out under there con 
ditions increases with radiation dose and is, within 
experimental erTOr equal to tho soaping loss Tins 
gel component separated from irradiated sperm heads 
centrifugation is not made soluble by tho addition 
of trypsin which digests protamine very rapidly 
Thoeo results can bo interpreted as showing that on 
irradiation some of the deoxynbonucloic acid has 
boon cross linked to form a voiy loose gel Iiko network 
which is so highly swollon in wator that it is not spun 
out m a short tirao by centrifugation at 20,0000 
but is scavenged by tho very flocculont procipitato 
produced by tho addition of sodium dodocvl sulphate 
to 2 M sodium chlorido After very high speed 
centrifugation this material is compacted and can 
be removed by ordinary centrifugation at 20,0000 
Irreversible behaviour of this typo is to be expected 
from very lightly cross linked gels. This interpre- 
tation is further supported bv tho fact that after 
very largo doses (that is, greater than 3 <10* rads), 
doo*xyribonucloio add gel is removed bv contnfu 
gat ion at 20 001V? presumably because the swelling 
has boon reduced b> additional cross links which 
tighten up the network After 8x10* rads tho sperm 


heads no longor disperse at- all in concentrated salt 
solutions 

The relationship between the amount of dooxyrfbo 
nucleic acid removed by soaping (that is, tho amount 
not behaving as gel) and radiation dose (see Fig 1) 
is that found for croes linking of synthotio polymers* 
Tho threshold, known os the gel point, arises from tho 
fact that a minimum number of cross links have to 
bo formed before anv part of the material has boon 
linked into an ‘infinite* network roqujrod for it to 
behavo ns a gel Charlcsby* demonstrated tkoorotie 
ally for Imear polymers that at the gel pomt tho 
number of crose links equals the number of mole 
cules present Since the cross links ore distributed 
statistically, some molecules will bo unchanged 
whereas others will be involved in several croes links, 
ond rt is these which form the gel fraction 

From tho simple relationship of Charlcsby it is 
possible to calculate the energy that has to bo put 
into the system for a cross link to be produced from 
the threshold dose and the molecular weight of the 
polymer Tlio weight average molecular weight of 
the dooxyribonuoieic acid was measured bj light 
scattering and found to bo between 0 and 11 / 10* 
though there was some variation from sample to 
sample These high molecular weights, which are 
confirmed by viacositj measurements, can only bo 
obtained bv starting the preparation with viable 
sperm. If tho sperm hoods are stored, deoxyribonucleic 
acid of lower molecular wnight is obtained With a 
threshold of 2 y 10* rads and dooxyribonucloio ne»d 
having a weight average moloculor weight of 10* 
(assumed to be twice tho number average) a value of 
40 eV per crossdink formed is obtained This shows 
that the cross linking reaction is a \orv efficient 
process 

From the shapo of the curve relating radiation doeo 
and gel formed, it is possible' in polymer systems 
to determine whether some breaking of cl in in* 
occurred at tho same time os cross linking For this 
calculation the points at high dosoe are critical 
at the same time, experiment ally these are the 
least reliable because thoj are biased by trapping 
non across linked material within tho gel not-work If 
npplicaW o this calculation would show that there can 
not bo more than one break for ovory four cross links 
but that there ma> bo loss The average roolocular 
vveight of tho residual deoxyribomioloic acid left 
aft or tho removal of gel by contrifugntion at 20 0000 
is less than that of tlio starting material and con 
tinues to docreaso with increasing dose This is m 
accord with cross linking theory* since tho deoxy 
ribonuoloio acid is pol> disperse and tho largest 
molecules will bo tho first to enter tho gol fraction 
tlio smaller molecules are loft in tho soluble fraction. 
This drop in tho av erage molecular weight docs not 
implv the occurrence of cluun soismon 


Mechanism of Cross-linking 
No analytical work lias boon attempted to detenu 
no tho nature of tho cross link that is formed 
lofcwcen deoxyribonucleic acid molecules Tho 
>o8Sibihty that tho> are an effect of aggregation bv 
ocondary valency forces (for oxnmplo, h j drogon 
jonds) has been considered, but seems very uni then 
n view of tho genera! properties of tlio gel wMitm 
act that it is not dispersed b> the powerful 
lend breaking solvent, 4.M ura* ° 

vhother tho gol Uko structure bond or bv n 

hat are joined together bv 
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chain-bianclnng mechanism, m\ oh mg breakage and 
leumon, winch is called end-linking by Chnrlcsby 
At the piosent timo wo use the torm cross-linking 
loosely to denote a reaction that results m tho 
formation of dooxynbonucloic acid w ith gol hko 
piopertios 

A degree of ordor scorns to bo nocossni v for officiont 
cioss linking smeo tho doso of radiation neodod to 
produce gel in reconstituted nuclooprotannno fibios, 
which yioro obtained by diluting solutions of sponn 
heads in 2 M sodium chloride, is tliroo times gioatcr 
than that needod to gol tho sperm heads, which liavo 
tho samo o\ ornll composition Tho reconstituted 
pioduct is known to have an inogulai structure and 
its composition is not stoichiomoti ic’ In recont 
experiments with Mr John Lett, ovidonco for cross- 
hnking lias boon found o\on w hen pure dooxyTibo- 
nueleic acid is irradiated as a solid Although no 
gel is foimod, except at vorv high doses, the results 
suggest' that both cioss-hnking nud main chain 
breaking occur simultaneously, but that tho ofTieioncy 
of tho formor doponds \ery r much on tho nature of 
the sample The groat preponderance of main-chain 
bieaks found in our earlier y\ork : may probably bo 
ascribed to tho fact that tho deoxvribonucloic acid 
used was of lower quality Tho fact that our piosont 
samples have nearly twice the moleculai w eight of 
those used earlier supports this explanation Tho 
exact factors dotermmmg tho change o\or from 
cross-linking to degradation when tho sodium salt 
of deoxyribonucleic acid is irradiated aro now bomg 
studied, but it seoms that the amount of cross- 
linking is veiy dependent upon tho closeness of tho 
packing of the dooxynbonucloic acid chains Tho cioss- 
hnkmg is due to the diroct action of tho radiation , 
the free radicals produced in the vat or in which tho 
sperm heads are suspended play no pnit, presumably 
because their rango is too short This was established 
by the fact that the cross-linking efficiency is indepen- 
dent of tho amount of water in which tho specimens 
are suspended and, moroovci, alcohol-dried homng 
sperm give essentially tho samo result, though for 
experimental convonionco we have prefonod to nrn- 
diate suspensions 

The addition of 1 por cent cy steammo to a 10 per 
cent suspension of sperm heads provides powerful 
protection, reducing tho amount of cioss-hnkmg to 
approximately half This is not in conflict with tho 
deduction that the action is largoly diroct, smeo 
protection under those conditions was first reported 
by Alexander and Charlcsbv' foi polymers and moro 
recently by Markovich* for phage If tho irradiations 
are carried out under oxygon instead of air tho amount 
of gel-like nucleio acid that is formed is greatly 
reduced The importance of packing may arise from 
the fact that oxygon combines with tho radiation- 
produced reactive centre and thereby provonts it from 
giving a cross-link Competition by oxygen may 
explain why in preliminary experiments wo havo 
failed to find gel-hko dooxynbonucloic acid in tho 
nuclei of irradiated chicken erythrocytes m which 
the nucleoprotoin is much less closoly packed than 
m sperm heads 

Biological Implications 

The production of a cross link by radiation pro- 
vides a very effective way whereby one event can 
destroy the biological integrity of a macromoleculo 
Even if the part of the molecule mvolvod m tho 
formation of the cross-link is not ossential to activity, 


tho joining of two molecules together will change the 
physical characteristics of tho moloculo profoundlv 
Smeo a doso of 1,000 rads producos a crosslink m, 
appi oximaloly, 3 per cont of tho deoxyribonucleic 
acid molecules present m tho sponn coll, qunntitatuoly 
this reaction is capable of explaining cellular effects 
of radiation which loqtnro doses of this order of 
magnitudes Buell a theory would appear all the more 
attinctiyo sinco one of tho predominant chemical 
changes produced by tho rndiomunotic substances 
such ns nitrogen mustards ib tho cross linking of 
deoxyribonucleic ncid in tho coll nucleus 10 Tho 
similarity of tho end effects produced by radiation 
and the chemicals would then follow' from tho 
snnilmitj of the chemical lesion Against tins 
mechanism is tho fact that densely ionizing radiation 
such ns polonium a-rnys and 2-MoV noutrons arc 
about ten limes lc«s efficient m cross-linking tho 
dooxyiibonucloic ncicl m sperm heads than are tho 
spmsoly ionizing radiations of X-. y nod P rays 
Yot tho densely ionizing radiations nre much the moro 
offeetne in causing delay of mitosis and coll death — 
a prion one would expect that, tho chemical reaction 
which initial oa 1 I 10 sequence of cwonts lending to 
collulm effects must also bo more readily produced 
by tho densely ionizing radiations Tho possibility 
lematns that tlioic is a qualitative difference between 
sparsely and densely ionizing radiations m their 
effect on deoxy'nbonucloie acid, and the \cry Jew 7 
cross linking efficiency of tho a rays could host bo 
explained by 1 I 10 simultaneous production of n nearly 
equal numboi of mnin-clmin breaks 

For tho lnnctiyntion of y irusos tho relatne cffec- 
tiy’cncss of the diffoiont radiations is m tho reyerso 
ordor from that found for cellular offccts and in 
qunlitatiye ngreoment with tho cro«s linking reaction 
Sinco the tightness of tho packing of dcoxyTibonucIcic 
acid appears to facilitate tho formation of cross links, 
it is possiblo that this is tho reaction responsible 
for tho innet nation of lmctonophngo by r ionizing 
indinf ion 


We y\ ish to thank Mr D M 0010 of tho Experi- 
mental Rndiopnlhology Unit of tho Medical Research 
Council, Hammersmith Hospital, London, M 12, 
for lus unfailing helpfulness in irradiat mg our samples, 
and Mis A Rzwnrcbort and Mr P lvopp for their 
technical assistance Tins im'cstigntion has been 
supported by r giants 1o tho Chest 01 Bonify 7 Research 
Institute (Instituto of Cancer Research Royail 
Cancor Hospital) from tho Bntisli Empire Cancer 
Campaign, and Jnno Coffin Childs Memorial Fund 
for Medical Research, tho Anna Fuller Fund, anil tho 
National Cancor Institute of tho National Institutes 
of Health, U S Public Hoaltli Service 
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CARBONIC ANHYDRASE IN THE DECIDUOMA OF THE RAT 


By Dr. T H JOHNSON*, Dr. C LUTWAK MANN and Pror M C SHELESNYAK + 
College of Phyildins and Surgeons Columbia University New York Agricultural Research Council 
Unit of Reproductive Physiology and Biochemistry University of Cambridge and Welrmann 
institute of Science Rehovot, Israel 


A lthough extensive m\ ostigations ha\ e beon 
mndo of various enzymes in placental ttesuo 
relatively littlo attention has been paid to tlie 
enzymes of the experimentally induced decidual 
tissue that ib, the deciduoma 

Dociduomata offer on excellent opportunity for 
research on tile maternal components of the placenta, 
especially during the earliest phases of development, 
and also in embryo free uteri Nevertheless, the 
onl\ enzyme studied hitherto m detail in deciduo 
matous tissue is tho histaminase 1 , whioh 1ms been 
demonstrated as characteristic of the maternal 
portion m tho placenta of man, rabbit and rat The 
presonco of certain, other ©nzymos m the deciduoma 
was indicated but results were only reported in 
summary 4 

Carbonic anhydraao is another typical placental 
enzyme* Its presence was first dotoctod in the 
mammalian fernalo reproductive tract in tlie ondo 
metnum of tho progravid rabbit* Investigations of 
its distribution showed that although the occurrence 
of carbonic onhydraso in the endomotnal mucosa fa 
limited to relatively few species, it is Invariably 
associated with tlie placenta of mammals , it lias 
been located in the maternal portion of tho placenta 
of largo domestic animals, carnivores, laboratory 
rodents and ineoctivoroe* 

Since experimentally induced dociduomata are 
structurally and functionally analogous to tho 
decidual portion of tho placenta proper, it was of 
interest to examine the inducod decidual tissuo for 
car borne onhydraae For several roasons tho rat 
uterus is spocialiy suitable for such a study Tho 
mt endometrium contains negligible amounts of 
carbonic anhydrase during cost tub, and tho content 
of this onxymo does not increase In response to 
progosterono treatment 1 Tins is in contrast to tho 
rabbit endometrium whoro t)io response to progester 
ono as expressed by an increasod content of carbonic 
onhy druse is so spectacularly cliaract eristic that it 
forma the basis of on assay for lutooid potonov* 
Since tho rat. docs not show a comparable progostor 
one-conditionod rise in carbonic onhvdraao contont, 
any increase m onzymo content found as tho result 
of Inducing docidunllzation can bo eafoly ascribed 
to tho presence of declduoroatous tissue hurthor 
more recent studios 7-11 offer various toclmiquos for 
induction as woll os suppression of deciduoma in 
tho mt 

Tins investigation was carried out to dot on nine 
whether carbonic anhydmso is present in tlio deci 
duoma of tho mt if so, bow early in tho development 
of tho dociduomn the enzyme bocomos detectable 
whether tho enzymo aoti\ Jty if present, is dependent 
upon the method of deciduoma induction , and 

M*fT Fellow 1057-68 on leave mt the Department of 
Anmtomr Unln-nlfr of IKrxninzJiam 

t Sir Simon Mark* Fellcrw mutt Unlrermlty Bememreli fVJlow 1057-68 
on lemroat tbe Depart rot ot of Anmtomr Unlwndtj'ofllinnln&tuim. 


finally whether tho suppression of the development 
bv histamine antagomsm or by disturbance of tho 
hormonal equilibrium js rofiected by tho level of 
carbonic anliydrase nctivity 

Tho onxvme assay technique was essentially the 
same as described earlier* No attempt was made to 
dissect tlie deciduoma from the uterine wall the 
rosultB were expressed os enzyme units (E U ) per 
gram on tiro utorino horn fresh w oight Pseudo 
pregnancy was induced in 3-4 montlis old fomale 
albino rots with regular cestrus cy cles (stock colony 
Anatomy Department Uru\omt\ of Birmingham) 
by faradio stimulation of tho cervix on days of 
pro oestrus and oestrus, of the cyclo On the fourth 
day of leucocytic -vaginal smears cert am procedures 
were applied in order to induce or to suppress 
deoiduoma formation 

Four scries of experimental animals were set up 
Bones I consisted of 20 fomale* injected intrapon 
toneally with 20 mgm pyrathiaune ( Pyrrolazoto 
Upjolm), to ovoko the decidual response by svstcmto 
means 1 * In sones H there were 16 females which 
were lnparotoraized under other anacsthosia on the 
fourth day of psoudopregnancy , the ontimesomotnnl 
wall of the uterine lumen was scrntchod along its 
length with a burred needle to produce m these 
animals tho typical deoiduoma inducod bv trauma 
Serioe HI included 10 females Iapnrotoraized ns 
above , the endometrium in both uterine horns was 
traumatized, but tho lumen of ono horn in each rat 
was instilled with 0 1 ml of saUno solution containing 
1 mgm of tho anti lustaminic diphenhydramine 
hydrochloride, to suppress tho decidual dot eiopmont 
Senes IV consisted of 10 females which were givon 
intrnporitoneally 20 mgm pyrnthiaxino, this bouig 
followed immediately by a subcutaneous injection of 
1 mgm. 'ergotoxmo complex (mndo up of orgoerfetmo, 
orgocomino and orgoervptmo moflianosulpbonato, 

1 1 1 in (50 per cent ethanol), which lias boon 
previously shown* * to prevent tho formation of 
deciduoma by disturbing the hormonal balaneo In 
all four Berios the uterine weights wore recorded, and 
the horns used for cnxvmo assay at 24 48 72 or 
120 In- , respectively, after tho termination of tho 
procedure provoking deciduoma groups of 4 animals 
being uijod at oach stage in series I, 3 Jn series XT, 
and 2 each in sones HI and IV 

It was found that carbonic anhydmso is 
undoubtedly present in tho rat docidtioma Tlie 
values established wore low (ranging from 2 to 
12 DU /gro ) as compared with tho progestational 
endometrium of tho rabbit (up to 100 E U /gm.) but 
they were of tho same order as those obtained for tho 
rat maternal placenta (10 E U /gin ) 

Tho findings relating to the different experimental 
techniques used for md u o t ionfscr T™, o{ - t f, n 
Bupprowion (.one, III **A 
elocldnal reaction «... bo ni.nmnn 
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Fig 1 introcontrlfugc patterns of nmcromolceulnr constituents 
of photosyntlieslzing Chlordla pyrtnoulosn Numbers on peaks 
nrcscdiinontntlon coefficients corrected to wnfernt 20° C a, 2 hr 
130,400? pellet from 4 4 gm of normallj growing ceils after 
8 min at 69,780 r p m , bar angle of 40° , b, 2-lir 130,400? 
pellet from 6 0 gm of 3-Uny nitrogen starved ceils, after 20 min 
at 42,040 r p m , Imr angle of 40° 


75 5 The noxt slots or peak, of sodimontntion cooffi- 
cient 46-50 5, probably corresponds to tho 58 S 
dissociation product of the 75 5 pea seedling particlo 
Only m preparations fiom stationary pliaso algal 
cultures, or ttlien ‘Carborundum’ of grit smaller than 
320 mesh was used as the grinding agont, did wo 
observe another peak, 32-30 S, which may correspond 
to the second (38 S) dissociation pioduct which 
Ts’o et al 1 8 * found in tho pea soodhngs Tho 
18-20 5 component appears to bo tho Fraction I 
protein which has boon found in tho extracts of all 
green plants 10 11 Tho 3 3 5 component corresponds 
to a protein fraction that has boon observed m vauons 
microbes 5 Small amounts of a 105-110 5 peak, 
though not evident m Fig la, w r oro observed in our 
preparations from timo to time Tins appears to bo 
analogous to the 105 5 peak m tho pea opicotvl 
preparations 1 * 

Although the 75 5 and 46-50 5 components wore 
degraded wdion incubated ovomight m tho cold with 
pancreatic ribonuclease in the magnesium sulphate/ 
phosphate buffer, they were unaffected by pancroatic 
deox yribonuclease Overnight troatmont with trypsin 
m the cold also largely dograded tho 75 5 organelles 
In 0 01 M tris/0 005 M magnosium sulphate buffer, 
at pH 8 0, the 75 5 component was stable for at least 
3 days m the cold, but was completely dograded at 
the end of 5 days In 0 01 M sodium ethylono- 



Fig 2 Ultracontrlfuge patterns of mncromolcculnr constituents of 
chlorophyll-less Chlortlla purenoidosa, strain Q 11 Numbers on 
peaks are sedimentation coefficients corrected to wntor nt 20” C 
a 2 hr 130,400? pellet from 6 6 gm of normally growing colls, 
nfter 22 min nt 42,040 r p m , bar angle of 60° , 6, 2-hr 
130 400? pellet from 6 0 gm of .3-<iay nitrogen starved colls, after 
18 min at 42,040 r p m , bar angle of 60° 


diammo totraucctnfe, at pH 7 0, it was complete^ 
degraded aftoi 7 hr at room lemporaturo Tliese 
properties are similar to thoso of tho pea soctllmg* 
and yonst 15 75 5 organolles 

The high concentration of tho slowly sedimenting 
component (5 0-9 2 5) in preparations from the 
chloropliyll-lcss mutant colls (lug 2) is tho most 
striking difference from the normal photosynthesmnv 
coll preparations In this respect tlio iillracontnfuge 
patterns of tho mutant coll preparations resemble 
thoso obtained from v cast 1 and E coh*, which also 
lequiro an organic gourco of carbon, liho gluceso, in 
their giowth media 

Although Dagloy and Svkos* found that tho 40 S 
organolles of E coh disappeared almost complotoh 
after tho bacteria wero incubated for 2 lir on a 
nitrogcn-freo medium, Wo3fo ia nnd Aslukawa 1 detected 
npproeinblo quantities of 80 5 organolles in prepnm 
lions from yeast ovon nfter two davs of nitrogen 
starvation Wo could detect no significant dccreaso 
m the rolativo amount of tho 75 S orgnnoUo from 
ChlorcUa after 24 hr of nitrogen starvation, but after 
throe days tho sue of tho peak was drast ically reduced 
(Figs li» and 2b) Marked reductions wore also 
obsorved in tho si70S of tho ot hor protein containing 
peaks On a dry -weight or per cell basis, tliroo daj 
nitrogen deficient cells contain only one half ns much 
nucloic acid and Ihrec fourtlis as much protein ns do 
normally growing colls , and tho baso composition of 
tho residual nucloie acid differs considerably from 
that of tho normal cells 3 Sinco tlio greatest loss of 
nucleic acid is from tho centrifugal fraction (1 hr at 
130,400p) that is pinnarily composed of tho 75 5 
component m normully growing colls, it appears that 
loss of this component from tho ultrncentrifuge 
patterns in mtrogon starved cells represents an actual 
loss of tho functional 75 5 organolles to the colls 

Tho sharp, slowly sedimenting (5 6-8 2 5) spike in 
tho ultracontrifugo patterns of tho nitrogen deficient 
colls (Figs lb and 2b) most probably is deo\ 3 Tibo 
nucloic acid It alone disappeared from tho patterns 
after tho preparations woro mcuhnted overnight in 
tho cold with dooxyribonuclcnso, and it. was resistant 
to trypsm Sodimontation coefficients of tho penkB 
remaining m tlio preparation aft or dooxyribonucleaso 
digestion increased significant lj r bocatiso of the lowered 
viscosity of tho solution, 

Aftor mtrogon starv od pliotosyntliosi7ing colls are 
ro turned to tho comploto medium for 18 hr , tho 
protom content is rostered, but tho ribonucleic acid 
content on a drv-w eight basis is greater than that of 
normal colls Tlio baso composition of tho total 
nucleio acids is onco moro tho samo ns that of normal 
cells* Ultracontrifugo patterns from tho 18-lir 
nitrogon-rostorod photosyntliosi7mg colls closolj 
resemble tho patterns from normal colls (Fig la) , 
but tho ultracontrifugo patterns from tho nitrogon- 
rostorod chlorophyll-less mutant colls again resemble 
thoso from proliferating yonst colls (Aslnkawn, in 
rof 1) moro closely than they rosomble tho patterns 
from photosynthesizing Chlordla colls Thoso diffoi- 
onces botwoon tho two stiams of colls probably reflect 
tho motabolio changos producod by tho loss of 
pliotosynthotic ability m tlio mutant colls, resulting 
m hotorotropliio lathor than autotrophic nutution 

Wo may concludo that tho numbor and kinds of 
maci omoloculai organelles m the Chlordla coll closolv 
rofloct tho nutritivo conditions under winch tho alga 
is grown , furtlioi , that tho changos in tho macio- 
molecular architecture of tho alga may bo correlated 
with marlcod changos in its chemical composition 
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APPARENT OBSERVATION OF SOLAR CORPUSCULAR CLOUDS 
BY DIRECT CONTINUOUS-WAVE REFLEXION 

By Da. JOHN D KRAUS and W REED CRONE 

fcadlo Obrervttory, Ohio Soto Unlv%r»Jty Columbus 

B EGINNING at about 1 31 ajn ej t on tbo Frequency extends transversely with 16 Me /m at the 
morning of April 15, 1059, several unique centro and 15 Me minus 6 kc /b at the top and 15 Me 
Doppler signals -wore rocordod at the Ohio State plus 4 ho /b. at the bottom The row of dote at the 
University Radio Observatory ■which may possibly top of the film are the direction fiducial marks The 
bo duo to the rofloxion of continuous wave signals central heavy traco ie tho 16 Mo fe eignnl from IT’ ITT' 
from fast-moving solar corpuscular clouds passing (and/or TFTFFH) 

m tbo Vicmitv of tho Earth Tlio roceivor in use at Of particular interest on this record are tho two 
tho time was a swopt-froquoncy typo with its centro strong signals which sweep rapidly from high to 
frequency on 15 Mo /s for tho reception of WWV low frequency through tho band of recoption nf 
(Washington, DO) The receiver had a 1 Jcc /» band 1 31 and 1 34 ajn Tho fact that they change from 
width and was swept about twice a second over a high to low frequency suggests that they might be 
frequency rango of about 9 ko /s (4 5 kc abovo and Doppler shifted signals reflected from rapidly moving 
bolow 15 Me ) Tho roooivmg antenna was a hori ionized clouds Beginning about 1 46 am many 
rontaUy polarized comer reflector of 1,360 sq ft other apparent Doppler signals woro recorded on the 
physical aperture rotating in azimuth about 6 rpjn film until about 3 26 ajn , after which nil such in 
Tho receiver output modulatod the t axis of a cathode dications disappeared All the signals after 146 a.m 
ray oscilloscope which woa photographed on 35 mm differ from the two of Fjg 1 in that they persist 
film moving about 2 cm par mm , giving a display much longer, have a periodic fluctuation of rovcml 
of frequency versus time with fiducial marks along kilocycles, and have a smaller maximum frequency 
the tune axis to indicate when the antenna was deviation. Fig 2 Ib a typical example of one of these 
pointed m a reference direction (approximately signals recorded about 2 30 am 
south) Except for the swept-frequenoy roceivor and Tho signal at 1 31 am has a rnto of frequency 
rotating direotional antenna, the technique was the chango of more than 400 c /s per roc , end if it Is a 
same continuous wave reflexion method used at tho truo Doppler reflexion ofTi IT V must havo a maximum 
Ohio 8tate Radio Observatoty since Docomber 1967 frequency deviation of nt least 20 kc or rc\ oral times 
for the detection of ionization induced by artificial as great as the receiver sweep range Tho signal at 
Earth satellites 1 -* Tho swept- froquoncy receiver had 1 34 a.m baa a lower rate of change of frequency 
been added for the observations of any Doppler and aUo appears to bo quite asymmetrical having 
shifts of the reflected signals and tho rotating antenna the appenrance of a segment or a Doppler curvo ot 
for the observation of tho direction of wgnal arrival a considerable frequency deviation from tho original 
Fig 1 ib a photograph of the swopt frequency frequency Thus tide signal might hnvo been cauaod 
record obtained with tho above equipment between by a Doppler shift of another station transmitting 
about 1 30 and 1 30 aum ejt on April 16, 1059 on a frequency greater than 16 Mo /s 

USi.w 1-JOd.TO 
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Fig 2 Svrept-frcquency record of Doppler signals recorded 
about 2 35 a m on April 16. 1969 These signals show less fre- 
quency deviation but hare more frequency spread and a periodic 
fluctuation suggesting turbulence 


Tlie limited frequency -range of tho stveep system 
(9 he /s ) pre\ ents an accurate determmation of tho 
maximum frequency deviation However, various 
considerations would place the maximum donation 
between 20 and 80 kc /s These values imply a velocity 
of the reflecting cloud of between 200 and 800 1cm 
per sec 

It may ho significant that about two daj s earlier 
a large solar flare occurred near tho central moridian 
of the Sun This flaro reached its maximum about 
0900 ft on Aprd 13, 1959, and was rated of import- 
ance 3 (highest rating) bv the High Altitude Observa- 
tory of the University of Colorado 4 Material ojected 
by this flare travelling at an a\ erage velocity of 
900 km per soc would havo reached tho vicinity of 
the Earth at about 130 am (e s t ) (0630 ut) on 
April 15, when the first Doppler signal was observed 
An average velocity of 900 km. per soc is not un- 
common for flare-ejected material, terrestrial mag- 
netic and other effects being observed typically about 
two days after large solar flares Hence, the radio 
reflexions on April 15 could have occurred from 
ionized clouds forming part of corpuscular streams 
ejected from the Sun by tho flare of April 13, 
the velocity at the time of the radio observations 
having decreased considerably below tho average 
value 

All the signals recorded between 1 45 am and 
3 25 a m , such as shown in Fig 2, appear to have a 
Doppler spread of several kilocycles, with the later 
signals appearing to havo a greater frequency dis- 
persion than the earlier ones The signal in Fig 2 
has a frequency spread or dispersion of at least 4 kc /s 
They also appear to possess a periodic fluctuation 
around a more slowly varying averago frequency. 
This fluctuation amounts to a couple of kilocycles 
and is suggestive of turbulence m tho clouds. Tho 
maximum deviation of the averago frequency for 
these signals is about 4 kc /s., which corresponds to a 
velocity of 40 km per sec. Hence, theso signals 
could be interpreted as due to reflexions from slower- 
moving turbulent clouds following m the wake of 
the high-velocity cloud recorded m Fig 1, and 
apparently trapped in the Earth’s magnetic field 
A number of terrestrial phenomena occurred early 
on April 15 which also suggest the possible arrival 
of solar particles in the Earth’s vicinity at that tune 
For example, the recordings of the Earth’s magnetic 
field at the Magnetic Observatory at Agincourt, 
Ontario, Canada 5 , show fluctuations between 1 00 
and 2 00 am. est with little or no variations for 
the 3 hr preceding 1 00 a m and the 6 hr following 
2 00 am The maximum increase m declination 
(east) amounts to about 22v with its highest values 
centred about 120 am, or 11 mm before the 


first radio Dopplor signal, compared to 
loss tlian 0y maximum variation m the 
adjacent 8 hr. Of particular interest n 
the fact that tho maximum decimation 
variation is more tlian twice that of tho 
other field components It may be 
significant m this connoxion that nn 
ion cloud tra\eUmg radially awaj from 
tho Sun and passing near tho northern 
hemisphere of tho Earth would pro 
duco ft chango in tho approximate!! 
east— west component of tho Earth’s 
field (decimation) which would bo larger 
than tho chango m tho other com 
ponents (north and vortical) as observed 
nt Agincourt Tho fact that tho do 
ehnation mtroaso was eastward implies a cloud with 
a not positive charge 

Tho direction indications provided by tho rotating 
receiving antenna indicato that the first Dopplor 
signals (at 1 31 and 1 34 a m ) were roconed from a 
gonorally north-western direction This direction is 
consistent with that to be expected for clouds from 
tho Sun passing by tlio Earth abuse the northern 
hemisphere, srnco as obsorvod from Columbus clouds 
approaching from tho Sun would bo observed (m 
azimuth) to como from tho north. Tho lator Doppler 
signals (after 1 45 am) show a direction of arrival 
which is also generally to tho north with somo appear- 
ing to bogrn toward tho north-west and changing to 
a north-oast or easterly bearing 

It is of interest to calculato tho distance of the 
ionized clouds nt thoir point of near approach and 
also their radar cross-section Based on a froquonev 
deviation of at least 20 kc /s (but not more than 
80 kc /s ) and a maximum rnto of chango of froquonev 
of 410 c /s per sec , a distanco of nt least 10,000 km 
(but not. more than 160,000 km ) is obtained for the 
initial cloud (Fig 1) Tho calculated radar cross- 
soction of this cloud is at loast 100 sq km (but not 
more than about 5 /" 10* times tins vnluo) For tho 
later clouds, tho maximum (averago) frequenev 
dovmtion is typically about 4 kc /s and tho maxi 
mum rato of chango of frequency about 75 c /s per 
sec Henco, theso clouds wore about 2,000 km 
distant at near approach nnd had radar cross sections 
of about 0 2 sq km each In ordor to reflect the 
15 Me /s signals electron densities in tho clouds of 
the order of 10” por cu m aro required From 
various considerations it appears that tho clouds 
contained positive ions, electrons nnd perhaps noutral 
matter 

Tho abovo observations aro suggestive of Dopplor 
reflexions from solar corpuscular clouds So far as we 
aro aware, moving solar corpuscular clouds have not 
previously been dotected by direct radio (or radar) 
techniques , so if the interpretation of tho results is 
correct this marks tho first observation of its kind 
The work reported boro was supported m part 
by the Army Rockot and Guided Missilo Agency, 
U S Army Ordnance Missile Command, under 
Contract ZM-33-019-O.RD-2867 with tho Ohio State 
University Research Foundation 

1 Kraus, J D , Proc Inst Pad Pny , 48, 010 (105S) 

« Kraus, R C , and Albus, J S , Proc Intt Rad Enj , 

D ’ ani * Drccse, E E .Proa Imi Pad Fng , 48, 16S0 (105S) 
•^fP°, r j s ?r Solar Activity, Report TP 398 for week 
Coloraiit^ PTi 17 ’ 19j °’ Altl tudo Observatory, Boulder, 

* C n Vlt ? \ 0T AKlncourt, Ontario Division of 
Terrestrial Magnetism, Dominion Observatory, Ottawa, Ontario, 
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FLUCTUATIONS IN PHOTON STREAMS 

By Dr PETER. FELLGETT 
The Obserrttorie* University of Cambridge England 

Dr R, CLARK JONES 

Polaroid Corporation Cambridge, Mass. U.SA. 

AND 

Dr R Q TWISS 

School of Physics University of Sydney Australia 


B RIEF mention was made m n previous communi 
cation 1 of the way m which photon fluctuations 
have been studied m connexion with the performance 
of detectors of radiation, particularly for tho infra 
rod region. The ability to detoct small radiation 
signals despite the inevitable presence of noise in the 
device is called detectivity Alilatz and van de 
Velden* were the first to recognize that a limit to tho 
detectivity of a thermal detector Is set by tho spon 
tonoous fluctuations In temperature as given by the 
Buifltem-Fowler formula* 

(1) 

where E is tho energy m the recerv er, T the absolute 
temperature and h tho Boltzma nn co nstant 

The mean square fluctuation An* m the density 
of photons in a temperature enclosure is (see ref 3) 

An* — n + (S) 

whore n la the mean density of photons, and N the 
density of Bose colls Th e fir st term in equation 2 
is equal to tho fluctuation An* « in a random set 
of classical particles having moan density n The 
second term is similarly identifiable with the fluctua 
tion An 1 «= n*/^ hi the squared amplitude in a random 
set of classical waves The total fluctuation can 
therefore be regarded os comprising a ‘classical 
particle* part, n, and a ‘classical wave’ part, n*[£f 
Lewis* used equation 2 to calculate tho fluctuation 
in the energy exchanged by a black receiver with an 
isothermal cavity, and found the some limit to tho 
detectivity as had boon derlvod by Milatx and van 
de Yolden Clark Jones* showed that this agreement 
provide* a means of using equation 1 to calculate 
the limiting detectivity of any radiation receiver in 
equilibrium with on isothermal enclosure, whatever 
may be its spectral respond vity and wbethor or not 
its mechanism is thermal The result may bo sum 
monxod by saying that in each small frequency 
rongo tho mean square fluctuation in tho number tn 
of photons nffecting a detector having quantum 

efficiency t is 

Am* •=* m^l + (3) 

whore 

m -* itenA (4) 

n — tf/(exp hv[kT — 1) (5) 

N - 8Ttv*dv/c* (0) 

A is the effective surface area of tho receiver, c the 
\olocity of light, v tho wa\e frequency, and h tho 
Planck constant. 


These developments have led t-o an understanding 
that the detectivity of radiation receiver* is subject 
to limitations which do not essentially depend on tho 
particular mechanism (whether photo omissivo, photo- 
conductive, thermal or phase coherent) but are 
determined by the ox tent to which its wave length 
responsivity causes the detector to be susceptible 
to tho fluctuations in the ambient thermal radiation. 
These photon fluctuations became of practical interest 
when it was found* 7 that some of the best actual 
dotectors of infra rod radiation had detectivities 
close to the limit set by equation 3 In tho Rnyleigh- 
Jeans approximation v -> 0, equation 3 also represents 
the ordinary Johnson noise in the radiation resistance 
of an antenna* 


Photon fluctuations have acquired renewed interest 
with the demonstration* that partial coherence of 
visiblo light can be measured by means of the oorrelft 
tion between fluctuations in the photocurronte in 
two photocells The experiments have occasioned 
some surprise, and it has even been suggestod that 
non zoro correlation would bo contrary to funds 
mental quantum notions On general correspondence 
principle grounds, however, tho properties of radiation 
which admittedly make fluctuation interferometry 
possible in the radio region * u cannot just disappear 
at optical vnvo-lengths there must bo some gradual 
transition through tho Infra red Correlation between 
tho signals from two coherently illuminated colls 
arises from the Vavo* fluctuations, and provides 
the only means so far known of investigating this 
component experimentally for visible light The 
'particle* fluctuations at the two colls are mutually 
uncorralated, and net as nouso tending to mask tho 
effect which it is desired to measure Tho familiar 
transition (equation 3) in tho Infra red from tho 
predominance of Vave’ noise to that of 'particle* 
noise as tho wa\ o length shortens makes It clear 1 
that the *wavo* component is indoed always present, 
but that it becomes increasingly smothered by tho 
*particlo* noise as tho optical region is approached, 
so that a refined method is needed to measure It 
A difficulty remained, however 1 11 Hanbtiry 
Brown and Twiss dovoloped a thoory of tho fluctua 
tion in tho output of a photocell which was based 
on the analysis of the detailed interaction between tho 
photoelectrons and the radiation flold It glvoe 
results consistent with tho picture that photons 
‘arrive’ at random, subject to the probability of 


‘armnl’ being proportional to the lnstontanooas 
value of the square of tho classical electric \ccfor 
of tho incident radiation A statistical approach o 
this kind bad been abandoned in cxuTIcj* 
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Fig 2 Swept-frcquency record of Dopplfr signals recorded 
about 2 35 a m on April 16, 1050 Tliesc signals show less fre- 
quency deviation but have more frequenej spread and a periodic 
fluctuation suggesting turbulence 


The limited frequency rango of the sweep system 
(9 kc /s ) prevents an accurate determination of tbo 
maximum frequency deviation However, various 
considerations would place the maximum deviation 
between 20 and 80 kc /s These values imply a velocity 
of the reflecting cloud of between 200 and 800 1cm 
per sec 

It may be significant that about two days oarhor 
a large solar flare occurred noar the control moridian 
of the Sun Tins flare reached its maximum about 
0900 ft on April 13, 1959, and was rated of import- 
ance 3 (highest rating) by the High Altitude Observa- 
tory of the University of Colorado 4 Material ejected 
by this flare travelling at an avorago velocity of 
900 km per sec would havo reached tho v lcinity of 
the Earth at about 1 30 a m (est) (0030 tr T ) on 
April 15, when the first Doppler signal was observed 
An average velocity of 900 1cm per sec is not un- 
common for flare-ejected material, terrestrial mag- 
netic and other effects being obsorvod typically about 
two days after large solar flares Hence, the radio 
reflexions on April 15 could havo occurred from 
ionized clouds forming part of corpuscular stroams 
ejected from the Sun by tho flare of April 13, 
the velocity at the time of tho radio observations 
having decreased considerably below the average 
value 

All tho signals recorded bo tv oon 14oom and 
3 25 a m , such as shown in Fig 2, appear to have a 
Doppler spread of several kilocycles, with tho later 
signals appearing to havo a greater frequency dis- 
persion than tho earlier ones Tho signal in Fig 2 
has a frequency spread or disporsion of at least 4 kc /s 
They also appear to possess a periodic fluctuation 
around a more slowly varying average frequency 
This fluctuation amounts to a couple of kilocycles 
and is suggestive of turbulence m tho clouds Tho 
maximum deviation of the avorago frequency for 
these signals is about 4 kc /s , which corresponds to a 
velocity of 40 km per sec Hence, these signals 
could be interpreted os due to reflexions from slower- 
moving turbulent clouds following m tho wako of 
the high-velocity cloud recorded m Fig 1, and 
apparently trapped in the Earth’s magnetic field 
A number of terrestrial phenomena occurred early 
on April 15 which also suggest the possible arrival 
of solar particles m the Earth’s vicinity at that time 
For example, the recordings of tho Earth’s magnetic 
field at the Magnetic Observatory at Agmcourt, 
Ontario, Canada 6 , show fluctuations between 1 00 
and 2 00 a m est with little or no variations for 
the 3 hr preceding 100 am. and the 6 hr following 
2 00 am The maximum increase m declination 
(east) amounts to about 22y with its highest values 
centred about 120 am, or 11 mm before the 


first radio Dopplor signal, compared to 
less than Oy maximum variation in the 
adjacent 8 hr Of particular uitorcat a 
tho fact lhat tho maximum declination 
variation is moro than twice that of the 
othor fiold components It may h 
significant in this connexion that an 
ion cloud trn\ oiling rndiallv nwaj from 
tho Sun and passing near tho northern 
lioinisplicTo of tho Earth vould pro 
duco a chango in tho approximatch 
east-west component of tho Earth’s 
field (declination) which would bo larger 
thnn tho chango m tlio othor com 
ponents (north and vortical) us obsorvod 
at Agmcourt Tho fuct that tho do 
clmation incroaso was eastward implies a cloud with 
a net positive charge 

Tho direction indications provided by tho rotating 
reeomng antenna indicnto that tho first Doppler 
signals (at 1 31 and 1 34 a rn ) wero reconod from a 
gonerully north-western direction Tins direction is 
consistent with that to bo expected for clouds from 
tho Sun pa^smg by tbo Earth abovo tlio northern 
homisplioro, sinco as observed from Columbus clouds 
approaching from tbo Sun would bo observed (in 
azimuth) to como from tho north Tlio lator Doppler 
signals (after 1 45 n m ) show a direction of armal 
winch is also genorallj to tlio north with somo nppoar 
mg to bogm toward tlio north-west and changing to 
a north-oast or easterly hearing 

It is of mtorcst to calculato tlio distance of the 
ionized clouds at llioir point of near approach and 
also tlioir rndnr cross-section Based on o froquonct 
doviation of at least 20 kc /s (but not moro than 
80 kc /s ) and a maximum rato of clinngo of frequency 
of 410 c /b per sec , a distance of at least 10,000 km 
(but not moro than 100,000 km ) is obtained for the 
initial cloud (Fig 1) Tlio calculated radar cross 
section of this cloud is at least 100 sq km (but not 
moro than about 5 X 10* times this \aluo) For tho 
later clouds, tlio maximum (avorago) froquonct 
deviation is typically about 4 kc /s and tho maxi- 
mum rato of chango of froquoncy about 75 c /s per 
sec Hcnco, thoso clouds were about 2,000 km 
distant at near approach and had radar cross sections 
of about 0 2 sq km each In order to reflect tho 
15 Me /s signals electron donsitics m tho clouds of 
tho order of 10 l * per cu m nro roquirod From 
various considerations it nppoars that the clouds 
contained positivo ions, electrons nnd perhaps noutral 
matter 

Tlio abovo observations nro suggestn o of Doppler 
reflexions from solar corpuscular clouds So far as we 
nro aware, moving solar corpuscular clouds havo not 
previously boon dotectod by direct radio (or radar) 
techniques , 60 if tho interpretation of tho results is 
correct this marks tho first observation of its kind 
Tho work reported lioro was supported m part 
by tho Army llockot nnd Guided Missilo Agency, 
U S Army Ordnanco Missilo Command, under 
Contract DA-33-019-OAD-28G7 with tho Ohio State 
Umvorsity Research Foundation 
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exchanging radiation with the T 1 region For 
example, it may represent a detector made of a 
material which absorbs all the radiation entering its 
substance but which has a dielectric constant differing 
from that of its surroundings bo that partial reflexion 
occurs at its surface If *=■ T u tho average enor 
giee 1 1 and I t radiated by tho T x and region* are 
equal, and the express ion 7 reduces to 4 cl* Tim 
mean square fluctuation is therefore proportional to 
e, and this accords with the form of the wave noise 
term ' Am* c* mnjN in equation 3 (since in contains 
c as a factor, see equation 4) By contrast, if 
T 7 ,, I t can be negleoted and expreeeion 7 tends to 
2c*/ f This shows that the mean Bquaro fluctuation 
now varies as t* in accordance with the -cave term 
Am* «= i mnlN m equation 3a 

For a detector conforming to this model, the 
previous difficulties have now been resolved Equa 
tion 3a is seen to bo correct under the conditions of 
the experiments made by Hanbury Brown and Twigs, 
namely, when the emitted radiation Sold is effectively 
zero , but not for detectors which are hot enough to 
radiate appreciably Equation 3 is correct when 
appliod to tho exchange of radiation between a 
cavity and a detector in equilibrium , but not with 
the oxtendod interpretation ascribed to it by Jones 
and Follgott In reaching these conclusions, it has 
been necessary to consldor not only interaction 
between the absorbed and tho emitted radiation but 
also interactions Involving both tbe reflected radiation 
and that radiation which is regarded as ‘virtually 
emitted' if wo consider tho detector as an assembly 
of classical or quantized oscillators 

It is not certain that the model is completely 
general Tho discussion given above ia purely classi 
cal wave and a quantum mechanical approach is 
needed in which stimulated emission replaces the 
classical wave- interference effects This method will 
automatically include a ‘particle’ term as well aa tho 
‘wave’ term, and may show what happens when thoro 
are competing mechanisms of absorption of radiation, 
one of which is 'active’ in producing output from the 
coll whereas the others are not 

Despite tli ooo limitations, it seems very plausible 
(to put it no higher) that equation 3 is correct gen or 
ally when the detector is at the temperaturo of the 
radiation fiold m which It is placed , and that equation 
3o become* true in the limit when tho detector is too 
cool to radiate appreciably The o fleet of these 
conclusions on the calculation of the limiting deteo 
t ivlty of radiation detectors remains to be investigated 
in detail 

It now appears, therefore that tho discrepancy 
which was pointed out m earlier publications between 
tho fluctuation formula derived by Jones and Follgott 
on one hand and by Hnnbury Brown and Twiss on 
tho othor, was real and that it showed limitations in 
both methods of calculation as thoy were then 
conceived The two form u ho have now been recon 
cilod, and each found to bo correct in tho circnm 
stances for winch it was originally derived, by taking 
account of tho interaction between the incident, 
emitted and reflected radiation streams, tho relevance 
of which had not previously boon appreciated 
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Two contradictory views on the fluctuations in the 
absorption and omission of photons by matter have 
been discussed in recent papers 1- * Both views agree 
that the mean square fluctuation, Afr*, in the 
number N of photons in a small frequency range 
absorbed or emitted in unit timo by a blaok body 
will exceed the value appropriate to Poisson 
fluctuations, by a faotor 1 + here n is the mean 
number of photons m one of tho electromagnetic mod os 
concerned and is given by {oxp (hvjkT) — 1}-* 
The disagreement arises when the body absorbs 
imperfectly According to one view 1 4 * the fluotua 
tions in the number of photons absorbed (or emitted) 
will crcoeod Poisson fluctuations by the factor 1 + 
no matter how small the fraotion of incident photons 
absorbed This opinion claims support from the 
quasithermodynamio type of argument, given b} 
Clark Jonos* and by Fellgett 4 , and generally used to 
establish the ultimate Bmnitivity limits for radiation 
detectors The other view** maintains that tbe 
random selection of photons for absorption tends to 
make tbe fluctuations approach a Poisson diatribu 
tion t more precisely, the faotor 1 -f tl is reduced 
to 1 4- efl, where t is the absorptivity Tins second 
view is supported bv detailed calculation** 1 con 
cemed primarily with the photon correlation expert 
menta of Hanbury Brown and Twiss 7 

In this communication the quasithorraodynamio 
approach will be applied to a particular model 
ThB result* agree with the detadod calculations in 
supporting the atcond point of view, and for this 
model at least tho conflict is resolved Tho agree, 
mont depends on taking account of tho fact that, 
because of stimulated emission, the radiation emitted 
by mnttor doponds in general on the radiation, field 
into which it radiates the mean rate at which an 
atom radiates into an electromagnetic mode is 
proportional to 1 + (cf Holtler 1 ) This c fleet 
must be allowed for whenever, as in the disagreement 
under discussion, 1 + fl is distinguished from unity* 
The results also agree with tho standard formula 
for the ultimate sensitivity limit of radiation detectors 
dorivod by Clark Jonee and Follgott, although, as 
mentioned, it has boon claimed that this formula 
supports the Jlrat view This olann doponds on tho 
assumption that the moan rate at which tho detectoT 
absorbs radiation from a block bod} radiation fiold 
with which it is in equilibrium con bo equated to the 
absorptivity multiplied by the rate of moidenco of 
the blaok body radiation on tho detector it will 
emerge that, bccauso of stimulated omission effects, 
this equality does not hold for tho model to bo 


onsiderod hero 

In tho quam thermodynamic approach tho system 
oncemod ifl ohnmoterixed by tbo . -ooOWont « 
■ben, a AT h tho mto of 
hen its tompomture exceed* thnt 
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mgs by AT The basic result used is the following 
analogue of Nyquist’s theorem when the system and 
its surroundings are both at temperature T, the 
mean square fluctuation in the energy absorbed or 
emitted m unit time by the system m thermal 
exchange with its surroundings is akT 1 Tins result 
reduces the calculation of the magnitude of tho 
fluctuations to the calculation of a 

The importance of considering stimulated omission 
can be seen very simply by considering the fluctua- 
tions for a set of very woakly absorbing and emitting 
atoms The photon absorption-rate will equal a 
constant 0p, depending on the number, nature and 
temperature of the atoms, multiplied by n, tho moan 
number of photons m an electromagnetic mode m tho 
(small) range of frequencies absorbed by tho atom 
To determine a, we suppose the surroundings at 
temperature T and the atoms at temperature T -f 
AT Since tho atoms radiate and absorb weakly, 
n will have the value ut appropriate to the tempera- 
ture of the surroundings The rate of absorption of 
photons will be Or +. at nr and, with neglect of stimu- 
lated emission effects, the rate of omission would 
equal that of atoms in equilibrium with radiation at 
T AT 1 , which must equal the rate of absorption 
from this radiation, that is, Or + at «t + AT But 
because the atoms aro actually radiating into radia- 
tion at temperature T, not T -f AT, and for a given 
state of the emitter the radiation is proportional to 
1 + fi, the rate of emission must bo modified to 
Ot+at nr+AT(l + nr)/(l + Substitution 

of the resulting value (note that dfi/dT can bo written 
ti (1 + n) hvjkT 1 ) of a in t ho quasi-thormodynamic 
result gives Or nr for AN * This represents Poisson 
fluctuations, m agreement with tho second view, 
since the absorption is small Neglect of stimulated 
emission introduces on extra factor 1 + fi, lending 
spurious support to tho first view 

The mam model to bo considered here consists of a 
large cavity filled with a tenuous gas of atoms which 
absorb only m a small frequency-rango around v at 
a rate agam specified by Or the walls are perfectly 
reflecting apart from a small oponmg, of area A, 
to the outside Radiation, which entors tho cavity 
from the outside and re-emergos after being reflected 
around but not absorbed by an atom, is to be regarded 
as scattered Thus the model can be adjusted to 
represent arbitrary e 

To determine a and e for the modol, it is necessary 
to consider non-equilibrium situations m which 
ni n c , the number of photons per mode m the radiation 
meident on the aperture from the outside, differs 
from the value nr appropriate to tho temperature 
of the atoms The number of photons per mode m 
the cavity will then differ from tip , it will bo supposed, 
however, that fi has the same value, denoted by tic, 
for all modes of frequency v m the cavity Tho value 
of He is fixed by the energy balance requirement 
that the net rate of emission of photons through the 
aperture, (fi c — fiino )<?, where 9 is a constant fixed 
by A and v, must equal the net rate of emission of 
photons by the atoms, so that 

(fie — fiinc )<p = Or fir(l 4- fic)/(l + fir) — Opfic (1) 
where stimulated emission effects have been treated 
as before 

In order to determine a the surroundings are 
supposed at temperature T , so that ?ii nc is tip, and 
the atoms at temperature T + AT The net rate of 
energy loss 9 (fie — fir), evaluated to the first order 
m AT, gives a The preliminary determination of 


ii c follows from (1) with fiinc and T replaced by fir 
and T -f AT The quosithormodynamio rosult then 
gives 


^ at; a «kT* ^ Or?(l -f »r) fiy 
(fiv) 1 Or + 9(1 + nr) 


( 2 ) 


Because of stimulated omission, zp, which can he 
regarded either as tho emissivity or tho absorptivity, 
must bo defined rather precisely, but tho appropriate 
operational definitions aro clear As tho omiasivity, 
er would bo dotormmed by lotting tho system, with 
tho atoms at tomporaturo T, radiate m tho absonco of 
meidont radiation, and taking tho ratio of tho 
emitted radiation tptic to that from a black body of tho 
same area and tomporaturo, nnmoly, rpup As tho 
absorptivity, er, would be found by increasing tho 
meident radiation slightly above its equilibrium 
value, so that fii nc exceeds nr, and taking the ratio 
of tho not rato of absorption of radiation, (fi| nc — fic)<?, 
to the extra rato of incidence, (fiinc — nr)?, the vnluos 
of tic in tho two cases aro easily determined from 
equation 1 Tho results for tp ngroo, being given by 


Or 9(1 4* tip) 

Nt is tho mean flux of photons which, when system 
and surroundings aro at tomporaturo T, proceed from 
atoms of tho gas to tho outside without intervening 
absorption, ns distinct from (a) photons which entor 
and leave without absorption, or (6) tlioso which are 
omitted by an atom and absorbed by an atom without 
leaving tho cavity Only a fraction 9/(0 r 4- 9) of 
tho radiation omitted by an atom will escape, tho 
rest boing re-absorbed Tho atoms will radiate at the 
rato 0 rfir Consequently 


N t = 9 °rtiT 
Or 4- 9 


(4) 


It may bo noted that Np oxcccds zeptip, tho rato of 
omission m tho ubsenco of meident radiation Tho 
ratio of tho two, (1 4- nr)/(l 4- efir), is just tho 
stimulated omission factor corresponding to tho 
different values of tic 

According to equations 2, 3 and 4, AN 3 can bo 
expressed m two algebraically equivalent forms 


AN* = eq>fir(l -f- tip) (5) 

= Np( 1 4- efir) 


The first form roproduoos tho result usod m tho 
theory of tho ultimate limit of radiation detectors 
Tho second exhibits for this modol tho complete 
agreement between tho results of tho quosithormo- 
dynamic discussion and tho results of tho detailed 
approach of Hanbury Brown and Twiss 

I am indebted to my colleagues, Drs E W Elcook 
and P T Landsborg, for their comments on thi9 
communication, and to Dr P B Fellgett for corre- 
spondence on preliminary vorsions of this and 
tho preceding communication by Fellgett, Clark 
Jones and Twnss 


1 FcUgctt, P B , Kalure, 179, 050 (1057) 

* Twigs, E W , and Hanbury Brown, E., nature 179, 1120 (1067) 

* Hanbuiy Brown, B , and Twigs, B Q , Proc Roy Soc , A, 242, 300 

1 Follgett, P B , J Opt Soc Amer , 39, 070 (1040) 

‘ McComblo, 0 W , "Eep Progr Phys ", 10, 200 (1053) 

‘Jones, E Clark, J Opt Soc Amer, 37,870 (1047) 

’Pwcoll E M.. JValuar 178, 1449 (1050) SHIItto B M , itnd , 179, 
1127 (I.05 7 ) Handel, L , Proc Phps Soc, 72 1037(1058) Kahn, 
E ^ ’ OpL ,ca Ad a , 6, 03 (1058) Hanbury Brown, B and Twiaa, 
B. Q , Proc Roy Soc , A, 243, 201 (1053) 

* Heltler , W , "Tho Quantum Theory of Badiatlon”, 3rd edit (Claren- 

don Press, Oxford, 1054) 
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V* marked tett* cm mtrriil • art open to tXe p nWfe) 


Thuriday November 19 — Friday November 20 

U V‘ 0,0 iMtltnte of Britfah Architect* 

°” °» to or 


Monday November 16 

Societt of Ohxkical Isdubtry rtsnoDis Grout (at 14 Belgmvn 
Square London fl W.l) at 9 30 a.m. — Symposium on "PyreUirrim" 


Tuesday November 17 

U'lanrtarrr or Lonxur (at Queen Harr College, Mile End Hoad 
London K.1) at 1 30 p.rm — prof 0 P WhUtlnghAm "The Challenfc 
of Biology” 

Ivrrmmov or Kleotrioal EHocntsM, Mejupscanrr urn 
Oovtrol Section tat Ravoy PUee London, \V 02} at t> ») p.m.~ 
DIscumIqu on Sequence Network* vertu* Summation T rant former* 
for the Derivation of Single Q nan title* for Protective He Li pint' 
opened by Mr 0. Adam*on end Dr E. A. Talkhan 
Researoti DintvoE Soaorrr (In the Phyrtotogy Lecture Theatre 
University Colleen Oovrer Street, London W Ol) at 5 30 p.m — 
Pror 8 1 r Solly fcuck ennnn , 0 .D FJLS.. "The Inevitability otBclenee 
(Twenty-eighth Stephen Paget Memorial Lecture) 

UKiVEBErrr or LoVpok (at the London School of Hygiene and 
Tropical Medicine Keppel Street Gower Street London W 0 1), at 
5 30 p m —Dr G. E DalgUeah Biochemical Aipceti of Diaoruort 
of Amlnoacld MetabolUnv (Tenth of fifteen lecture* on The Helen 
tlfle UaaU of Medicine" organized by the LJritlaii Foatgradoate Medical 
Federation. Further loetture* on November 19 December X 8 8 10,)* 
luttrrUTB or rnmnes (at 4? Belgraro Square London SVTl), 
at 6 p m. — Dr R, L F Boyd Some Teccnfque* and Result* of 
Space Erploration" 

ROtal Aeronautical Society (at 4 Hamilton Plaoe London 
IV I) tCpm — Dr J A Shercllff "Mafneiogaadynamie*” 


Wednesday November 18 

Ikstttut* or M err at. Fieishixo (In the Recital Room of the lloymi 
Fe« Ural Hall London S.R.1) at 9 30 mm. — 3ympo*ltini on "Progress 
In PolUhlnfi" 

Barnsn IxBTiTCTtov or Radio Ksooirxiis (at the London School 
of Hygiene and Tropical Medicine Keppol Street Gower Street 
London TV G.1) at 3 pju. and fl p m — Half-day Symporiurn on 
Electronic Dlfi tiring Technique*" 

Boyal OiooKATHiCAL Socimr (at 1 Kensington Goto, London 
S.W 7), at B pjn. — Prof MEL. MaDowan and Mr David Date* 
“Fort Shalmaneser Nimrod." 

Royal MetBOROLOOiOAL Socirtt (at 40 Cromwell Hoad London 
8 W 7) at 5 p.rm— Dr G it, Tucker "Mean MerfodlonaJ Circulation* 
In the Atmosphere" Prof H Hlehl "Exchange of Heat Mol* turn 
and Momentum between Hurricane Ella (19B8) and It* Environment 

iHsmoncrr or el*ctwoal Evocnais 5mir Section (at 
Savoy Place, London W (L 2 ) at 6 30 p tn. — Dr J 8. Forre*t. Mr 
P J Lambeth and Ur D P Oakeibott Research on the Perform 
anee of iHgh Voltage Insulator* Id Polluted Atmosphere*” 
Wrrtnmov or mechanical Evoivehm Nuclear panel (at 1 

Birdcage Watk.We* train* ter. London 0 \V 1) at fl p.m.— -Diaocolon 
on "To What Extent Should Deslm Walt on Research for Nuclear 
Power TiaDt ?" 


Wednesday November 18 — Wednesday December 2 

UrumVO Krmemos (at Olympia Loudon) • 


Thursday November 19 


VJxntfiitTT College (In the Anatomy Theatre Lower Street 
London W C 1). at J IB P to —Dr 3L Mary Do tjjtfa* "The Abom 
[nation* of LerlUcu* XI (an Anthropologtu ■ Interpretation)" * 


Royal Society (at Burlington House Piccadilly Loudon, M 1) 
at t.30 Jxm —Special General Meeting to consider the Annual Report 
of the Council followed by Scientific paper*. 


Ixrrmrrtov ot Naval AwmrntcrM (at 10 Upper Bel grave Btreet 
London, 8 Wl) at 4 45 p.ra.— Mr 1 1L Crewe and Mr W J Eggln 
ton The Hovercraft — a New Concept In Maritime Transport'' 


ixirrrnmox or Munvn and Metallurgy- (at tho Geological 
Society Bnrllngton llouw Piccadilly London W 1) at 6 pjn — 
Mr F A Wllllom* "U*a of Hlfh Tension Separation In Brewing 
Jig Concentrate from Decompoaed Col nmblte- Bearing Granite 
Nigeria” Mr M I*. llUgcrald Metallurgical Accounting and 
Contror 

Lovdov Mathematical 8<Kj*tt (at the Royal Astronomical 
Society Burlington Home iiccsdllly London, Wl) *t fi p.m — 
Annual Genera) Meeting Trof II Davenport "Some Recent Pro* 
gre*8 In Analytic Numl«r Theory' (Presidential Addma) 

Hotal Aerovautical SocirrT (at 4 Hamilton Place London 
Wl) at fl pjn. — ilr W P Smith "Some Recent Prourcs* in Air 
Survey with special reference to Nealy Dei eloped Terrltorie* (Flf 
teeuth BrlHih OommonwtaHh Lecture) 


SoonrrT or OannoAL Ikdcstut, Road aid Bpildiko Matthualb 
naoor (at 14 BeJgrave Square London SW l) at 0 p m. — Dr 
II F W Taylor Aspoct* of the Crystal Structure* of Calcium 
8lMc*le* and Alnmlnate*" 


Friday November 20 

^! TO " 0 f5 v o IOAl Bocnw OcctrrAnosAL I^tcsoloot 
ntonoir (in the Departmtnt of Piyehotocy, BIrkbeck College Malet 

1S&fSS*Ti£2i»* t 1 0 V«h.tn^4UL) 

IvffrrruTB or NAnaiTtox (at tho Hoyal Geographical Society 
1 Kensington Gore London SWT) at b 15 p.rm— Mr C M Cbdc 
Radiometry ILsdJoAjtroDomy and Infra red Technique*" 
I53TTTCTT0K- OF ELfiCfAICAL EVOItTO* EDPCAIIOy DttCU8£10>. 
CtRCLB (at Savor Place London WCJ) at B p ra^~Dl*ctttrion on 
"The Ordinarr National Certiorate— a New Look" opened by Mr T 
Otki08. 

lrtrmmos or Electrical LvantREis Losdos graddate a<d 
BrcDEd Bwmov (at Savoy PUce London, W CJt) at fl SO pjm— 
Jh, G J Waddon Plastic (^ble* in the TeJecomrnnnlcationa 
Ituluttry" 

ROTAL Ikstitotiov (at 21 Albemarle Street London \\ 1) at 
0 p m.— -Sir Lawrence Bragg f R.H \tom* and Vofccules 


APPOINTMENTS VACANT 

ArruoATioss are Invited for the following appointment* on or 
bef ore th e date* men Honed 

AwtrrARi Lectttrer or Lzcrmra iv the Detaethwct or 
PaaoaoPDT— TheRegUtrar Unlveralty College of XVale* Abcryitwyth 
(Nov embe r 14) 

LccrtraRP. (with a good degree in bioch emit try) iv EsriKXTUMt 
B too item istrt . to undertake research into the endocrine aipcct* of 
carcinoma In human patient* in the University Endocrine Unit at 
the Liverpool Radium Institute— The Registrar The University 
Liver pool 8 (November 14) 

Lxcrraxa (preferably with a veterinary qualification) IN Phax* 

A co loop d» tan School or Vetjoumart mkucihe— T he RegUtrar 
Trinity College Dublin (November 1C) 

J omits Litdab 8Ttn>E5T (with a good honoar* degree in some brnrxdt 
of engineering physic* or ehemlilry and prepared to aork for a 
higher degree) for research Into the initiation of explosion In gnaeT 
vapour* and powderclouda, or Into the mixing of powdered matrrUN 
r-The Rridstrar, King** College (Unlrer*lty ol London) Strand 
London Y> OJt (November 20 ) 

Head (with aulUblo expert once and tuperloratfainmentaln rhemlcal 
research and analyst* and tho ability to organize lead and Inspire a 
large scientific *Uff) or the OomuntEKT CaomrB L\ruimAroiT 
1/ondoo — The Ctrl] Service Cotnmlaelon 17 North Audley Street 
London Vf 1, quoting Ref No 8.6041/51) (November 24) 

Gear ada Resiaecr Oeaiu ik Co«nrniCATioy— The Heciilrar 
Unlrerrity Oolleee of North 8t*fford*bIre Kcele. Btaffi* (November SO) 
LtoniJtra Dr Oroakio GmailiTRr at the Unite r»lty of Melbourne 
A uitral la — The Secretary Ajeodatlon of Unlveratties of the British 
Commonwealth SB Oordon Square London W 0.1 (November W) 
Lrrtrixk nr Phtsiclal Metalldeot at the University of Queen 
land Art* trail* — The Secretary. As*od*tlon af Uo! ferritic# of the 
Britlih Commonwealth SQ Ooroon Square London W01 (Torero 
ber SO) 

ARSiRTAint Lecturer or Lecturer iv IUtuxhaticj— T he RegU 
trar Unireralty College of South Wale* and Monmouthshire Cathay# 
Park, Cardiff (December X) 

Lxctttrzr (preferably with an Interest tn alga* and fungi) nr the 
DB rAJmrrvy or Botaet University of Natal. South Alrira— The 
Secretary Ateodatioa of Universitfe* of the BriU*h Commonwealth 
3fl Gordon Square London VT C.1 (December 4) 

Skvior Lecturer iv Purb Mathoutics— T he Secret Ary Tire 
Queen a University Belfast (December 6) 

SE.VTOR LKTTRJUt or READER (*cnior theoretical aitrepliyilclst) m 
Pktbics in the Tbeoretlral Group of the School or Physics, Unlvenlt) 
of bydney Awtralla— Th* Secretary Aaaoclatlon of UmTereltlea of 
the British Commonweal Ui. 30 Gordon Square London W 0.1 
(December 6) 

Lecturer and a Sxvior lectoere ir affued Mathevaticb at 
the Unlrerslly of Sydney, Australia — TJ» Secretary, A aaodat Ion or 
Unlvenltle* ot the HritDh Commonwealth 30 Gordon Square Loodon 
\V 0.1 (December 7) _ 

Lecturer or Amutakt Leptceer iv Mathematic* at the Uniier 
lity College of the We»t Indfea— The Secretary Inter UclvmHr 
Oouncli for Higher Education Oversea* 29 Woburn Square London 
XV ai (December 10) 

raorj«oR or rsrncAL Cbmittre at the Unireralty or Natal 
South Africa — The Secretary, Awwiatlou of Uni vend tie* of tho Brit Wh 
Commonwealth 30 Gordon Square London WC 1 (December 11) 
Chair or Meohavkul Evoikerrtvq-— T ire Reclitrar. Unirerelty 
OoBegfl of Couth Rale* and Jfonmou ttwhlre Cathay* Park CardllT 
(December 12) 

OeapPate to carry out a field and laboratory research programme 
DC Cror F HT510 LOOT— Pro fresor or Agricultural Botany The Uni 
veralty Reading Berk* (December IB) , . . 

iJUTUEER W raT*i0L0oY at the University of QueenaUnd \ua 
trail*— The Secretary AwoeiaUon of Unlvenltle* of the 1WI«« 
Commonwealth 36 Gordon Square London W C.1 (Dcrrtnber 1 
Research Fellow iv the DtPAroravT or RtoiODUO’iMi* 
The RegHtrar Tlie Unireralty 

AWOCUTR ^RomsoE (tra!r*r»ltv teSnn W of 

CO ml d era Die ctpefience in aKTlirteresicdjn 

production or wqoij^imm^^^ 1 ^ rn , u ^ , or the *fr^n 1 

appllfwUOD ofecieiXe to (he pe*euewi I 1 " 
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industry) is WOOL Techsoloct nt tlic University of Jvcw South 
Woles, Australia— The Agent-General for New South Bales, 56-57 
strand London, W C 2, and the Bursar The University of Now 
south Woles, Box 1, Post Office, Kensington, New South Vales, 
Australia marldngenvelope , 'Unher3ity Appointment” (December 21) 
Savilus IT.OFEssor. of AsritosoMT— The Registrar, University 
Registry, Oxford (December 24) 

Entomologist Grade C (with a good honours degree In cntomologx 
(zoology) and with a particular Interest in biological control work) — 
The Director Commonwealth Institute of Biological Control, Science 
Building, Carling Avenue, Ottawa Ontario, Canada (Deccmher 'll) 
Aobicpltujul DEVELOPJfFYi OFFICFF (aged 25-40, with consider- 
able experience in nrid/tropleal agriculture based on well and flood 
Irrigation) with the Aden Government— The Crown Agents, 4 Mill- 
bank London, S W 1 quoting Ref M 3A 6S57/T A 

Biochemist, Basic Grade (graduate in chemistry, or Associate or 
Graduate Member of the Royal Institute) IV TnF DErtPTjfEST OF 
Pathology — The Group Secretary, Queen Elisabeth Hospital for 
Children, Haclcnev Road, London E2 

Senior Scientific Officer (with an honours degree In zoology 
with postgraduate experience in entomology) at the West African 
Stored Products Research Unit, Federation of Nigeria to undertake 
original investigations Into problems associated with stored food- 
stuffs In Nigeria, and evolve methods of improving quality and re- 
ducing losses with particular reference to losses caused bv Insect 
infestation — The Director of Recruitment, Colonial Office, London, 
SW1, qnotlng BCD 153/14/012/T 

Specialist or Senior Specialist OrrtcEE Plant Pathologist 
twith .a good honours degree In botany and at least two years post- 
graduate training or experience) in the Northern Region of Nigeria, 
for general plant pathologv Investigations — The Director of Recruit- 
ment, Colonial Office, London, S W 1, quoting BCD 03/40S/030T 

REPORTS and other PUBLICATIONS 

( not included m the monthly Boot t Supplement) 


Great Britain and Ireland 

Northern Advlsorv Council for Further Education Twelfth Annual 
Report 1958-1050 Pp 42 (Newcastle-upon-Tyne Northern 
Advisory Council for Further Education, 1050 ) [100 

Tenth Annual Report of the Wildfowl Trust, 1057-1053 Edited 
by Peter Scott and Hugh Boyd Pp 184+32 plates (Sllmhrblge, 
Glo; The Wildfowl Trust 1050 ) io» net 1109 

Institution of Electrical Engineers Monograph No 334E The 
Gain of TravelUng-Wnsc Ferromagnetic Amplifiers By Dr P J B 
Clarrfcoats Pp 9 (London Institution of Electrical Engineers 
1959 ) (100 

Plashes Today, No 1 (June 1939) Pp 10 (London Imperial 
Chemical Industries, Ltd ,1950 1 (109 

Department of Scientific and Industrial Research Facforv Building 
Studies No 3 Floor Finishes for Factories By Dr 1 C Harper and 
P A Stone Pp a -10 (London H JL Stationery Office, 1059 ) 
Is 9d net (100 

Philosophical Transactions of the Royal Society ofLondon Scries B 
Biological Sciences No 004, Vol 242 (4 September 1050) Quanti- 
tative Studies on Tissue Transplantation Immunlfy 4 Induction 
of Tolerance on Newborn JUce and Studies on the Phenomenon of 
Runt Disease By R E Billlngham and L Brent Pp 439-477 + 
plate 10 17* 6 d No 695, Vol 242 (4 Scptcrnljcr 1930) The Growth 
in Weight and Tati Length of Inbred and Hybrid Mice Reared at Two 
Different Temperatures By G A Harrison R J Morton and J S 
Weiner Pp 479-510 12s (London Royal Society, 1059 ) (100 

West African Timber Borer Research Unit TcchnlcalBulletlnNo 1 
The Major Insect Pests of Timber and Lumber in West Africa By 
T Jones Pp 20 +16 plates 2* Technical Bulletin No 2 Ambrosia 
Beetles (Scolytoldca)— Their Biology and Control In West Africa Bv 
T Tones Pp 14 ->-8 plates 2* (London Crown Agents for Oversea 
Governments and Administrations 1059 ) (109 

Department of Scientific and Industrial Research Scientific Re- 
search In British Universities 1058-1059 Pp xli+440 (London 
HM Stationery Office 1950 ) 25* net (109 

Bulletin of the British Museum (Natural History) Entomology 
Tol 8 No 1 Check-List and Keys to the Families nnd 'Subfamilies of 
the Hemlptcra-Heteroptera By W E China and N C E Miller 
Pp 1—45 15* Vol 8, No 2 A New Subfamily, New Genera and 
New Species of Rcduslldae (Hemiptera-Hetcroptera) By N C F 
Miner Pp 47-117+plates 1-4 £0* Vol 8, No 3 Additions to 

Descriptions on New Oletbreutlnae and Cnrposlnidae in the British 
Museum (Natural History) By A DlalonofT Pp 119-120 +platcs 
5-10 8* Vol 8, No 4 A Revision of tho Termites of the Genus 
Amxtennes from the Ethiopian Region (Isoptera, Termltldac Ami- 
termltidac) By W A. Sands Pp 127-150 10* (London British 
Mn«enm (Natural History ), 1959 ) [109 

Other Countries 

Tokyo Astronomical Observatory Astronomical Bulletin (Second 
Series) No 113 (January 20, 1959) Meridian Observation of Right 
Ascension of Equatorial Stars made with Repsoid Transit Instrument 
Prellmlnarv Results No 14 By K Tuzi Pp 1215-1290 No 114 
(April 20, 1059) Meridian Observation of Right Ascension of Moon's 
Limb made with Repsoid Transit Instrument Report No 3 By 
K. Tuzi and K Nagane Pp 1201-7304 No 115 (April SO, 1059) 
Polar Tube Observations during 1058 By N Soklguehl and J Mat- 
sumoto Pp 1305-1308 No 110 (June 5, 1059) Meridian Observa- 
tion of Right Ascension of Equatorial Stars made with Repsoid Transit 
Instrument Preliminary Results, No 14 By K Tuzi Pp 1309- 
135S (Tokyo Astronomical Observatory, 1050 ) [100 

Tnstltut des Parcs Nattonaux du Congo Beige Exploration des 
Parcs Natlonaux du Congo Beige Mission J G Baer-W Gerber 
(1958) Fascicule 1 Helmtnthes Parasites Par Jean G Baer XT' 


103+8 planches Exploration du Parc National do la Garamba 
Msslon H do Sacgcr, on collaboration nsec P Bnert, G Detnoalln 
I DenisofT J Martin, M MIchn.A Nolribllsc,!* SchocmaJccr, G Trott" 
pin ct J lerschuren (1040-1052) Fascicule 11 Paelaphldae (Oobo- 
ptcra Stapbyllnoldcn) Par Rent Jcnnntl rp 71 Exploration da 
Parc National Albert (Dcnxh me 8/rlc) Fascicule 10 Hemolyrerfi 
of Curcurlonidnc and of Diptera By Charles Grdgoirc I’p 17-ft 
plates (Bruxelbs Instltnt des Tares Nationanx du Congo Bek* 
1059 ) [l(q 

Instltut Rovnl M6UorologIquc de Belgiqnc Publications S^rlc A 
No 10 Sur lo Comportcjncnt des Phivionetrcs Par Dr L Poncelet 
Pp 53 No 11 Contribution ft I .Etude du Probltme des MMliodn 
Aciinonv trlqiies Par Roger I’astJejs Pp 328 Publications Sfrlc B 
No 20 LaTempsen 1953 Par Dr JI Snoycrs I’p 48 Observations 
Ionosphcrlqucs Station de Dourbcs Mars 1058 Tp 20 (Ucde 
Bmxclks Instltut Royal MCtdorologlquc de Belgique, 1050 ) [109 

Connecticut Agrlcullural J xperlmcnt Station Bulletin COO Solis 
and Land Use — Hartford ( ounty, Connecticut By Alexander Hltelilc 
nnd C Jj V Swanson Pp 30 Bulletin 007 Report on Inspection 
and Analysis of Commercial Fertilizers, 1057 By II J Fisher Pp 66 
Built I In COS Root Growth In Connecticut Tobacco Soils By Henry 
C do lino Pp 10 Bnl/ftln COO G0(h Report on Food Products, and 
the 4?tli Report on Drug Products, 1055 By H J Fisher I’p 60 
Bulletin 010 Follen Restoring Gents ByD F Jones, II T Stinson, 
Jr , nnd U JClioo Pp 43 Bulletin 011 Selection of Physiologic 
Strains of On'opellu i and Its Relation to Insecticide Resistance jty 
It L Beard I’p 45 Bulletin 012 Influence of Wet-Bulb Tempera 
t tire during Curing on Properties of Shade-Grown Tobacco By A. Boyd 
Pack Pp 23 Bulletin 013 1 crtlllzlng Connecticut Tobacco New 

Methods for New Needs By Henry C doRoo I’p 37 Rulletln 014 
Protecting Plants from the Gold The Principles and Benefits of Plastic 
Shelters By Paul h Wacgoncr Pp 30 Bulletin G16 Periodic 
Rtgres-lon In Biology and Cllmntologa- By C I Bliss Tp 55 Bulletin 
CIO Report on Inspection-— Commercial Feeding Stuffs, 1057 By 
It J Usher Pp 113 (Newnnscn Conn Connecticut Agricultural 
I xperlmcnt Station, 1057 nnd 1058 ) [109 

Conm etlcut Agricultural Fiporlment Station Bnlletln 017 01ft 
Report on Food Products nnd the 40th Report on Drug Products 
1050 By H J Usher Pp 83 Bulletin 018 Report on Inspection 
and Analjslsof Commercial Fertilizer* 305S By JI J Fisher Pp 72 
Bulletin oio Laborntora Studies on House Fly Populations ByJt L 
Beard Pp 12 Bulletin 020 Eastern Hemlock Seeds and Seedlings 
Response to Photoperiod nnd Temperature By Jerry S Olson F W 
Stearns and Hans Blenstncdt I’p 70 Bulletin 021 The Alfalfa 
Wcttl) Bv R J Quinton I’p 10 Bulletin 022 Digested Sewage 
Sludge for boll Improvement By Herbert A Lunt I’p 30 Bulletin 
023 Mtrogm Sources for Connt ctlcilt Tobaceo — a Report on the 
Co operallte Tests of 1058 By nenryC dcRoo Pp 12 Circular203 
Control of Slugs, Sowhugs, Centipedes, and Millipedes in the Green 
house nnd Garden By John C Schread Pp 8 Circular 204 The 
Orange-Striped Oakworm By John C Schread Pp 8 Clrcnlar205 
Eastern ncmlock Growth Cycle nnd Early Year* By Jerry 8 Olson 
F W Stearns and Hans Blenstncdt l’p 24 Circular 200 Pod Gall 
of Honey Locust By John C Schread Pp 4 CJrmlar 207 The 
Red Pine Scale By Charles C Poane Pp 7 (New naven, Conn 
Connecticut Agricultural Experiment Station, 1058 nnd 1059 ) (100 

CtRN (European Organization for Nuclear Research The CLRN 
Proton Synchroton (1st Part) By L Regcnslrclf Pp XI1+22G 
(CLRN 50-20 ) (Genera CJRY, 1050 ) (249 

South African Council for Scientific and Industrial Research 
National Nutrition Research Institute A Study of Principles of Food 
Enrichment nnd Their Application to Food Policy In South Africa 
(With Special Reference to the Use of Ftsh Flour for the Protein 
Enrichment of Bread) Prepared by the National Nntrltton Research 
Institute Pp vit+209 (Pretoria South African CounellforSclentlfie 
and Industrial Research, 1050 ) (219 

Conseil Permanent International pour l'Exploration de la Her 
Charlottenlund Slot,Danernark Bulletin Slntlstlqne des Hcbes Marl- 
times Tol XLII pour I'AnnCo 1957 Rcdlgd par Aral FrldrlKfson Pp 
xIii+55 (Copenlinguc Andr Fred nost A PHs, 1050 ) OOOkT [249 
Mcmolrc dell Istituio Italinno di Idrohlologln Dott de March!, Tol 
XI Pp 272 (Milano Editorc Ulrlro HocpII, 1050 ) (2 4 » 

New Zealand Report of the Director of Forestry for the year ended 
31 March 1059 Pp 100 (Wellington Government rrinter,lP59 )(249 
Republic of the Sudan Ministry of Agriculture Forests Depart* 
ment Report for tho period July 1057 to June 1958 I’p ' *} 
(Khartoum Ministry of Agriculture, Forests Department, 1950 ) (849 
Smithsonian Miscellaneous Collections Vol 138 No 6 A Bio 
logical Survey of Knlmal National Monument ByTIclorH Calmlanc 
Pp 111+240+17 plates (Publication 4370 ) (Washington, D C 
Smithsonian Institution, 1059 ) ("J" 

New Zealand Report of the Department of Scientific nnd Industrial 
Research fortheycorondod 00 htnrch 1050 I’p 11 2 (H 34 ) (TVelllng- 
ton Government Printer, 1059 ) I 240 
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LETTERS TO THE EDITORS- 


PHYSICS 


The D Region of the Ionosphere 

At Kjelleii near Oslo, measurements of lono 
•rphonc cross modulation 'were made in tho period 
March, 1957 — ■May, 1958, by means of the pulse 
technique introduced by Fejer* In this coizmumi 
cation -wo shall present some typical result* from 
these observations. 

In connexion with a research project undertaken 
by the Norwegian Defence Research Establishment 
in order to study tho polar radio black-out phonome 
non, a number of ad hoo experiments were planned in 
order to study the D region during disturbed oon 
ditlons 8omo results obtained from a first short 
series of observations carried out near Tromstt 
during November 1958 will bo presented in this note 
Quid conditions, observations at Kjcllcr In the 
experiments at Kjollor a frequency of 2 05 Me /a 
was used for the wnntod wave, and a frequency of 
1 7 Mo /a. was used for tho disturbing wave The 
pulse duration was of the order of 100 pscc in both 
cases and the transmitted peak powers of the wonted 
and disturbing waves were 5 and 76 kW respectively 
Fig 1 shows a typical record sample from obser- 
vations at KjoUer obtained on June 2, 1957, 
between 0200 and 0226 il.R t 

Although reliable observations could only be mode 
at Kjollor during periods when the man made noise 
level was low, it has been possible to establish typical 
night and day time profiles for tho different seasons 
In Fig 2 ive have shown as an example tlie results 
from the winter observations The standard devia 
tions which are given are tho means of the standard 
deviations doduoed for Bingle days 

In order to convert the cross modulation carves 
to electron-density profile®, we have assumed a 
certain curve for the voluee of tho collision frequency 



ITS. 1. Typical record umpia. 



— ft 


Fla. 2- R«uJts from winter obMrv»tfotai it KteHer 


v as a funotion of height *VVo lrnvo also assumed a 
value or 3 x 10 J for tho cooling constant O The 
final duration of both the wanted and disturbing 
waves was taken into account In Fig 2 tho rosul 
tant electron-density curves are also shown together 
with the assumed v curve 

Disturbed conditions , observations near TromsG For 
the cross modulation experiment a frequency of 
2 7 Mo }b was used for the wanted wave and a 
frequenoy of 2 3 Me /» was usod for tho disturbing 
wove. Tho duration was again of tho order of 100 
t*seo for both pulses, and tho transmitted peak 
powers of the wanted and disturbing wave were 
2 kW and 60 k\V respectively 

Observations were made simultaneously of partial 
reflections from the D region using tho same trona 
mifctor os for the disturbing wa\ o in tho cm® inodu 
lation experiment. 

Tho observations of partial reflexions require an 
observing site with a low noise level Noise measure- 
ment made near Tromsft during the summer 1055 
showed that it was poseiblo to find an obeorvmg sito 
where tho noiso lovol was of tho order of 250 *K 
during day time, in agreement with tho results of 
Gordnor* 

During tho observation* in November 1968 wo 
found that when high absorption occurred it was 
normally possible to obtain weak partial reflections 
down to a height of tho order of 00 km. Observations 
were made of tho strength of both tho ordinary and 
extraordinary waves as a function of height and the 
method introduced by Gardner and Pawsej 1 was 
used m order to convert the results into electron 


donaitv rmrves 

A detailed analysis of o\ on tUe first short series of 
observations has not yot been completed Jut 
communication we shall only indicate the yp°* 
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FIc 3 Results obtained durintr a disturbed period near TromsO 

results obtamed, by showing some results from a 
selected period when weak, but still quite stable 
echoes were observed In Fig 3a the observed 
values of cross modulation are shown Tlio obser- 
vations were obtained as mean values during tho 
period 2000 — 2200 met on November 20 
The lonosondo recordings m Tromso (20 1cm 
from tho observing station), showed no echoes at 
2000h , and only faint indications of echoes at 2100h 
and 2200h The strength of tho echoes on 2 7 Me /s 
was of the order of 40 db bolow the strength obtamed 
during quiet conditions 

In Fig 3b we have shown tho electron density 
profile deduced from the smooth curve of Fig 3a, 
together with the v curve In Fig 3c tho measured 
values of the ratio between tho amplitudes of extra- 
ordinary and ordinary waves are shown Tho smooth 
curve is deduced from the electron-density profile of 
Fig 3f) The partial reflexion measurements woro 
made m a Bliort period round 2130 met 

Fig 3 showed that consistent results were obtained 
by the two different methods Rather low frequencies 
were used m this first short senes of observations 
both for tho disturbing and wanted waves, and it was 
therefore only possible to make deductions with any 
certainty about the very low part of the D region 
New senes of observations have been undertaken or 
planned in which higher frequencies have also been 
used for the disturbing wave 

In order to be able to convert the observed results 
into electron density profiles, two assumptions woro 
made, and these will now bo bnofly discussed 

A value of 3 x KM was assumed for the cooling 
constant G This value was chosen because it gave 
the best overall consistency of the cross-modulation 
results 

Finally a curve was assumed for the collision 
frequency v Our measurements have however 
provided us with two mdependent checks of this 
curve 

(a) The measurements of cross-modulation from 
Tromso show a transition from negative to 
positive cross -mo didation round 05 km,, and the 
level where this transition should occur is 


critically dependent on tho assumed v curve 
(b) In somo cases, no significant differential ab 
sorption occurred bolow tho height of tho lowest 
partial reflexions observed, and the measured 
ratio of tho amplitude of tho extraordinary and 
ordinary waves is then determined by v 
Tho work roported hero has been sponsored in 
part by tho Electronics Research Directorate of tho 
Cambridge Research Confer, Air Research and Do 
velopment Commnnd, U S Air Force, through its 
European Office, under contract AF 01(052)-08 

B Bjelland 
O Holt 
B Landmark 
F Lied 

Norwegian Defence Research Establishment 
Kjollor, Norv ay 
Aug 4 

» Fcjcr, J A ,J Atm Ten T'hyr 7, 322 (1055) 

’ Gardner, 1 T , ib>d 5, 201(1054) 

•Gardner,! ! and 1 'mmj , J L., ibid , 3, 321 (1053) 


A Comparison of Charges on the Electron, 
Proton and Neutron 

We aro gratified that attempts to test tho chnrgo- 
oxccss hypothesis have begun so soon, but wo find 
tho moaning of Hillns nnd Crnnsbnw’s experiment 
oxtromcly obscure nnd wo aro not able to sec that tho 
conclusion claimed follows validly 1 . 

For example, tho ion-trap ib well inside tho nozzle 
of tho bottle, and nny residual charge of tho atoms 
nnd the gas could renddy bo compensated by tho 
acquisition of free charges in tho nozzle Although 
tho field produced by nny such residual charge would 
probably itself bo insufficient to hberato charges 
from tho material of tho nozzle, it would bo amply 
sufficient to drag along charges already liberated 
Surface interactions in tho nozzle botwoon tho fast- 
movmg gas and adsorbed material would very likolv 
lend to production of freo charges, nnd their general 
presence seems to bo confirmed by tho drift m 
potential actunlly noted Again, it is not clear wlint 
happens to tho free clinrges assumed to bo collected 
by tho ion-trap They would presumably travel to 
the battery, and this is outside tho bottle, tho 
potential of which it is required to mensuro The 
effect of tlieso unbalanced charges is not clear 
Furthermore, a potential of tlio same order as would 
be expected in tho absonco of bnlnncing oleefrons is 
actually applied to the vory box tlio potential of winch 
it is wished to measure 

Tho meaning of tho observed largo ionization 
curront in tlio air, tho fluctuations of tlio moasured 
current, and tho sudden changes of potential, as 
described, romains quite obscuro to us, and it would 
seem necessary, in view of tbo mmuto difforonco of 
charge concerned, that much fuller consideration bo 
given to these concomitant offeots to establish how 
thoy iniluonco the results 

H Bondi 

King’s College, 

London, WC2 

R A Lyttleton 

St John’s College, 

Cambridge. 

1 Hill as, A M., nnd Cranshnw, T E., Nature, IS i, 892 (1050) 
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Influence of the Thomson Effect on the 
0-tp Relationship for a Constrictive 
Resistance In Thermal Equilibrium 

The relatiomslup between the temperature 0 and the 
eloetneaf potential p at any point within a current 
carrying constnotive resistance in thermal equilibrium 
can bo expressed in the form 1 


Thust 

6 , To, 

~d0 |"e4TdT = M[To, 5 - TV) 

•=^[< Di P<— 9) + rtf- 1] (3) 


6 ) 0 61 

J ^dO - - J* J odOdq ( 1 ) 
0 0 6 

provided that the material is both homogeneous and 
isotropic 

In tills equation X end v are the thermnl and electrical 
conductivities respectively, and a is the Thomson co 
efficient At the warm cot section in the constriction 
the temperature is Oi and the potential 9 ia arbitrarily 
tab on to bo zero 

For most metals tho ratio of the thermal and 
electrical conductivities is roughly proportional to the 
absolute temperature T, and we have the Wiedmann- 
Franz-Lorcntz equation*: 



Tho Thomson coefficient o Is likewise approximately 
proportional to the temperature*, except at tempera 
turns near the melting point, and we con write 

o« BT 

tX 

” ~X 

where A, B and t ore constants. 

Tho 0 9 relationship can then bo re written In the 
form 

6 i v o« 

J j d0 « * 9 * - t J d9 J ^ dO 

5 00 

If wo define an operator Q to bo such that Q ff<?) is 
9 

J %) d? 

0 

then the foregoing equation becomes 

e, 

[l+xQ]J^dO«=l9 J 

6 


so that: 



(1 + tQ] 1?I 

ill - tQ + jt=Q’ - l-HJ* + 
57 ?’ — 5j'? 3 + 4j? < + 
i [exp(-nj) + 17 — 1 ] 


19* 


(2) 


If the produot up is small, this result becomes to a 
close approximation 


4 [TV - TV) = ? ~ t] < 4 > 

Equation ( 1 ) oorrosponds with that part of tho 
constriction in which the electric current flows in tho 
direction of decreasing temperature In that part 
where the current flows in the direction of increasing 
temperature, the algebraic sign of the Thomson 
coefficient is reversed, and in this part of the constric 
tion the 6 9 relationship is 

i-d(IV — TV) — ~ [exp(xp) p - 1] (6) 

eo that ACTe,' - TV) = 9 1 [> + yj (0) 

if T 9 is small 


W Davies 

Department of Engineering, 

University College, 

Newport Road, 

Cardiff 


1 Jows T L, "Fandjuwmtal rro«*m of Efrctrlc*! Coot*ct n^oorMTut" 
UULR IBM) 

* 8«mhw 1*M A »n<l I>the It "EfcktrcKwiUinjrio 3tft*Tk la 

** Hood bach d«r rhr?fk iSliimsrr, 1803) 

* Fowler IL II ’'StotWIcwl iletWikr 


Resolution of Wide-range Grating 
Spectrometers 

While it is common exponcnco that tho wave 
number resolution of grating spectrometers tends to 
bo constant over a wide wave length rango*, tho 
theoretical basis for this observation docs not appear 
to have boon clearly formulated Tho reason for this 
omission is doubtless duo to concentration of interest 
on a particular grating or set of gratings and to tho 
diversity of sources of radiation and detectors used for 
different spectral regions However, if an unlimited 
range of gratings bo assumed so that maximum dif 
fractod energy can always bo aesurod, and attention 
is confined to a black body source, some slmplo 
relationships may readily bo deduced 

From tho general form of tho grating equation 

d(eln 6t -f. aln 0*) *=• nX (1) 

whore d is tho grating spacing, Oi tho angle of incidence, 
Oj tho anglo of diffraction, X tho wavo-lcngth and n 
tho order of tho spectrum, it is obvious that for a gu on 
geometrical configuration X in tho first order is 
proportional to d Onlj tho first order need bo con 
sidored since a grating in tho nth order is for our 
present purpose, equivalent to a grating with spacing 
djn in tho first order Tho spectral interval obtained 
with a grating in a given epootrometer In proportional 
both to d, as can bo soon b> differentiating er l un 00 
( 1 ), and to the slit width, • 
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Now a frequency N in wave-numbers cc 1/X and, 
on differentiation, BN oc S? /> 2 , bo that for a given 
spectrometer BN cc sfk, smce 8X and X are both propor- 
tional to d Thus for BN to be constant a must be 
proportional to X 

The energy reaching the detector of a grating 
spectrometer is proportional to sJ\ SX, w hero J\ 8). 
represents the quantity of radiation between X and 
X + 8X, and after substitutmg for 8X this is propor- 
tional to # ! X J) Fortuitously, for a black-body at 
2000° K the variation of J\ w ith wave-length is such 
that for constant energy on tho detector a is nearly 
proportional to Xfrom 2 to 20p and consequently BN 
is almost constant over this range More dotailed 
information is given m Tablo 1 and it will bo scon 
that at w'ave-lengtlis beyond 20g tho energy falling on 
the detector cannot be maintained without sacrificing 
resolution At 125g tho maximum slit-width of 
15 mm (5 1 reduction on 3-mm aperture of a Golay 

cell) has been reached m tho example given 

As tho wave-length increases beyond 20g, J> 
becomes proportional to X -4 with over increasing 
accuracy (Rayleigh -Jeans law ) and tho energy reach- 
ing the detector therefore tends to bo proportional to v 
s^X~ a If this quantity is maintained constant, 
a" cc X 3 and BN oc ef > . o c)l, approximately m accor- 
dance with values of BN given in Table 1 

Table 1 






Spectral Interval 

85' 

Encrgi on 

? 


XJ, 

* 

detector 

(a) 


(ram.) 

(arbitrary units) 


2 

82 

1C 4 

0 1 

1 

0 1C4 

10 

0 088 

0 88 

05 

1 

0 220 

20 

0 00(57 

0 134 

1 

1 

0 114 

60 

0 0,101 

0 0090 

4 

1 0 

O 164 

125 

0 0,51 

0-0,04 

15 

24 

0 144 


In the corresponding case when resolution is 
limited by diffraction rather than by energy, BN is of 
course independent of w avo-longtli 

A E Martin 

Sir Howard Grubb, Parsons and Co , Ltd , 

Optical Works, 

Walkergato, 

Newcastle upon Tyne, 6 

’ lord, E 0 , and JIcCobbln, T K , J Opt Soc Amn , 47 , 089 (1097) 

Strength Impairment Mechanism of Glass in 
Aqueous Systems 

Recently we conducted a precision tension 
(‘Instron’) strength study of two gloss fibre fabrics 
exposed to several different environments Tho 
resulting data are summarized m Fig 1 Whon one 
■considers a logical basis for tho experimental data, it 
appears that the wator deterioration of glass is a 
chemical solution process There is a two-fold 
evidence for this view First, the higher pH exposures 
of the glass fibres give rise to a greater weakening 
than with a simple water oxposure This agrees 
well with the observed solubility versus pH relations 
of typical glasses, and it implies that tho molal 
activation energies for glass fracture m a glass 
system with microcracks present therein are lower m 
the high pH solutions 1 - * Such high pH solutions 
might be found useful to accelerate or expedite 
glass fractures where this slight solution effect can bo 
tolerated Second, the drying out of the glass fibres 
after exposure did not servo to restore the full 
original strength of the glass fibres If only a physical 
adsorption were involved a full reversibility could 
be expected 
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Cmck Solid 



rig J relationship of emck nngto nnd rate of attack (chemical) 
(The effect of stresses superimposed Is to make A lamer tlrnn tills 
theoretical maximum 0, Crack ansile , A, Incrcaso of crack 
depth t cosec 0 , r, rate of attack a t 
Table of values (t«>l) from A coscc o 

1° 57 3 

O 0 Od ft 

5° n 3 Shows rate of change Tho high values foe 
i “n shnrp cnchs In 'constant’ geometry ease as 
jqo ^ Zq -<hr/u0*» — | cosec 0 at 0 

15” 3 8(5 

20” 2 i'2 

30“ 2 00 

j 

The litornturo shows considerable ovidonco of 
aqueous (both vapour and liquid) weakening, but 
this appears to bo tho first indication of tho offocts of 
pH therein nnd of tlio probnblo strength-impairment 
mechanism implied thereby 3 ’ 4 . The subject glass 
fibres wero of commercial grado, lienee they may be 
expected to have contained numorous microcracks 
If tho chemical solution were vigorous enough, then 
presumably tho defcctivo surface layers could be 
romovod and tho unit glass fibro strength would bo 
significantly merensod (x2 -4) over tho original 
Tnblc 1 Susiham or Ivsntov Tixsur Trw Pm* 


Glass Glass 

Fabric A Fabric 77 

1 Air strength 



(As or 20) 

4 821b 


0 401b 


2 

Wet strength 





3 

(3 4 lir exposure) 

Wet nnd dried 

4 11 

4 63 


3 03 

0 44 


4 

W ct cement 




pH 13 
Ccmont 


strength (average of 5) 

pH 11 
Cement 

pTT 13 
Cement 

pH 11 
Cement 


1-2 hr 

3 02 

2 85 

3 04 

3 66 


3-31 hr 

4 18 

2 03 

3 09 

3 05 


5-51 hr 

4 23 

2 03 

3 05 

3 77 


8-81 hr 

4 39 

3 11 

3 83 

3 79 


24-24J hr 

4 08 

3 03 

4 10 

3 90 


120 hr (10) 

4 23 

4 00 

5 93 

523 


• All nrc mernges of ten specimens unless others Ise noted. 



levels 5 Our results (Tablo 1), suggest that aqueous 
chemical solution or film formation is tho basic 
mechanism of tho glass fibro deterioration which wo 
have observed From tlio literature, it is of interest 
to note that tlio water reaction impairment of gloss 
is evidently operative oven undor ordinary laboratory 
atmosphere circumstances, for otlionviso tho paraffin 
oil (sodium dried) caso would not have conferred 
the reported 20 per cont strongtli mcroaso* We 
boliovo that our finding holps to correlate many 
apparently unconnected empirical results in the 
litoraturo and affords predictions of glass fibro nnd 
other glass behaviours in various engineering 
environments 

Fpepepick J Radd 
Donald H. Oeiitle 

Continental Oil Co , 

P O Drawor 1207, 

Ponca City, 

Oklahoma 
July 9 

1 Stnnworth J h , ‘Physical Properties of Glass’, 160 (Oxford 
University Press, 1950) 

'ibid 114 

* Morey, G W , ‘Tho Properties of Glass’, 330 (Bolnhold Publishing 

Corp , Now York, 1054) 

4 Ecf 1, 05 
1 Ref 1, 02 

* Pcf 2, 330 
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METALLURGY 

Reversion of Nodules Formed by the Grain 
Boundary Reaction in Aluminium-Zinc, Alloys 

The grain boundary reaction is a phenomenon by 
which nodules with large lamellar precipitates grow 
from groin botmdanoe during artificial ageing of 
supersaturated solid solution alloys It is callod 
discontinuous or cellular precipitation by some 
workers. There have been many studies on the grain 
boundary reaction in aluminium tine alloys (Fig 1) 
We have recently shown that the crystallographic 
orientation of nodules formed by the reaction is 
identical with that of the adjoining crystal grain, 
from which the nodules grow 1 However, the 
reversion process, which dissolves the lamellar 
precipitates in the nodules into matrix and reduoes 
the nodules to the homogeneous solid solution, has 
not yet boon reported 

Optical microscopic observations wore made on the 
reversion process of tho nodules in aged aluminium 
zlno alloys containing 30 and 40 per cent zme 
Specimens with nodulee woro solution heat-treated 
for a short time in a salt-bath regulated at a uniform 
solid solution temperature As the heating went on, 
tho lamollar precipitates gradually dissolved into 
matrix The surface of tho nodules became wavy by 
electrolytic polishing (Fig 2) on account of the 
varying tunc concentration, but it became flat by 
chemical polishing By further heating all precipitate® 
were disflolvod into matrix, though tho advancing 
boundaries of the nodulee scarcely changed thetr 
positions A polygoruxation like structure was 


volume changes of nodulee owing to tho rapid dis 
solution of precipitates 

We wish to thank Dr Z Takamura for his helpful 
discussions and Mr S Yomaya for his assistance 

Ryoji Watanaue 

Hokkaido Gakugei University 
Hakodate Japan 

SlIJOEi asu Koda 

Tohoku University, 

Sendai, Japan 
Juno 18 


• wsunato* K* wd Kod», 8, Ntlurt 1S3, 1«7 (10S01 

* Forty A J,«d Glt*on, J Q., Ad Md. «, 1ST (lftW) 


CHEMISTRY 

A Paper-Chromatographic Method for the 
Determination of Suitable Buffer Systems 
for Countercurrent Distribution 

Retina recently described 1 a method for tho deter 
mlnation of suitable pH values for tho extraction of 
antibiotics He used air-dried buffered paper, will oh is 
absorbent and tends to load to tho formation of 
‘comets’, and ho did not take into account the ratio of 
the volumes of the moving and stationary phases r, 
which also influences the Up value Thus the accuracy 
of his method is rather limited Using a relatively 
moust paper and taking Into account some quantitative 
relationships involved, it w possible to make this 
method more precise 

The distribution of a solute between an organic 
solvent and a buffer solution is given by 



K “ I + Aj,/[OH-J <b<UW "' | 
“ 1 + A^/[H + ] {amd,) j 


PUt* 1 81 par eent xlne, fbr IC hi kt 100*0 (x40) Fla 8. 

30 per cent line, »C«l for 40 hr at 100*0. mod beat (rested for 
<0 aec. »t tOO*tj. (X400) Fig. 3 SO per cent line, **<d for 
40 hr nt 100*C. nod beat treated fbT 160 tec. *t 800*0. < X400) 

Yin 4 40 per cent xine, **«i for 10 hr at 100 C. nod beat 

treated for to too. «t 400 0 ( xfffl) Fla 6. 40 per cent xinc, 
*ned foT 16 hr at 100*0 xnd he* t- treated for 80 ico. *t 400*0., 
then re-*atd Cor It hr at UXJ*C. < x 80) 

observed m them (Fig 3) When the specimens were 
chomicolly polished and ©tclied witli a solution of 
2 porta nitric acid, 2 parts hydroohlona aoid, i part 
of hydrofluoric acid, and 30 parts of ethanol, otoh 
pits wore formed within tho nodules (Fig 4) Tho 
donsity of those etch pits is greater than that of matrix 
grams, and moreover they lie on lines nearly per 
pondlcular to tho advancing boundaries Tho same 
specimens were ro aged and etched with Wosscnnnnn’s 
reagent, when a network structure was clearly 
observod, caused by preferential precipitation (Fig 6) 
Tho nodules in Fig 5 are those which woro nowly 
formod by ro agoing 

It Is presumed that this phenomenon may bo a 
kind of polygomzntion, that is, a formation of sub 
boundaries compoeod of an arrnj of dislocations 
Thoeo dislocations may bo duo to the misfitting 
boundaries formed bj ft union of tho minute nodule® 
grown at tho some gram boundary, as was shown in 
dondntio growth 1 , or tho mcomploto annealing of 
localized plastic deformation produced from the rapid 


where K *=* partition ratio (ratio of overall concentre 
tions of solute in organ! o and water phase) I — parti 
tion coefficient (ratio of concent rations of unionized 
solute In organic and water pluuw), Kn hi- 
ionization constant of base or acid 
Assuming that paper chromatography is a con 
tinuous extraction process, the Rr is expressed 3 by 

Sr “ Ar+"l " It + 1 + A,/[OH-] (b “°® ) 

“ tr + i + TcTiWl (acid8) 
where r is tho ratio of tho ^ olumes of tho moving and 
stationary phases r «* 

Plotting of R f against pH ghes S-shnped curve 
whoso ehopo and position depends on 

(o) The partition number It The higher /t tho 
higher and further to the loft is the curve At hr 
values higher than 50 tho shape of Up RpH) 
curves is independent of hr and only their position 
depends on hr Thus an x fold Increase of It shifts 
tho curvo to tho left by log a: pH units 

(b) The ionization constant Kji (K 4 ) Tho smaller 
tho constant tho further to tho loft is the curve An 
x fold decrease in Kn (Kri shifts the curve by 
log* pH unit, to the left (lughcr pH valuee for eoWe 
and lower pH value* for bases) 



978 


VOL. 184 


NATURE September 26, 1959 


Acid (K^ - 10'”) 

13 12 11 10 0 8 7 7>IT 



0 1 2 3 4 5 0 7 pU 

Dnso (A-fl = 10- J V 
Up 1 


It can*bo seen from (2) that tho ratio r of tho 
volumes of the mobile and stationary phases must bo 
taken into account when interpreting paper chroma- 
tography data for batcliu iso extraction For example, 
in the same system, a tenfold decrease or mcicaso of r 
changes tho pH of tho non-mobile phase which is 
necessary to stop the migration of tho substance, by 
1 unit Partition ratio of a solute at a given pH can 
he calculated from 



In order to decreaso tho adsorption of tho paper, tho 
use of moist buffered paper, with IP, = 15, where 
TP, = (wt of humid paper)/ (wt of dry paper) 
ib recommended 4 - 6 For organic solvents slightly 
soluble in water (hexane, benzene, chloroform), a x nluo 
of r of about 2 is obtained 3 Tlius w o havo 



The formula (4) permits tho determination of tho 
optimal pH value when mixtures are separated by 
countercurrent distribution Tho best separation for a 
binary mixture is obtained when 

rV(K'.lC) = 1 (5) 

Where K' and K " are tho partition ratios of tho sub- 
stances to bo separated Calculating these ratios from 
(4) at various pH values it is easy to find the valuo at 
which the condition (5) is satisfied 

Andrzej Waksmuxdzki 
Edward Soozewenski 

Physical Chemistry Department, 

Academy of Modicino, 

Lublin, Poland 

1 Bctlna, V , Mature, 182, 700 (1008) 

* GclumWc, C , and Orch n, SI , J Atner Chem Soc 72, 4145 (1D50) 

’ XVnksmundsM, A , and SoczoulAskl E , Itoczn Chem , 32, 803 (1038) 

4 Waksmundisbl, A , OSdk, J , and I'rolok, Z , Ann Umr MCS LuUtn 
Soc , AA, 9, 83 (1054) 

‘ Waksmundxki, A , Soczcwtrtskt, E , and Aksanowksl, H , Chem Anal , 
2, 450 (1057) 

4 D?bskn, W , Aature, 182, 600 (1058) 


Volatile Liquid Partition Chromatography 

Gas chromatographio separations have boon made 
using the gas phase of the partitioning liquid as tbo 
eluting gas instead of tbe conventional inert earner 
gas This eliminates an essential component m con- 
ventional gas chromatography 


Tho method is based on tho circular gas chromato 
graph already described 1 Tho apparatus consisted of 
two 5-ft copper columns of J-in outside diameter 
connected through a circulating pump at ono end and a 
thermal conductivity detector and injection system as 
tho other Each column contained 12 25 gm of 20-)) 
mesh si 70 insulating brick The apparatus van 
evacuated, and 3 43 gm of partitioning liquid wai 
injected using a hypodermic syringe After about an 
hour of pumping, tho recorder bnso-hno becamo con 
stant indicating an oven distribution of tho liquid 
Scpnrat ions wore rondo at ambient tompornturo and at 
vapour pressure of tho partitioning liquid Sample 
sizes w ero 20-50 jjlI 

Fig 1 shows, ns nil cxamplo, the detector record for 
tho separation of (zl) methyl formato and (B) diethyl 
other using furnn as tho partitioning liquid Tho 
subscripts on the chromatogram for A and B denoto 
tho number of times each compound has passed tho 
detector Tho amplitude of oncli peak decreased with 
tho number of cycles After fivo to ten cycles tho 
sample became evenly distributed A now sample can 
then bo injected Tho addition of a number of 
samples mado n noghgiblo contribution to column 
characteristics 


Partitioning 

Tnblo 1 

Component* 

Cicllc retention times 
(min ) 

liquid 

In blnarj mixtures 

With part Klonlng Support 
liquid only 

Alone Mixture 

1 ur\n 

Dlcthjl ether 
Molli}! fommto 

5 7 5 5 

4-0 


41 30 

35 

Iurtvn 

4 Jtettwl 1 peutene 

12 3 12 3 

5-6 


n rtntnno 

5 3 5 4 

47 

Xtcth)l formnto 

4 Mcthjl-1 pontono 

117 119 

545 


n routine 

5-0 4 8 

47 

Xlcthj 1 formate 

Methil ethjl ketone 

22-fl 22 5 

124) 


2, 2, J Trim, tlij I- 
butnno 

120 123 

84) 


Table 1 shows retention times for tho separation 
of two bmnrv liquid solutions on each of tlio two 
partitioning liquids, furnn and mothyd formate 
Retention times are gixen for the compounds injected 
individually and ns binary solutions Retention times 
are also listed for tho compounds injected on tho same 
column support but prior to tho addition of parti 
tiomng liquid and using helium ns a earner gas 
Pressures were adjusted to tho vapour pressure of tho 
partitioning liquid Agreomont between retention 



0 10 20 
Tlmo (min ) 

Fig 1 Mixture injoctod A, moth>l formnto , It, dlcthjl otlior 
lurnn column 
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tunes for compounds injected singly and in solutions 
permitted unambiguous identification Ratios of 
retention times show that tho partitioning liquid is 
affecting separation although the bnok support itself 
exhibits some selectivity 

Elimination of the inort earner gas is potentially 
useful in non analytical applications of gas chroma to 
graphy The method is a unique way of using relatively 
high molecular weight carrier gases 

Roger 8 Pouter 
Julian F Johnson 

Californian Research Corporation, 

Richmond, 

California 

1 rortor B, 8 uvl Jaluttm, J I\, »YdnK 143,391(1053) 

A New Carbonyl Compound from 
Piper mcthystlcum Forst 

The rhizomes of Piper mcihystxcum Foret are the 
raw material from winch the Polynesians and other 
Pacific island peoples prepare thoir ceremonial (and 
soporific) beverage 'aioa (also known os kawa of kaoa 
bora) Tho chemical constituents of ‘atro root were 
first studied over a hundred years ago, but tho most 
extensive investigation was earned out by B orach o 
and co-workers 1 some thirty years ago Whllo Borsch o 
established the structure of several constituents, nono 
of these compounds, curiously enough, was found to 
possess physiological activity This negativo result lod 
to the surmise that nativity is perhaps introduced 
during the preparation of tho drink whioh involved 
chawing of the root 3 Van Veen 3 in 1038 showed that a 
substance, marindmin, was responsible for tho drug 
action of atro Manndlnin, however, w os later shown 
to bo identical with Borscho s dihydroknwain* (I), a 
substance previously found to havo no physiological 
activity* 


OCHj 



0) 

Tho unresolved state in whioh this problem had 
remained for many years inducod us some time ago to 
imtmto a chemical re investigation Tho recent up 
surge of interest in atro originating from several 
laboratories 6 * prompts us to report our preliminary 
findings at this time The Polish workers* to mvesti 
gated ono of Borsches compounds, yangonm and 
corrected its structure from a y pyrono to an a pyrono 
(H) Tho Gorman workers 1 established for the first 


OOHj 

mo 

(The material was collected by T)r C E Swnnholm of 
this Laboratory at Waiahole Island of Onhu and its 
identity was established by comparison with an 
authentic specimen m the Bernice P Bishop Museum 
collection ) The solid residue after evaporation of tho 
solvent in vacuo was refluxed with other and filtered 
while warm to remove insoluble material Upon 
coolmg of the ethereal solution a yellow solid 
separated This solid after two rocrvBt all nations from 
ethanol melted at 1115-118° C ana was found to bo 
identical with dihydromoth ysticin (III) by comparison 
with the published information on this compound and 
by elemental analysis (performed by Dr A. Bernhardt 
MGlheim Germany) The infra red spectrum (Nujol 
mull) of (III) exhibited the bands reported by tho 
Riker group* as well as a series of bands at 8-11 p 
characteristic for the dioxymethylene grouping* 

Tlio ethereal mother liquor from wluch dihydro 
methyaticin had been removed was washed succes 
Bively with aoid and base and tbe ether was remo\ od 
tn vacuo The resulting residuo nos dissolved in 
metlianol and treated with Girard a reagent T accord 
ing to Vogel’s 10 procedure Tho resulting carbonyl 
components were distilled, yielding as tho major 
fraction a yellow oil, b p 104° 0/0 4 mm. From 
spectral considerations this oil appeared to contain a 
dioxymcthjleno grouping and a carbonyl function 
conjugated with oleflnio unsaturation A crystalline 
2,4-<hnitrophenylh} drazono of this oil melted at 
204-207° C (from ethyl acetate) Its infra red 
spectrum agreed with proviouslj made assignments of 
functional groups. Tho combustion analysts of tho 
denvativo supported on empirical composition of 
CjiHicOa, although this formulation cannot bo con 
Bidored entirely established 

Further work on this and other minor constituents of 
P methysticum is m progress In this connexion it is 
worth noting that recent work in this laboratory 1 
established tho proeenco of alkaloids in this plant to 
tho extent of 0 012 per cent (based on dry root) This 
finding is m fair agreement with an earlier alkaloid 
report 13 

Paul J Scheuer 
Thomas J Hoiuqan 

Department of Chemistry, 

"University of Hnwaii, 

Honolulu 14 
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time bejond doubt thnt tho 'aim constituent dihydro 
mothystioin (III) possesses sedative activity Tho 
Biker group* substantiated this finding and in addition 
Isolated a now substance designated 'compound A ' 
of empirical composition CuHitOa 

In our work ‘atro root was dried, milled and 
extracted in a Soxhlct with ethanol for 31 hours 


1 IVnfh# W jiod Lfcwtmohu. U. Clem flrr 66 1792(1933) 

* Tltcotnb 5L J 67, 105 (194SL r , _ 

» V»n Vcotx, A. G., UnxtOrmrtiJ TijitcSr N rltfori Mu 79 1041 
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*\*n tn r 621 (KOPJ 
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towikB, K* T rfnrJWdrtm-4 30 (103S) 

* Jliiwl R. add Betertdonf 1( V \atunrUi 45, 573(17 91 , , 

• Mobs il W , KriW 1“., WBUams IL K. ToekM, M, I., nxl CronbMm, 
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Structure of Bituminous Coals: Evidence 
from Distribution of Hydrogen 

Studies of tho structure of vitramous bituminous 
coals by X-ray diffraction 1 and infra-red spectro- 
scopic 2 - 3 techniques have led to tho paradoxical con- 
clusion that although tho greater part of tho carbon 
(75 per cent) is ordered in aromatic systems, most of 
the hydrogen (for example, up to 80 per cent) m a 
coal containing 83 per cent carbon) is attached to tho 
few carbon atoms not m aromatic systems Tins 
paradox cannot be resolved by supposing tho aromatic 
systems to be very largo, or if small that thoy are 
heavily substituted by alkyl groups tho X-ray 
evidence denies the first supposition, and tho second 
is inadmissible smee tho infra-red work shows that 
long alkyl chains are absent and the ratio of molhyl t-o 
methylene groups is small The average molecular 
weight 4 is such that one moloculo must contain a 
considerable number of these aromatic systems Thus 
a molecule m coal apparently consists of a number of 
rather small aromatic systems, say 1-3 fused rings, 
highly substituted by aliphatic groupings that servo 
mainly to link together the ordered regions and mostly 
do not terminate m methyl groups 

Attempts to construct suitablo molecules on paper, 
and with atomic models — in tho first instance with a 
medium-rank coal of 83 per cent carbon content — 
show that it is difficult to find any structure that 
answers tho above requirements and at tho same time 
has an elementary composition near that of coals 
These experiments lead to tho following conclusions 

1 The structure must bo built on a more or less 
regular repetitive pattern, liko a polymer, ono cannot 
achieve a high enough degree of substitution if ono 
starts with a random assortment of aromatic systems 
randomly linked together by short chains and ahcyche 
rings 

2 Even if some regular pattern is adopted, ono can 
still not attain high substitution if any ono aromatic 
nucleus is linked to any other by only ono linkage 

3 It has been possiblo to find ono (and so far only 
one) type of structure that fits the requirements of the 
X-ray and infra-red studies and also tho elementary 


analysis In this, any one aromatic nucleus is linked 
to any other by two aliphatic linkages The prototypo 
of such molecules is 9 10-dihydroanthracono, which 
can bo regarded os composed of two (non coplanai) 
ben7eno rings linkod by two methylono bridges In 
view of tho X-ray ovidonco concerning tho size of tho 
aromatic nucloi it is reasonable to consider molecules 
built up of naphthalene rather than bonzono residues 
tho structure envisaged has for hydrocarbon skcloton 
a copolymor of units like 



whoro all bonds a nro linked to CHj groups and all b 
to ortho positions in aromatic rings In addition a 
third aromatic residue can bo attached to any pair of 
mothylono groups yielding a triptyccno derivative 
It can bo seen that a moloculo built to this pattern 
will bo somewhat floxiblo, but much less so than a 
chain polymer, it wall bo far from plnnnr, and, m view 
of tho vnrioty of ways m which units can bo linked 
togothor, of such extended and irregular shape that it 
is unlikely to pack regularly with others in a crystal 
Tho greater part of tho oxygon in coals can bo accoun- 
ted for ns phenolic hydroxy 1 S - B and strongly conju- 
gated carbonyl chclntod to hydroxyl 5 ' 8 Tho structure 
m Fig 1 illustrates ono v ay in winch units of tho ty pe 
described nbovo can bo built together into a moloculo 
Tho elementary composition of tho molcculo shown is 
that of a ty’pical low-rank coal (82 per cent carbon) 
Tho content of by droxyl and carbonyl groups is closo 
to that found by' direct determination on tho coni 
(for rofs see above), and tho environment of tho 
carbonyl groups is such that, thoir vibration frequency 
would bo closo to 1G00 cm -1 (tho only band m tlio 
spectra of coals that can bo ascribed to carbonyl 1 is at 
1G00 cm -1 ) Tho moleoulnr weight is 1490, which is 
somewhat higher than that found experimentally' for 
solv ent extracts of tho coal, but may well bo too low as 



Ch-HjiOhN, molecular weight 1400 Analysis (per cent! 8° 1 C 5 n n 
>a Sr?!l as!3 ) Katlo C-H or /C-H 0 i = 0 20 Hydroxyl content, 0 25 percent 


Fig 1 ... 

DJLF Parr 

CH..CH, CHC - 2.23 3 


p T, 10 7 O (r/ D m coal , 82 3 C , 6-0 IT 1 8 n , iu u ■ 

cu uu UHU. •> .23 , 1 $ y ‘ content, 0 2a per cent O as OH, carbonyl, 4 16 per cent O as C - O Jt.stlos, carbon 

x- ™ Vi*,’ „ 1" t 1 , 2-43 3 1 ,, co ®I > o s ' tlon of non aromatic portion CH, , Overall m era go numborof intcrcluster llnknccs 3 5 per clnst 

rarhoru 1 in vJTn flt \m? U A tCr / lnclu<lln S <*>P anar snLstltuent atoms and assuming oxygon to linso tho samo X ray scattering factor 

carbon), In tho range 12-19 V Jbratlon frequency of all carbonyl groups about 1010-1020 cm -' Fraction of total carbon in aromatic comblwith 
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a weight average for the whole coal The ratio 
O-Hor/C— H«f for the model is 0 28 for the mo locular 
weight choeon, or 0 22 if the weight is doubled a short 
extrapolation of the curve given by Brown* gives a 
value of 0 18-0 2 for the ratio for a cool of this carbon 
content By varying appropriately the o xygen content 
and the state of roduotion of some of the nng systems 
the composition and functional group anaylsis of 
other coala of carbon content in the range 78-80 per 
cent can be satisfactorily represented, with ratioe 
C-H.r/C-H,, equal to or slightly higher than tho#e 
deduced by Brown 1 from the infra red spectra. 

Thus there is at least one pattern of structure that 
can reeolve the paradox set by X ray and infra red 
Btudies of coal structure In fact this type of structure 
can also give a plausible account of a number of other 
physical and chemical properties of coal*, suoh as 
reactivity to various reagents, behaviour on pyrolyBis, 
and the therm odynamio non ideality of solvent 
extracts of coals in solution. The model may therefore 
be a sufficiently good approximation to servo as a 
working hypothesis Its properties in relation to those 
of cools will bo examined In moro dot ail in a paper to 
be submitted to Fuel 

P H Gm 


British Coal Utilisation Research Association 
Randalls Road, 

Leatherheed, Surrey 
July 2. 
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BIOCHEMISTRY 

A New Crystalline Salt of Oxytocin 

A aftVSTAixiNB salt of oxytocin, its flavianate, 
was reported several years ago from this Laboratory 1 
The flavianate crystallized in Jong silky needles and, 
as was reported, was rather difficult to handle 
Therefore a search was made for other crystalline 
salts of the hormone m the hope of obtaining crystals 
with more convenient properties 

Formation of precipitates was observed on the 
addition of various acids and salts (For example, 
naphthalene~f3*sulphonio acid picrio acid, ammonium 
rmnockate, ammonium sulphate Bodium hellontato, 
fl nd p hydroxyaxobonxene*p'-flulphonio acid) to 
aqueous (5 per cent) solutions of oxytoom. The 
precipitate* formed by the addition of the lost two 
reagents went into solution on addition of ethanol 
and on alow evaporation crystals were ob tamed 
(Fig 1) The salt of oxytooln formed with p hydro 
xyaz obenzeno p' sulphonic acid Bhowod the more 
convenient properties and was studied further This 
salt separates from aqueous othanol at 22° in orango- 
colourod crystals (rectangular plates and well 
formed prisms) with marked birefringence Crystals 
were also obtalnod from only partially punfiod 
oxytocin, and the product had a considerably higher 
potency than the starting material Tho avian 
depressor tost is not influenced by the presonoo of 
p hydmxynxobenrcno-p' sulphonic acid A loss of 
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weight of about 5 per cent was observed on drying tho 
salt at 100° m vacuo over phosphorus pentoxide for 
0 hr but the dried substance showed about the same 
total amount of activity as before drying 
Solutions ofp 1 hydroxyozobenzene p'-fralphoruo acid 
or its salt with oxytocin m 0 1 N hydrochlono acid 
exhibit a strong absorption band with a maximum 
at 33 mp. From the optical densities measured at 
this wave length tho acid content of the salt was 
determined Sevoral batches of tho crystalline 
Balt were investigated and it was found that thoy 
contain 24 per cent of the acid whereas the Calculated 
value is 2 1 0 per oent However, after recrystalhzat ion 
of the salt from aqueous ethanol, an acid content of 
21 per cent was found. Analytical values wore also 
close to the calculated ones The now Qrystollino 
Balt of oxytocin lias no woll-dofinod melting point 
It sinters at 190-200®, decomposes at 240-260° 
The rocryn tall trod salt has a potency of about 400-460 
unite per mgm (ref 2) 

Tho salt migrate* as a singlo substance both on 
paper ohroroatograma and in countercurrent din 
tnbution (A»=2 6) in a solvent of n butanol water 
However, if 0 1 per cent acetic acid is added to this 
solvent system, p l hydroxyazobenzene p'-sulphomc 
acid exhibits a distribution coefficient K=*2 8, whereas 
oxytocin has a K value about ton times loss and bo 
they oon be easily separated Another method for 
the separation of the liormono from the sulphonia 
acid la by passing a solution of tho salt through a 
column of the carboxylio anion exchange rosm 
‘Amberlite IRC 60 (H cycle) The oolourod acid 
component is practically unodsorbed and » readily 
removed by washing the oolumn with dilute acetic 
acid. On tho other hand, oxytocin stays on tho 
column and can bo eluted afterwards with a mixture of 
acetio acid / pyndino / water A still more con 
\eniont procedure for tho conversion of the now 
oxytocin salt into Bolts of tho hormone with othor 
odds consists of passing a solution of tho coloured 
salt through a oolumn of a weak anion oxchango resin 
(for erample, ‘Dowox 3’) which was treated previously 
with an acid, such as acetio acid 

The proportion of this salt of tho hormone known eo 
far suggest that it may servo, instead of the dnod 
pituitary powder as a working standard preparation 
in the biological assay for oxytocic activity as well aa 
being useful in the purification of oxytocin 

We wish to thank Dr Wiliam H Stein 
Stanford Mooro for tho eomplo of highly 
p hydroxynzobennono p "ulpbonio «o,d u*h! in taw 
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work Knowing that Borgmnnn and associates 3 ’ 4 
found various sulphonie acids to bo useful reagents 
for forming crystalline salts of amuio-acids and 
peptides, wo were fortunate m obtaining from 
Drs W H Stein and S Mooro a group of such 
compounds which they folt would bo worth trying 
We are also indebted to Mr Josoph Albert for tho 
mieroanalyses, to Air Da\id N. Roifsnydor for his 
assistance in the experiments, to Miss Dado Tull and 
Miss Maureen O’Connell for the biological assays 
Tlus work was supported m part by a grant from 
tho National Heart Institute, U S Public Health 
Service, Grant No H- 1675 

Mikjlos Bodanszky 
Vincent du Vigneaud 
Department of Biochemistry, 

Cornell Univ erstty Medical College, 

New York 
July 29 

1 Tierce J G , Gordon, S , and du Vigneaud, V , J Biol Client 1B9> 
029 (1052) 

1 Pharmacopeia of the United States 15th Revision (1055) p 551 
and p S of tho second supplement to the 15tli Rcxislon (1050) 

* Stein, W n Moore, S Stamm, G , Chou C V , and Bcrgmann, 

M , J Biol Chem , 148, 121 (1012) 

* Stein, W II , Moore, S , and Bergmnnn, if , J Biol Chem , 154, 101 

(1044) 

Complex Formation of Chlorpromazine with 
Flavins 

In previous reports 1 ’ 3 concerning the mechanism of 
inhibition of D-amino-acid oxidase, the formation of a 
complex of the inhibitor and tho cocnzymo, flavin 
adenine dmuelootide, nos described Experiments 
with chlorpromazine, however, indicated a different 
mechanism of inhibition 

Chlorpromazine concentrations ranged from 
4x 10-'— 2 x 10-' il/, nearly the maximum solubility 
at pH 8 3 Complex formation of chlorpromazine 
and flavin adenine dinucleotido was tested by 
fluonmetry and spectrophotometry As chlorpro- 
mazmo did not quench tho fluorescence of flavin 
adenine dmuelootide or shift its spectrum complex 
formation of chlorpromazine with flavin ndenmo 
dmucleotide was excluded as the mechanism of 
inhibition of D-amino acid oxidaso by clilorpro- 
mazine From these results and kinetic analysis of 
enzymic reactions, the inhibition was attributed to 
the competition of chlorpromazine with flavin 
adenine dinuclootido 3 

However, it has been suggested recently 4 that tho 
phosphorescence of riboflavin is quenched by 
chlorpromazine, so this was re-examined using higher 
concentrations of chlorpromazino than 10-' M 
Tests were earned out at pH 0 5-7 0, whore chlorpro- 
mazine is more soluble than at pH 8 3 

In tho preliminary experiments, tho addition of 
excess chlorpromazine to flavin adenine dinucleotido 
solution at pH 6 5 changed the colour of tho latter 
from yellow to brownish yellow and diminished its 
fluorescence 

The absorption spoctrum of the mixturo of flavin 
adenine dmucleotide (9 x 10-' M) and chlorpromazine 
(2x 10- 3 ill) m phosphate buffer (ill/ 10, pH 6 6) was 
measured As shown m Fig 1, it was lower than tho 
theoretical curve obtained by adding tho spectra of 
flavin adenine dmucleotide and chlorpromazine 
The quenchmg action of chlorpromazine on tho 
fluorescence of flavin adenine dmucleotide was then 
analysed The relation between the fluorescence 
intensity of flavin adenine dmucleotide and tho 
concentration of chlorpromazine (G) is 

f/r=i+o/k 



Fir 1 Spectra of flnxin adenine dinucleotido nnd chlornromnrine 
I, ITaxln mlrnln'' dlnuelcotldc (9 X 10"* SI) In phosphate bufler 
( I//I0, pH 0 5), II chlorpromazine (2 x 10** M) In the same 
bulfcr , ill, mixture of chlorpromazine (2 x 10'* If) and flavin 
ntlenlnc dinucleotido (0 X 10"* If) In tho sarno bufllr . IV, 
theoretical spectrum of flax In ndcnlno dlnucleotlde + 
chlorpromazine 

whore / nnd f l nro tho fltioresconco intensities of 
flavin ndenmo dinucleotido in tho absence and in tho 
prosonco of chlorpromazino, nnd K is tho dissociation 
constant of chlorpromazino from its complex with 
flavin ndenmo dinucleotido By plotting/// 1 against 
G, a straight lino, with intercept 1, can bo obtained, 
and K can bo calculated from tho slopo of this line 
The plots of ///’ obtained by experiment gavo a 
straight lino ns shown in Fig 2 K w as calculated to 
bo 1 X 10~ 3 M 

Fiuorimctric nnd spoctropliotometnc analyses wore 
also applied to tho interaction between chlorpromazino 
and riboflavin or flavin monophosphate Nearly 
tho snmo results were obtained ns with flavin ndenmo 
dinucleotido, and tho dissociation constant of 



Chlorpromazino (nil X 10-*) 

Fig 2 Qnonehlog action or chlorpromazino on tho fluorescence 
or flavin adenine dinucleotido / nnd f' correspond to the 
fluoresconco intensities or flavin adcnlno dinucleotido (1 x 10-'3f) 
In the absence and In the presenco or chlorpromazino In phosphate 
buffer (Af/10, pH 7 0) 
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chlorpromaxme from its complex with riboflavin or 
finMii monophosphate was also calculated to be 
1 10-* M from fluonmetry 

From these results, it may be concluded that 
chlorpromazmo forma a complex with the isoalloxaxme 
part of flavins at a concentration of 1(M M Con 
si ienng the order of the dissociation constants of the 
( >mplexes calculated from fluonmetry it is clear 
that complex formation can be excluded from the 
mechanism of inhibition of n ammo acid oxidase by 
ohlorpromnzine However the complex formation of 
chlorpromazine with flavins could be significant 
in tnt>o if higher concentrations of ohlorpromazrae 
than KM 3f were reached For example, the fact 
that the injection of flavin adenine dinucleotide can 
reverse tho o fleets of chtorpromozino on an electro- 
encephalogram can bo partly explained by the 
formation of a complex of these two compounds in 
the living body 1 

Kunio Yaoi 

Takayttkt Ozawa 

I>epartmont of Biochemistry 

Toshiiiaiiu Naqatht; 
Department of Neuropsychiatry, 

School of Medicine, 

Nagoya University, Nagoya 
May 22 


The preparation thus obtained reveals a strong 
activity in tho tost on tho gain of weight of the uterus 
of immature mice 2 

Tablo X shows tho increase in purity at the different 
stages (2 experiments) 

The gljooproteio nature of tho preparation was 
demonstrated by tho determination of the Jiaxoscs 
(13 per cent) hoxosamtnes (11 per cont) and tho high 
percentage of sialic acid (8 per cent) Electrophoresis 
in the liquid pliase according to Tisehos* at pH «=» 8, 0, 
p *=* 0 1, revealed the non homogeneous quality of the 
product Finally, tho produot was tested histologically 
on tho ovanes of immature rata hyp opl iy see to mi rod 
2 months before A distinct follicular maturation was 
observed together with a protoplasmic hypertrophic of 
the interstitial cells 

Thus oven at tins degree of punty tho preparation 
possesses both foUiole-stimulatory and luteinizing 
stimulatory properties 

Roland Bouriullov 
Ren£ Got 
Ren6 Maroa 

Laboratoiro de Bioohinuo, 

Faculty do M6decine, 

45 Rue doe Saints P£res, 

Pans 0 
April 10 


1 Tifrf, K., Okuda. J., Ot*wn, T «nd Okada, K., Sritnct 134, 17J 
(lOMJ) JJfodkta. JHopkyt Acta Cla (be ptcmL 

* Ytd K., OktuU J., Ozawa T and Oktda K., Dioclum. Z n SB, 

492 (1957) 

1 Yasl, K-i. Naffatro and Ozawa T„ Atturc 1T7, 801 (IOjOE 

* Rttnt-avdrtnrl A., DloenetveUc* 118 (Aeadetnle PreM, 1057) 

* Yaul, K„ Oiawn T., Ando 11., and hagatw T (tmpuhlhhed 

result*) 


Preparation of a Highly Purified Sample of the 
Urinary Gonadotrophin 

The difficulty encountered in tho determination of 
tho physical and chemical properties of the unnary 
gonadotropin is oloeoly related to its small concentre 
tion in urine It is also the reason why so many studies 
concerning this hormone refer mainly to its biological 
properties Nevertheless it would bo of considerable 
mtorest to obtain gondadotropm of high purity That 
is why wo attempted to isolate it from the urine of 
sterilised women or women at tho menopause Wo 
report hero our preliminary results 

The urino is adjusted to pH 4 5 and 3 parts of 
95 per cent alcohol ore added Tho precipitate is 
extracted 3 times with 50 per cent alcohol Tho 
residue is separated bv contrifugation and the remain 
mg liquid is concentrated to a 75 per cent alooholio 
solution Tho procipitato is washed, dned and dis 
solved In a buffered acotato solution (pH 4 5) The 
resulting solution is absorbed on kaolin 1 Tho 
ammonmcal oluato is adjusted to pH 5 1 then 3 parts 
of ncotono aro added Tho precipitate which is formed 
is centrifuged, wnshod and dried It is then passed 
through an ion exchange resin (Termutit* or ‘Dowox’) 
Tho product is purified without appreciable loss. The 
association of two ion exchange resins brings no 
jmprovemont 


1 LomJnn, J A, »nd Ttrown J B Ada 17 250 ( 1954 ). 

» Klinefelter II F Albrtaht, F and OrUwoU OC.J Clin, ludocnnol 
MHtrUl 3. 6291191 b 

•Tbelloi A Trans. F*r*£«f Sor^ 33 624(1037) 


Biosynthesis of Carotenes in Carrot Extracts 

Using methyl and carboxyl labelled acotato Grob 
and Butler 1 1 have shown that both carbon atoms of 
acetate aro extensively incorporated mto p-carotono 
synthesized by Mu cor htimaha Thoy also found 
that pantothenic acid and pantothomo stimulate 
P-caroteno synthesis, on tiio basis of this fact they 
have suggested that coemzymo A is imolvod in 
corotenogenesto Studios linvo therefore boon made 
to investigate tho role of coonzymo A In tho bio 
genesis of carotenoids the present study details 
tho results of the experiments on carotene biosyn 
thesis using extracts prepared from carrots (Caucus 
carota) 

Tlio carrots after removal from tho soil were 
cooled in crushed ice and in tho frozen condition they 
were cut into small pieces 10 gm (fresh wt.) wore 
ground with 100 ml phosphato buffer (0 2 M pH 
6 8) at 0®C for about 10 mm and the fitio debris 
removed by centrifugation at 500(7 fo r fi mm 
Tho supernatant solution of the carrot extract 
(containing protoin concentration of about 0 mgm ) 
were incubated at 28° C in 250 ml Frlenrooyor 
flasks cm a rotary sliakor for 18 hr with tho desired 
substrates in phosphate buffor (pH 5 8 0 2 J/) 
Carotenes were extracted in freshly distlfiod othor 
The othoral extract was freed of moisture by treating 
with anhydrous sodium sulphate Tho carotenes 
were transferred In 6 ml petroleum other (b p 
80 — 100° C ) and wore determined as p-carotono 


TaUe 1 


Alcohol pwdplUto 
K*oUd ntract 
Fcnnntlt rttuto 


Weight ol the 
final prodflet 
(tngm./l or ton) 

4 

0~4 


Ewwrimeat 1 

Wright of tho trtenn/ 
■weight of tho ptodoct 

22 mtmj 4 mtm. 
12 8 mgiQ-/ 0 0) mim. 
33 mgm./ 0-0 UJ mgm. 


Experiment 2 , 

Wcbrhtof the We) ih 1 of U*r dUtoW 

final Drtxlant wright of the jwodort 

<***&**"> ^ 

»q nnm/ O-OX nt*ca 

*2 if, Simj OOO I mja. 
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by measuring E 450 mix. (E 1 cm = 2500) m 
a Beckman phofco-olecfcnc spectrophotometer Co- 
enzyme A and yeast extract used during the experi- 
ment were commercial preparations from Nutritional 
Biochemicnls Corporation and Difco Laboratories 
respectively Adenosine triphosphate was propared 
m the laboratory by Lepage’s method 5 

Table 1 Carotene Stntiiests bt Carrot Extract Incubated 
with \ arious Substrates 

The test system contained final concentrations of 0 2 M phosphate 
buffor pH 6 8, substrates in amount listed below and 5 ml of carrot 
extract In a total volurno of 30 ml In each 250 ml Erlonmcjcr flask. 
Incubated 18 hr at 28” C 



Amount 

Carotene amount In nmoles 

Substrate 

added 
(mgm ) 

Zero 

After 

Net 


tlmo 

Incubation 

change 

Glucose 

025 

0 148 

0 101 

+ 0 013 

Glucose 

• 025 

0 148 

0 200 

+ 0 052 

+ least 
extract 

50 




Acetato 

250 

0 148 

0 168 

+ 0 020 

Acetate 

250 

0 148 

0 217 

+ 0 OOP 

+ yeast 
extract 

50 




Heme (con 




—0 025 

tTOl) 

— 

0 148 

0 123 


Table 2. Cofactoks Requirements for Incorporation of Acetati 
into Carotene nv Carrot Extracts The Conditions were 
exactlt as in tabue l 


Substrate added* 


Net change In amount of 
catorene (In amolo) 


Acetate +0 0225 

Acetato + yeast extract +0 0500 

Acetate + cocnryme A + adenoalum 
triphosphate +0 0039 

Acetate + coenzymo A +0 035 

Acetate + adenosine triphosphate +0 0125 

None (Control) — 0 0102 


•The amounts of acetate and >east extract added wero aamo as ghen 
in Table 1 whereas eoenzvme A and ndonoslum triphosphate added 
were 0 1 and 8 0 mgm rcspcctlNcp 


Table 1 lists the results of an experiment showing 
that carrot extracts can form significant amounts of 
carotene from glucose as well as from acetato It 
seems that acetato is superior to glucose m synthesiz- 
ing carotenes m carrot oxtracts From the results 
of control experiments it can bo seen that some 
amounts of carotene originally present in the experi- 
ment (at zero time) disappears during the incubation 
For this reason it appears that the true amount of 
carotene synthesized in the experiment may bo 
considerably greater than the net accumulation 
determines Because of the magnitude of the rate of 
destruction of carotenes m such control experiments, 
they are usually performed as a routine check in 
all tests of caroteno synthesis 

Also included m Table 1 are results of experiments 
which show that yeast extract stimulates carotene 
synthesis both in acetate as well as in glucose con- 
taining media Friend ef al 4 observed that yeast 
extract stimulates growth and carotonogonesis in 
Phycomyces blakesleeanvs m acetate medium They 
also observed that none of the B vitamins present 
in the yeast extract is responsible for the stimulation 

The results of an experiment recorded m Table 2 
indicate that coenzyme A and adenosine triphos- 
phate present in the yeast extract might be the 
stimulating factors 

With this information at hand, it appeared neces- 
sary to approach experimentally the detailed mecha- 
nism with the use of cell-free preparations Prelmn- 
minary experiments have shown that most of the 


synthesis m carrots is localized in the supernatant 
fraction obtained by contrifuging tho carrot extract 
at approximately 18,500 g for 30 min at 0° C 
Wo wish to thank Dr C V Kamakrislinan fork 
intorcst in this work and tho M S University Re 
search Foundation for a grant towards laboratory 
oxponses 

V V Modi 
D K Patwa 

Dr K G Naik Biochemistry Department, 

M S University of Baroda, Bnrodn 

1 Grob, K C , nnd Butler. It., I/elr Chun Acta, 8, 1313 (1D55) 

2 Grab, E C , and Duller, It llelc Chm Ada, 7, 1908 (1D54) 
f LcpaRC, O A , Utochrm i'rrp . 1, 6 (1010) 

4 Frlond, J . Goodwin, T W , and Griffiths, I. A . Jhochcm 60, 
(UP (1055) 


Ribonucleases of Mouse Tissues and of thi 
Ehrlich Ascites Tumour 

PtntiNG m\ estigations of tho mfcctmty for tb 
Ehrlich mouso ascites tumour of ribonucloio nci< 
isolated from tissuos mfoctod with Mongo oncophnliti 
virus 1 , it was found that some factor in tho asciti 
plasma, tho fluid m winch tho tumour colls ar 
suspended in vivo, provonted tho production of viru 
by tho tumour cells Sinco ribonucleaso is known to 
destroy the infect iwty of 'Mongo-RNA’ preparations, 
tho ascitic plasma was examined for tho prcsenco of 
this enzyme It was found to hat o n significant lovel 
of nctmty, releasing GOO ±00 ggm ribonucleic 
acid-phosphorus/hr /ml (average of 8 determinations) 
from i per cent ribonucleic ncid at 37°C nntl pH 7 4 
(voronal-acotato buffor) 

Careful construction of npH-acf mty cur\ o rovoalod 
that tlio ascitic plnsma ribonucleaso is optimally 
actuo nt pH 7 3. Since thus differed from tho 
reported pH optimn of tho alkaline ribonucleases of 
In or nnd pancreas, nnd preliminary estimations 
showed that tho Ehrlich tumour colls were almost 
dot oid of nctn ity at noutrnl pH, it raised a question 
ns to tho origin of tho ascitic plasma onzymo In an 
effort to provide an nnswor, nbonucloaso activities 
(both acid nnd nlknlmo) wore dotormmod for a 
number of normal mouso organs, nnd for colls of the 
Ehrlich ascites tumour 

Tho nbonucloaso assay procoduro deponded on tho 
formation, from 3 oast nbonucloic ncid, of perchlono 
acid-solublo substances absorbing at 2G0 mu I n " 
cubations wore carnod out at 37°C. in \oronal- 
ncotat-o buffers of constant ionic strength (0 06) at 
15 pH values botwoon 5 0 and 8 5 Tissuo homo 
gonates wore prepared m distilled water and wore 
diluted so that all contamod similar lovols of activity 
per unit volumo 

All normal organs with significant nbonucloaso 
activity had an acid maximum botwoon pH’s 5 6 ana 
5 8, with tho oxcoption of brain (0 0) nnd pancreas. 
Skolotal and cardiac muscle, and tho combinou 
formed olomonts of the blood had negligible nbo- 
nucloaso activity In tho alkaline rango, tho tissuos 
could bo classified mto four groups (Tnblo 1) on tho 
basis of their pH optima and activity lovols 

(1) Panoroas had a vastly greater activity than any 
othor tissue It, alone, had a sharp optimum at pH 7 3 
No acid poak could bo demonstrated, probably becauso 
of tho significant activity of tho alkaline pancreatic 
onzymo in tho acid region 
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h (2) The lymphoid tissue® spleen, thymus and lymph 
t" nocled, hod Bimflar patterns of activity The pH 
■/{ activity curves of all three were characterised by 
^ broad plateaux between the limits indicated in 
^ Table 1 The thymus curve had no differentiable 
1 peaks while the lymph node* and spleen showed 
' somewhat more activity jn the region of pH 7 3 
tj Lung and intestinal mucosa gave similar curves 
t, with more definite differentiation of peaks at pH 7 3 
(3) The parenchymatous organs, kidney, liver and 
1 snbm axillary salivary gland, formed a distinct group 
with pH optima m the region of 7 8 
, (4) Brain, muscle (skeletal and cardiao) and the 

1 combined formed elements of the blood had minimal 
levels of activity with no dearly defined maxima in 
their pH -activity curves 

Mouse blood scrum and ascitic plasma had similar 
levels of activity, and tho pH-activifcy curves of 
both showed single, well-defined mamma at pH 7 3 
Compared with the normal tissues the ascites 
tumour cell appeared to ho quite novel It had little 
activity at phymological pH’s but allowed pH optima 
at 4 8 and 8 4 In the presence of 4 x Ifi-VAf p-chloro 
merouribenzoato, a compound which has been shown 
to revorao tho inhibition of nbonucleoso by a naturally 
occurring nbonucleoso inhibitor of rat liver*, the 
picture changed completely As illustrated in Fig I 
tho acid and alkaline peaks disappeared and were 
replaced b> a broad maximum between pH’s 0 5 and 
7 2, with a ton fold increase of enzyme activity at 
pH 7 0 Tho osoitoe tumour cells thus appear to 
contain a potent inhibitor of ribonuolease, and the two 
optima seen m the pH activity curve in tho absence 
of p-chloromercunbonEoate may bo a reflexion of 
dissociation of the enzyme inhibitor complex at 
acid and alkaline pH's 

The pancreas is the only tissue with a sharp pH 
optimum at 7 3, and the shapes of the pH-activity 
curves of the serum and ascitic plasma are identical 
with that of the pancreas The localization of 
panoreatio ribonuoleese m tho zymogen granules' 
and the demonstration of carbamyloholine induced 
liberation of nbonuolooae from pancreas slices * 
suggest that this enzyme is part of tho digestive 
soorofcion of tins organ In support of this conclusion 
is tho fact that the intestinal juices were found to hav © 
a relatively high lev el of activity (Table 1) with a well- 
defined optimum at pH 7 3 

Tho similarities between the curves obtained with 
lung and small intestine and those of tho lymphoid 
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©,000 

7 3 

(3) 
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0(H) 

67— 7 4 
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reripbcral Ijnmpb node* 

84*4 
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Inte*tlnal rrmcoao 

100 
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(3) 
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34 4 

T-2 
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Liter 
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«) 

Brain 

3-2 

Indefinite 

UuacJe 

0 9 

indefinite 


Heart 

0*4 

Indefinite 


Blood cell* 

<h* 

Indefinite 


KormjJ *enim 

i 0 

7 3 


Aadtea plMma 

3 8 

7 3 


Intestinal content* 

144 

7 3 


Ehrlich aadte* tumour ceai 
Ehrlich aaette* tumour cell* 

+ p-rhlororaerccrl 

6 6 

8 3 
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6 6— 7*2 


• RJbonvIfMfl activity U «ptr«ed u the etumge In optical dro*Ur 
at tCO mu In tb« acM-aoiahte *upernat*nt produced by 1 fm (wet 
wrljCit) of tlwnft In 30 min trader tbe condition* of in*y \ aloet 
art tbe mean* of eatlmMlocnu 
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pU of Incubation mixture 

"Fto. 1 pH activity curve of Ehrikh tetrapioM avlte* tumour 
cell* manured O tn tbe p re t ence of l X 10*' J/ mflfloalcnn fcm 
and • with 3X10* Jf MA/tn«lairt Ion and 4XIO"* 
p-cWoromerccrlljauoate. RiboaucJeMo activity la expreaaHl u the 
perorntaco of the activity obtained at the optlraom pU with 
Inhibitor hmoobUUrd by jj-ehlofowrcuribenaaitc 


tissue may be due to tho relatively targe accumulations 
of lymphoid elements m both tissues and tho tondenoy 
to show peaks at pH 7 3 to the largo blood content 
of the lung and to adsorbed panoreatio enzyme by 
intestinal mucosa The broad maxima characteristic 
of the lymphoid tissue curves may be duo to tho 
presence In the*e tissues of several ribonuclooses with 
pH optima between pH 066 and 73 To consider 
those tissues as the source of the scrum enzyme would 
require tho assumption that n nbonucleasd optimally 
activoatpH7 3 was released preferential!} therefrom 
The most probable source of tho serum and ascites 
plasma nbonucleoso, therefore, appears to be tho 
pancreas, on the basis of the sinking similarities in 
the shapes of tho pH activitj curves and of tho 
physiological peculiarities of the pancreatic enzyme 
The exocrine nature of this enzyme suggests two 


possible routes for its entry into tho blood stream 
It could bo absorbod during its secretion by tho 
pancreas, or it could bo absorbed by tho intestine 
after discharge into tho gut lumen 

Tli© apparent grouping of tho tissues according to 
the level and pH optimum of the aiknlino ribonuclcoso 
may represent functional alliances within each group 
with respect to their nucleic acid metabolism 
Investigations are in progress to ascertain whother 
tho unique pattern of activity found m tho Ehrlich 
(tctraploid) ascites tumour colls is characteristic of 
other malignant and free living coll typos as well 
The work described In this communication wna 
aided by a grant [E 89A) from the American Cancer 
Socictj and by a grant from tlw Samuel S Fcls Fund 
KAO Ellem* 

T 8 Colter 
Jeanne Kuhn 

Tho Wistar Institute of Anatomy and Biology, 
Philadelphia, Pennsyh oma 

• Travelling Fellow of tbe New Booth W»to SUte Cancer Council. 

* Cotter^ fUBlrd. IL 11, Moyer A M, and mown. K, A, Vintorr 

* Roth, r rAnn. BtopAy* Atta *f, 34 (U»f) 4 

* Kekrrttx, Ealade 0 E-, and J JH*p*** JJfocle*. 

(309) 55(1958) , maf *10, 551 (I0A4) 

* BcbeehCT IU, and Hokin, L. E, J 
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Paper Electrophoresis of Trypanosomal 
Extracts 

Eeecthophohesis has been of valuo in determining 
the physico-chemical constitution of coll-freo extracts 
of micro-organisms 1 - 1 These studies have beon 
confinod mainly to the bactorm and no such in- 
vestigation of trj-panosomal oxtracts has boon made. 
Moving-boundary electrophoresis has been tho method 
most frequently employed to analyse microbial 
extracts although tho simplicity of paper electro- 
phoresis would be of obvious ndvantngo The purpose 
of this communication is to describo tho technique 
for paper electrophoresis and tho lesultant electro- 
phoretic patterns of trypanosomal extracts 

Trypanosomes were obtained from citratcd heart- 
blood of heavily-infectod rats by differential centri- 
fugation After tho third washing with phy siological 
Baline m a graduated centrifuge tubo, tho trypanosomes 
were re-suspended m distillod water to tho pro- 
portion of 0 5 ml v ator to o\ ery 0 1 ml pnekod 
trypanosomes This suspension was shaken with 
ballotmi beads m a Mickle disintegrator for half an 
hour The extract contained nppioximutoly 20 mgm 
protein/ml Tho type of buffer used appears to bo a 
critical factor in electrophoresis of tho extracts 
Longsworth’s veronal buffer at pH 8 C, Soronsen's 
phosphate buffer at a pH rango of C 0-8 2 and 
Mcllvame’s phosphate-citric acid buffer all failed to 
effect adequate migration and demarcation of the 
several fractions The buffer described by Bodmnn 3 
gave excellent results This buffer of pH S 7 is 
composed of barbitone soluble 40 gm , sodium 
acetate 20 gm , magnesium sulphate 2 gm , iV/IO 
sulphuric acid 250 mil , and distilled water to mako a 
final volume of 5 litres The buffer is always discarded 
after use Tho extracts wore applied to strips of 
Whatman 3 MM paper (no separation occurred on 
bacterial -membrano filters) with a Pasteur pipette 
using a ruler as a guido across the horizontal 
electrophoresis tank A potential difference of 
130 V was apphed for 20 hr after which tho strips 
were fixed in a solution of 9 parts methanol and 1 part 
glacial acetic acid and tlieu stained with bromophonol 
blue Electrophoretograms of tho patterns wore 
constructed with an ‘EEL’ scannuig unit 

Fig 1 shoivs a typical oloctrophorotogram of an 
extract of Trypanosoma rhodcsicnsc It will bo scon 


3 
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Fig 1 Pflper electrophoretic analysis of a cell free extract of 
Trypanosoma rhodmiense Electrophoresis performed In Bodninn's 
veronal ncstato buffor of pH 8 7 at 180 V for 20 hr 


thot fho extract is composed of four fraction 
Fraction I and tho closely'' associated fraction 2 
both of low mobilities, are 28 75 per cont and 2g 
per cont of tho total respectively Fraction 3 which 
appears as a dist met band of grenter mobility contftmi 
20 65 per cent of tho total Fraction 4 which nppean 
ns n ‘trad’ is present in most, but not nil sample, 
m this instnnoo it amounts to 10 0 per cent of tfa 
total There is n slight variation in tho proportion 
of fractions from sample to sample but tho number 
of fractions, except for fraction 4, and their respective 
mobilities scorn to bo constant 

Work is now m progress to determine tho chemical 
nature of tho individual fractious and to compare 
tho electrophoretograms derived from various species 
of pathogenic African trypanosomes It is also 
foreseen that tho isolation of the t rvpnnosomo’s 
antigens and tho application of lmmuno-electro 
phorotic techniques may shed some light on the 
porplexmg problem of the apparent antigenic \ nrmf lor 
occurring during the course of some trypano3omt 
infections 

Tins work will ho published m detail olsowhoro 

Robert S. Desowit? 

Protozoology Section, 

West African Institutes for 
Trypanosomiasis Rosenrch, 

Vom, Northern Nigeria 
Juno 15 

> H(-*w y L nnd Slntlr It D , lhochan ct JUttphyt, If to, 18, 3JG 
(195 r >) 

’ Wagnmn J l’ollnct, 1 nmlWem-cK K J , Arch tUorb-m JltopJiy* 
73, HU (lO'-H) 

* Jlodnmn, J , laboratory /Vuf/irz, 0, 617 (1957) 

Hydrolysis of ‘Heated’ Haemoglobin 

A diminished rate of alkaline clonnlurntionofhicmo 
globm is not confined to fcctnl hremoglobin only, as 
was nlready found by Singer d al 1 lviinzer 1 in a 
survey- on tho occurrence of ‘fcclal’ hiomoglobm m 
various blood disorders found nn alkali*rc3istant 
fraction in tho nmemm doe doping nftor bums Our 
observations have confirmed Kunzor’s and it has been 
found that this minor hemoglobin nbnorinality 
develops during tho first few hours after tho bum nnd 
persists for some timo Tins abnormality' dmolops 
boforo that of clinical nn.-emia and mvohos tho 
patients' owai and trnnsfusod cells Tho dotailed 
results of tins work will ho pubhshod dsowhero 
Heating to 52°C for four minutes followed by- 
incubation at 37°C in glucoso acid citrnto in an 
atmosphere of nitrogen did in vitro produco a similar 
lesion 

Hmmoly-satos were rendered stroma free and con- 
centrated by- ultra -filtration 

Aliquots w-cro hydrolysed with 1 5 N hy-drochloric 
acid nt IKPC for periods of 5, 10, 15, 20, 25 nnd 30 
minutes Tho hy-droly-sis products in tho supernatant 
wore separated by- drying measured aliquots in poly- 
thene caps in vacuo over phosphorus pentoxido nnd 
potassium liydroxido at approximately- 4°C Tho 
dried residues woie quantitatively applied to What- 
man 3 MM filter paper squaros and tho peptides 
separated by- combined olcctrophorosis and chromato- 
graphy 3 Parallel experiments woro run simul- 
taneously Fifteen spots could bo locatod nftor 30 
minutes liy-droly-sis and tlioso woro arbitrarily 
numbered To investigate tho rate of liberation of tho 
peptides, tho colour intensities of tho spots I, 2, 3, 9 
and 10 wore determined according to tho method 
described by Moyer 4 The readings wore expressed as 
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amino-acids— lysine valme and leucrao being the 
predominant Both peptides 1 and 10 show similar 
electrophoretic mobility but 10 migrates much faster 
on chromatography It is reasonable therefore to 
suppose that 10 is donvod from the degradation of 1 
Tho differing behaviour of the two lircmoglobin 
samples on hydrolysis could be duo to tho differing 
rates of oxliaustion of some of the enzymes of tho 
glycolytio cycle, whiob could be the reflection of an 
accelerated general ageing process causing an early 
accumulation of lactate and pyruvate Tins causes a 
decrease in internal coll pH. which could affect tho 
secondary configurational structure of the globtn and 
therefore its rate of aoid hydrolysis 

The primary defect responsible for those findings 
may bo the irreversible inactivation of glucose 0 
phospliate dehydrogenase or of phosphoglyceraldehj do 
dohydrogenase or both The early doorcase of activity 
of these enzymes tn viro and t n vitro in tho ageing 
erytlirocytee was observed by Lohr ctal % A primary 
developing deficiency in glucose 0 phosphate dohydro- 
genaso might givo nse to a similar behaviour on acid 
hydrolysis of tho orythroovtes of familial ldopathic 
hmmoglobmromia 

S Baah 

Medical Research Connell 
Industrial Injuries and Bums Research Unit 
Birmingham Accident Hospital 
Birmingham 15 
Juno 18 



Time (min.) 

FIs 2. The imte of liberation of «pot 1 by acid hydroly^t. 


a porcentago of tlie sum of the extinctions of all the 
spots m\ est igated Fig 1 shows tho rntos of liborat ion 
of spot 10 and Fig 2 the same for spot 1 as average* 
of duplicate experiments Spot 10 was liberated more 
rapidly from heated blood than normal blood whilo 
tho rate of liberation of spot I was somewhat delayed 
In the heated sample The intensity of the areas 2 3 
and 0 remained almost constant tliroughout tho 
period in\ ofitigatod The other areas showed little 
intensity oliango The area 1 derived from normal 
blood shows a hydrolysis rate closely corresponding to a 
flrat-ordor reaction, while spot 10 donvod from boated 
blood approximates to a first ordor reaction Complete 
hydrolysis of the peptides 1 and 10 gn\o riso to 12 


1 Blnger EL, ChrmofT A I_ nod Blowr, L. Iitood fl, 413 <10 «j>1> 

• KDnxrr W_ X 7», »9 (1DW) 

• Ingram, V BfoeAbw. Dioi^s/t Art a 23, 639 (10^3) 

• Meyer IL. Biotin. J ~ 37. 333 (1W7) 

’ Lbhr O W„ Walkr II b„ Kanr* O Sthleacl Mullrr 

A. A Klin n*»eAn, 36, 1003 (1958) 


Interaction of Streptomycin and 
Dihydrostreptomycin with Apo-and 
Co-dehyarogenases 

It is well known tlrnt stroptomvein reacts with 
nuclooprot oins and highly polymerized nuoloio no uls 1 
t-o form precipitates tn vitro 

Attempts to discover whetbor otroptomyoin can 
also react with un polymerized nucleotiuo compounds 
such as mono , di or oligo nucleotides, have shown 
that no precipitate is formed mth tbe compounds 
tried hitherto* 

Nevertheless it is possible that streptomycin 
reacts with these nucleotides without forming a 
visiblo prcclpltato In order to test this last pos 
sibihty oxpenmenta were earned on tho interaction 
between streptomycin and enzymes with nuoleotido 
Ido coenzymes or prosthetic groups. 

The diphosphopyndlno nuolootido linked yeast 
alcohol dehydrogenase was used for this purpoeo 
Tlie dehydrogenase was prepared in a crystalline 
etaio from baker s yeast according to Rackor* 
500 and 6 000 pgm streptomycin (Pfizer streptomycin 
sulpliato) or dihydroatreptomycm (Poulenc sulphate) 
wore added and tho diphosphopyndlno nucleotide 
reduction, rate when couplod with oxidation of the 
ctlinnol was determined with a quartz spcctrophoto 
motor SF 4 at 340 mp. 

Streptomycin hod no effect on tho oxidation of 
ethanol by tho debydrogona-se-diphosphopyndmo 
nucleotido mixture, whereas monoiodoacotic aoid 
etoppod the process immediately fFlg 1) 

Streptomycin and dihydrostreptoin>oin r wP» ^ 
cuba ted for 24 and 48 hours with , 
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^Glutamic Dehydrogenase of Mung Bean 
Mitochondria 

Ilutaotc dehydrogenase has been demonstrated 
several higher plants’ and is associated with mito- 
chondria of pea 1 and oat 3 Mitochondria isolated 
from mung bean ( Phascolus aureus) seedlings' were 
found capable of oxidizing glutamic acid (90 pi 
oxygen/hr /mgm (nitrogen) The assay of glutamic 
dehydrogenase in intact mitochondria is limited by a 
permeability barrier to pyridine nucleotides Reduced 
diphosphopyndme nucleotide was oxidized by mito- 
chondria suspended m 0 2 M sucrose, 0 05 J/ phos- 
phate buffer, pH 7 4 (change m optical density at 
340 m|i of 0 1 m 4 mm ) and the addition of 0 1 per 
cent (v/v) of a non-ionic detergent, O P O 45 (Petro- 
chemicals Ltd , London) increased the oxidation rate 
by 240 per cent The suspension of mitochondria was 
immediately clarified by the addition of 0 P C 45 
To assay glutamic dehydrogenaso, intact mito- 
chondria were broken by exposure to 0 1 per cent 
O P C 45 at 0°C and immediately centrifuged for 
30 mm. at 20,000 g The supernatant was assayed 
for glutamic dehydrogenase using the system 
0 02 M potassium glutamate, 0 05 M phosphate 
buffer, pH 7 4 and 0 0001 di- or tri-phosphopyndme 
nucleotide and measuring reduction of the nucleotides 
at 340 mg The glutamic dehydrogenase activity 
released by this method accounted for all the glutamic 
acid oxidase activity of the whole mitochondria 
Freezing and thawing the mitochondria suspended m 
0-1 M potassium bicarbonate 5 , released 61 per cent 
of total soluble glutamic dehydrogenase Incubation 
of tbe potassium bicarbonate extract with 0 1 per cent 
0 P G 45 for 1 hr at 0°C was not found to inhibit the 


.nvity of glutamic dehydrogenase Glutamic do 
nydrogenase reduced diphosphopyridino nucleotide 
four times as rapidly as it reduced tnphosphopyndmo 
nucleotido Dual specificity may bo due to the 
presonco of a transliydrogenaso which lias been 
demonstrated in pea mitochondria 1 Reduced di 
phosphopyridmo nucleotide produced by glutamic 
dehydrogonaso and glutamic acid was oxidised on the 
addition of a-ketoglutarate or ammonium chloride, 
indicating the reversibility of the system 

Rautanon and Tnger 5 found glutamic dehydro- 
genase aetivitv in the mitochondrial and supernatant 
fractions of oat coleoptilcs The presence of glutamic 
dehjdrogonasc in the supernatant fraction may have 
been due to the leaching of mitochondria by the pre 
parative media Mung bean mitochondria suspended 
m 0 2 31 sucrose, 0 05 M phosphato buffer, pH 7 4, 
0 005 ctln lencdinmino tolrncetate for 30 mm at 
0°C w ere found to have lost 34 per cent of the total 
soluble glutamic dehj drogennso Tins is one of tho 
difficulties m determining intracellular localization of 
enzymes In tho caso of mung bean, homogenates 
contain large amounts of freo nmmo-acids which 
render the spoctrophotometric assay of glutamic 
dehydrogenase impossible An experiment to over- 
come these assaj conditions involved the degradation 
of glutamic acid uniformly labelled with carbon- 14 

Tama 1 

Olutamnle- "CO, Initial Comcmlonof 
U-"C formed elntnmate- glutanmte 0- 
Sj'Btcm utilized* t H "Cused "C to "C0» 

(nmoie/lir /ml of 

homogenate) (per cent) 

Homogenate 1 31 0 10 40 2 4 

Mitochondria 3 58 0 Gfl 72 3 7 

Homoginnte Incubated with 0 2 Jf sucrose 0 05 5/ phosphate 
buffer pH 7 4. 0 005 .1/ dl*odlwn cthvlcncdlainlnr fetracetate 
0-01 If magnc'lum sulphate 5 x 10'* M ndenodne triphosphate end 
t rarer glutanmtc U-"0 (500 000 epm) Mitochondria incubated 
under name conditions as homogenate except 0 02 VI potassium 
glutamate was present Total lolumc In both owes was 2 0 ml 
Duration of experiment 1 hr , temperature 30“C 

• Glutamate V "C measured using glutamic derarboxjlase of 
Clortndunn urMiu (ref 0) 

t "CO, trapped In 2 V sodium hjdroxldc nnd avsajed (ref 7) 

Results are gtv en m Tablo 1 Tho mitochondria can 
utilize glutamic acid more effectively than can tho 
homogenate, which suggests that the homogonate 
contains an inhibitor of glutamic acid degradation or 
that glutamic acid cannot bo oxidized because other 
substrates effectively compote for tho electron trans- 
port system Tho latter state probably docs exist m 
homogenates as tho addition of glutamic acid to an 
homogenate preparation does not stimulate oxygon 
uptnke. Glutamic dehydrogenase appears to be 
associated with tho mitochondrml fraction and the 
presence of the enzyme of other fractions seems likelj 
to be due to tho method of preparation 

D H Boke* 

Botany Department, 

University College, 

Gower Street, 

London, W C 1 
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ANIMAL PHYSIOLOGY 


Mechanism of the Antidiuretic Effect of 
Vasopressin 

It has been said that the antidiuretic effect of 
\ osopreasin, one of the poetonor pituitary hormones 
i° based on accelerated re absorption of water in the 
rtnal tubules 

S It oh reported that the intracellular concentration 
i f chloride is reduced when ‘Pitreesm (posterior 
pituitary ertracts) is added to a suspension of red 
blood cells 1 This chloride shift of course, depends 
on the carbonic anhydrase activity in red blood oella 
I hn\ o examined manometncally the effect of 
posterior pituitary extracts (Pharm Japonic®) on the 
enzyme activity Enzymes were extracted by 
chloroform and ethanol from cow’s red blood cells 
by Rougbton s method* Af/5 sodium bicar 
donate which was dissoh ed mN/60 sodium hydroxide 
md diluted 4 tunes with physiological saline was 
u*ed os substrate As inhibitor of the enzyme 
1 0 mgm /ml solution of acetazolarmde was used 
Conditions of the experiment ore given in Table 1 
Table l 

JlAtn comportmoilt of A B C B 

■\Vi.rbnra’* flaila 

Kntrme (norm,) 

Jf/6-PhrHplmte buITrr (pH 6 8) (ml.) 

Inhibitor (ml ) 

I’oitrrlax jilt nitary extract 

(6 mffm /ml.) (ml ) 

THitUleid walcr (raL) 

Sklenmi 

Batotratc (ml ) 

Experiments were performed in air at 10°C 

Results are shown in Figs 1 and 2 Fig 2 Bhows 
each, reaction speed by the finite difference method 
It was no tod that thore was marked activation of the 
reaction caused by posterior pituitary extract 

The aotivntors of the enzyme, howov er, are not yot 
definitely known* Certain ammo acids, peptides 
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and van o us tissuo extracts are listed* but there are 
many objections to these activators* 

The results do not indicate clearly whother tho 
activation of carbonic onhy drase strictly speaking 
is due to vasopressin or somo impunties , but in roy 
opinion the net mechanism of acceleration of re 
absorption of water in renal tubules by vasopressin 
can be ascribed to the activation of thLs enzvmt 
occurring in tho tubule colls 

Tsurowu Kakuiv, aci 
D epartment of Physical Therapy and 
Internal Medicine 
School of Medicmo 
University or Tokyo 

' I toh, S„ from TorU T., %iMin Jfat*. 8, £W (J9.>3), 

1 Ilonjihtcm, f J \V.» rrftb EnztP*for*rh* 3, 2“>9 (1931) 

• Hoochton F J ■«! Clark. A. It , "TIk; Enxyinti cd Sum dpt 

J B_ *Dd MyTb*eck, 1 12^0 (WjI) 

* lylncr I!W Ztnir „ 64, 321 (1011). 
kte*c 5L, Bloehm Z 307 207(1042) 


Intravascular and Intracardiac Blood Velocity 
Patterns recorded by means of NTC Resistors 


NTC resistors ( thermistors ) can bo used for 
measuring intravascular blood flow 1 * The 
thermistor ts heated by on eloctric current and cooled 
by the flowing blood. Bo Its temper ituro is n function 
of the blood flow rate in its immediate environment, 
and sines tho thermistor s electric resistance increases 
some 6 per cent for a temperature drop of 1°C resist 
once measurement provides a fairly sens'd i\ o method 
for tlio determination of flow Mounting vory Bmall 
NTC bends in a cardiac catheter Dclaunois* sue 
reeded m recording the blood flow in tho largo \ easels 
without opening tho thorax An NTC head having 
a dmrootor of 0 6 mm was placed In a small cavity 
made in tho side wall of a cathoter near tho tip and 
fixed with a plastic cement The quantitative dot or 
mmation of flow rates by this method has not yet 
been entirely successful because of several difficulties, 
such os tlio largo influence of Bmall blood temperature 
variations and the complicated calibration procedure 
Wo used thermistor entheten of tlw Dolmrn oi« type 
for recording velocln pnttema mther ((.on for 
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Phonocardiogram 
left Intercostal 
gpace XV 


Inspiration 


Hectrocardlo- 
grnmjcad II 




Fig 1 Slmnltancondj recorded pressure and thermistor curies 
of the right atrium 


measuring flow rates in the heart and large vesseLs 
The dynamic response characteristics of the thermistor 
catheter had to be considerably impro\ ed in order to 
make it suitable for recording the rapid changes in 
flow occurring during the cardiac cy cle 

A vitreous-enarnel-covered NTC bead (Philips 
B 8 320 02P/1K) with platinum alloy terminals was 
embedded in a special typo of mtrocelluloso lacquer 
in a small lateral cavity about 6 mm from the 
(occluded) catheter tip After hardening of the 
lacquer, the catheter was placed under a metallurgical 
microscope and lacquer was removed from tho bead 
with a dental drill, as far as this was compatible with 
adequate insulation of the terminals Insulated 
copper wires connected the thermistor terminals 
through the catheter lumen to tho recording apparatus 
By this method we obtained thermistor catheters 
with very small thermal inertia and time lag 

The thermistor (resistance about 1000 ohms at 
25°C ) was connected as one arm in a Wheatstone 
bridge with an applied voltage of 8 V (d c ) Tho 
bridge output was fed into a Sanborn 150-1600 
general purpose pre-amplifier connected to a 150 ill 
four-channel recording system Together with tho 
thermistor curve were recorded the electrocardiogram, 
the phonocardiogram or respiratory movements and 
the intravascular pressure by means of a Statham 
P23B6 transducer Simultaneous pressure and 
thermistor curves were thus obtained from the venaj 
cavie, the cardiac chambers, tho pulmonary artery 
and the aorta of amesthotized dogs Pig 1 shows 
curves recorded with the pressure and thermistor 
catheters in the right atrium near the atrioventricular 
valve The thermistor curve shows a rather steep rise 
beginning about 0 02 sec after the top of the V wave 
of the pressure curve At this moment the tricuspid 
valve opens and passive filling of the right ventricle 
starts The corresponding increase m flow velocity is 
followed by a further rise due to the atrial systole 
Early in the ventricular systole the thermistor curve 
reaches its maximum A notch is usually observed in 
the descending limb, synchronous with the A V notch 


of tho pressure tracing, indicating tho closure of the 
tricuspid valvo During inspiration the meroaso of 
tho negative introthoracio pressuro causes an in- 
creased flow, which is reflected jn an upward displace- 
ment of tho thermistor curve Moreover tho ascending 
limb then oxtonds further into tho ventricular systole, 
so that the not-ch, which remains synchronous with 
tho A V penk of tho pressuro curve, is then located on 
this part of the cun e 

In tho latest experiments a double lumen catheter 
lias been successfully used , ono lumen contained tho 
thermistor wires, whoreas tho other was used for 
pressuro measurement and cuvette oximetry. A 
senes of experiments is now in progress to establish 
tho normal volocity patterns at different sites in tho 
cardiov oscular syBtom and to get somo insight into tho 
changes which may occur m disoaso Especially in 
valvular ineompotenco and mtracardinc shunts 
characteristic blood v clocity patterns may bo oxpected. 
In our opinion thermistor catheters of tho construc- 
tion described moy become n valuable tool m physio- 
logical research and m the diagnosis of heart disease 

W G Zijlstoa 
J. R BnuNSXiNG 

Department of Physiology, 

L B id Slikke 

Department of Medicine, 

University of Groningen, 

Tho Netherlands 
Juno 19 

' Felix, \\ , and Groll II , 7 Mot 106, 20S (105.5) 

1 tellx, W , Z Jhot 108, 121 (1055) 

* Delnnnolx A L, 20tli Intcmnt Plijalol Congress, Brussels, p £2S 
(1050) 


Assessment of the Phagocytic Activity of the 
Macrophage System 

Dr 1953 Biozzi, Bcnncorraf and Halporn reported a 
technique for assessment of tho pliagoejdic activity 
of tho mncroplmgo (rcticulo-ondothohal) systom 
involving tho introduction of a known quantity of 
particulate carbon into the circulation and tho 
recording of its disappearance ovor a period of time. 
Serial samples of blood wore removed from tho rotro- 
orbital plexus of tho experimental animal ns previously 
described by Halporn and Pacaud 1 , and tho con- 
centration of carbon in each sample wos measured by 
means of an absorptiomotor Tho logarithmic value 
of each of the absorptiomotor readings was plotted 
against tho time of removal of tho sample, and tho 
slope of the lino in closest relationship to theso 
successive points was takon to indicate the rote of 
uptake of particulate carbon by the colls of tho 
macrophage system 

Tho method v\ o now report is a modification of tbo 
teclmique describod abovo Tho retro-orbital plexus 
puncture 1 has boon discarded, and tho measurement 
of tho concentration of carbon m serial blood samples 
has been replaced by a direct continuous recording 
of the variations m concentration of circulating carbon 
The experimental animal is immobilized eithor in a 
close-fitting cage, harness or by anresthosia A 
relatively translucent but vascular part of tho animal 
is maintained in tbo pathway of a specially con- 
structed light absorptiomotor (Pig 1). A sensitive 
meter or recording instrument is brought to zero 
reading after which a specific amount of partioulato 
carbon suspension is injected intravenously Changes 
in the meter reading are then observed and recorded 
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dun jig the presence of carbon in the circulation of 
the animal 

The apparatufl consists of a light abeorptioraeter so 
deeigned oa to hold a small and relatively translucent 
part of an animal (ear tongue, skin web, tail, 
omentum) Modification or this system to suit 
variations in sire and shape of the pent to be exposed 
can be mode without difficulty The light source is 
adjustable for distance and intensity by means of a 
sliding -sleeve mechanism and a variable transformer 
The (homo tor of the beam ts regulated by moans of a 
camera ins diapliragm. A quarts rod is introduced 
so as to cliannel the beam of light and to maintain the 
lamp at a distonco from the animal in order to a\oid 
direct hoating effects A sensitive microammeter is 
connected to a sealed pliotoelec trio coll shielded by a 
spectrum filter 



Fla. *• JVn*ltjr recording of TariaUow In blocxl cstboo 
roncmtratloo- 


Tig 2 shows a typical recording obtamod following 
the introduction of particulate carbon into the cir 
dilation of a rabbit via on ear \ oin The opposite oar 
was connected into tlie light abeorptiometor system 
and recordings made at timed intervals 

We are indebted to Prof J W A Duokworth for 

S vmg us facilities to carry out this work, and to 
r T K A. Brock for technical assistance Wo 
gratefully acknowledge support from tho National 
Research Council of Canada 

D L J Bilbea 
H Salem 

Department of Anatomy , 

1 acuity' of Medicine, 

Uim ormty of Toronto 
Juno 2 

1 IHorcJ 0^ Bouurtmf 11., iml Htlptrn, II N., Brif J Lrp P*iA 
14,441 ( 1053 ). 

' Balprro, Jl JL, uri T«*ud A^CTt See 145, 1465 (1051) 


Thermoregulatory Heat Production In the 
Brain 

The increase m the metabolic rate elicited m 
homoiothermal animals by exposure to cold is 
attributed by many investigators exclusn ely to 
striated muscle According to others the liver and 
intestine have also to be considered as a source of 
extra heat, but only a few stress tho importance of 
these viscera 1 * The participation of the brain in 
chemical thermoregulation has apparently not been 
investigated 

Copper -const antan thermocouples were introduced 
into rats under light urethane amesthosia (0 00 gm 
per 100 grm body weight) (1) Into the brain just 
behind the coronary suture in tho direction of tho 
diencephalon at depths of 7 mm (Brain,) and 1 mm. 
(Brain,) respectively , (2) into the colon 0 cm from 
the onus , (3) into the lumbar musculature (4) 

into the subcutaneous tissue abovo the cranium and 
in most cases also into the subcutaneous tissue of the 
book. The rats wero placed into a copper chamber 
the temperature of winch was maintained by a water 
bath at about 31°C The exponmont proper was 
begun about an hour and a half later oxygon con 
sumption and body temperatures being recorded 
every minute* Tho environmental tomporaturo was 
clianged abruptly by transfering tho respiratory 
chamber to a water bath at 10-20*0 , and vice \ orsa 
several times in tho course of the experiment 

Fig 1, representing & typical responso to cold was 
taken from an experiment in which a total of six 
similar responses wore obtamod in tho courso of 
12 hours The stabilization of brain tomporaturo 
coincides with the riso in oxygon consumption, 
whereas temperatures at other sites still contmue to 
decline colonic temperature falling well below brain 
temperature The temperature of arterial blood 
being always lower than colonic temperature, an 
increase in blood flow could only decrease and never 
increase tho temperature difference betwoon tho 
arterial blood and the brain if heat production in the 
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latter remained unaltered The crossing of the brain 
and the colonic temperature curves therefore indicates 
a local increase m heat production, originating most 
probably m the neuroglia 

A detailed account of this work will bo pubhshod 
elsewhere 

Sz Donhoffer 

Gy Szegvart 

I Jarai 

M Farkas 

Institute of Pathophysiology, 

The University, 

Pecs, Hungary 
June 18 

1 Fedoroi Y A , and Shur E I , Amcr J Physiol 137, 30 (1042) 

’ EonhofTer, Sz Stegvdrl Gv Varpa-Napj, I . and Ji'imi, I , PflQgert 
Arch at < Physiol , 205, 104 (1957) 

1 DonJiolTer Sr Srepvdri, Gy Vnrpn-Vnpy, I . Tdral, I and 
Haug IAszld, A Acta physiol Acad Set Hung , 13, 37 (1037) 

Thiosulphate Metabolism in the Animal 
Organism 

The occurrence of thiosulphate m animal urine «as 
demonstrated by Sclimiedeberg 1 long ago, and 
Hyin 3 and Pine 3 showed that tlus substance is 
capable of being oxidized into sulphate by animal 
tissues So far there has been a lack of more accurate 
details on the endogenic synthesis and the mechanism 
of oxidation of thiosulphate in the animal organism, 
but recently some light seems to have been thrown on 
the subject by the work of Sorbo 4 

In the course of work on the process of oxidation 
of thiosulphate by the autotrophic micro-organism 
Thiobacillus tfnoparus, 5 vo came to the conclusion 
that only the outer sulphur atom of thiosulphate is 
directly metabolized and oxidized It reacts with 
some unknown receptor forming a compound of the 
type X — S — SO3 The hydrolysis of the binding 
between the two sulphur atoms m this compound 
leads m turn to the formation of sulphate from tho 
inner sulphur, while the outer sulphur atom undergoes 
further metabolism 

In the hght of these facts we considered whether 
thiosulphate m the animal body may not be similarly 
metabolized In order to examine this, rats were 
injected subcutaneously or mtrapentoneally with 
thiosulphate labelled with sulphur-35 in tho outer or 
inner position The urrno and fences of tho animals 
were collected quantitatively at determined intervals 
of time The total amount of sulphur, tho sulphur 
in the thiosulphate and tho sulphate in tho urrno wore 
determined, and the specific activity of these three 
forms of sulphur was estimated It Bhould bo 
mentioned that the radioactive sulphur excreted 
with the fasces under theso conditions was insignifi- 
cant and we therefore neglected it m our calculations 
Table 1 shows tho percentage of radioactivity 
introduced in the form of isotopic Bulphur excreted 
m the unne If tho radioactivity represented an 
inner atom of thiosulphate, the quantity of radio- 
activity excreted after 24 hr reached a value of 
98 per cent When thiosulphate was labelled m the 
outer position, only about 60 per cent of the activity 
was excreted during the first 24 hr , and even after 
120 hr had elapsed a considerable percentage of 
activity still remained m the organism We have 
therefore ascertained that the biological half-life 
time of both atoms of sulphur m thiosulphate m the 
animal organism is different and that it is markedly 
longer for the outer atom of sulphur. 


Tnhlo 1 Tnr rxenmos of uapioactin r scirmat ntoii titiosit- 
riUTr ix iut trnisr afitr suhc-utaveous injfction of 100 mow 
ha, 9,0, 511,0/100 om noDY-nnoiiT 


1’erccntapo of (lie doie 


Time niter 
Injection 
(hr) 

(US-SOj)” 

(S-J5S0 3 )“ 

Range 

A\ crape 

Range 

An crape 

0-0 

30 2-07 5 

48 2 

01 5-07 r> 

85 

0-24 

4 5-10 7 

10 1 

3 0-34 0 

13 

24-48 

0 4-28 

1 1 

0 0-21 

1 5 

48-72 

0 3-13 

0 7 

0 3-14 

0 8 

72-00 

0 3-12 

0 0 

0 2-07 

0 4 

00-120 

0 2-11 

0 4 

0 01- 0 D 

03 


Table 2 Tirr rxermox or TmosuirnATE 1 *. hat wra Arm 
subcutaneous ivjrcrxox of 100 mom XnjS 2 Oj 55I 2 0/100 gm 
nODr-wriaiix 



rngm 

mpm 

Torrent of 

IVrccnl of 

Time 

Range 

An crane 

tlic drwe 

tlic dose 

(hr) 



ranpo 

n\ crape 

0-0 

30 8-03 5 

49 8 

18 4-31 7 

24 4 

0-24 

2 3-05 

4 2 

11-32 

2 1 

24-48 

0 2-04 

0 3 

normal 

normal 


Tnblo 3 FrncEXTAor or Mmnoiizro LAumno Stimuli (tub 

AMOUIT INJECTED MINUS JACIU’CITD A8 t v C1IAX01 D 

TmosuLrnvn.) ix txcricted Suifhate 


«S outer (nS-SOj)” "S Inner (S-HSOj)“ 


Tlmo 

(hr) 

Ranpo 

An crape 

Itanpo 

An crape 

0-0 

G-24 

7 3-10 2 

4 2-22 2 

14 7 

11 4 

S3 1-07 

3 0-42 5 

81 7 

10 8 

Total 


20 1 


OS 5 


Tnblo 2 shows the quant ity of thiosulphate excreted 
with tho urino during tho experiments olrcady 
mentioned Tho increased quantity of thiosulphate 
appears m tho urino only during the first 24 hr after 
tlio preparation has been administered This is 
interpreted to mean that tlicso are molecules of 
thiosulphate, which m general do not enter mto tho 
motabolic process During tho first 24 hr , 20-28 
per cent of the thiosulphate is excrotcd with tho urino, 
while tho rest is motabolizcd Sulphates aro formed 
from tho metabolized sulphur, but at rates different 
From tho two 6ulpbur atoms of thiosulphate 
Table 3 gives the percentage of rndioactn lty of 
metabolized suljihur m the sulphate excreted m tho 
urine It follows from this that during tho first 
6 hr , only about 17 per cont of motabolizcd outer 
sulphur is oxidized to sulphate, but about 85 per 
cent of tlio mnor sulphur After 24 hr , about 98 per 
cent of tho metabobzed inner sulphur, but only 40 
per cent of tho outer sulphur of tho thiosulphate has 
been oxcreted m tho form of sulphate 

As may bo seen from these data, the fates of the two 
sulphur atoms in. tho processes of thiosulphate 
metabolism m tho animal organism take differont 
paths In principle, only tlio outer sulphur atom 
enters mto tissuo metabolism There is therefore an 
analogy with the observations which we carried out 
using Th thioparus to oxidize thiosulphate Tho 
ability of the animal organism to transform a con- 
siderable quantity of thiosulphate and tho high rate 
at which this substance is metabolized suggest that 
thiosulphate may bo an important metabolite and 
therefore tho mechanism proposed by Sorbo 4 may 
play a significant part in sulphur metabolism 

A tT fr °, m ,°^ r mvest >gations that tho sulphite 
group of thiosulphate ,s very quickly and completely 
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excreted a s sulphate This -would at the same time 
mdioato a mechanism of Bulpbate formation via a 
thiosulphate stage 

Bolbslaw Skabzynski 
TadBTTBX W SXCZEPKQWSKJ 
MmoaiAWA Webeh 
D epartment of Phymologioal Chemistry, 

Medical Academy, 

Cracow 
June 10 
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PLANT PHYSIOLOGY 
Role of the Anion In Magnesium Uptake from 
Foliar Applications of Its Salts on Apple 

Durino recent work on uptake of magnesium from 
foliar applications of its salts the findings of Fisher 
and Walker 1 that apple leaves tako up magnesium 
more rapidly from the nitrate and chloride than from 
the sulphate were confirmed, and on. explanation of 
this differential behaviour is proposed as follows. 

Table 1 shows the results of an experiment in which 
loaves were momentarily dipped in Af/10 solutions of 
the throe salts and the amount of magnesium applied 
to the loaves, as woll as their subsequent magnesium 
content determined It shows that the whole increase 
in leaf magnesium content brought about by the 
oblonde or nitrate solutions occurred within 2 hr but 
that, m the case of the sulphate, a significant increase 
within two hours (P <0 05) was followed by a further 
significant increase overnight (P<0 05) In each case 
the total increase in magnesium content up to 22 hr 
represents about 60-60 per cent of the magnesium 
deposited on the leaf the latter being substantially 
the same for each of the throe salts These observa- 
tions oonform with our general experience that 
although magnesium is usually taken up from 
chlonde or nitrate applications on the day they ore 
made with the sulphate this usually occurs during the 
following night although it can also bo takon up on 
tho daj that it is applied, os in the preeont instance 
(Table 1), and in one experiment, magnesium was not 
taken up from this Kilt over a period of 48 hr 

Fig 1 shows the magnesium content of dotachod 
applo leaves which, in contrast were lejt immersed in 
_jf/ 10 solutions of one of the three salts for various 
times, and it will be seen that hero tho rate at which 
magnesium was token up was independent of the 
anion It is therefore reasonable to suppose tliat when 
loaves were momentarily dipped in a Af/10 solution 
tho initial rate at which magnesium was takon up was 
tho samo for all three salts, and since we have already 
shown that tho samo amount of magnesium was 
dopoeitod on tho leaves as a result of such treatments 
it would appear that the obscrv ed differences in rate 
of uptake which occurred when loaves wore in omen 
tarily dipped must bo duo to differences in tho 
physical nature of tho deposits left behind on them 

A possibly rolovant difference is that tho chlondo 
and nitrnto are normally deliquescent, whilst tho 
sulphate is not A consideration of tho relative 
humidities quoted in Table 1 shows that, in this 



Fig 1 — Tho magnnlom content of lore* Imnentd for Ttrioaj time* 
In Af/ic tolntlont of three taJti. + nitrate o chloride O aulphat*. 


Table 1 . DEKwmoif Aim Uptaxe or MAoicEsniK nr Lnra irrrx 
Dimsa is Jf/io Boluctoks or thutx salt* 


Macne»Jnm 
Mil used 

M*cn«Inm content per 
JUpneUam within the 

(per cent dry wU) 
leaf «( 


11.20 hr 

13.20 hr 

0.20 hr 

Initial 


Jwt prior 
to dipping 

on the d*jr 
ordlpptnu 

on the next 
morning 

taper flctal 
depotll 

SalpJute 

0-09 

0 15 

0 =0 

0 27 

Nitrate 

0-03 

0 24 

0 23 

0-24 

Chloride 

0 09 

0 14 

025 

0 Z3 

Nemo 

0-07 

0 03 

0 09 

— 

Rebttlre 

bnm*Utj(V 

72 

1 

55 

M 

- 


experiment, dopoeits of the chlondo or nitrate which 
are doliquescent ovor this humidity rango wore 
likely to have remained in solution on tho leaf surface 
over the penod hut that deposits of the sulphate 
whioh crystallizo out at relative humidities below 
82 per cent, would have dried out, and only been 
brought into solution again overnight Assuming 
therefore tlrnt magnesium is only taken up by tho 
loaf from solution entry from tho sulphate would m 
this instance have been halted m the morning, and 
reeumed when tho relative humidity exceeded 82 
per cent, dunng tho night Tho nature of tho deposit 
as determined by tho humidity of the atmosphere 
would therefore appear to be decisive in tho uptake 
of magnesium by applo leaves 

It is suggested that these findings have an 1 m 
mediate importance in relation to tho practice of 
applying foliar sprays of magnesium salts in attempts 
to remedy the widespread and economicalh serious 
doficienccs of magnesium occurring in applo orchards. 

A detailed account of this work will bo published 
olsowhore 

it 

Plant Protective Chemistry Section 
East Mailing Research Station, 

Nr Maids tono Kent. 

Flllwr E. 0„ *nd Walker D B- (W Amrr Sx SH~ «. 

I" (1955) 
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born Nigerians examined by paper electrophoresis 
(barbitone buffer, pH 8 0, ionic strongth 0 05) It 
was present at birth and its concentration fell with 
that of foetal haemoglobin during the first two montlis 
of life It could no longer bo detected by electro- 
phoresis at three months (Fig 1) This is an interesting 
finding which has never been reported m nowly bom 
Africans Although its ex-act significance is still 
obscure, its occurrence m a pair of uniovular twins 
(m our series) suggests tho possibility of a genetic 
control 

A full account of this work udl bo published 
elsewhere 

A E Bo vo* 

Department of Chemical Pathology, 

University College Hospital, Ibadan 

R G Hendrickse 
Department of Paediatrics, 

University College Hospital, Ibadan 
June 3 

• Present address Antliropologv Lnbontorj . Department of 
Human Anatonn Oxford 

1 Fessas, P and Pnp.ispyrou, A., Science 126,1119(1057) 

* Ager, JAM, and Lehmann, H , lint Medical J , t, 920 (1053) 

PATHOLOGY 

Chromosome Complement of Spontaneous 
Leukaemia in AKR Mice , 

A number of tumours of mice, rats, Chinese 
hamsters and man consist of a cell population with 
aneuploid chromosome numbers 1 * 4 Theso obser- 
vations are frequently quoted in support of tho theory 
that somatic chromosomal mutations are involved in 
tho process of carcinogenesis Tho greater part of the 
published results concerns tumours in tho ascites 
form, or long-established transplanted tumours, and 
it is not clear whether theso results also apply to 
primary tumours The few results obtained so far on 
primary carcinoma of man show the occurrence of 
aneuploid cells 6 * 6 , whereas the mammary tumour of 
C3H mice consists of a cell population with a diploid 
chromosome number’ the question can bo raised as 
to whether the differences m chromosomal behaviour 
are due to different methods of tumour induction 
In regard to this problem virus-induced tumours 
appeared of particular interest 

A lymphatic leuktcmia spontaneously occurrmg m 
mice of the AKR strain was chosen for tho present 
study All the chromosome analyses were performed 
on leuktcmic females having an enlarged thymus, 
swollen cervical, mesenteric and caudal lymph nodes 
and a greatly enlarged spleen For tho cytological 
examination colchicine was injected 2 hr before 
death, thymus, spleen and lymph nodes were removed 
and chopped m hypotonic sodium citrate solution, 
where they were kept for 10-20 min 6 The cells 
were stained with acetic-orcom for immediate 
observations and with Foulgen for permanent 
preparation 

The chromosome counts of cells from tho spleen of a 
normal one-month-old male and of nine louktemic 
females are shown m Table 1 Although tho develop- 
mental stage of leukaemia could be considered similar 
m all rune mice examined, the chromosome comple- 
ment differed greatly from animal to animal Cells 
with a normal chromosome number and apparently 
normal chromosome morphology were encountered 
m the spleen of one mouse (AKR,) On the other 
hand at least three different cell lines are present m 
the spleen of two animals ( AKR S and AKRi) The 
most frequently observed aneuploid value consists of 
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41 chromosomes, which was observed m six mico 
[AKR 14 , „ „ , 0 and ,.) (These results agreo with 

observations made by Dr S Ohno, City of Hope 
Medical Center, Duarte, California, according to a 
personal commumcat ion ) Tho additional cliromo 
some was extremely small and easily recognized in 
two mico, but showed no particular characteristics 
m tho remaining four spociraens Tho proportion of 
ouploid and aneuploid colls vanes greatly in tho 
spleen of different louktemic mico (Table 1) In goneral 
tho occurrence and distribution of aneuploid colls in 
thymus and ljmipli nodes of tlio loukrcmic AKR 
mice was similar to that of tho spleen 

Tho various alterations of chromosome morphology 
cannot bo presented m full in this report, but two 
exnmples are given in Fig. 1, which shows tho 
chromosomes arranged in decreasing length By 
comparing the ideogram of the aneuploid cells with 
tho nonnal, differences m the morphology of tho 
chromosomes bccomo evident Tho last three 
chromosomes m mouse AKR it and tho last two in 
mouso AKR t are smaller than tho smallest in tho 
controls, which indicates that more drastic chromoso- 
mal rearrangements must lmv o occurred during their 
formation 

If the results described above are compared with 
the chromosome patterns of rndintion-mduced 
loukteroia 6 a similarity becomes evident Aneuploid 
colls with chromosome numbors scattered m tho 
relatively Brasil hyperdiploid rango of 41-43 chromo- 
somes nre most frequently encountered in both the 
spontaneous and radiation-induced leukiemia 

‘Marker’ chromosomes indicating cliromosomo 
breaks and reunions can, but do not necessarily, occur in 
tho aneuploid colls Finally tho spleen and lymph nodes 
of several louktemic mice might consist of cells 
having an apparently normal, diploid chromosome 
number, although tho leuktcmia is as advancod as in 
animals with aneuploid cells (Tablo 1, ref 10) 
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bom Nigerians examined by paper electrophoresis 
(barbitono buffer, pH 8 G, ionic strength 0 05) It 
•was present at birth and its concentration fell with 
that of foetal haemoglobin during the first two montlis 
of life It could no longer bo detected by electro- 
phoresis at three months (Fig 1 ) Tins is an interesting 
finding winch has nover been reported in nowly bom 
Africans Although its exact significance is still 
obscure, its occurrence in a pair of uniovular twins 
(in our senes) suggests tlio possibility of a gonotic 
control 

A full account of this work will bo published 
elsow here. 
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PATHOLOGY 

Chromosome Complement of Spontaneous 
Leukaemia in AKR Mice t 4 

A number of tumours of mice, rats, Cluneso 
hamsters and man consist of a cell population with 
aneuploid chromosome numbers 1 -* These obser- 
vations are frequently quoted in support of tlio theory 
that somatic cliromosomal mutations are involved in 
the process of carcinogenesis The greater part of tho 
published results concerns tumours ui tho ascites 
form, or long-established transplanted tumours, and 
it is not clear whether these results also apply to 
primary tumours The few results obtained so far on 
primary carcinoma of man show tho occurronco of 
aneuploid cells 5 -', whereas tlio mammary tumour of 
C3H mice consists of a cell population with n diploid 
chromosome number" the question can bo raised as 
to whether the differences m cliromosomal behaviour 
are due to different methods of tumour induction 
In regard to this problem virus-induced tumours 
appeared of particular interest 

A lymphatic leukaemia spontaneously occurring in 
mice of the AKR strain was chosen for tho present 
study All tho chromosomo analyses were performed 
on leukaemic females having an enlarged thymus, 
swollen cervical, mesenteric and caudal lymph nodes 
and a greatly enlarged spleen For tho cytological 
examination colchicuio was injected 2 hr before 
death, thymus, spleen and lymph nodes were removed 
and chopped m hypotonic sodium citrato solution, 
where they wero kept for 10-20 mm 8 Tlio colls 
were stained with acotic-orcem for immediate 
observations and with Foulgen for permanent 
preparation 

The chromosome counts of cells from tho spleen of a 
normal one-month-old male and of nine leukrcmic 
females are shown in Table 1 Although tho develop- 
mental stage of leukauma could be considered similar 
in all nine mice examined, the chromosomo comple- 
ment differed greatly from animal to animal Cells 
with a normal chromosome number and apparently 
normal chromosome morphology were encountered 
m the spleen of one mouse (AKR,) On the other 
hand at least three different cell fines are present in 
the spleen of two animals (AKR, and AKR ,) The 
most frequently observed aneuploid value consists of 


bio 1 

Ciiromosomi Counts 

in mr 

SlLFKN 1 

OF ONT 

K0RKA1 

usr AM 1 MNF 

LEUK lEJlIO MICF OF THE Ahll STTUIT 



Number of fills containing tlio indicated 





chromosome counts 


Total 








cells 


30 

40 

41 

42 

43 

44 


Conlrol 

o 

58 





CO 

AKR, 


48 

2 




50 

AKR,, 

n 

40 

10 




52 

AKR, 

2 

40 

10 

1 



59 

AKR , 

1 

10 

29 

1 

3 

1 

45 

AKR, 


5 

21 

4 



30 

AKR,, 


8 

48 

o 



ns 

AKR,, 

1 

G 

40 

3 



50 

A K R, 


3 

20 

18 

12 


53 

AKR, 


15 

J 

20 

23 

4 

05 

cliromosomes, winch 

was observed 

m six mieo 


(AKR lt , i, „ „ 10 and ,,) (Theso results agree with 
obscrxations mndo by Dr S Olino, City of Hope 
Medical Center, Duarte, California, according to a 
personal communication ) Tho additional chromo 
some was extremely small nnd easily recognwed in 
two mice, but showed no particulni characteristics 
m tho remaining four specimens Tlio proportion of 
euploid nnd nnouploid cells xnries greatly m tho 
spleen of different leukrcmic mice (Tablo 1). In general 
the occurronco nnd distribution of nnouploid colls m 
thymus nnd lymph nodes of tho loukajinio AKR 
mice was similar to that of tho spleen 

The various alterations of chromosomo morphology 
cannot bo presented in full m this report , but two 
examples nro given in Fig 1, which shows the 
chromosomes nrrnnged in decreasing length By 
comparing tho ideogram of tho nnouploid colls with 
tho normal, differences m tho morphology of tho 
cliromosomes bccomo ov ident Tho last throe 
chromosomes in mouso AKR,, nnd tho last two in 
mouso AKR , nro smaller than tho smallest in tho 
controls, which indicates that more drastic cliromoso- 
mnl rearrangements must hn\ o occurred during their 
formation 

If tho results described above nro compared with 
tho chromosomo pnttorns of radiation-induced 
loulaemin* a similarity becomes evident Aneuploid 
colls with chromosomo numbers scattered in the 
relatively small liypordiploid rnngo of 41-43 chromo- 
somes are most frequently encountered m both tlio 
spontaneous and radiation-mduccd loukaunin 

‘Marker’ chromosomes indicating chromosomo 
breaks nnd reunions can, but do notnocessnrily , occur m 
tho nnouploid colls Finally tho spleen and lymph nodes 
of several loukiemic mico might consist of cells 
having an apparently normal, diploid chromosomo 
number, although tho loukiemia is ns ndvnncod ns in 
nmmals with aneuploid colls (Tablo 1, rof 10) 
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summer, atom rust de\ olrrped on tho aberrant plant, 
and m all probability this plant resulted from an 
out crocs to common Kentucky bluegraas 

All the plants in the stem rust-free progeny 
remained free of stem rust throughout tho growing 
season. However, a few pustules of one of the yellow 
leaf rusts woro observed in this progeny m late fall 
T he plants within, the stem rust-free progeny were 
similar in type and indistinguishable from spaced 
plants of the Merlon vonetj 
Top growth on the majority of the. infected pro 
genics was killed back to ground level while tho 
stem rust free progeny remained green and con 
trnuod to grow The damage attributable to Btera 
rust is shown, m Fig 1 The variation in size among 
plants in the rust free progeny in Fig 1 Is due to the 
removal of tillers for cytolagioal studies 

The stem rust-resistant progeny may have developed 
from on outcross to a rust resistant biotypo but this 
possibility would appear to be rather remote Plants 
with a high le\ ol of atom rust resistance nro not 
common in most populations of Kentucky bluograss 
and, m addition, outcrossing would not bo expected 
to viold an apomictio progeny 

It seo ms logioal to conclude that the stem rust free 
apomiot resulted from a mutation Tho mutation 
could have been spontaneous in origin, but there are 
strong arguments to support tho conclusion that it 
was induced by the mutagemo treatment No 
evidence of mutations for disease resistance has 
boon found in untreated progenies included in this 
expenmont or in those Included m other extons Ive 
trials conducted at this station 

Tho basis for obtaining disease resistance through 
induced mutation may involve alteration in the 
availability of a food substance required by the 
pathogen* The results obtained in this study should 
not be interpreted os suggesting that radiation is an 
efficient procedure for isolating stem rust-resistant 
line* of Poa pratensis They do indicate, however, 
that when hybridization is difficult, radiation may 
be an effective tool for introducing variation within 
tho progeny of selected individuals 

A. A. Hanson 
F V JuSKA. 

Crope Research Division 
Agricultural Research Service 
XLS Department of Agriculture, 

Plant Industry Station 
Bcltsville Maryland 
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BIOLOGY 

Rete Mlrablle In the Gas Bladder 
of Coregonus lavaretus 

In fishes with gas secretion both a gas gland 
epithelium and a counter-current capillary system are 
usually found m tho gas bladdor This is true of 
physoohst* and a largo number of physoe tomes Data 
on tho composition of tho gas bladder gases in 
corogonids indicate the presence at loost in some 
species of an oxygen transporting mechanism 1 
Experimentally gas accretion has been demonstrated 
in other Balmonids os well* Bocauso no rete mirabilo 
has boon found in salmomds, it has been supposed 
that m these fishes a pure cellular gas secretion 
without participation of any countor-currentmnltiplier 



Fig. 1 Be to mlrnblle from thf tm bladder of Cortpontt lansrrtuj 
Indian Ink Injection 



systom takes place* The disco \ cay of a rete mirabilo 
in Argentina* whfoh is systematically related to tho 
salmomd*, might lead one to expect to find this 
structure also in the go* bladdor of the latter Tho 
foot that it has not been observed bv previous 
investigators could be duo to an unusual anatomy of 
the rete system 

In the course of a comparative study of tho blood 
vessels in the gas bladder of physastomntous fish 03, 
the question of tho presence or not of a \ oscular rote 
in the gas bladdor of Coregonus was re investigated on 
somo epeoimons of C lavaretus from the Baltic Tho 
blood vessels woro studied in histological sections and 
by indian ink injections As a result of the |n\ csti 
gation a reto mirabilo oould clearly bo demonstrated. 
The arrangement of the blood vessels was a* follows : 
an artery and a vein run along tho pneumatic duct 
to the gas bladder Aft or reaching the anterior end 
of the bladdor, both vessels *plit into two longitudinal 
v cose Is running backwards along the bladdor In 
their course they repeatedly branch in a similar way, 
with one artery and one vein practically always 
running together By Author ramification, an 
extensive plexus is formod consisting of more or loss 
flat bundles of throe or more parallel vessels Cloao 
to tho pneumatic duct tho bundles ofron consist of 
ten or more vessols, further back thoy generally 
comprise only threo vessels tho central one always 
an artery In the larger bundles artenoe and \ oins 
altcmato fairly regularly Tho Iumina of adjacent 
vessels are so para tod onlj b> tho thin vascular walls 
The number of the reto bundles diminishes rather 
abruptly about 30 mm from tho antenor end of tho 
bladdor but flat bundles can bo found oven in tho 
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posterior part of it The average dinmotor of the 
vessels composing the rote bundles is 10 g The 
bundles run 1-2 mm parallel with the vail of the 
bladder m the loose connective tissue (submucosa) 
Then they abruptly traverse the dense connects o 
tissue (musculans mucosai) and the lamina propria 
to the base of the epithelium The total length of the 
vessels of the rete bundles calculated from measure- 
ments on transverse sections of a gas bladder of 
80 mm length was about 50 m 

The vascular bundles described abov e arc not a rcto 
mirabile of a comentional type Duo to their 
abundance, however, they form together a counter- 
current circulatory system with n capacity comparnblo 
to that of the compact rete mirabile of phvsochsts 

Cion ax Faulen 

Institute of Zoology, 

University of Lund, 

Sweden 
June 15 
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Isolation of Tobacco Leaf Cells Capable of 
Supporting Virus Multiplication 

Because of its waxy cuticle, plant loaf tissuo admits 
few substances applied to the leaf surface Bio- 
chemical studies on the effects of exogenous additives 
on cell metabolism may requiro such substances to 
enter the cells with a minimum delay between 
application and absorption Work in this laboratory 
on the multiplication of tobacco mosaic virus m 
tobacco leaf tissue has prompted the dovolopmcnt of 
a technique for the preparation of quantities of 
isolated tobacco leaf cells Theso cells support virus 
multiplication and overcome the barrier to penetration 
of low molecular weight substances, presented either 
by the intact leaf or the detached loaf or leaf pieco 

Tins procedure is based on the enzymatic degrada- 
tion of the intercellular pectic substances by pectinnse 
— a technique applied previously to root menstems 1 
Fully expanded leaves of Nicotiana labacum var 
Turkish Sarnsun were rinsed and tho midribs remov cd 
The laminar tissue was cut into strips of about 3 mm , 
and shaken at room temporature for 3-4 hr in a 0 1 21 
Sorensen’s phosphate buffer, pH 6 2, containing 0 35 
moles of sucrose per litro and 0 2 per cent pectmase 
(Nutritional Biochemicals Corporation, Cleveland 28, 
Ohio) The separation of cells, dependent on vigorous 
shaking, occurs at the cut surfaces of tho leaf pieces. 
Laboratory shakers with a reciprocating motion 
(200-260 excursions per minute) were suitable 
bottles were half-filled with solution, leaf pieces wore 
added in the proportion of 1 gm of tissue to 20 ml 
of solution, and the bottles placed on their sides for 
shaking When shaking is terminated, the isolated 
cells in the mixture sink, while the remaining leaf 
pieces, vascular elements, and contents of broken 
cells tend either to float at the surface or to remain m 
suspension After stand mg for a few minutes, tho 
supernatant liquid above the cells is poured off and is 
then replaced by some of the sucrose containing buffer 
(without pectmase) This process is repeated at least 
twice ; the suspension is then filtered through four 
layers of cheese cloth If some of the isolated cells 
remain on the cloth pad, they may be washed through 
with the same fluid Again allowing the cells to 
settle, the supernatant liquid is poured off and the 


colls nro centrifuged for 5 mm at 250g Tho pcllots 
aro resuspended m either pH G 2 or pH 7 0 microse- 
phosplmto buffer Centrifugation and rasusponaion 
is continued until the supernatant liquid clears— 
usually after two or three times — final rcsuspension is 
achiov ed by draw ing the cells into a pipot te to separate 
any clumps of cells resulting from the centrifugation 
Optimal conditions of pH, buffer and sucroso con 
eentrntion for the preparation of cells were nppraisod 
from tho appearance of tho isolated cells in the 
microscope Under tho conditions described for 
tobncco, Brownian movement of the plnstids may bo 
observed, imph mg a fluid state of the cj toplnsm, and 
tho integritv of tho cliloroplnsts appears to bo main- 
tained (Fig 1) Pectmase activity is enhanced at 
pH’s lower than tho pH of 0 2 used above, but results 
m cells of a poorer nppearanco, particularly shrinkage 
of tho protoplast from the cell wall and clumping of 
the cliloroplnsts At pH 7 no pectmaso activity is 
evident. Sucrose concentrations of botween 0 3 and 
0 4 M have yielded colls of equivalent appearance 
In routino experiments, 30 per cent of tho chloro- 
phyll of tho leaf can ho recovered in tho intact coll 
preparations With increased shaking time and careful 
attention to tho rccoverv of tho cells this can bo 
increased to about 45 per cent Tho cell types 
recovered probablj do not appear m tho same propor- 
tions as they would occur m tho intact leaf but 
represent an enrichment of mcsoplij II cells That is, 
tho epidermal cells aro reduced in number because the 
waxy cuticle holds thorn together, afterwards they 
are removed by filtration when the cells are separated 
from tho reaction mixture Vascular elements would 
bo similarly eliminated by filtration bocauso of their 
size Most cells aro isolated ns mdn iduals, but groups 
of 2-5 cells sometimes appear (Fig 2) 



Fig 1 An isolated tobacco leaf coll, presnmnblj from the spong> 
mcsophyll Suspended In j>n 0 2 butter, containing 0 35 moles of 
sucrose per litre 1x405) 


Fig 2 
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From their microscopic appearance, a high pro 
portion of tlio isolated colls are viable Further 
evidence for viability 10 provided in the capacity of 
isolated colls prepared from infected tissue to support 
tin multiplication of tobacco mosaic virus -when 
incubated To dato, the synthesis of virus pro tom 
can be demonstrated only In an intact cell More 
o\ or, wlion isolated virus infectod cells -were incubated 
in the presence of a radioactivo amino acid (gljcmo 
1 14 0 or dl leucine 1 I4 C), the ammo-acid was 
incorporated into the protein of the virus In 
previous studios with tobacco mosaio virus, mcor 
poration into virus protein uas demonstrated only 
with intflot leaf tissue and not in homogenized 
preparations of a cell freo nature* *, although those 
coll freo systems were aotivo for the incorporation of 
radioactive amlno-acida into proteins other than the 
virus At a later date, I shall report in dotail my 
studios of t-obacco mosaic virus synthesis in isolated 
leaf cells 

To tost tho general applicability of the method, an 
ad hoc assortment of leaves of 12 spocies of plants 
was tried OF these Nicotiana gluttnosa, Datura 
stramonium and potato yiolded cells which compared 
favourably both m yield and appearance with those 
of N tabacum , Ohtnopodium amararUxcolor, Quercu* 
borealis and Crotdarxa sptctabxhs gave relatively few 
cells of good appearance com and Otnkgo biloba 
yieldod no colls at all. There was good cell production 
from leaves of two species of Prunus (a peach and a 
cherry) cucumber and Magnolia sp , but the cells 
looked injured, being reminiscent of the appearance 
of the tobacco leaf cells prepared under conditions of 
either low pH or unfavourable suoroso concentration. 

Those studies were initiated at the Commonwealth 
Scientific and Industrial Research Organization, 
Division of Plant Industry Canberra At the 
University of Missouri partial support was derived 
from a grant of the Herman Fmsch Foundation 

Milton Zajtlin 

Department of Horticulture, 

University of Missouri, 

Columbia, Missouri 
June 12 


» Charm, J., Aafwr# 170. 1070(1952} 

* 8tcphen*on 1L I*, Tlumann, K. \ and Zamcenlk, r -C n AnK 
BiocMcm. BlopAyi., 60 104 (1050V 
• Board man N K and Zaitlin, AL, Virology 6 768 (10S3) 


Effect on the Groundnut of Variations in 
Supply of Potassium, Calcium and Magnesium 

Guo ukd nuts (var Phillppme Pink) were grown m 
pots using a typically lniertilo local soil with tho 
primary object of studying Prof V Hom£s s 
‘Method of Systematic Variations u for the doter 
in mnti on of major element requirements With tho 
exception of tho controls, plants were supplied with 
100 mgra equivalents of vnnous proportions of 
potassium calcium and magnesium, 100 mgm equi 
vnlents of a good fixod ratio of nitrate, sulphate and 
phosphato, and mioronutrients at lovols known to bo 
suitable for many plants in sand culture* 

Thoro arc threo distinct optimum mixtures for tho 
production of ‘tops’, shell and kernels (Fig 1) 
There is a depressive effect of some mixtures on 
quantity and quality of seed production whilo the 
controls produced good -quality nuts’ Tho effect of 
shortage of calcium on groundnuts is well known 
particularly in tho United States, wlifle the effect of a 
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rolativo excess of potassium is known here in Gambia 
200 lb /acre of potassium chloride can result in an 
increase in groundnut liny yield of up to 30 per cent 
With a simultaneous depression in nut’ yield of 14 per 
cent The apparent importance of magnesium m 
groundnut pericarp formation was unexpected, as was 
tho completely different bohat mitr from tomatoes 
grown in similar conditions j tlio best ratio of 
potassium calcium magnesium (as equivalents) for 
tomato fruit production was approximately 40 12 G 
47 6 whilo tho optimum for vegotativo growth was 
35 40 2 5 

This note is published with tlio permission of tho 
Qovemmont of the Gambia 

R COMBKtt 

Department of Agriculture, 

Gambia 

* HomH H V., SMIt **} Frrf, 18, U01 (1035) 

* Hewitt K. Sand and Water Col lore Method* n*ed tn the «tudy 

of Plant Ntxtritfoc 180 (Commonwealth Agricultural Bureaux, 
3952) 


Prefreezing as a Method enabling Animals to 
survive Freezing at an Extremely Low 
Temperature 


In o previous paper it was demonstrated that, after 
sufficient extracellular freezing some intact Insects 
could survive freezing in liquid oxygen without any 
antifreeze agent 1 'nils might be a method for 
keeping on entiro organism nfivo at extremely’ low 
temperatures, provided that it is sufficiently frost 
resistant Somo work along these lines has been 
earned out in our laboratory In 7^7^ 

Sakai has already successfully applied tho m 
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various hard woods 5 In animal material it was 
examined with regard to various mtact animals and 
to excised tissues or colls 

Our profreezmg method was found to bo quite 
effective both for a fairly largo butterfly chrysalis, 
about 1 gm body-w eight, and for a tmy nomntode 
Overwmtermg pupro of tho swallow tail, P apt ho 
machaon Inppocratcs Feldor et Folder, wore kept at 
— 30°C for one hour and then immersed directly m 
liquid oxygen for two days After row arming m air 
at room temperature most of them wore found to bo 
alive Of ten pup® examined fivo were able to 
resume their development at 20°C In these insects, 
however, the formation of imagine! tissue was 
restricted to tho anterior half of tho pupal bodies , 
tho abdomen behind tho third or fourlh segmont 
remained in tho pupal state and survned for some 
ten days at least with an active heart boat oven 
after the anterior halves had died Tho control 
insects, -which were treated in entirely tho samo way 
except for the immersion m liquid oxygon, appeared 
on tho wing within about forty days at 20°C Tho 
even loss frost-resistant tissues of the oyster, jf 
treated previously m glyccrolated sea water, survived 
freezing at a super-low temperature after prefroezmg 
by our method 3 

The highest temporaturo at winch tho prefreezing 
treatment is sufficiently effective to enablo an animal 
to withstand extremely low temporntures seems to bo 
about — 30°C In tho caso of propupa of a slug 
caterpillar, Cnidocampa Jlaicsccus (Walkor), nearly 
all tho insects profrozon at tins temperature survived 
freezing m liquid oxygon 4 Most of tho caterpillars 
prefrozen at — 25°C , on tho other hand, died within 
several days of row arming from a very low tompor- 
ature, although somo of them had been alive with 
active heart beat just after thawing Further, tho 
ciliary beating in oyster gill pieces always regained its 
full activity after a direct immorsion in liquid oxygen 
provided they wore previously frozen at a temperature 
lower than — 30°C. . 

In a plant-parasitic nematode, Aphclcnchoidcs 
ntzcmabosi Schwartz, under freely swimming con- 
ditions m tap water, tho most effective profroozing 
temperature seems to bo lowor than — 25°C Never- 
theless, as a result of a profrcozing ovon at a tompor- 
ature between — 10°C and — 25°C about ono-fifth of 
the frozen animals maintained their motility after 
rewarming from an extremely low tomporature 
(Fig 1 ) Besides, it was mtoresting to note that a 
few specimens of tins animal always survivod freezing 
m liquid oxygen provided tho medium thoy were in 
had previously frozen, ovon at a tomporature near 
0°C 

Although tmy nomatodes can bo vitrified 
rather easily, these results cannot bo oxplamod by tho 
vitrification of theu- bodies, becauso some of tliem are 
always found to be alive even aftor slow rowarming 
from an extremely low temperature 

It seems likely that in most cases mentioned abovo 
scarcely any intracellular freezing occurs during tho 
preliminary freezing, since the rate of cooling m tho 
animal tissues must be lowered considerably by tbe 
liberation of latent heat of crystallization m largo 
quantities of medium or body fluid In hardy cells, 
at least, rapid cooling is one of tho essential factors 
m decreasing the capacity of the cell surface to prevent 
frost 5 Now it has been shown for various insects 
that the amount of water crystallizing at — 30°C is 
more than nine-tenths of total water content, that is 


nearly all tho freezable water m these insects 4 - ». 
In addition, it was demonstrated m a previous paper 
that m insects rapidly transferred into liquid oxygon 
from a tomporature luglior thnn — 20°C , somo of the 
tissue colls seomed to froozo mtrncollulnrly 1 . This 13 
nlso tho caso with nemntodo or molluscan tissues, 
Considerable destruction of body structure wai 
frequently found m killed nematodes after thoy hud 
been thawed 



Hi 1 

TIk 3 I’ercenlnc' nurihnl In normlwh-* Iinnirr^'l In liquid 
oxjcen after imllmlmrv free zinc ut c railed (empenturw 
• — — 1 xpcrlmcnt , O O, control, w Hit imfreczlnt; only 


Tho results described nbovo fully agree with tho 
hypothesis suggested m a previous paper 1 , nnmoly, 
if animals nro previously frozen oxtracellularly nt 
— 30°C , scarcely any water cr\stnlltzc 3 m thoir tissuo 
colls ovon in liquid oxygen In hard} organisms tho 
death by extracellular freezing takes a long time 
compared to that caused by intracellular freezing. 
Further, the speed of tho process m the former typo 
of frost injury mnj bo slowed down considerably at 
extremely low temporntures In fact almost all tho 
caterpillars prefro/en nt — 30 5 C revived ovon after 
thoy were kept m liquid oxygen for more than two 
montlis (Asnhmn, unpublished) Therefore, an 
animal might certainly sun ivo freezing at such a 
temperature provided it can withstand tho pro- 
freezing at — 30°C 

Somo of tho experimental results from our 
Institute recently obtained for various organisms 
also seem to support tins view. In tissuo 
cells of very hardy plants, Sakai* showed that tho 
proportion of sun'ivnl wns never affected by tho rate 
of row arming from an extromoly low tomperaturo, 
if “tho colls wore previously frozen at — 30°C Even 
in vonst colls, suspended in distilled water, profreezing 
at temporntures lowor than — 30°C wns remarkably 
offoclivo m kooping them nlivo in liquid nitrogen 
(N 01 , unpublished). 

A relatively largo proportion of nomatodos 
profrozon at tompernturos higher than — 30°C. 
and then transferred into liquid oxygon may 
probably bo explained by a body structure particularly 
suitable for dohydrating their colls vory rapidly when 
extracellular froozing is applied 

Eizo Asahtna. 

Institute of Low Tomperaturo Scionco, 

Hokkaido University, 

Sapporo, 

Japan 
Juno 3 
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NATIONAL PARKS AND NUCLEAR POWER STATIONS IN BRITAIN 


I N addressing the Conference of National Park 
Authorities at Bakewell recently, then Minister of 
Housing and Local Government, Mr H Brooke said 
that tho national parks in Britain are not intended 
to be either museums without life in them or mere 
holiday resorts and ho emphasized once more the 
need to carry with us in serving whatever purpose 
the national parka should meet, those who work and 
have their homes within those areas Tho vital 
necessity of public understanding and support has 
been olearly demonstrated during the first ten years 
of the operation of the National Parks and Access to 
the Countryside Act but it has also boon made 
abundantly plain that one of the major difficulties is 
that of finance Tho failure of successive Govern 
ments to provide the means lias boon the main cause 
of lack of progress, both through the impossible 
burden it lias put on local authorities and by hindering 
or even preventing the work of educating public 
opinion. 

It would appear from his address to the Con 
ference that the Minister was aware of much of this 
and it could be inferred from the tenor of his address 
that ho liad in mind the possibdity of an nmonding 
or amplifying measure in the near future It is true 
he specified a clear conception of what the national 
parks are intonded to be os a pro condition of anv 
fresh legislation and it is obvious that tho time is 
npo for a good deal of clear and constructive thinking 
over this whole question of amonity , of the relation 
between national and local interest and the balance 
between various national interests which may or 
may not be irreconcilable 

From this point of view alone, the report of the 
Forest of Dean Committee* merits attention. This 
Committee was appointed in Juno 1D66, under tho 
chairmanship of Sir Thomas Crood to review the 
situation m tho Forest of Dean and, having regard t-o 
all existing right* and interest*, to recommend such 
measures os are considered desirable and necessary 
to secure that tho administration of the Forest, more 
particularly as regnrds the grazing of animals, may 
bo adjusted to modern requirements Tho Forest of 
Dean is ono of tho ancient royal forests second in 
area of woodland only to the New Forest, but 
although tho forest docs not ho in a national park 
area, it includes tho first woodlands of the Forestry 
Commissioners to bo designated a national forest pork 
in England Its administration inv olvea problems of 
reconciling such interests as afforestation, common 
grazing, and mmoral and other development, winch 
give the report of this Commit too a profound interest 
to all conccrnod in tho problems oonnooted with tho 
preservation of amc-mty and development genorally 
It is tho recommendations of the report In regard 
to nmonities, development and planning that are of 

• FcrrTjtry Commlwlon Report of the Forwt of Dean Committee 
1958. Pp v+W+14t>Utea (Omnd 630.) (London ILM. Btatkmorr 
Offl re 1059 1 8* net. 


chief interest here, although those relating to grazing, 
which ocoupv the greater part of tho report are of 
course equallv important if damage either to sylvi 
culture or features of special interest and beauty, 
which constitute the charm of the Forest and give it 
high amenity value, is to be minimized The report 
firmly opposes any proposal to carry out open-oast 
coal wot king in view of the grave effect such operr 
ations would have on tho amenities of tho Forest 
and it will be noted tliat tho National Coal Board on 
August 19 announced its intention of discontinuing 
such workings. Likewise tho Committee recommends 
that the deputy surveyor the officer responsible for 
the control of the Forest should invariably bo con 
suited when an application is mndo for a grant of 
land for mi n i n g or quarrying or for the extension of 
the period of existing grants It is also recommended 
that the siting of overhead power linos should bo 
planned to cause the least poesiblo disturbance to the 
rural sceno and should bo subject to tho prior 
consent of the verderors 

Many of the recommendations relate to mat tors 
of detail such na the planting of tho old colliorv 
spoil heaps, the leaving of any disused railway track 
m a condition fit for other uses tho character of 
fencing and tho immediate correction of such abuses 
of the open forest as tho boilor works at ClearweH 
Moons (Sling) Tribute is paid to tho valuablo 
development work which lias boon dono bv tho 
Development Association of tho Forest of Dean 
which should be oncouraged to continuo but indufi 
trial development should bo limited to that prov iding 
occupation for people who live in the immediate 
vJomity of the Forest and its surrounding villages 
and so far as possible should bo concerned with tho 
raw material of tho Forest It is recognized that 
there is scope for further development of the touriat 
industry by providing more hotols, but tho Com 
mitteo recommends tliat the vholo of tho Forest 
should bo declared an area of ‘special control’ under 
the Town and Country Planning Act, 1947 and 
particular attention paid to outdoor advertising 
Provision of additional caravan sites and camping 
grounds and further facilities for car parking and 
pferuemg are also recommended, and tho creation of 
additional points of view, with any necessary clear 
an co of glades Tho Forest is fortunnto in having 
soils umvorsally recognized ns favourable for the 
growth of the more exacting broad lonvod trees such 
os oak and boooh, and It is rocommonded that tho 
Forest should continuo to bo predominantly broad 
leaved, and that tho practice of placing tree name 
boards where appropriate should bo extended 

The most cursory reading of the debate on national 
parks in tho House of Lords on July 1 reveals tho 
rolovonce of such dotafis to tho functioning or oven 
the existence of national parks themselves, and there 
was a subsequent debate on nuoloor power stations 
m tho House of Commons on July 30 which wns 
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concerned specifically with the siting of overhead 
power lines Tins latter debate arose out of the 
decision to place a nuclear power station at Dungonoss 
and to convoy power, by ovorhend lino or pylons, 
thence to Canterbury Othor aspects of that docision 
are considered bolow , but tlio proposal to oroct 
such overhead transmission linos from tlio powor 
station to a sub-station at Lydd and to construct 
certain sections of on overhead transmission lino 
from Lydd to a sub-station at Canterbury was also 
covered by the public inquiry on Docombor 16-18, 
1958. The Minister of Powor, after consultation with 
the Munster of Housing and Local Government, 
announced on July 11 his intention to consent to 
the construction of tho power station and of the 
overhead transmission linos 

The reports of tho inspectors m cliargo of both 
theso inquiries have boon published, and that 
relating to tho power station, a proposal which was 
uncompromisingly opposed by tho Nature Con- 
servancy, and its approval described by tlio Council 
for Nature as a scientific tragody, merits close study 
by the scientist Tlio debate on July 30, however, is 
of interest for the roply it drow from Sir Ian Horobm, 
then Parliamentary Secretary to tho Ministry of Pow or, 
first defending tho Government's siting policy and 
then explaining further tho position regarding over- 
head transmission Tho Council for Naturo had 
suggested that tho Government should now review’ 
its policy of siting pow or stations on coast lands, as 
it would be impossible to contmuo indefinitely tho 
siting of such stations away from built-up areas if 
any stretches of coast wore to bo prosorvod unspoiled 
Sir Ian advanced no fresh arguments in dofonco of 
the present policy, though it is implicit m his state- 
ment that tho policy should bo roconsidorcd as soon 
as practical experience has demonstrated tho oxtromo 
remoteness of any possibility of accident On tho 
question of overhead transmission, ho gavo figures 
for underground transmission as of tho ordor of 
£200,000 a mile, with a furthor 50 per cent to cover 
trenching and filling-in, and another £100,000 m 
certain circumstances to overcome instability duo to 
the condenser properties of tho cable He did not, 
however, disclose tho basis of this estimate of, say, 
£300,000 a mile, which Mr W F Deodos had chal- 
lenged , and, although ho assured tho Houso that 
the question of design is rocoivmg very careful 
attention, in view of the strong objections to over- 
head transmission on amenity grounds and tho 
misrepresentations of which tho electricity boards 
have been guilty from time to time, it would seem 
somewhat unreasonable not to prepare indopondont 
figures from a source the impartiality and technical 
standing of which are alike above suspicion It was 
stated by Mr Begmald Maudluig m a written reply 
in the House of Commons on July 13 that a decision 
on other parts of the transmission lines had boon 
deferred, pending the examination of a possible 
alternative route which the Minister of Power had 
requested 

The debate m tho House of Lords preceded the 
announcement of the Minister’s decision, but took 
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place a fow hours aflor w ork had boon started on tho 
Trawsfynydd nuclear power station — tho outstanding 
example so far of tho approval of tho croction of a 
major industrial undertaking m tho hoart of a national 
park. Tlio dobato was primarily on the ninth annual 
roport of tho National Parks Commission, and it was 
notable for an outstanding speech by Lord Birkott 
Lord Silkin, m opening tho dobato, had paid tribute 
to tho valuo of tho voluntary work now bofng done 
m tho national parks, for oxamplo, by w’ardons, and 
in cloarmg away disfiguromonts , but after com 
montmg that tho Tnvwsfynydd decision was actually 
contrary to tho opinion of tlio Ministry’s own in- 
spector, had stressed tho need for adoquato financial 
support from national rathor than local sourcos 
Lord Silkm was strongly supported m all this by 
Lord Birkott, who commontod that tho Minister of 
Housing and Local Govommont should pay much 
moro attention to tho rocommondations of tho Com- 
mission, and that oven as httlo as ono-oiglith of a 
penny a wook por bond of tho population w’ouid 
suffice to prosorvo and guard natural beauty m our 
parks compared with tho 11s a week at present 
required for national dofonco 

Tho coro of Lord Birkott ’s spoecli, how over, did 
not ho m this plea for adoqimto financial support 
and publicity or ovon for tho placing of tho financial 
responsibility for a national interest, whore it proporly 
belongs — on national and contral rathor than on local 
funds It was rathor m his reasoned nrgumont that 
tho National Parks Commissioners should ha\o 
adoquato powor This is pnrtl v a matter of appropriate 
administrative nrrnngoinonts — national and not local 
— though Lord Birkott insisted on tho need for local 
support and understanding , but it is much moro a 
mnttor of rocognmng that thoro are and must bo 
occasions when amenity is tho ovor -riding national 
interest, and on this point Lord Birkott supportod 
tho proposal to establish a special committee of tho 
Privy Council as an appoal tnbimnl Ovor tho 
years, ho uggod, a body of docisions w’ouid in this 
way bo collected which w’ouid constitute a contin- 
uing gmdo, and with this, and cortam modifica 
tions to tho National Parks Act m rcspoct of 
such matters as compensation. Lord Birkott 
8oomod to think tho situation might bo mot satis- 
factorily 

While wolcommg thoso spoochos, tho Earl of 
Dundoo, in his roply on bohalf of tho Govommont, 
did not offor an nssuranco of legislation or meet tho 
nrgumont for tho ovor-ridmg interest of nmomty in 
cortam circumstancos Lord Silkm, indeed, dis- 
sociated himsolf afterwards from Lord Birkott’s 
proposal for an appeal tnbimnl, but that moroly 
strengthens tho argument for adoquato authority for 
tho National Parks Commissioners themsolvos Even 
moro than tho Trawsfynydd docision, that approvmg 
tho erection of a nuclear power station at Dungonoss 
demonstrates tho inadequacy of tho nssuranco of tho 
Earl of Dundee that the Government is conscious of 
its duty to prosorvo and onhanco tho beauty of 
national parks, and that such piobloms will bo 
carefully studied 
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Tho Dungencss proposal was strongly opposed on 
various grounds by the Kent County Council, the 
Botanical Society, the Royal Society for tho Pro 
tection of Birds, the Council for the Preservation of 
Rural England, the National Farmers’ Union, the 
Dungoness Fishermen’s Association and others but 
it is the opposition of the Nature Conserv anc y and 
the Council for Nature that is of main scientific 
interest, and even from the national point of view is 
moet significant The Nature Conservancy did not 
oppose the proposal simply on the ground that tho 
site chosen lay within a projected nature reserve 
Its opposition was based much more on the uni quo 
and irreplaceable permanent importance to science 
of the land m question, for which there is no adequate 
substitute in Etrropo As Mr E H Nicholson 
director of the Nature Conservancy, explained m his 
evidenco at tho inquirv, the area, which is probably 
tho most important stretch of new land added to 
England since 1G00 and is the most suitablo for 
tracing natural processes of coofrt, -building as well as 
tho largest cuspate foreland in tho British Isles and 
probably in Europo liad long boon treated through 
out tho world as a typo example of a major coastal 
dopositional feature It oomblnos a history of major 
shore ohangee with records of other related changes 
such as river outlets porta and settlements and 
provides materials for research on the relations 
between tho emergonco of dry land and the variation 
of tho shore line Physiographers have mado com 
prohensive studies of this aroa over a prolonged 
period generally 1 m olving investigations of the 
rinnglo composition of tho various ridges which appear 
on til© Foreland There is still however a wide 
dlvergonco of mowb on how and why this massive 
deposition of shingle at Dungenees occurs Tho 
presence of a power station on the site would prob 
ably prevent the continuance of the scientific work 
wlule tho destruction of the shingle ndgos would 
destroy tho evidenco from which scientists could 
roach their conclusions 

Those studies, moreover aro of practical import 
anoe to coastal engineers and their interruption 
would represent a groat loss to the soienco of ooastal 
studies A subsequent statement issued by the 
Council for Nature describing the decision as a 
scientific tragedy wont so for as to assort that one 
result might well be the eventual disappearance into 
tho son of yet more villages on tho oast coast of 
Britain through look of adequate knowledge of tho 
moans to check erosion Mr Nicholson orapliamzed 
that tho sito for the power station covered practically 
the whole of tho remaining undisturbed area of 
shingle and coincided with the area where tho rocent 
ridges could be dated precisely from tho runotoonth 
and twentieth eontury sunoys Any large-scale 
interference with this shinglo would thus make it 
impoxdblo for any further studies on tho ground to link 
tho present to tho past m uninterrupted soquenco 
and thus destroy for all tlroo the aroa of scientific 
value to physiographers, ffteriliro the follow up of 
past studios and prevent future work from whioh 
important results wore anticipated and for which much 


fundamental material existed on tho Dungenoss 
site 

Besides these reasons, which wero fully supported 
by tho Council for Nature, other objections to the 
proposal are minor Their force was fully admittod 
by the inspectors in oharge of tho inquiry, who 
recognized that tho shingle ndgos within tho power 
station site would bo destroyed but though they 
thought that the work of tho bird observatory at 
Dungoness might also bo affected, thoy did not think 
that the area would be ontirely unpairod as a naturo 
reserve, or that the work of botanists and entomo 
legists would be upset Nevertheless with so mo 
reluctance the inspectors in thoir report rooom 
mended consent to tho construction of the power 
station, and, as already noted the Mims tor of Power 
lias now given his docLsion accordingly 

In announcing his decision, the Minister stated 
tlint ho had had in mind the growth of the domand 
for electrioity and the great importance of fmplc 
monting tho nuclear power programme He also 
pointed out that, oven if there wero no nu clear power 
programme, it would not be practicable to site nov. 
power stations on the coalfields, bocauso of tho very 
large quantities of cooling water required Neverthe- 
less he did not meet the oosontiai point that from a 
physiographical point of viow tho Dungenoss site is 
unique arid its loss irreparable alternative sites for 
power stations do exist and will ultimately lutvo to 
be found This is mdeed tho koy issue and might 
well justify tho deoision being described as something 
moro than a national tragedy Until it is recogmrod 
that there are places where tho national interest is 
primarily amonity or scientific, and yvfaero power 
development or erven dofonco must bo secondary 
noither nature conservancy national parks nor tho 
planning of land dovolopmont can havo any real 
meaning It is of tho utmost importance tlint tho 
fullest possiblo use should bo mado of such reports as 
thoao of tho Forest of Doan Committee tho National 
Parka Commission and of tho Dungonoss inquiry 
itself Thoy demonstrate whnt is really mvohod and 
the prico that has to bo paid if in any part of this 
small island natural boauty, flora and fauna, or tho 
scientific task of understanding and utilizing the 
natural resources of Britain oro to bo safeguarded 
against sectional and transient interests 


THE EARTH AS VIEWED IN 1959 

The Earth 

Its Ongm Histor} and Physical Constitution By 
Sir Harold Jeffreys Fourth odltlon Pp jai + 4204- 
10 plates (Cambrldgo At the University Prow, 
1959 ) 75» not 

G EOPHYSICAL research has proceeded so rapidly 
sin co publication of tho third edition of Joffreys s 
"Tho Earth ’ In 1059 that ho dooldod to roviso ll Our 
information and Hypotheses about tho uruvoreo are. 
ohanging rapidly, as any reador of Nalun knows 
Those hypothoec* provide now idr»3 -about (ho origin 

of tho Earth and -- T 

of the Earth* 2 Vs ofeloo 
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tromc computers accelerates interpretation of new 
results m many fields of geophysics and permits 
rapid checking of hypotheses Total funds available 
for geophysical research, oven after the International 
Geophysical Year, are many times more than they 
used to bo Now conclusions, many of them about 
proportios of tho oceanic crust of the Earth, mount 
rapidly and many of them are making apparently 
well-confirmed hypotheses obsolete Wo have to 
consider the possibility that phase changes in silicates 
are responsible for discontinuities m tho Earth which 
before have beon attributed to sudden changes m 
material Our hypotheses concerning tho sourco of 
the Earth’s magnetic field are in a stato of flux It 
has been foimd that the temperature inside tho Earth 
inay be greatly affected by radiation, especially 
across portions of tho Earth’s mantle Theio are 
other examples for the fact that, at present, many of 
our hypotheses concerning tho Earth are changing 
much faster than during any earlier period Morco\ er, 
hypothesos about now fiolds m goopliysics, for oxamplo 
on the outer atmosphere, aro added As a consequence, 
it is now impossible for one person to bo expert o\ or 
the whole of geophysics, as Joffroys points out m the 
preface, and he does not discuss tho problems men- 
tioned above 

This rapid prograss m geophysics requires that any 
geophysicist who wants to bo up to dato must consult 
new books and publications Sinco Joffroys’s “Tho 
Earth” is the most used and best accessible book 
about geophysical problems, it is vory gratifying 
that the fourth edition has been published E\erv 
scientist working with problems which aro discussed 
m the book will have to familiarize lnraself with the 
now edition Among the problems, for which Jeffrey s 
has revised earlier discussions, aro some related to 
non-elastic processes Unfortunately, many of those, 
whdo playing a very important part m goophvsics, 
are still poorly understood oven by specialists Lack 
of such information affects investigations of tho 
processes connected with body tides, variation of 
latitude, Love’s numbors for the Earth and related 
problems, etc Among other sections which have 
been revised by Jeffroys aro those related to tho 
temperature in tho Earth and the structure of tho 
upper portion of its mantle New results concerning 
both have beon published since tho now edition was 
written The suspected wandoring of tho Earth’s 
magnetic poles is mentioned in tho fourth edition, 
but m connexion with this and tho rolatcd problom 
of continental drift, Joffroys has still t-oo many doubts 
about tho underlying processes to givo dotails How- 
ever, his books are always inspiring, regardless of 
whether tho reader agrees with his conclusions or 
not To summarize study of tho fourth edition of 
“The Earth” is strongly recommondcd to nil scientists 
investigating problems related to physics of tho 
Earth B Gutemiehq 


GEMMOLOGY 


Gemstones 

By G F Herbert Smith Thirteenth edition, revised 
by F C Phillips Pp 560 + 27 plates (London 
Methuen and Co , Ltd , 1958 ) 50a net 

H ERBERT SMITH’S “Gemstones” has been a 
standard hook of reference on precious stones 
and a text-book for students of gemmology ever since 
its first odition appeared m 1912 In its ninth 


edition, published in 1940, it was considerably 
enlarged and still further additions wore made to 
tho tonth edition m 1949 

In tho now edition Dr Coles Phillips has shortened 
and simplified tho chapters on crystal form and 
structure and tho chapter on optical piopertios 
Chapters on organic products — ivory, tortoise shell, 
coral, jot and tho rosins — have been reduced and a 
short chapter on the formation of gemstones has been 
nddod, and also a voiy wolenmo chapter on the 
polarizing microscope 

An important change m tho arrangement is mado 
m that the distinction of precious and scim piccious 
stones is dropped Instead of the old mrangemont 
the principal gomstonos are described in fifteen 
chapters and tho others are collected in alphabetical 
order in one long chapter Tins chapter contains 
descriptions of 25 mmornl species that pro\ ido 
gomstonos of varying merit and scarcity, including 
two now species discovered as gomstonos, pamitc 
and taafeit-o, MgBoAfyO* Sinhnldo, MgAlBO<, is 
described under oliuno, with which it was confused 
until about 1957 

The book hns boon brought up to date wherever 
necessary and it hns been possiblo to include a brief 
account of tho successful crystallization of diamond 
in tho laboratories of tho General Electric Co , 
Schonectady, Now York Another pioco of diamond 
nows, concommg tho famous Hope Diamond, was 
announced perhaps too Into for printing in this book 
This wonderful blue diamond of 44 4 carats, formerly 
tho property of Mr Harry Winston of Now York, 
lias now boon prosontod by him to tho Smithsonian 
Institution and is displayed in a special case m tho 
nowly dcsignod nuneral gallery of tho National 
Musoum in Washington 

In conclusion it should bo added that print pnjior 
nnd illustrations m this now edition aro much 
improved and both author nnd publishers are to he 
congratulated W CaMPufi.u but tit 


TRENDS IN STATISTICS TEACHING 

A First Course in Statistics 

Bj Robort Lovodny Pp mi + 121 (Cambridge 
At tho University Ptors, 1958 ) 8v (x7 

Statistics 

An Intioduction B\ Prof DAS Fraser (Wdo) 
Publications in Mathematical Statistics ) Pp 
ix + 398 (Now' York John Wilov nnd Sons Inc , 
London Cliapnmn nnd Hall Ltd, 1958) 5Lv not 

T HE flow of statistical text books, which somo 
years ago tliroatoncd to swell into a flood, hns 
rocontly dwindled to a trickle, the nppoarnneo of 
two now books almost simultaneously is therefore 
a matter of somo mtoiest But simultaneity is about 
tho only thing those books liavo in common Tho fact 
that thoy are aimed at different classes of students, 
in Mr Lovoday’s caso Goncrol Certificate of Educa- 
tion ordinary-level candidates, and in Prof Frasor’s 
case mathematical students in urm orsitios, accounts 
for only part of tho difference Tho mom difforonco 
arises from a fundamontallv different conception of 
Wiia-t) statistics is ftbout 

Mr Lovoday is concornod throughout with distri- 
butions of ompirical data and how to doscribo thorn 
o concept of probability scarcely ontors into the 
discussion , m the index, for example, tho term is 
not even mentioned No doubt Mr Lovedav has 
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succeeded in presenting a clear and simple introduo 
turn to descriptive statistics Certainly he has ool 
lected together a set of exercises which will bo useful 
m elementary ton ohm g But it may be questioned 
whether, m the light of the developments of tho 
subject that have taken plaoo during tho past thirty 
or forty years, this exclusive concentration on 
descriptive statistics is the boat way of introducing 
tho subject o\ on at the most elementary level One 
would have thought that some of the time spent 
discussing measures of location and dispersion and 
Similar matters could have boon spared for an intro 
duction to tlio more exciting topics of probability, 
sampling and inforonce 

For the cliolco of subject-matter tlio author is 
perhaps not so much to blame as the General Certi 
ficate of Education examining authorities Sir Love 
day must however, boar tho responsibility for clutter 
mg up the student's mind With unnecessary and 
esoteric terms such as “ogivo in place of ‘cumulative 
frequency distribution’ 4 Galton graph for scatter 
diagram’, “hl8to^g^am ,, for ‘graph of a timo genets , 

‘ direct correlation * for ‘positive correlation' and so 
on Those fortunate enough to become professional 
statisticians will nover ubo thoao terms Inter in life 
Why should they have to loam them as boginnors 7 

It is hard to justify Mr Loveday’s treatment of 
regression as ho confines hta discussion of the fitting 
of regression Imoe to methods which are utmost never 
employed m practio© Why not give the student the 
formula for tho least squares coefficient t Tho 
formula for the correlation coefficient is given in the 
suoceedmg chapter and this is certainly harder to 
understand, an woll as to calculate, than the regression 
coefficient 

Two minor points First, tho definition of a random 
samplo on pago 93 as ‘ono for which every member 
of tho group has an oqual chance of selection” is 
quite inadequate For example ft population of a 
hundred individuals could bo divided into ten sub 
groups of ten in some svstomatio way and a sub group 
picked at random then every individual would 
ha vo exactly ono chance in ton of being piokod but 
we would not ha\ o a samplo of the kind the author 
is concerned with Secondly, tho formula given for 
the normal distribution on page 107 should haw tho 
n dnlotod 

Prof Frasers approach is oomplotoly different 
He begins with probability and probability distn 
but ions and nover mentions empirical frequency 
distributions Tho question of what aro tlio best 
measures of location and dispersion does not domain 
ium at all he plunges straight for the mean and 
vatfonco and presses on at high speed Such an 
approach is quito intelligible in the light of modem 
statistical methods where tho emphasis has shifted 
away from puro description to tho fitting end testing 
of mathematical models Of course m tho book under 
rc\ icrw the treatment can be, and is conducted at a 
fanlv odvancod lavol ui view of tho mathematical 
lovol of tho reader for whom It js mtendod Nevor 
tholoa* one would liko to soo a similar spirit abroad 
at all levels, howovor olomontary 

While reading tho book ono has tho impression that 
among tho autlior’e guiding lights has boon tho wish 
to introduce students aa early as possible to the ways 
of thinking about statistical problems that aro custom 
ary among professional research workers It was 
particularly good to find ft thorough treatment of 
orthogonal transformations, projections on to sub 
spoons and pivotal reductions of the normal equations 


One© these basic ideas have been grasped tho thoory 
of multiple regression, the analysis of variance and 
covariance, and much else m statistical thorny 
become straightforward 

In spite of tho book a merits it must bo confessed 
that parts of it are likely to be found hard going by 
some students, particularly Chapter 7 on sampling 
from finite populations and its applications to the 
analysis of variance There ore easier ways of dcriv 
ing tho formula for the variance of tho mean of a 
sample from a finite population than that given on 
pages 136-7 Moreo\ or, the misuse of tho term 4 strati 
flcation’ should not pass unmontionod Prof Fraser’s 
‘nested sampling’ corresponds in samplo mi my 
terminology to multistage sampling, not to «t ratified 
sampling One feels that many of his results could 
bo obtained more simply by current multistage theory 
than by tho methods gi\en m this chapter 

J Dubbin 


THE CULTURE OF CELLS 

Cell and Tissue Culture 

By Dr John Paul pp vih+201 -r9 plates (Edm 
burgh and London E and S Iavmgstone Ltd 
1669 ) 36s wet 

I N 1959 it can be said that the technique of tissue 
culture is woll established and widely applied 
e\ on on an industrial scale This claim could not 
have boon made in 1940 Yet more than fift\ \ears 
ago tho principles of coll cultivation outside tlio body 
were described and successfully demonstrated by 
Ross Hnrnson, and Ins work was energetical] h fo) 
lowed up by pioneer schools in the United State© 
Britain and elsewhere in Europe 

As i 0 strikingly apparent in Dr Pauls book n 
new phase of confidence and application began about 
ton voars ago nnd cell and tissue culture to-da\ 
provides the following opportunities Mammalian 
nnd plant colls, adapted to culture condition* con 
multiply indeflrutoh m cliomicaiiy doflned media 
When required, gram amounts of cells mnv lw hnr 
^estod after relatively short periods of growth All 
aspects of coll multiplication and development can bo 
accurately determined and recorded Permanent 
coll strains including a number of human ongin, are 
available nnd cultures can be sent safely to am port 
of tho world 

Clones are now readily established from single 
isolated colls, tho chromosomes can bo mndo cloarly 
•visible nnd thoir motabolio effects dotormmed 
Viruses may bo detected and thoir pathogenicity 
investigated Tho rnotabohsm of cancer oeUs and 
their response to treatment can bo compared with 
tho behaviour of normal colls, if these are freshly 
cxplontod from tho body tissues 

Dr Pauls up to dato text will bo invaluable to 
overy newcomer to tho technique and it will also bo 
welcomed by experienced workers It describes 
lucidly all tho technical aspects of tlio work from the 
orgnniiatlon of a suitable lnboratorv (including such 
time-saving detail as a list of manufacturers) to the 
special procedures required for cell research The 
book is more than a laboratory manual for it contains 
well -considered accounts of derv olopments in coll 
research and a valuable store of references Tim 
only suggestion to bo mndo is that future editions 
might Include a section on the use r ,no 

bolitoe in tissue culture im esHpmtfon* 
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The reviewer does not wish to loave tho impression 
that tho cultivation of colls is now an oasy matter 
and that there aro no pitfalls Tho nowcomor to tho 
technique would be well advised to got somo practical 
experience m an established laboratory As Dr Paul 
explains, his book is basod to a cortain oxtont on tho 
instruction material of the Tissue Culture Association 
Summer School, which has m recont years provided 
a basic training for a few hundred individuals in tho 
United States There is, as yet, no comparable 
scheme in Europe I Leslie 


MEASUREMENT OF VALUES 

The Measurement of Values 

By L L Thurstono Pp vni+322 (Chicago 
University of Chicago Press , London Cambridge 
University Press, 1969 ) 56? 6d not 

P ROF THURSTONE, prior to his death m 
September 1955, was tho world’s greatest living 
psychometrist Psychologists, over smeo leaving tho 
phdosophical fold, regarded tho topic of i aluos as out 
of bounds Most philosophers would probably bo 
horrified at the idea of ‘measuring’ values In recont 
years, however, many scientists have realized that tho 
concept of values is essential to science and that tho 
greatest problem of the modem world is lion to bridge 
the gap between technical knowledge and skill on 
one band and knowledge of humanistic values on 
tho other Some, however, rogard tho problem as 
insoluble or meaningless, forgetting that absolute 
laws are found neither m science nor m humanism 
During the last thirty' years of his life Thurstono 
developed scientific mothods which bid fair to bring 
social, moral and resthotic values withm tho realm 
of experimental psychology Ho has ignored those 
interminable logical arguments concerning values 
Human values are essentially subjectivo It was 
therefore necessary to establish a subjective metric, 
and a subjective unit of measurement which must 
satisfy the logical requirements of measurement as 
distinct from rank ordor Tins objective was reached 
by Thurstone by means of lus law of comparative 
judgement which dates from 1927. Weber’s law is 
concerned solely with physical measurements On 
the other hand, Fechner’s law states the logarithmic 
relation between the subjective continuum and the 
physical stimulus contmuum But Thurstono’s law 
of comparative judgement is completely independent 
of any physical stimulus magnitudes It involves a 
new concept in psychophysics, namely, tho discrimmal 
error 

The book has a preface by his widow , Mrs Thelma 
Gwmn Thurstone, herself a psychologist There is a 
selection of twenty - bc\ en papers which have appoared 
in various journals 

Part I of the book is an essay on “Psychology ns a 
Quantitative Rational Science” where psychological 
ooncepts and strict mathematical formulation are 
emphasized Part H deals with “Subjective Measure- 
ment” Part m with “Attitude Measurement” 
Thurstone and his students were pioneers m researches 
on attitudes which are w r ell known to psychologists 
everywhere They include such topics as prohibition, 
militarism-pacifism, and motion pictures 

In the study of social attitudes tho cognitive and 
the affective appraisals may be entirely independent 
For example, a group of people might dislike 
democracy but an examination might show that they 
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did not know what they woro talking about It , s 
hero pertinent to mention tho views of tho late p ro f 
Flugol m his olnssic work on “Man, Morals nnd 
Society” (Chapters 1 and 10, 1948) whero tho tend 
ency to chnnge from oreotic (moral) judgmont to 
cogmtivo (psychological) judgomont is one of tho 
marks of moral progress It is true that the late Prof 
Roichonbach, the logical empiricist, m his “Modem 
Philosophy of Science” (1959) hold that only a non 
cogmtivo theory of ethics supplies an adequoto 
explication of ethical utterances Prof Flugol, how 
o\ or, did not hold that oroxis is supplanted by cogm 
lion Oro.xis still m tho last resort supplies tho goal 
at which wo aim , cognition only guides us 
concerning tho steps wo must tako to achiovo that 
goal 

It only remains to add that Prof Thurstono’s book 
will long remain essential for nil students of values 

Ll Wynn Jones 


CACTI 

Die Cactaceae 

Handbuch dor Ixaktoonkundo Von Curt Baokohorg 
Band 1 Einloitung und Bescliroibung dor Poircs 
kioidoao und Opuntioidcno Pp x\ 1 + 038+35 
tafeln 74 DM. Band 2 Corooidono (Hylocoroono — 
Corooao (Anstrocoroinao)) Pp, xvn-xxiv+039- 
1300 + 72 tafoln 87 DM (Jona • Gustav Fischer 
Verlag, 1958 nnd 1959 ) 

T HE first two \ olumos of tins now ‘handbook’ to 
tho Cactnceao pro\ ldo a taxonomic treatment of 
tho ontiro subfamilies Poircskioidcao and Opuntioidcno 
and reach tho end of tho ‘subtnbo’ Austrocoromao 
of tho ‘somitribo’ Austrocorcno of tho tnbo Ccroao, 
within tho third and lost subfamily Corooidoao In 
tho opening koy to tho higher categories of tho 
family tho author rocogmzos a total of 220 genera, ns 
contrasted with tho 124 gonoia of Britton and Rose’s 
comprohonsivo "Cactnceao” (1919-23) and tho 41 
genora of Alw in Borgor’s handbook to cultivated 
species, Ivnktcon” (1929), in winch JVnp&aht, Cereus 
&na Echmocaclus woro troalod hi n brond sons© with 
a largo numbor of subgonora 

Botanical exploration m South America, especially 
m Poru, eastern Bolivia and nortli-oastom Brazil, 
has yiolded many now spocios to add to Britton and 
Roso s work, and it is good to have a now treatment 
with koys, descriptions nnd copious illustrations, 
some of thorn coloured Horr Backoborg has 57 spccios 
of Tephrocacius, 213 of Opuntia, 00 of RhtpsaUs Tlio 
elaborate system of categories in his classification of 
genora will not ploase ovoryono wo are gnon, in 
descending ordor, Untcrjaimhc, Tribus, Scmitnbns, 
Subtribus, Sippe, Untcrsippc, Qa thing, Untcrgattung, 
iSclhon nnd Untersekhon 

Tho first volume begins with introductory chapters 
on tho history of tho Cnctacoao m art and literature, 
on their usos by native tribes or in modical science, on 
classification, and on tho maintenance of living col- 
lections In discussing cultivation, methods of graft- 
mg, etc , tho author does not descend to tho Iovol of 
5 h nnrir S ™ !1 amateur grower, fiat-dwollor or floral 
horticultural n n strjctlv *ho botanical and 

‘Handbuch’, wolTbl oSO? 7^ Tr misnamod 

to much tA-mnnm 011 ? °P en > bko all big revisions, 

, J TCriL 5 °iS',“ nd .', ,f oni >- for t,wt 

of Caotaceao P b to ^ sonous studonts 

U Y Sand with 
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The Threshold of Space 

The Proceedings of the Conference on Chemical 
Aeronomy, sponsored by the Geophysics Research 
Directorate Air Force Cambridge Research Center, 
Air Research and Development Command Cam 
bridge, Maes , 26-28 Juno 1950 Edited by M Zeli 
koff Pp xi +342 (London and Now York. Per 
gamon Press, 1957 ) 105s 

A MORE specific short titlo for this volume of 
papers on chemical aeronomy would bo helpful 
The particular threshold of space lb that of at trios 
pherio photochemistry and spectroscopy While most 
of tho papers are conoomod with theoretical and 
laboratory researches, important experiments using 
high altitude rockets, and some descriptions of 
phenomena produced In hypersonic flight, are also 
included 

The book as a whole has both the shortcomings 
and tho merits perhaps inevitable in a collection of 
individual papers There is a lack of coherence and 
tho assumption of an extensive background know 
ledgo by tho reader However, tho papers themselves 
mostly by workers loading the field, are generally of 
a high standard Those dealing with theoretical and 
laboratory studios of photochemistry and spectro 
scopy related to the atmosphere of tho earth and 
of Venus, load to accounts of rockot probing in the 
upper atmosphere 8ome of those papers relate to 
work such as tlio investigation of far ultra violet 
radiation in the night sky, and the Boeding of tho 
upper atmosphere by sodium and nitric oxide which 
ma\ well havo heralded the opening of new branches 
of old disciplines 

Tlicrro is no doubt that both the problems and the 
experimental tools of hyporsonlo flight research will 
stimulate and facilitate further understanding 0 f the 
physics and chemistry of tho atmosphere Tho intro 
duotion of those aspects to the Conferonoe proceed 
mgs is welcome Each paper is followed by a short 
verbatim discussion and a usoful bibliography 

The Insect Pests of Cotton In Tropical Africa 
By E O Pearson, assisted by R C Maxwell Darling 
Pp X+355-P8 plates (London Empire Cotton 
Growing Corporation and the Commonwealth Insti 
lute of Entomology, 1958 ) 40s 

T HIS book aota out to provide a vade rneouin 
for the study of the cotton pests of Africa and 
is written both for 'those concerned with tho welfare 
of tho cotton crop who ore not entomologists’ and 
for tho flold entomologist Tho mam text occupies 
a littlo more tlum 300 pages of which the first fiftv 
contain, a succinct account of tho cotton plant, 
Oojist/pmtn its African environment, history difltrlbu 
tlon and nests This section onda with an mvaluablo 
field key by means of which observed dnmngo to the 
crop can bo ascribed to its most likoly enuso, whether 
it bo a fungus, an invertebrate or oven ‘big gamo' 
Tho rest of tho book is dovotod to comprehensive 
and critical accounts of Bpoclflc poets which are 
grouped primarily by order, then, whore corn eniont, 
b\ tho parts of tho host plant which they most 
usually attack This discussion is oxhmistivo yot 
always torso and gains much from tho froquont and 
extended references to foalurofl of tho environment 
rrlovnnt to tho ontomological data under discussion 
rho authors do not hesitate to look outaldo Africa 
when thoy fool it will throw additional light on their 
subject and occasionally topics arc treated almost in 
world wido rev iow The result is a satisfactory 


summary of current knowledge as veil as a roc on 1 
of tlio authore life long personal expcrienco 
The book is well illustrated and indexed and is 
gratifymgly froo from errors It may perhaps be 
worth noting that Empoasca li/bica (do Bergev m) 
i» not confined to Africa as stated but has boon 
found also in Palestine Arabia and in tho Aden Pro 
tectorate, in the last of which it woe reported on 
cotton A further natural enemy of Empoasca facialis 
Jacobi may also be nddod to those listed m tho book 
since thore is m tho British Museum (Natural History) 
collection a specimen of this lesfhoppor, from Sercre 
Uganda, which has been parasitized by a spccicH of 
Oryinfd V E China 

Parasitic Animals 

By Dr Geoffrey La pa go pp xxui-|-3G5 Second 
edition (Cambridge W H offer and Sons, Ltd 
1958 ) 25s net 

T HE publication of the second edition of Pam 
sitic Animals will bo welcomed by many pooplt 
particularly those concerned with tho teaching of 
parasitology Dr Lapage’e treatment of his subject 
makes the book very readable and provides good 
background material for students It is, howev or, to 
be regretted that the author has not taken this 
opportunity to correct some of the errors of fact and 
to olarify some of the possibly misleading statements 
which appeared in the earlier edition I refer in 
particular, to the perpetuation of such BtatomcntH ns 
that on p 107 that tho male gametes of Plasmodium 
are “oach about 15-20 mm long * and that on p 109 
that tho gametooytee of the samo parasite “pass back 
from the mosquito to man thoy also enter man 
through tho sucking tube and enter it passively 
being unable to effect entry by their own efforts 
On p 01 a slight alteration has been made to tho 
original text but the inference to bo drawn from the 
passage is still tho same that adult Taenia solium 
can normally develop m tho mtcetino of tho pig 
Reference might bo mado to several other poults 
but no doubt the observant reader will find these 
for himself Tho only major difference between tho 
two editions is the inclusion in tho second of a list 
of literature for further reading This is a useful 
addition but it is disappointing to find Hint Baor s 
Ecology of Animal Parasites surely tho most 
important book on tho subject, has boon omitted 

C A Wright 


Fundamentals of Papermaking Fibres 
Transactions of tho Symposium held at Cambndgo, 
Septombor 1957 Edited by Francis Bolara Pp 
x + 487 (Konley, Surrey Technical Section British 
Paper nnd Board Makers Association Ino , 1958 ) 
75« 


T HE salient features of tills Symposium were 
summarized in Nature, 180 1176 (1967) Tho 
18 papers presented have now been published in 
book form, complete with illustrations, references 
and reports of tho discussions Tho foreword quotes 
tho view of Dr Otto Maas expressed in his concluding 
remarks at tho Symposium namely , tluit it had been 
a landmark in tlio scienco of paper making nnd hod 
sot a now standard for conferences m this field 
It is obv ious thot this book is indispensable to those 
directly mtorcstod in tho subject Workers m allied 
fiolds however will also find in it much that fa or 
great use nnd interest Tho inclusion of o 
index would hmo increased the 
reference purposes 
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by a particle and by self replication There can bo 
little doubt that permease is particulate and macro- 
molecular in nature The maintenance of the steady- 
state system m a grow mg culture requires a cont muous 
supply of inducer (or substrate) m ordei that more 
permease may bo produced Somoliow, botw een them, 
and of course in the environment of tho living cell of 
which they are a part, tho system of inducer and 
permease holds information needed to make more 
permease, that is, to convert or mould some othei 
cell product to its own imago The production of this 
other cell product is imdcr tho control of tho rest of 
the cell, including tho gonotic information of tho 
nucleus Thus underlying the steady-state system 
in this particular case is the genetic competence of 
the lineage of cells to respond in the particular way to 
the presence of the inducer 

The thiomethyl galactosule permease system has 
another interesting piopeity Wien the kinetics of 
mduction are studied 1 * under conditions of con- 
tinuous culture, the degree of ndnptedness in the 
culture rises linearly with time (measured as genera- 
tions) if a Ion concentration of tlnomethyl galactosido, 
just able to cause induction, is used In such a culture, 
a proportion of tho cells is fully induced or adapted, 
the remainder being quite unadopted Tlieie are no 
intermediates, or rather tho state of mtermcdiacv is 
too transient to detect Once some permease has been 
formed m a coll, a full complement of it is rapidly 
acquired, presumably according to a logistic curve 
Thus the stable states are discontinuous 

Such a steady-state system has some of the attri- 
butes of genetic material, but may bo thought to differ 
from genes and plosmagenes m certain essentials 
Especially it is inherited only so long ns it is expressed 
Secondly, if lost it can ho regenerated by a simple 
manipulation of the environment, provided the 
genetic basis is still present in tho nucleus 

The contrary view is that horedity is dependent 
upon certain homceostatic material and that various 
different expressions of it, no matter how persistent, 
do not differ m a truly hereditary manner Nnnnoy 10 
distinguishes these two aspects as ‘genetic’ and para- 
genetic or ‘epigenetic’ As it was behev ed that pnra- 
genetic is etymologically unsound, ‘epigenetic’ was 
suggested, although this word is used for embryolo 
gical theory and may be unacceptable for that reason 
Indeed, Lederberg 1 avoids tho difficulty by going to 
the extreme and speaking of ‘nucleic’ and ‘opinucleic’ 
Nucleic information is defined as that depending 
upon the sequence of nucleotides in a nucleic acid, 
while epmucleic information is expressed as an aspect 
of nucleic acid configuration other than nucleotide 
sequence or m associated materials, such as poly - 
peptides or polyamines It may also reside in mole- 
cules or reaction cycles not directly connected w ith 
nucleic acid 

Whether this particular differentiation between tho 
two levels of genetic information will stand tho test 
of time, it is clear that tho distinction is not only- 
provocative but also tho crystallization of ideas 
towards which many have struggled No other 
biological Bystem, short of the whole organism, 
approaches the properties of nucleic acid in convey- 
ing information, or equally justifies the supposition 
that it carries the bulk of germinal genetic informa- 
tion A mmor part of the genetic information, tho 
plasmagenes, is presumably extranuclear nucleic 
acid Likewise, the functionally active ribonucleic 
acid m the cytoplasm may carry nucleic information 
Equally, if nucleic acid conserves genetic information, 


it is difficult to sec how cellular differentiation could 
bo determined by systematic gone mutation, that JS 
to say, by systematic alteration of nucleotide 
sequences 

The epmucleic spheres of action may bo extra 
nuclear, like tho steady-state systems, or nuclear, 
and even imolvo tho chromosomes There is now 
strong circumstantial evidence of differentiation 
occurring m nuclei, so that the nuclei of different 
tissues come to lia\o different heritable potential 
dies * 1 This may he lefiectcd in differences -wsiblo 
m polytene chromosomes, as in Chifonomve **, ns veil 
ns tlio substitution of histone for protamine in dif- 
ferent nuclei, but tho differences could also reside in 
nucleoli The local -variations m behaviour of tho 
chromosomes may somet lines bo scon ns intense 
deoxyribonucleic ncid metabolism at certain regions * 1 
Tins kind of intranuclear differentiation apjiears to 
bo the basic step in the expression of mating types in 
Pa)amccivm Such changes could bo stochastic, hut 
it seems likely thoy nro directed in some nay not, ns 
yot, understood The interesting occurrence of 
pnrnmut nt ion 54 at the R locus in , maize and the 
controlling elements desciibcd by McClintock” seem 
to offer models of pnrticulni systems, ns also does 
lysogeny 

In considering cytoplasmic mhontanco sensu elrtcJo, 
no arc tlicreforo faced with tho problem of dis 
tingmshmg Inpotheticnl extranuclear nucleic material 
from extranuclear nnd intranuclear epmucleic phono 
mean It must be conceded that completely sufficient 
criteria for nclnev ing tins hn\ o not yot been recog 
mzed It cannot yet bo said whether there are 
mncromolccules which persist permanently m tlio 
cytoplasm in the same sense ns genes persist m the 
nucleus Chloioplnsts nnd mitochondria arc candidates 
only in tho samo sense flint the nucleus ns a whole is 
nucleic information Tlio critical point would be 
rcnched if tho physical bases of non-chromosomn, 
hereditary' systems, possibly nucloic or epmucleicl 
could he identified In any' event, whether or not we 
speak of epmucleic phenomena ns constituting hered 
ity, clearly they can determine tho mhontanco of a 
particular character through a considerable lineage 
of cells 

A complete understanding of tho function of the 
cytoplasm in heredity is likely to involvo an under 
standing of tho nnturo of geno action nnd replication 
Gene replication is generally thought to bo by some 
kind of template mechanism, a pro existing structure 
organizing smaller units to form a replica of itself 
Tlio various modifications of ibis basic idea need not 


be considered hero , all w ould lend, theoretically, to 
tho duplication of the gono material, most probablv 
deoxyribonucloic acid Tho heterocalnlytic property 
of the geno, in directing functions elsowhoro m the 
coll, may well bo through the medium of roplicas 
of itself, or of translations in a chomicolly different 
form, perhaps ribonucleic acid or protein or both 
Tlio prcciso activity of these will dopend upon how 
they’ nro integrated w itli tho rest of tho coll If, as 


the gone material of tho chromosomes, their nctivi 
wall depend upon how nnd where thoy are foldi 
into the structure of tho coll In this respect thoy a 
i 'e y to bo influenced by’ the existing architecture 
similar and associated units, as well as by the pr 
* ° r a ^ Bcnce of regulating substances, such 
r 0 P ress ° rs Thus, tho organization f 

temniate r ^ PP ° a m lnvol 'o another sort 

P mould mechanism, an architectural pli 
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for u m i g the unit bricks produced by the genes* 1 
In more specific terms, Mitchell (unpublished work) 
has suggested that the cytoplasmic information is 
carried by the proteins and that these co-operate with 
ribonucleic acids, carrying the information from the 
nucleus, in forming ribonuoleoprotem templates which 
direct the formation of enzymes Neither system 
alone poeseesee all the information needed for the 
building and functioning of a cell Both involve 
heredity, though probably the cytoplasmic system 
has a lesser degree of permanency 

The expression of the nuclear products has, there 
fore, been shown quite often to require extragenic 
information Knowledge of the exact nature and 
mode of action of the latter is highly important for 
nndors tending the functioning of the living cell 
While it is possible that extragemo information may 
be carnod in a variety of ways, it may be a more 
economical hypotheeis to suppose that it bee in one 
type of material capable of interacting directly with 
products from the nucleus In this respect, protom 
architecture in all its variety seems a more plausible 
candidate than dooe a system of alternative steady 
states, such that the functional one in the cell sup 
presses the aotion of all gones having alternative 
functions The latter encounters severe difficulties in 
view of the groat variety of specific inhibitions, acting 
in n huge range of combinations, that would be 
required This Tb the major obst-aclo to interpreting 
for oxample the serotypes of Paramecium aurelta as 
mutually suppressive systems of steady states 

D G CatOhkstde 
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THERMONUCLEAR RESEARCH IN GREAT BRITAIN 


T UE present stato of the research programme, 
both theoretical and experimental, on the subject 
of thermonuclear fusion was the mam topic at a 
recent two day meeting of the Physical Sooioty hold 
at the Imperial Collego of Science and Technology 
London, during September 17-18 The conference 
wns attended by representatives from most of the 
major centres m Britain, and formed an interesting 
continuation of the mooting of wider scope at Uppsala 
in August It is an indication of tho present high 
Jovol of activity in this work that, with tho exception 
of reviow papers, littlo duplication of material 
occurred 

The main session was do voted to contributions 
outlining the research programmes at tho various 
laboratories, umvorsitloe and research institutions 
Activitv in Great Britain has largely centred 
around tho toroidal pinch dovicos Ztla and Sceptre., 
where tho dischargo is confined bj tho magnetic 
pressure produced by tho toroidal current in the 
discharge itself PaporsbyM G Rushbndgo (Atomic 
Energy Resoorch Establishment Harwell) and A A. 
Ware (Associated Electrical Industries, Ltd Alder 
maston) showed that steady progress is being made 
In understanding tho complexities of this typo of 
dischargo In Zela, experiments on tho magnotic 
field distributions in tho torus have led to a suitable 
choice of dimensionless parameters which can bo usod 
to characterize the discharge and compare it with 


various models In Sceptre, much effort has been put 
into the measurement of ion and electron toinpera 
tures by spectroscopic means, and tho electron tom 
pemture at 2-3 x 10* ° K has nov. been checked in 
several wav's 8imilar magnotic field distributions to 
Zeta are obtalnod In which the magnet 10 field linos 
within tho plasma ore helices of constant Vavo 
length around tho torus and tho mutual pliaso rein 
tionship or which is tlio samo at all points This has 
led to a tontativo explanation of tho results in terms 
of the kind of helical inatabllitv found in some 
American experiments on largo size linear disduvrges 
The energy balance in thoso d melanges is also being 
examined as part of a search for an explanation of 
tho low electron temperature, but the energy lossoa 
Imvo not yet boon completelj accounted for 

Tho work of the group at tho Atomic W capons 
Research Establishment Aldormaston, doecribod bj 
K- W Alien, is in an interesting state of dovelop 
mem Tho original very fast linear pmeh work which 
was pioneered at tlio Establishment is now being 
supplemented by an apparatus similar to tb© American 
Seylla at Los Alamos which also requires ft condenser 
bank of vorj low induotonce In those experiments 
a circumferential electric current is mducod in ft 


rylindncal plasma and causes rapid compnxwion 
a B F Niblett showed some very clear ertrenk 
holographs of an end xioxr of Oils 
ahich it is seen to )>o quite n complex proof** 
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Microseconds 

Fig 1 Streak photograph of a discharge In dentoriura with current wave form and neutron output 
(Atomic Weapons Research Establishment, Aldcrmaston) 


of impmities from the 
walls at a later stage 
liavo all boon studied 
by moans of careful 
photographic tech 
mques The uso of 
metal liners to reduce 
tlio effect of impur 
ltics has boon tried 
■Kith some success 
Two papers from 
industrial laboratories 
completed the pro 
g r a m m o P C 
McNeill, of tho British 
Thomson-Houston 
Co , Ltd , Rugby, dc 
scribed nn nltempt to 
influence tho proper 
ties of nn olcctricnl 
arc bv placing a pair 
of magnetic mirrors 
along its length L A 
King described -work 
at the Electrical Ro- 
searcli Association 
Laboratories, Leathor- 
liend, ■wlicro a jiorsist- 
ent and successful 
attack lias been made 
o\ or a period of years 
on the thermal pro 
perties of gases ns 
applied to tlio forma- 
tion of cores m lugli- 
current electric arcs 
Tho facilities at 
Leatberhond arc now 
Ixung applied to a 
study of tlio high- 
current -vacuum arcs 
in uso m tho DCX 


marked differences between the phenomena m tho 
first and second half-cycles (Fjg 1) Tho differences 
are ascribed to the presence of magnetic fields rotmned 
within the plasma Neutrons are onultcd, as m 
ScyUa, in tho soeond half-cycle of the discharge and 
the origin of these is being studied 

A further interesting possibility was mentioned 
which, though experimentally difficult, is now bomg 
actively considered This is to fire a beam of fast- 
moving noutral atoms into tho kind of nmgnotic 
bottle developed for DOX m America and OORA 
in the USSR Tlio injection of noutral atoms 
instead of molecular ions should load to hotter con- 
finement, smee the former can penetrate -without 
deflexion into the centre of tho apparatus boforo bomg 
ionized and trapped Tho technical difficulties m 
producing such a beam must bo overcomo, but this 
can be done as an independent problom 

The work, at the Imperial Cell ego of Scionco and 
Technology reported by R Latham is based on tho 
simplest form of linear discharge In this tho dis- 
advantage of electrodes is compensated for by tlio 
low inductance of tho tube, which is ossontial for 
rapid compression, and by the simplicity of tho geo- 
metrical arrangement which allows tho dischaigo to 
be viewed both from the side and the end Tho first 
constriction, which appoars as a very narrow column 
of hogh-temperaturo plasma (Fig 2), tho subsequent 
growth of instabilities (Fig 3) and the appearance 


maclnno 

The throe subsequent sessions aro concerned 
■with diagnostic methods, theoretical pioblems and 
tlio role and use of fihock waves m thermonuclear 
•work 

In tlio first of tlicso, -<110 emphasis was on tuno- 
resohed photography and spectroscopy, which ore 
nccossnrv for a study of pulsed discharges of short 
duration Singlo-sliot photography with Ivcrr cells 
and imago convortors has been tho subject of much 
research, and oxposuro times of 0 1-0 2 (isoc arc now 
in common uso Timo-rosolvod spoefrn tnkon at the 
Atomic Wonpons Rosenrch Establishment by A H 
Gabriel ha\o shown the sequence of growth and 
decay of linos in a linear disclinrgo which is com- 
pleted m 3-4 [csoc Such spootrn are beginning to 
givo evidence on how noar those diseliargos aro to 
thermodynamic equilibrium The consoquoncos of 
lack of thermodynamic cquihlmum, its offoct on tem- 
perature measurements and rocont dovolopmonfs 
in moasuromont toolmiquo in tho rango 10,000- 
(50,000° K w'oro dibcussod m a roviow paper by 
H Edels (University of Liverpool) 

Theoretical work on hot plasmas covers a rofrosh- 
rngly undo rango of topics and illustrates tho closo 
connexion botwoon plasma physics and astrophysics 
It may well turn out that thermonuclear experiment- 
ing will produce ideas on phenomena in tho solar 
atmosphere, for oxamplo, solar prominoncos and 
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FIB 2 Side Yltrw o£ linear dUdurge taken at the time of maximum constriction. (Imperial 
Oollege of Science and Technology) 

Fig. 3 8lde view of linear discharge ahowinc the unstable plasma boundary (Imperial 
College or Science end Technology) 


sidered a cylinder of incompressible 
plasma with given combinations of 
the coefficients of eloctrical conduct 
ivity and viscosity Diagrams show 
mg the growth rate of the m *=> 0 
(sausage like) and m — 1 (helical) 
perturbations oa a function of their 
wave length indicated tho pre« 
once of unstablo regions in both 
cases 

Tlie last session was on shock 
waves in gases Those havo 
relevance to very hot plasmas 
because of their uso in heating 
tho gas on ono hand, and because 
of their appenranco as a result of 
rapid magnetic compression on tho 
other 

In two papers, K Dolder (Atomic 
Energy Research Establishment) 
and H J Pam (Imperial Collogo) 
reported on tho use of shock 
boated argon to find values of 
tho non-dimensional parameter, 
analogous to tho Lundquist num 


flaroo, and in a wider context on tho generation of 
oosmie rays This is not surprising when it ia remem 
bored that a star Is a naturally occurring thermo 
nuclear reactor, and stollar atmosphere* havo much 
in common with laboratory discharges Indeed 
astrophysicists havo been studying thermonuolcar 
and magneto hydrodynamic problems for many 
years, long before theeo subjects bocamo important 
in tho laboratory 

Problems common to astrophysics and discharge 
physics wero discussed by Prof V C A Ferraro 
(Quoon Mary Collogo London) in a contribution on 
current bearing streams from the Sun, bv Prof T G 
Cowling (University of Leeds) on inoclmmcal ofTocts 
of the interaction botwoon a plasma and a magnetic 


her, which governs the mngrn 
tudo of tho interaction between a plasma and a 
magnotio field When plasma flows through the 
nmgnotio field of a short axial coil and intomction 
does oocur, a characteristic pattern m tho down 
stream gas is observed similar to that obtainod 
with on annular constnotion in tho shock tube 
Measurements of electrical conductivity in shock 
heated argon liav o boon made by A von Engel 
(Oxford) using tho potential developed between 
two probos as the plasma mov od between them in a 
transverse magnotio field In this caso tho require 
ment of olectncal noutmhtv lowered tho conductivity 
to tliat associated with tho ions P Sm\ (Imperial 
College) reported on electrical conductivity measure 
monte m which an ozimutlial current was induced 


field and by Prof H Bondi (King b College, London) in the moving plasma as it passed tlirough axial 
on ' Magnetostatics \ with the emphasis on astro magnetic field coils Tho induced current was 


physics 

Among tho other theoretical papers ono by W B 
Thompson (Atomio Energy Research Establishment 
Harwell) contained m outline a derivation of tho 
transport coefficients of ionized plasmas which 
avoidod tho arbitrary introduction of tho Debyo 


dotocted magnetically bv a search coil In. thin 
instance tho curront flows in a closed loop in tho 
plasma and tho electronic conductivity is appro 
priato In both cases the results wore in good agree 
ment with tho values expected theoretically 

A critical accoimt of the use of shock wavo heating 


length Thin was replaced by a statistical treatment ns a first stago in obtaining a thermonuolcar plasma 
of tho potential fluctuations related to the theory of won presented by J K \\ right (Atomic I\ capons 


olectncal noise It is encouraging that tho expressions 
previously' used or© m agroomont with thoso derived 
by tho now method A paper by M G 
Homes (Imperial Collogo) considered tho ^ 
skm offoct and showed how tho familiar y - 

skin current of alternating curront theory \ \ 
occurs only on tho rising part of tlio j 
wave form of tho current m a transient g j 
discharge As tho current decays, tho v j 
theory prodiots an inverse of the skin i 
effect with tho curront becoming a ] [ 

maximum at tho centre of tlie discharge, -J- — — *■ 

and oven negntivo at tho outer surface ( 

This could in principle load to tho surface { 

levers boing violently ojected from tho 
discharge R J Taylor (Atomio Energy ) __ . 

Research Establishment Harwell) has ox 
tended hca stabiUtv calculations on a 
cylindrical discharge to includo tho effect Sjj^verti 
of tho transport coefficients Ho haa con 


Research Establishment Foulness) ne considered, 
electro magnot ically driven shocks and discussed 


He 4 StrMk photogrtph thowiw two conidfM 

mnvt vertically and time increase* from left (Atcra 
Katabll liment, fWorr*; 
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theoretically the limits imposed by residual inductance 
and the requirement that the thicknoss of tho shock- 
front bo kopt small compared with tho siro of tho 
apparatus After bomg lioatod by the shock wave, 
tho plasma w as assumed to bo subjootod to a furthoi 
stage of adiabatic compression Experiments onolectro- 
magnotically drivon shocks are continuing, and an in- 
teresting streak photograph was shown of tw o colliding 
shock waves produced by this means (Fig 4) Papors 
were presented by D L Schult7 and IC C Lap worth 
(National Physical Laboratory, Tcddmgton) dcahng 
with microwav e reflectivity of sliock-heatod plasma 
and with temperature determination by tho method 
of line reversal The reflexion of shock wuvos from 
a region of high magnetic field was examined theoret- 
ically by E J Morgan (Enginoormg Laboratory, 
University of Cambridge) as a basis for future experi- 
ments 

It is evident from both tho Uppsala Conference 
and this mooting that tho approach to thormonucloar 
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i esoarch has changed sinco tho Gonova Conference a 
vear ago Tho ompliasis has moved from a fow pro 
jocts requiring largo-scale oquipmont to many simplor 
experiments designed to clarify tho basic principle 
of plasma physics It is obvious now that m such 
mattors as stabibty, plasma oscillations, cnorgy-lov 
and transport processes, tlioro is much moro to bo 
learnt Tho lack of immediate succo&s of the larger 
machines, therefore, though disappointing is bv no 
means without its compensations It will result m 
plusma physics bomg put on a firm basis in Minch 
tho full v ioni7cd gas Mill tnko its placo Mith the 
other states of matter ns loading to an accepted 
branch of physics Tins is a task for tho future, 
and one Minch can bo shared by many smnllor groups 
Mith modest resources Tho out come Mill undoubtedh 
lead to important developments of Midc application 
both m pure scienco and m technology, Mith tho 
generation of thormonucloar pov\cr ns the final 
target B Latuavi 


PUGWASH INTERNATIONAL CONFERENCE OF SCIENTISTS 

STATEMENT ON BIOLOGICAL AND CHEMICAL WARFARE 


T HE fifth in the sones of Pugwash Conferences of 
scientists, aimed at assessing tho dangers to hum- 
anity arising from dev olopments of modem scionco and 
technology, met in Pugwash, Nova Scotia during 
August 24-29, as guests of Mr Cvras Eaton Tho 
purpose of tho Conference was to assess tho poten- 
tialities of chemical and biological agents as weapons, 
and to explore possible means for preventing their 
production or use m war 

The subject of chemical and biological wmfuio has 
been shrouded in official secrecy For years, laigo 
projects have existed in sovoral countnos with the 
stated purpose of dev doping means of defenco against 
such weapons Wo havo no diroct information about 
the results of these projects, but inevitably tlioy 
increase tho efficiency and destructiveness of various 
types of biological and chemical w capons, and result 
in tho development of now' tecluuquos Judging from 
the number of technical workers involved m such 
projects and the money expended, much knowledge 
related to the production and dohvory of micro- 
organisms for war purposes lias probably boon gamed 
Moreover, unsupported statements appear which 
suggest that such weapons havo onormous lotlial or 
incapacitating offocts against man, can dostroy plants 
and animals, and have advantages undor certain 
conditions of war Recently, a concerted effort 
appears to have been made to suggest that those 
■weapons are more ‘humane’ than othei means of 
warfare 

We have discussed tho general nature of such 
weapons as well as the properties of the individual 
agents and their methods of delivery, and havo com- 
pared them with other weapons Our discussions 
suggest that the difficulties of establishing a stable 
and lasting peace are aggravated by tho fact that all 
nations, whether or not they possess nuclear weapons, 
might produce biological and chemical woapons , 
international tension would consequently be in- 
creased 


Potentialities of Biological and Chemical Weapons 

Biological weapons — microbes, viruses and their 
toxic products — can bo dohvored and dispersed in 
such a wav that fatal or incapacitating diseases might 
bo produced over largo nreas Thov con bo produced 
cheaply on a significant scale, oven in a country the 
toclmologicnl dovelopmont of vs Inch is not highly 
advanced Such weapons could bo used either alone 
or together with others Tho attack could bo local or 
massiv o or could consist of individual acts of snbotngo 
Tho agent could be selected to causo a great manv 
primary casualties, or to initiato opidomies 

Infect iv e agents or toxins usod ns biological woapons 
would picsutnablv linvo tho follow ing characteristics 
(a) lethal or incapacitating when applied m small 
amounts , (b) remain potent when stored or dis 
persed , (c) the diseases tlioy produce should not bo 
provontablo by simple sanitary' precautions, or bv 
customary practices of lmmuniTation , (d) noitlier 
the agents thomsolvos nor tho disoosos they produco 
should bo easily' identifiable , (c) tho diseases thoy 
produco should not bo curnblo by customary drugs 
or nntibiotics Many w oil-known biological agents 
possess several of, or all, those attributes Tho simul- 
taneous use of two or moro pathogenic organisms 
might assist tho spread of infection and confuse 
diagnosis 

Highly virulent strains of some pathogenic agents 
can easily be solocted, as can strains of virulont 
bacteria resistant to tho usual antibiotics, drugs and 
to sorao disinfectants Rocont advances m microbial 
genetics make it possiblo to produce variants, somo 
of which may bo oven moro suitable for biological 
warfare than naturally occurring strains 

Quantitative information on tho infect tvity and 
xicity for man of biological agonls that might he 
used as woapons is too meagre for their effects to ho 

w fc aU accurat ® 1 y with thoso of nucloar 
weapons However, a surprmo attack' on a city might 
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in tune cause numbers of casualties approach mg 
those caused by a small ntomio bomb An attack 
•svtth on infectivo agent, onginally meant to be 
localized, might lead to an. epidemic because of 
abnormal routes of delivery, the large number of 
primary casualties, or the disorganization of public 
health 

The meteorological and other conditions required 
for biological or chemical attacks on man are so 
exacting that tho military effects will be far from 
certain Tho necessary conditions for a successful 
attack might prevail onty on some days and at 
limited times of the day, and would bo subject to 
tho errors of meteorological forecasting Tho die 
chorgod material, instead of moving into and staying 
m the intended area might recoil on the aggressor 
Biological weapons would presumably be stabilized 
to withstand exposure to the atmosphere and so 
might remain active for long periods and ultimately 
fall anywhere 

Attacks on economically useful an! Hints are subject 
to many of the same limitations ns attacks on man 
The most likely use of biological warfare on animals 
would be to disrupt tho economy, which could bo 
done by introducing various infections that spread 
\ ery rapidly and some of which are transmissible to 
man 

There are also agents that could bo used to destroy 
crops, but their effects are unlikely to lie important 
compared with attacks on human bomgs and animals 
Chemicals such as plant hormones would produce the 
quiokost and perhaps tho most serious results, but to 
bo offeotive would haw to be applied over groat 
areas Some Infectious diseases of plants could also 
bo damaging , their Introduction, however could 
ndversoly affect the economy of a region for a long 
timo, but most of thorn spread too slowly to influence 
the outcomo of a war 

Chemical weapons (‘poison gas or other poisonous 
substances) were used in the First World War and 


Summarizing the previous paragraphs biological 
and chemical agents clearly represent considerable 
additions to modem arsenals Yet, wo roalrzo that 
nuclear weapons particularly modem liydrogon 
bombs, have a destructive power se\ r eraJ orders of 
magnttudo greater than chemical or biological 
weapons As means of immediate and certain 
destruction, these v\ capons cannot compare with 
hydrogen bombs The dependence of biological 
weapons on uncontrollable factors, such as meteor 
ological conditions, and the difficulty of confining the 
effects to the attacked territory, mako them espocmllv 
unpredictable in scopo and o fleet 

World wido apprehension about biological and 
chemical weapons can bo allayed onlv by measures 
tending to assure that they will not bo produced, or 
used But, howo\or difficult the international control 
of atomic weapons may be tho international control 
of biological and chemical weapons by any system of 
inspection seems incomparably more difficult 

Tho first reason is that the Bpccifio weapons or 
combinations of weapons, likely to be used m a 
particular instance cannot bo foroseon 

The second is that chemical or biological weapons 
can bo select od and prepared in ordinary chemical 
or microbiological laboratories Tho fact that no 
elaborate or large-scale facilities are needod makes it 
difficult to identify possible places of preparation for 
biological err ohomical warfare E\ on claborato 
installations would resomble thoso normally used m 
the production of vaccines or antibiotics It follow* 
that small and largo nations, whether industrially 
undeveloped or higldy industrialized might socreth 
prepare to use suen weapons and with each added 
nation posaoasing such capabilities, tho danger of war 
would mount 

A third reason is tliat moans of dispersal of chemical 
and biological agents of warfare are diverse, including 
aeroplanes, submarines and nussilw as well as 
saboteurs Their delivery therefore cannot be 


several subsoquont occasions In recent years, now 
poisonous substances havo been produced which are 
many times as active na the earlier agents Means 
for their bulk production have also boen improvod 
as have procedures for thorr dissemination over areas 
very much larger than those cov ored during chemical 
attacks m tho First World War The production of 
chemical warfare agentB could easily be disguised os 
peaco-tmio chemical industry , or such industry could 
bo quickly converted to produco them 
The so-called nerve gases which are chemically 
similar to certain fnsecticido*, are extremely potent 
and cheap, and cannot easily be countered with 
effective clofonsivo measures Masks and appropriate 
rlo tiling can partially protect against them, but it is 
difficult to apply such protection to large populations , 
and it is unlikoly that nerve gas casualties could be 
treated with nntulotee soon enough after an attack 
to prevent serious consequences New typo* of 
hallucinating agents or of poisons tliat give nao to 
tmnmont mental disorganization, without recogniz 
able permanent injury , liavo been adv ocated as moons 
of ‘humanizing war Although they do not kill 
directly, thoir u*o could havo sonous consequences 
because individual* or groups of people exposed to 
them behave unprodlctnblv and often irresponsibly 
Tho extremely high lo\ol of toxicity of now types 
of poisonous material* as well as tho means 
available for thoir delivery, permit thoir effects to 
l>e compared with thoso of certain types of atomic 
weapons 


prevented because it would require a ban on nil 
forms of transport, civil os well os military 

If control by inspection is so oxtrcmelv difficult, 
what alternative ways are there to doorcase tho 
danger that ohomical and biological weapons will bo 
used ? It seems clear that intomntionnl renunciation 
of tho use of such weapons, as in the 1925 Genova 
Protocol cannot allay apprehension unless all nations 
small as well ns largo, ratify such an agreement 
without reservation This is tho first necessary 
stop 

Secrecy is clearly essential to preparations for 
biological and chemical warfare On one hand It 
onables any nation planning aggression to depend 
upon tho element of surprise and upon tho opponent s 
lack of effect Ivo counter measures taken in advance 
On tho other linnd, the unknown la, of itself, a potent 
causo of human anxiety', and is ovon more so when 
associated with weapons of any kind Any actual 
danger there may be will certainly bo exaggerated 
wherever Information about any aspect of tho Bitua 
tion is doruod Secrecy on tho port of possible 
enemies is ovon more productive of anxiety bus 
picion and hostility, and may precipitate hostile 
reaction* Freo and frank revelation of all scientific 
and technical developments is ossontial to a dogroo 
of mutual trust necessary to resolve tho acute tensions 
that now plaguo tho world . . 

The most hopeful approach to inNrrrmtiono 
regulation thcroToro Hoorn* to comprise 
agrooment to proWblt tho urn, of m.r). rroopon*. *n 
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(b) the renunciation of official socrocy and eocunty 
controls over microbiological, toxicological, pharma- 
ceutical and chemical-biological research 

In considering how to implement the second of tho 
foregomg proposals, no note tho already oxcollont 
effects of tho Report of tho U N Scientific Committoo 
on tho Biological Effocts of Radiation A comparnblo 
scientific committee, or a permanent U N Scientific 
Commission on biological and chemical modes of 
warfare, could help to dispol approhonsion A sub- 
sidiary function of either group might bo to investigate 
impartially tho claims by plaintiff nations that others 
had openly or surreptitiously used mofhods of bio- 
logical or chomical warfare against tliom 

The vory oxistonco of such a Commission might in 
time arouso tho conscience of tho individual scientists 
of all nations, tho only ultimate effect ivo safeguard 
against violations 

In agreement until tho Third Pugunsh Conforonco 
in Vionna, wo ropoat that, m tho end, only tho 
absolute prevention of war will prosorvo human lifo 
and civdization m tho faco of chomical and biological 
as well as nuclcai weapons No ban of a singlo t ypo 
of weapon, no agrooment that Iea\os tho general 
throat of war m existence, can protect mankind 
sufficiently Wo therefore must look forward te a 
day when tho preservation of peace will transcond 
the ambitions of individual nations 

Trust botween nations cannot bo established by 
proclamation, but only by experience, particularly 
by experience in co-operative work toward common 
aims There is already an extonsivo intei clmngo of 
scientific information and peoplo m tho sciences basic 
to tho problems discussed m tins statement Wo 
must build on this Tho Commission proposed to 
collect and evaluate information boanng on chomical 


and microbiological worfaro should servo not only to 
allay tho fears of mankind that new' and ever more 
horriblo weapons of such typos w ill bo m\ ontod but 
also to dispol tho miasma of socrocy that fosters 
international suspicion and tonsion, and in its pls» 
to oxtond tho bonovolont. application of micro 
biological and chomical knowledge for the benefit of 
nil mon 
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Prof Chauncfy D. Leake (United States) 
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Dr B van der Po! 

After a brief illnoss, Dr Balthasar van dor Pol, 
a director of research m radio science, university pro- 
fessor and international Civil sorvant, died at his 
home in Tho Netherlands on Octobor 0, at the ago 
of seventy 

Dr van dor Pol was bom on January 27, 1889, at 
Utrecht, Tho Netherlands, where ho was educated and 
obtained his degreo in physics at tho Univorsity of 
Utrecht m 1910 In that year ho wont to study 
under Prof J A Flommg at University College, 
London Ho proceeded to Cambridge in tho follow ing 
year, where he worked in the Cavondisli Laboratory 
as a foreign research student under Sir J J Thomson 

He was very interested in tho Hoavisido layor tlioory 
of the refloxion of radio wavos, and carried out 
experiments designed to show that lonizod air m an 
electric discharge could act as a radio wavo roflector 
He was successful in this work, and on returning to 
Holland in 1919 he was awarded his doctor of scionco 
degree for a thesis on “High Frequency Measure- 
ments of Glow Discharges”, and became assistant to 
Prof H A Lorentz at Toylor’s Institute, Hoarlom 
In 1922, Dr van der Pol was appointed physicist 
in the research laboratory of the N V Philips works 
at Eindhoven, where he later became director of 
research in radio science He was appointed knight 
of tho Order of Oranje Nassau m 1927, for establishing 


tho first radio telephone communication between tho 
Nothorlands and tho Dutch East Indies Concur- 
rently with his son ico in tho Philips organization, ho 
was professor of theoretical electricity m tho Tech- 
nical Univorsity, Dolft (1938-49), and ho was 
prosidont of tho tomporary University founded at 
Emdhovon to roplnco other Netherlands universities 
in occupied territories, for which service ho was 
appointed knight of tho Ordor of tho Netherlands 
Lion in 1940 

Van dor Pol was interest cd m a wide rango of 
mathematical and phvsical subjects, and was the 
author of a number of papers published m scientific 
journals, those included two loctures delivered 
before tho Wiroloss, and Intel Radio, Section of the 
Institution of Electrical Engmoors in Loudon on 
“Discontinuous Phonomona m Radio Communication’ 

( J Inst Elect Eng, 81, ‘581 , 1937), and “Dio 
Fundamental Principles of Frequency Modulation” 
(J Inst Elect Eng , Part HI, 93, 153 ; 1940) Ho 
also published a book jointly with Dr H Bronuncr 
on “Operational Calculus bnsod on tho Two-sided 
Laplaco Integral” (Camb Umv Press, 1950) Ho 
was a member of both tho American and London 
Mathematical Sociotios, of tho Nothorlands Royal 
society, a foundor mombor of tho Nothorlands Radio 
Society, follow,', and vico-prosidont for 1934, of tho 
Institute of Radio Engineers (N Y ), and an honorary 
life mombor of tho Institute of Radio Engineers 
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(Australia) Ho was awarded the Modal of Honour 
of the Instltuto of Radio Engineers (NY) in 1935 
for contributions to circuit thoory , and in 1953 tlie 
Danish Acadomy of Technical Scienoea presented 
him witli tho Vnldomar Poulson Gold Modal for out- 
standing contributions m the Held of radio rosea roll 
and for mtomational scientific oo operation in 
matters rolatod to radio communication. 

Dr van dor Pol become greatly interested in the 
scientific and technical aspects of international radio 
affairs and from 1027, he was a well known par 
ticipant in a largo number of conferenoee in all 
ports of tho world He was \ ioe president of 
tho International Scientific Radio Umon during 
1934-50 and was elected an honorary president m 
1952 

Ho was appointed tho first director of tho Interna 
tional Radio Consultative Commlttoo in 1949, and 
hold this position until lus retirement m 1950 As 
the permanent exocuttve officer of the Committee, 
ho was tho technical adviser to the International 
Toleco minum cations Union on the planning and 
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Nobel Prize for Medicine for 1959 Prof S Ochoa 
Tin-: Nobel Prize for Medicine for 1959 has boon 
divided botweon Prof B Ochoa and Prof A. Korn 
berg Dr 8 Ochoa lias long boon regarded as one of tho 
principal exponents of the highly sucoosslhl onzyrao 
logical approach to the study of intermediary mote 
holism His recent contributions to tho mechanism 
of tho biosynthesis of nucleio acids have boon prccodod 
by a succession of outstanding biochemical discoveries 
principally concerned with the metabolism of curb 
oxylic acids and with associated phosphorylation 
reactions One of the most notable of theso dis 
covert os was made in 1930 whilo ho was a research 
worker at Oxford Ho found that large quantities of 
inorganic phosphate arc csterified when pyruvio acid 
is oxidized by dispersions of brain tissue This 
'oxidative 1 phosphorylation is rooognixod as part of 
tho fundamental mechanism whereby energy is made 
available from biological oxidations With his 
students and colleagues at Nerw York TJnlv oraity ho 
has ftmeo discovered a number of Important enzymes 
■which are involvod m tho tricarboxylic ooid cycle 
and tho oxidation of fatty acids 

Dr Ochoa’s work on nucleic acids originated from 
oxporunonts on phospbory latlon reactions in onrymo 
preparations from Azolobacitr In 1055, together with 
Dr M Gnmborg Monngo, ho reported tho d memory 
of on enxvrao which is ablo to catalyso the removal 
of tho terminal phosphate group from ribonucleoslde 
diphosphates accompanied by tho polymerization of 
the resulting nucleoside monophosphate residue*. In 
this wax , a mixture of tho four appropriate nuclooalde 
diphosphates can bo convortod into a polynucleotide 
which closely rosombles naturally oooumng ribo 
nucleic acid although it is not yet understood how 
tho arrangement of tho nudootldoa in tho polymer 
is controlled. Tho discovery Is notable bocauso of tho 
structural complexity of ribonucleic acid and bocauso 
of tho essential functions of tins material in tho 
synthesis of proteins 


URE 

development of radio communications during the 
post-war years Until a few weeks ago ho was 
attending tho present confcrronco of this Union in 
Genova, representing othor International Rciontiflo 
bodies on the allocation of frequencies for radio 
astronomy and epaco research In later years his 
interest in mathematics developed towards tho 
Hoavisido calculus, to tho extension of which ho 
mado notable additions , ho was also interested m 
tho theory of numbers Since his retiromont in 1056 
he had boon an acti\e lecturer in tboxo subjects 
particularly in tho United States 

Dr van dor Pol w\s very well liked and respected 
by tho vast number of friends with whom ho came 
in contact throughout tho uorld. His qualities as a 
scientist and his administrative abilities as on inter 
national Civil servant always received tho highest 
recognition. Ho never spared himsolf in his dovotion 
to the pursuit of knowledge and human undor 
standing on a wide inter national basis Ho was 
happily married and loaves a widow, a son and two 
daughters R L Smith Rose 
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Prof A Kornborg 
Before making their discoveries In tho biosvn 
thesis of nucleic acids. Dr Kornborg and his colleaguos 
wore responsible for many important advances in 
several areas of intermediary motabohsm including 
tho bioeynthoavB of nuoloatidcs and nucleotide 
coonzymofl In 1950, Drs Kornborg Lehman Boss 
man and Simms desoribod experiments indicating 
that deoxyribonucleio acid could be synthesized by 
an enzyme system prepared from Escherichia coh 
Further study with a punfiod preparation of tho 
onzymo hna shown that tho nuoloio acid is made 
from the triphosphates of tho four kinds of dooxy 
ribonuolooeides and requires the presence of some 
pro formed deoxyribonucleio acid Tho detailed 
results substantiate the ologant hypothesis proposed 
by Dra Watson and Crick in 1053 Thus it scorns 
that tho doublo strand of tho primer deoxyTibonuoleic 
acid becomes separated Into its complementary single 
chains winch thon act as templates for tho assembly 
of now polynuolcotidos and finally bocomo two mole 
cules having tho detnilod structure of tho original 
doublo strand od one Within the past y'oar, Dr 
Kornborg and his xory active group of research 
workers haw report od an outstanding series of 
experiments on tho synthesis of dooxyribonuoloic acid 
m E coh infected with certain bacterial viruses 
Thoir experiments show that tho viruses Induce tho 
infected bacteria to develop a number of enzymes 
which, botweon them cause rapid multiplication of 
tho deoxyribonacloio acid of tho virus whilo pro 
x anting tho formation of bacterial dooxyribonuoloic 
acid Tho groat interest of theoo oxciting dovolop 
monts is that deoxvribonucloic acid is a oharoct eristic 
component of chromosomes and is considered to act 
as tho principal carrier of genetic information , tho 
sequences of tho four lands of nucleotides m the Jong 
polynucleotide chains are thought to determine tho 
structure of tiro proteins and honoo to control tho 
hereditary properties of living cells 
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Applied Physics at Durham . Dr. D A. Wright 

It was decided recently to sot up a Department of 
Applied Physics m tho Faculty of Applied Science 
within the Durham Division of the University of 
Durham Tins is the fust ‘applied’ department m the 
Durham Division and is mtondod to give Durham 
studonts closer contacts w ith industry and to con- 
tribute to tho training of applied scientists Tho 
first piofessor of applied physics, Dr D A Wnglit, 
will take up his appointment on April 1, 19G0 Dr 
Wright graduated with a first-class honours degioo in 
physics at the University of Birmingham m 1932 and 
later carried out rosenrch at Birmingham for which 
he was awardod tho M Sc In 1955 he was awarded 
the degreo of D Sc of the same University Smto 
1934 Dr Wright has boon a momboi of tho scientific 
staff of the research laboratories of tho General 
Electric Company, Wembley, and is now’ head of the 
Combined Electron Physics and Solid State Physics 
Laboratory His research gioups havo published 
work of high quality in tlio holds of tliormionics 
and semi-conductors Dr Wright’s rocont work has 
been concerned with thormo-oloctrieity, a subject 
which may w r oll havo considorablo industrial and 
commercial applications Dr Wright has taken an 
active interest m tho Physical Society and tho 
Institute of Physics Ho is treasurer of tho Physical 
Society and represents it on tho Parliamentary and 
Scientific Committee 

New Geophysical Observatory in Belgium 

The magnetic observatories founded in tho nine- 
teenth century near largo cities aro steadily having 
to be transferred to areas remote from oloctric trans- 
port This happened many years ago for Kow' and 
Greenwich Now the Royal Bolgian Meteorological 
Institute has had to transfer its magnetic observatory 
from Uccle, near Brussels, to Dourbos in south-east 
Belgium The new obsorvatory had to be shod at 
least 16 km from present or potential electric trans- 
port, a requirement more difficult of fulfilment in 
Belgium than in the British Isles Tho opportunity 
has been taken to build a truly magmficont compre- 
hensive geophysical observatory, equipped for record 
mg the terrestrial magnetic elemonts, earth currents, 
atmospheric electricity, radio atmospherics, radio- 
activity in the air, seismic waves, and ionospheric 
variations The obsorvatory is lavishly desenbod 
with detailed descriptions of buildings and instru- 
ments, photographs (many in colours) and archi- 
tectural plans m a recent publication of tho Institute 
(Institut Royal Moteorologiquo do Bolgiquo Pub- 
lications Serie A, No 7 Realisation du Centro do 
Physique du Globe & Dourbos Par Prof E Labayo 
Pp 104 Bruxelles Institut Royal© Moteorologiquo 
de Beige, 1958) This publication will bo studied with 
great interest, and some envy, by those responsible 
for geophysical observatories m other countrios The 
detailed building plans which it contains will be 
invaluable in designing other now' observatories or m 
re-designing existing ones 

Atmospheric Sciences Advisory Panel 

The U S National Science Foundation has an- 
nounced the names of six scientists who will form 
the Foundation’s Advisory Panel on Atmosphoric 
Sciences The purpose of tho Panel is to provide 
advice to the Atmospheric Sciences Programme on 
the development of a programme of basic research and 
supporting facilities, including such fields of science 


ns physics, engineering, oceanography, mofeorologv 
and mathematics Tho Panel will consist of Dr 
ThomaR F Mnlono, director of research, Travelers 
Insurance Co , Hartford, Connecticut , Di Waller 
H Mnnk, piofessor of geophysics, University of 
California nl La Jolla, La Jolla, California , Dr 
Walter On Roberts, director of tho High Altitude 
Obsorv ntovy, University of Colorado, Boulder, 
Colorado , Dr Yomor E Suomi, professor of meteor 
ologv , Uim oi sit v of Wisconsin, Madison, Wisconsin , 
Dr Arthui H Wnynick, direetoi of tho Ionosphere 
Rosoaicli Laboratory, Pennsylvania State UnivorsiR, 
University Park, Philadelphia , and Dr E J 
Workman, president, Now Mexico Institute of 
Mining and Technology, Socorro, Now Mexico 

U S. Expenditure on Research and Development 
for 1957 

A rni.LiMiXAnv report on a survey' conducted In 
the Bureau of the Consus for the Nntionnl Science 
Foundation indicates that funds for research and 
development in private industry in tho United States 
in 1057 totalled 7,200 million dollnrs, compared with 
0,000 million dollars in 1950 (Reviews of Data on 
Research Dev elopment No 14 August 1059 Fundsfor 
Research and Development Performance m American 
Industry, 1957 Pp 0 "Washington, D C * Govern- 
ment Printing Olhte) Tho aircraft and electrical 
equipment industries accounted for more than half 
(2,544 million dollars and 1,170 million dollars, 
respect iv’ely'), representing increases of 21 per cent 
and 24 per cent on 1950 figures Motor vehicles and 
other transport, and tho machinery industries, were 
next with 70S million dollars and 0S8 million dollars, 
followed by industrial chemicals (384 million dollars), 
petroleum refining and extraction (230 million dollars) 
and communications (200 million dollar*.), tlio per 
ccntngo increases over 1950 being 0, 22, 14, 23 and 
10 Scientific and mechanical measuring instruments 
increased bv 30 per cent, to 120 million dollars Of 
tlio total of 7,200 million dollnrs, 3,700 million dollars 
came from Federal funds, which represented 85 per 
cont of tlio total m tho aircraft industry and 01 per 
cent m tlio clectricnl industry Expenditure on basic 
research totalled 241 million dollnrs, and of this 
52 million dollars were expondod by tho aircraft 
industry, 38 million dollnrs bv the eloctrical equip- 
ment industry, 30 million dollars by' tho potToloum 
refining and extraction industry', and 29 million 
dollars by tlio chemical industry' Tlio physical and 
mathematical scioncos claimed 54 per cont of the 
expenditure on basic research, engineering sciences 
30 per cont and tho biological sciences about 10 per 
cont 


The Acute Radiation Syndrome 

Accidents which result m exposure of man to 
doses of ionizing radiation in tlio lotlinl rnngo are 
sufficiently raro to bo oxtromoly important A report, 
by' iho United States Atomic Energy' Commission 
(Report ORJNS-25 Tlio Acuto Radiation Syndrome 
a Modicnl Roport on tho Y-12 Accident, Juno 10, 
1958 Compiled by Marshall Brucor Bp vm + 188 
v\ ashmgton, D C Office of Technical Services 
JJopartmont of Commorco, 1959 1 dollai), which 

follows Closely to a similar ono from Franco (Jnmmet, 
d ° mx ens d’irradiation total© aiguo 
Rcv Franc d ’ ct ° hn ct Bwi > 4 - 210 ' 

biolomsts D^h^ 8 8 <!, Udy hy physicians, radio- 
® ’ R »y« c isU», administrators and tho 
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dailv Preea It is an account of tho men who wore 
subjected to mixed neutrons and y myn from an 
unanticipated critical assombly of enriohed uranium 
five to doses of some 200-400 rads throe to some 
J0-G0 rads Tho olimcal features and progress nro 
compared with luematological findings and tho dosi 
metric estimations and calculations of the health 
phv moists Twelve sections ore contributed oither 
by tho various physicians and scientists responsible 
for tho routino liandlmg of tho cases or by special 
research workers A final section is a complete 
appreciation by Eh Marshall Brucor, oliatnnan of the 
Medical Division, Oak Ridge Institute of Nucloar 
Studios Dr Brucor makes tlie point that initially 
tlie physician is on Ins own Tho health physicist con 
at first classify those at risk only into three groups 
according to doso low (less than 250 rads), high 
(greater than 1,000 rads) and intermediate Tho first 
need no specific medical treatment tho sooond 
humanitarian care, but the third present problems 
requiring judgment Tho symptoms (especially 
\ omiting and fatiguo) con holp the phvBioian initially 
to identify tho throo classes Tho lymphocyle-count 
m peripheral blood is the next guide Later, par 
ticular ammo -acidurias will be important, and later 
still the platelet-count of the blood- Meanwhile the 
health physicist can havo reconstructed tho incidont 
assayed the body fluids for induced radioactivity 
and made a mare refined assessment of tlie doses 
received *A conservative rule to follow during the 
first few weoks is that there should bo a plain and 
unmistakable indication for anything that is injected 
into the body Probably the most important feature 
in treating psychological upsets is to seo to it that 
the hospital Is not turned into a zoo ” 

Health and Industry 

The annual report of the Chief Inspector of Foe 
tones on Industrial Health for 1968 is notable for 
two spooial chapters, one of which deals with occupa 
tionol cancer, while the other describe* a study of 
medical supervision in 210 factories (Ministry of 
Labour and National Service Pp iv + 01 Cmnd 

811 London H.M. Stationery Office, 1969 3s fki 
net) Tho report also particularly invites members 
of the medical profession generally who could add to 
available knowlodgo of health hazards to report to 
tho Medical Branch of tho Inspectorate cases of 
interest coming to their notice in which occupational 
factors might bo involved Such information could 
assist the discovery of new industrial hazards and 
load to a fullor assessment of tho extent and dis 
tribution of recognized industrial dlsoaso* The 
Industrial Health Ad\iaoT> Committee besides con 
Bidding tho report of a survey by tho factory 
inspectorate on cardrooma in tho cotton industry 
designed to ascertain progress raado in mooting 
oxliaust v ontflation requirements appomted a sub 
committee to collect and assess information ns to 
tho nood for more chomical physical and biological 
testing in factories with a mow of reducing tho risks 
of injury to health Although tho Work In Com 
pressed Air Special Regulations, 1068 have not been 
in force sufflmenth long to assess their effect on the 
incidence of compressed air illness, progress is 
apparently being made and often a high standard of 
welfare achieved beyond the minimum standards 
laid down Attention is directed to the nood for a 
oaroful watch for any health hazard from dust from 
tho now 'chromizing* process of forming a surface 


layer of chromium over steel articles, and of aiming 
at oomploto suppression of dust or fume in tin 
fabrication of nllovs bi addition of 2 per cent of 
beryllium to copper Tho chapter on occupational 
cancer gives a concise summarv of existing know 
ledge that medical supervision in factories m 
dicatos that medical examination of work people is 
usually regarded as tlie most important function of 
a works doctor advice about factorv conditions 
appear to come next and then emorgenoy and 
accident treatment and treatment for minor sickness 


Study of Corrosion 

The fifth report of tho Corrosion Committee of tho 
Iron and Steel Institute appeared more than tv. only 
v oars ago Although no further report was published 
the work has been carried on continuously oml the 
present sixth report which is now availnblo don is with 
tins (Iron and 8teel Institute Sixth Report of tho 
Corrosion Committee Compiled b\ Dr J C Hudson 
Pp x-f2I7 Special Report No 00 London Iron 
and Stool Institute I960 03a ) Tlie Committee of 

the Iron and Steel Institute ceased to function as 
such in 1940 when its work was takon. over by tho 
British Iron and Stool Research Association and the 
work now published was therefore corned out under 
the auspioos of both organizations Tins report con 
fusts of an extensive introduction in which tho work 
of the Committee since 1038 is discussed as n whole 
This is followed by two sections dealing at longth 
with unreported work on atmospheric oorrosion in 
air soil and water The final result 6 are given of an 
extensive senes of field tests on a wide vnnoty of 
structural irops and stoals carried out all over tho 
world, and in some coses with irn oxposuro timo of 
up to fifteen years Section 3 of tho report deals with 
the protection of steel against higlilv comwivo hurnid 
atmospheres at temperatures up to 300 C while 
8ection 4 is dovoted to marine corrosion and includes 
the results of sovural service trials of painting pro 
cedurcs and anti-corro3ivo compositions for slups 
hulls There can bo no doubt tlint tho work pub 
liahod is of first-rate importance to all concerned with 
the preservation of structures land and marine 
against’ rust, and it is doubtful whothor tho Iron and 
Stool Institute has over publLhed a report of more 
far reaching significance 


Building Retearch In Britain 
The annual report of tho Building Research Board 
of the Department of Scientific and Industrial 
Research will bo of interest to all who plan, design 
or construct buildings (The Report of tlie Building 
Research Board with the Roport of tho Director of 
Building Reeoaroh. Pp tv -p 7 2 4-12 plates London 
H.M. Stationery Office, 1069 6s (kf not) Tho 
summary of research work in liand or recently com 
ploted, includes topics as diverse as tho development 
of largo perforated bricks, design of radiation fthiolds 
earth pressures on tunnols, supplementary artificial 
lighting reinforced light-weight concrete, and rubber 
concreting skips Tho need for durability in buildings 
causes some investigations to extend over many 
years and summaries of result* obtained so far nro n 
useful feature of tho roport The building industrv 
is often accused of being the least efficient Imvnch of 
engineering, and tho slowest to applv tho results of 
research, although the Building Research Station 
devotes much effort to making .ts d.scov cn« 

In order to improve the methods emp o\\h 
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has been started of what information roaches con- 
tracting firms, and what is dono with it at various 
levels Tins investigation might well bo extended 
to include architects, engineers and other research 
organizations The inquiries and special mvcsii- 
gations undertaken during the year reflect trends in 
the industry Curtain walling systems wero prom- 
inent, and interest is increasing in heating, heat and 
sound insulation, acoustics and lighting The appen- 
dixes include lists of building research publications 
and of films on loan 

Radio Research 

Ik the yoars immediately prior t-o the International 
Geophysical Yoar, routino vertical incidence radio 
soundings of the ionosphere were carried out at about 
seventy stations, and during tlio International Geo- 
physical Yoar both tho number of sounding stations 
and the scope of tho obsorv mg programmes were 
greatly increased Tho experimental data, which such 
soundings provide, take tho form of cun es of eqim - 
alent height of reflexion (It') against frequency (/), 
so called ‘lonograms’ It has always been recognized 
that tho oqui\ alent height of roflexion of tho radio 
waves is often qiuto different from tho actual height 
of reflexion and, indeed, m tho early years of radio 
sounding it was shown that, m general, tho experi- 
mental h'(j) curve could not yield unambiguously tho 
true height /electron density profile Furthermore, 
the calculation of truo height is itself a matter of 
some complexity, especially when propor allowance 
is made for the influence of tho magnetic fiold of the 
Earth Hence it is, until recent years, that iono- 
spheric workers have based their studies on para- 
meters such as the critical frequency, tho equivalent 
height and tho ‘ill’ factor — quantities which could be 
immediately read from tho lonograms Howev cr, tho 
advent of tho electronic digital computer has made 
possible the large scale conversion of h'{J) curves into 
JV(/i) profiles, and as part of tho world-wido Inter- 
national Geophysical Year programme a number of 
organizations formulated programmes for the determ- 
ination of N{h) profiles for representative stations 
and for selected observational periods The Radio 
Research Special Report No 28 prepared by Dr 
J O Thomas and Mr M D Vickers describes in 
detail tho electronic computer programme and 
method adopted as part of the British International 
Geophysical Yoar ionospheric programme (Depart- 
ment of Scientific and Industrial Research The 
Conversion of Ionospheric Virt ual Height-Frcquoncy 
Curves to Electron Density-Height Profiles Pp 
v ~r48 London. HM Stationery Office, 1959 
3s OtZ not) A useful manual method for making 
these calculations is described m an appendix t-o the 
report and an excellent classified list, of papers on 
this subject is also included 

Natural History in the Midlands 

hx connexion with the centenary celebrations of 
the Birmingham Natural History and Philosoplucal 
Society in 1958, Mr K L Kcnnck has written an 
interesting and very readable account of tho records 
of the Society and the story they toll (Pp 52 Birm- 
ingham Natural History and Philosophical Society, 
1959 ) The longest of these deals with tho sixteen 
volumes of the Midland Naturalist, 1878-93, including 
brief biographical notes on leading members of tho 
Society, as does the section dealing w ith the activities 
of the Society between the tw o World Wars After tho 
destruction of the Society’s rooms at Avebury House 


October 3, 1959 


on October 25, 1940, activities were suspended until 
tho end of hostilities, hut, tho Socioty m 1954-55 was 
once moro installed in the Birmingham and Midland 
Instituto, its original home, whero tho Societv’s 
library, its Wynn entomological collection, tho J V, 
Mooro collection of British butterflies and mollis, a 
purchased entomological collection and tho Archer- 
Overt on collection of land, freshwater and marine 
sholls aro housed 


Equus przewalskll 

TmiEE short articles by A G. Bannikov', E Dagva 
and D Tzovegmid ( Prtroda , 5, 50; 1959) deal with 
tho Mongolian wild horso {Equus przcwalsJcn) in its 
native habitat and m captivity. Its present liabita 
tion area is roughly delimited by 41° X to 40" X 
and 90° E to 95° E , a small urea situated on tho 
border botween Mongolia and Smkinng Recently a 
herd of wild horses has been obsorved along the 
Tahhm Shara-Xtiru rango, hut in tho opinion of 
observers, both tho area and 1 he number of individuals 
aro rapidly being reduced Drastic legislation is 
suggested to combat tho illicit hunting of those rare 
animals Tho effects of acclimatization of the 
Mongolian wild horso and tho hybrids aro discussed 
in another article by I S Sics {Pnroda, 5, 53 , 
1959) 


Spllogale Revised 

Von 1 17, article 5, of tho Bulletin of the American 
Museum of Xnturnl History (pp 229-392 New 
York, 1959 2 dollars) js a taxonomic rev ision of the 

spotted slamks of the genius Spilogale by' It G Van 
Gelder, assistant curator in the Department of 
Mammals Tho spotted skunks aro distributed over 
the greater part of tho United States and Central 
America , they aro black animals with a complex 
pattern of white markings which, although almost 
infmito in their variations appear to be modifications 
of a single basic pattern of stripes Tho older 
taxonomists regarded most of tho variations as 
distinct species so that by 1900 Howell listed fourteen 
species and six subspecies As a result of the present 
author’s study' of a long series of specimens (nearly' 
two thousand), and particularly of local populations, 
this list ib now mercifully reduced to two species, one 
•S’ putorius polytypic with fifteen subspecies, the 
other, S pygmaca, monotypic Tho characters and 
measurements of tho different subspecies are dis- 
cussed m detail and illustrated with excellent figures 
of colour pnttem and skull form Tho paper con- 
cludes with a discussion of tho evolutionary trends 
of the genns m size, colour pattern and skull charac- 
ters, and a consideration of the times that occur in 
tho populations of many' areas Thoro is ft full 
bibliography' 


Female-sterile Flowers in Fuchsia 

The production of fcruole-Btorflo flowers by horma 
phrodito plants of Fuchsia proewnbens has boon 
described and discussod by ST Holdsworth {Trans 
Boy Soc New Zealand, 86, 105 (1959)) Fuchsia 
procumbens flowers annually' m lato summer Tho 
bnof flowering season bogms and ends with tho 
production of a proportion of imporfect flowers — 
sorao fall without opening, others open normally 
out have dofectivo styles and stigmas Continuous 
ong-day treatment oxtonds tho flow oring season and 
increases tho number of flowers produced tliroughout, 
but this is supposed not to bo directly a day-fongth 
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effect on flower initiation but on vogetative growth. 
Neither bud abscission nor female sterility could bo 
shown to be simple day length effect*?, but both 
appear to bo induced primarily by low temperatures, 
m conjunction, perhaps, with long day*? in tho ease 
of abac lesion, and short days in tho caeo of stylo 
abortion 

Reorganization of Root Apices after Irradiation 

Unper this title F A L Clowes has described 
experiments in which roots were irradiated with 
X rays and then fed with adenmo 8 14 C at various 
intervals afterwords to observe the offect of tho 
radiation on the sites of dooxyrfbonucleio acid syn 
thesis and hence on tho behaviour of tlio monstem 
(Annals of Botany , NJ3 , 23, 205 (1959)) Dividing 
mens tom colls may bo so badly damaged that they 
stop synthesizing deoxyribonucleic acid and dividing j 
and when this occurs root growth may continue 
by the formation of a new monstem The lattOT 
often origins. toe in tho quiescent centre, the cells of 
which do not normally synthesize deoxyribonucloio 
acid or divide Those apparently constitute a rcser 
voir of colls which arc less vulnerable because of 
their quiescence , but are able to restart dooxy 
ribonuoloio acid synthesis and division whon tbo 
normally memtonmtic oells coos© to do bo Because 
of this ro -organization of tho ft pox, Clowes considers 
that it is not legitimate to argue about tho behaviour 
of normal root memtems from chimeras induced by 
irradiation 

Palaeotempcratures and the Origin of the Deep Sea 

Fauna 

A cam cat review of the methods of determination 
of the temperatures of anozont seas by the moosure 
mont of tho oxygen isotopes ratio in fossil calcareous 
organisms is given by Y A Birstom (Pnroda 5 
21 , 1059 ) It is baeod partly on the work published 
in the Soviet Union and it lends to certain now ideas 
regarding tho origin of tho deep sea fauna Thus 
tho author of ilii* review is casting doubt upon the 
conclusions of O Eitnliam and 0 Edwards (Nature, 
171, 887 , 1053 ), regarding tho sharp changes of 
soo temperatures during tho late Tertiary era and 
also about those of A Fr Bru un (Nature, 177, 1105 , 

1 950) regarding tho extinction or tho deep soa fauna 
According to tho author all the deep oceanic regions 
must bo considered to bo regions of a relatn ely eon 
stoat tomporaturo affording a place of rofuge to many 
animal spooiee which lin\ e eventually diod out in the 
waters of a Josser doptfu 

Liquation Differentiation In Magma 

A new contribution to one of tho most controversial 
problems in petrology — liquation differentiation — was 
made by V I Lobodinflky (Pnroda 12, 09 ; 1068), 
whoso original paper, will oh ho wroto m collaboration 
with Mo Ko Min, was published separately (Bull 
4 cod Bet UJ3-S U , Sir Oiol 12, 04 1958) In 

those two papers tho authors deecribo certain peculiar 
hponto lavas from tho Kalgan region of Northern 
China. Tlio lavas in question contain spherulitc* 
and spheruhtio aggregates, mado of a ftbrous mineral 
Tho cltarmonl analysis of tho sphoruhtes differs from 
that of the ground moss in which they aro unmorsod 
by n greater amount of silica, soda and potash, and a 
lower amount of magnesia, Iimo and writer The 
author suggests that this rock is a solidified emulsion 
forraod by the separation of tho original magma into 
tw o {mtniBoibio liquid fractions 


A number of petrologists don> the possibility of 
liquation in natural magmas, although there aro a 
number of experimental results published proving 
that in cortmn cases such a phenomenon docs occur 
Such are, for example the papers by D P Grigoriov 
(1935), D P Grigoriev and F Y Iskyul (1037), J \V 
Greig (1927, 1928), O F Tuttle and I I Friedman 
(1948) and E Rooddor (1051) On the otlier hand 
there are also numerous works dealing with epberu 
hfic rooks and spheruhtes as developed in commercial 
glasses Beginning with tho classical studies by 
A Lagorio (1887), many petrologists were attracted 
by this subject A number of them liko F Y 
Loewineon Lessing ( 1984 1905, 1935) and T L 

Tanton (1925), triod to prove that certain spheruhtio 
rocks wore indood products of magmatic liquation 
On tho other hand, thero woto many potrologists 
such as, for example I> 8 Boljankm (1933 1940) 
who has studiod both spheruhtio rooks and sphoru 
Utic oommercial glassoe, who do not bohovo in 
magmatic liquation, and would attnbuto tho sphoru 
litio structure to devitrification m tho solid state 

Mcdldna Experimental Is 

Although some think there are already too manj 
sciontifio journals — and peopla f — in tho world, the 
birth of a now one is always an interesting event 
Mcd\c\na Expert men tah a is tho name which has been 
given to the latest arrival, to be published b> 8 
Korger, and to bo devoted to experimental mediome 
in ite widest sense (Medtcina Expenmen (alt a, 1 
No 1, 1059 International Journal of Experimental 
Medicine Bp ii+08 Six numbers per volumo (two 
volumes annually) Subscription price per volume 
60 Swiss francs Basel and New York 8 Karger 
1959) The foreword deplores the tendency of 
research workers “to shut thomsolv cs up hermoticnllj 
in thoir ever narrowing specialist circles and states 
tlrnt tlie ann of tho sponsors is to provido a com 
pletely international journal which will cover tlio 
wide— and over widening — fields of experimental 
physiology, joathology and therapeutics and help to 
bridge tho gap botween thoir multiplying specialities 
Papers will be published in English, French and 
Gorman and are to be limited to on overall length 
represented by 10,000 w ords Authors will rarel> bo 
allowed to exoeod this and will bo charged for the 
excess In return for this restriction on tlio v orbositv 
of thoir clients tho editors promise to publish tho 
pa port? submitted within throe months In these days 
of specialization And editorial congestion, theao aims 
are laudablo but may bo rather difficult to achieve 
and tlio small international conferences winch havo 
become bo popular ma> be a better way of dealing 
with tho frustrations of slow publication in parts of 
the world whore they can be conducted succesufullv 
m a single language Tho first number contains clgltt 
papers in Gorman and ono each m French and 
English As the foreword says tho now journal wifi bo 
what readers and authors make it iVo wish it well 


Improved Gunmetals 

The Blond Nickol Co , Ltd., has announced 
tho production of a now alloj for gunmotal 
86/0 6/3/3 6/2 coppor j tin *inc lead nickel It ip 
claimed that it lias bettor mechanical properties at 
both atmospheric and olovutod temperature* than 
86/6/5/5 gunmotal and still retains the samo adapt 
ability to tho production of pTosswn>tigjrt <*ud R 1 * 

■When properly mode, cartings to glonxhq' with 
0 I per cent proof rtrora of n round S tons^q 
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a maximum sties; of 10-17 tons/sq m in sections 
up to 3 in thick The use of the now alloy will 
enable castings to be more effectively designed, as 
regards the use of thinner sections, and this could 
result in a saving of v, eight and, therefore, cost 

New Multi-range Voltmeter 

‘Tayeormeter Model 100.4’ is claunod by its 
manufacturers, Tai lor Electrical Instruments, Ltd , 
to be the first multi-range metoi m Groat Britain 
with a sensitivity of 100,000 ohms/V d c The in- 
strument is suitable for voltage measurements in 
high-resistance circuits, laboratory and research work, 
and in television and othoi electronic fields It can 
be used in place of a \ alvo voltmeter but without 
the inconvenience of zcio drift, valve replacement 
and alternating-current, supply connexions inherent 
in valve voltmeters The d c current and voltage 
ranges are 0 2 gamp to 10 amp and 10 mV to 
2,500 V (26,000 V by means of an oxternal adaptor) 
The sensitivity on a c is 5,000 ohms/V and the 
inaccuracies on the d c , a e and ohm ranges are 2, 
3 and 6 per cent lespectively Anotlior now instru- 
ment in the Taylor multi-range universal meter 
senes is ‘Model 127A’, which is a pocket-size motor 
with a sensitivity of 20,000 ohms/V d c and 1,000 
ohms/V a c It is compact and inexpensive, and 
utilizes the new rugged Taylor moving-coil contro- 
pole meter and is specially ranged to give maximum 
reading accuracy for radio and television servicing 
and maintenance of electrical equipment A largo 
scale, which is eaav to road, with a 3f in arc, is 
fitted 

Medical Electronics 

A detailed and well-mdoxed bibliography on 
medical electronics, consisting of 2,200 references, 
has been prepai ed by the Medical Eloctromcs Center 
of the Rockefeller Institute and published by the 
Professional Group on Medical Electronics, Institute 
of Radio Engineers, 1 East 79 Street, New York 21, 
New York (Bibliography on Medical Eloctromcs Pp 
91 2 50 dollars) The term ‘medical electronics’ has 

boon taken to comprise applications of any of the 
branches of electronics, such as acoustics, com- 
munications, television techniques, spcctrophoto- 
metrv, or dielectric heating, to any problems of 
biological or medical research, therapy, public health 
and related fields The bibliography is intended to 
serve as source material, and though a selection has 
been made from all the available material, rofoTOnees 
useful both to investigators framed primarily m 
physics or eloctromcs and to those engaged m biology 
and medicine have been mcluded The entries are 
arranged m three sections, the mam section consisting 
of references which are numbered consecutively, 
listed m numerical order, and grouped togethor In 
related topics , a subject index with some cross- 
referencing , and an author index from which 
anonymous and editorial matter is excluded although 
it is mcluded in the previous sections 

A Fossil Meteorite ( ? ) 

What may prove to he a fossd meteorite was 
discovered at a depth of 32 metres when excavating a 
mine shaft in the district of Magadan, north-eastern 
Siberia As described by A I Shulzhenko ( Pnroda , 
5, 115 , 1969) it is an iron meteorite weighing about 
15 kgm , and of a specific gravity of 7 82, and which 
on analyses proved to be composed mainly of iron, 
with 5-6 jr per cent nickel and 0 4-0 5 per cent carbon 


University News Birmingham 

The following appointments to lectureships ha\ 0 
been made Dr M E Davies (m botany) , bj 
C R Sladdon (m biology m tho Department of 
Zoology) , D J Blundell (m geology) , K B Halt* 
(m engineering production) , Dr N A J Rogors (m 
chomistry) , P W Dykes (m medical biochomistn 
and experimental pathology m tlio Doparimont of 
Experimental Pathology) 


Glasgow 

The roport of tho Umvorsity of Glasgow Appoint 
monts Committee for flio yoar ondod Docombor 31, 
1958 (Pp 15 Glnsgow Tho Unnorsity 1959), 
records a steep rise m tho number of mon registered, 
which at 1,051 is almost doublo tho total for 19G1 
This is attributed to increasing uso of tho Com 
mittoo’s services by studonts, a continuing upward 
trend m tho numbor of older graduates Booking the 
advice of tho appointments officers, and tho in 
creasing numbor who r cm fun at tho University after 
registering in tho final yoar Of tho total, 735 aro in 
scionco and ongmoormg, and of those, 302 registered 
during 1958 Of 574 mnlo studonts obtaining first or 
second dogroos m 1958, 155 were in scionco, 122 m 
ongmoormg and 74 m other toclmology Of tlio total, 
333 romamod in Scotland In scionco, particular]) 
chemistry, tlioro \uis a proportional increase in tho 
numbor ontormg postgraduate research In spito of 
tho offoct of tho nov dofonco policy tlioro was no 
shortage of opportunity except for tho loss able 
candidates Of all honours dogroo candidates, 122, 
or 21 3 por cont, onterod tho teaching profession 
compared with 19 0 por cont m 1957, nnd m scionco 
tho proportion l oso from 21 3 to 23 8 por cont There 
was a further mcroaso in tho numbor of women 
registered nnd n slight decronso in tho notifications 
of vacant posts, but tho picture is not significantly 
different from that of 1957, nnd insufficient 
opportunity in Scotland for -a onion graduates 
persists 


Announcements 

To commemorate tho late Sir Francis Simon, i\ho 
was Dr Leo’s professor of oxporimontal philosophy 
and head of the Clarendon Laboratory, Oxford, the 
Lon Tompornturo Group of tlio Physical Socioty has 
instituted a Simon Momorml Pn/o Tins is nn an arc! 
to tho value of £250 which is to bo mado ot about 
threo-yearly intervals for distinguished nork in 
experimental or tliooieticnl physics Dr Heinz 
London, of tho Atomic Energy Research Estnb 
Iislimont, Ham oil, is tho first recipient of this 
award 


The third react oi school course on tho Contiol 
and Instrumentation of Roactors will tako plnco 
during Fobruary 1-12, 1960, and will bo open to 
British and ovorsoas studonts It will bo held at 
Durley Hill, Bournemouth, Hampshire Further 
information can bo obtained from tho Principal, 
Reactor School, Atomic Energy Rosearch Establish 
ment, Harwell, Didcot, Berkshire AH application 
forms must he returned by Docombor 11 


j ,, n tno lettor entitled “Colour Centr 
produced by Radiation m SUiea Gel”, by Harold 1 
Ivohn, published m Nature of August 22, “50° 0 ” 

‘W 6 » aVagmP 2 ' ° 0lumn P 031, should re 
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DEVELOPMENT TRENDS IN AUSTRALIAN SCIENTIFIC 
RESEARCH 


T HE tenth annual roport of tlio Commonwealth 
of Austral la Scientific and Industrial Research 
Organization cm era tho year ended Juno 30, 1058 
(pp 174 Canberra Government Printer, 1058 
14* ) in which tho Organization expended £6,801,278 
on normal research activities, £429,328 on capital 
works and £123,065 on grants to outmdo bodies Of 
its total inoomo of £7,414,281, £5,702,804 wna from 
Treasury funds and £1,207,928 from tho Wool 
Research Trust Fund Grants to research associations 
totalled £41 200 and for Overseas Research Student 
ships £80,793 Expenditure on investigations into 
plant problems amounted to £754,835 into animal 
health and production problems, £737,848 , into food 
preservation and transport, £245 125 , into forest 
products, £310,322 , Into entomology, £215,538 
into flshenoa, £171,458, and into industrial chom 
lstry, £624,100 £677,188 was spent on tho National 

Standards Laboratory, £140 008 on building research, 
£383,072 on radiophysic* research, £384 823 on wool 
textiles research, £175,792 on fuol research, £110,338 
on tho wild life surv o> , and £154,929 on land research 
and regtonal survey A list of staff as well ns pub 
lisbed papers is included in tho report 

A represent atn e committee appointed to consider 
tho future development of the National Standards 
Laboratory found that while the Laboratory was 
functioning at a high level of efficiency the staff and 
accommodation were too limited and future plans 
should include a woll planned programme of research 
Tho testing and calibration service for industry also 
required expansion, and in sequence with a further 
recommendation, Mr N A. Eascrman has boon 
appointed as first director of the Laboratory Further 
new arrangements with tho universities were eon 
eluded during the vear, including tho development 
of a Biological Inorganic Chemistry Unit m co 
operation with tho Australian National University, 
cstablieliment of a joint oloctron microscopy labor 
atory at the University of Sydney', and of a reader 
ship in dairy husbandry also at Sydney Tho design 
study of the proposed giant rodiotelescope has been 
completed and the instrument Is to be constructed 
on a site noar Parkes New South Wales Some 
extension of the technical liaison services of the 
International Wool Secretariat and its affiliated 
organizations woe agreed and the Secretariat and the 
Australian Wool Bureau arc co-operating in making 
known to clothing manufacturers throughout the 
world tho Organization's Si ro set process for the 
permanent pleating and creasing of garments The 
heavy pellot developed In tho Division of Biochem 
istry and Animal Nutrition for administering cobalt 
supplements to ehoop has been widely adopted by 
graziers in Australia Tho work of the Organization’s 
Plant and Soils Laboratory, Brisbane, has already 
established that the carrying capacity of the area of 
Queensland south of the Tropic of Capricorn and 
receiving good rainfall can be greatly incroasod by 
replacing natural pastures by sown pastures, and tho 
work is of special interest to the beef cattlo industry 
The Division of Soils has dev eloped a now section 
to meet the increasing demands for study in sod 


microscopy and its Sod Mechanics Section continued 
to widen its interests, especially m foundation prob 
Iema in building, in pavement engineering and m the 
stabilization of soils Morphological and chomical 
data aro being compiled for three representative 
profiles of each of the great soil groups winch have 
been recognized in Australia It Is proposed to base 
the main research of tho Division of Plant Industry 
on semi arid native grasslands at Deniiiqum, New 
South Wales, and to use this as a oentro for studies 
of the establishment and maintenance of sown 
pasture epeoios under dry land conditions Studies 
were continued on the offoct of clover on tho fertility 
of the soil and the residual effects of phosphorus 
sulphur boron and molybdenum on tho extraction 
from Thiobaoillus X (TJuoporus) of an enzyme and 
some cytochromo components which catalyse the 
oxidation of thiosulphate to tetrathionate , and on 
the effoct of individual growth substances on cell 
division and size of fruits Experiments continued on 
the transfer of resistance to blue mould (Peronospora 
tabaana) from Australian species of Nicotutna to 
commercial varieties of N tabacum An extremely 
dry year was utilized to study tho capacity of sown 
pastures to carry Bheop and to persist under high 
rates of stookmg and under different systems of 
utilization. Studies of tho effects of nitrogen supph 
and extension of the growing season on four strains 
of P tuberosa wore completed and an improved 
electron dialysis technique involving a minimum of 
damage to the plant tissue has been developed for 
determining the oation-oxchango capacity of plant 
roots Studios contmuod on the beneficial effects of 


wilting on the ensilage of ryograss and on the dry ing 
characteristics of pasture plants os affected by air 
velocity, humidity and temperature 
Tho two irrigation research station* on which 
the way's in which irrigated land can be mado to 
keep its fertility are being studiod, and the tech 
mquos which can bo ttaod to reclaim waterlogged or 
salted soil, continued their research programmes 
without major change, and tho Department of 
Agriculture, New South Wales is oo-oporating m 
the Mumimbidgee areas in studies of control of iron 
ohloroaia and of efTecte of waterlogging and salting 
on the nutrition of apricots and peaches. Tho 
Division of Animal Health and Production has com 
rnonced work on the protozoal blood parasites whloh 
cause ‘tiok fever’ in cattlo Good progress is being 
mado towards an understanding of tho physiological 
characteristics which determine hoat tolerance in 
cattle with a view of selecting them within the 
European breeds or importing them, bv crossing with 
such broods as tho Zebu or Afrikander Diseases of 
sheep now receiving special attention aro foot rot 
and foot abscoss, mycotic dermatitis and worm 


rasites Sheep bus ban dry and wool production are 
o of the Division’s major resoarch undertakings 
th tho view of understanding the gonotio basis of 
;h wool production, and tho nutntionnl and other 
ysiological mechanisms which o nab Jo the inwr t 
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neo-nat-al mortality m lambs, and discovering the 
best and most economic means of offsetting the 
effects of drought by appropriate maintenance 
rations and husbandry The present status of animal 
husbandry and production investigations by Common- 
wealth and State organizations is under review to 
reveal the nature of the major problems on which 
attention could most usefully be focused At the 
Division of Biochemistry and General Nutrition’s 
field stations experiments are being conducted on 
salt tolerance and supplementary feeding and on 
cobalt and copper deficiencies, including trials of the 
cobalt pellets developed to protect sheep from cobalt 
deficiency and phaleris staggers 

No major changes are reported in the research 
programme of the Division of Entomology, and great 
stress continues to be placed on the ecological 
approach An officer has been appomted to study 
the ecology of the cattle tick in North Queensland, 
and work on cattle dips and pasture spelling is being 
intensified In systematics some progress has been 
made on a revision of the Calliplioridae or blowflies, 
and revisions of the Pyrgotidao and Acrocendao have 
been completed Preparation for the Common- 
wealth-State trial in New South Woles of a proposed 
method of suppressing outbreaks of the Australian 
plague locust advanced considerably, and in work on 
insect pests of stored gram the density of insect 
population is being studied under conditions of 
controlled oxygen leakage Relations betweon 
chemical structure and insecticidal activity 
have been examined m the v olatile ketones 
and N-substituted amides of long-chain fatty 
acids 

The Wildlife Survey Section intensified its study 
of rabbit populations and has initiated investigations 
of the dingo ( Cams familtaris dingo) and the fox 
( Yulpes wipes) Besides land surveys of tho under- 
developed regions by the Division of Land Research 
and Regional Survey to determine their needs and 
population, the Division of Biochemistry and 
General Nutrition is investigating problems of plant 
and animal nutrition on the Coonalpyn Downs, South 
Australia , the Division of Animal Health and 
Production is breeding cattle at Belmont, Rock- 
hampton, Queensland , and tho Plant and Sod 
Laboratory is studying the wallum country m eastern 
Queensland The Division of Fisheries and Oceano- 
\ graphy has budt an experimental aquarium at 
Cronulla to study the behaviour patterns of com- 
mercial fish and has devised and tested a method for 
counting and differentiating phytoplankton at sea 
There was no change in emphasis of the work of the 
Division The Division of Food Preservation and 
Transport initiated, jointly with the New South 
Wales Department of Agriculture, a three-year 
investigation of levels of fruit spray residues and 
their removal Tho cheese curd fusing machine 
developed by tho Dairy Research Section was put 
through successful trials and could be tho first 
effective attempt to mechanize cheese manufacture 
completely ^Vork on the biophysical properties of 
the giant cells of Chara australis was resumed, and a 
study of the properties of sucrose synthesized by 
enzymes was completed The co-operative research 
programmes undertaken by the Division of Building 
Research steadily increased during the year, including 
an investigation into the use of ordinary household 
hot-water heaters, fired by brown coal briquettes for 
space heating as well as water-heating to lower- and 
medium-priced houses 
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The Wool Textile Research Laboratory has 
developed an improved sampling dovico for woo] 
and devoted greater effort to shrink-proofing, m 
eluding tho use of oxidizing agents Studies con 
turned on tho oxchnngo of water botweon a mass of 
wool and the air passmg through it, and work in 
the Division of Industrie 1 Chemistry on tho struc 
tural analysis of amino-acids has boon extended to 
tho peptides A major activity of tho latter Division 
has been m tho techniques of extractive metallurgy 
and a full-scale unit is to bo installed for final tests 
on tho recovery of uranium from Dyson’s oro by the 
Weiss-Swinton jigged bed process for continuous ion 
oxcliongo Also m co-oporalion with industry the 
Division has completed an investigation of tho fluid 
bed roasting of copper concentrates and tho sub 
sequent locating and eleetromming of copper A 
process has been developed for obtaining thorium of 
high purity, and further kinetic studies were made 
on the decomposition of sulphido minerals m the 
presence of water and oxygen Tho investigation of 
tho constituents of tar from Lurgi gasification plant 
continued, as well ns the study of tho production 
and properties of v arious kinds of defects in crystals 
and their bearing on chemical and physical properties 
of solids, wlnlo increasing effort was dovoted to the 
design and dev clopmont of optical and spectroscopic 
equipment An investigation on tho preparation of 
substituted sebacic acids of possible value ns plastic- 
izers and low-temperaturo lubricants showod that tho 
isomenc dihydroxysteric ncid easily prepared from 
oleic acid, as well os ervtliro-dihy droxystcric acid 
can bo converted to a-hydroxy-a-octylsobncic acid bv 
alkali fusion and m considerably lugber yiolds The 
Coal-Research Section is continuing work on tho 
properties, composition and structure of light oils, 
tars and pitches produced by the carbonization of 
Australian coals 


Tho Division of Tribophysics continued its 
fundamental studies m metal physics, surface 
physics and the chomistTy of solids, and m some 
co-operativo work on tlio refining of load tho sur- 
face properties of liquid lead have boon measured 
in various media by a radiographic teclmiquo No 
new major projects woro initiated in tho Division of 
Physics, whoro tho accuracy of tho Laboratory s 
realization of tho International Tomporaturo Scale at 
high temperatures has been considerably increased, 
and proposals have been formulatod for its extension 
to well below the present lower limit of —183° C, 
based on an investigation of tho dopondonco on 
temperature of tho electrical Tesistanco of platinum 
Electronic apparatus designod or constructed in- 
cludes a photoelectric servo system for tho control 
of a physical balanco for measuring strong mognetic 
fields , a nuclear resonance thermometer using the 
quadrupolo resonance of chlorino , and tho control to 1 
in 1 0 of currents up to 1 0 amp man electromagnot with 
a galvanometer amplifier and power transistors No 


major changes are reported m the w otk of tho Div ision 
of Electrotechnology, but its high-voltage measuring 
facilities are to bo oxpanded Special furnaces lmvo 
been constructed and preliminary oxponmonts made 
to determine the conditions of crystal growth most 
Khjy to yield satisfactory single organic crystals, 
while further studies have been made on tho dielectric 
properties of poly crystal lino materials and liqiuds 
eterminations of the frequency factors and energies 
, c na j lon methyl ethers and ketones confirmed 

^i 0ng ‘ Ch T co ^P ounds 1310 logantlim of tho 
frequency vanes lmearly with the onerg^ of activation 



No 4602 


1029 


October 3, 1959 NATURE 


The continuance of tho investigations of the 
Division of Eadiophyeics into the practicability of 
increasing rainfall by soedmg clouds with Bilver 
iodide by n further Iargo-rcalo hold trial is in pro 
gross m the Northern Tablelands region of Now 
South Waloe Development continued of a method 
for obtaining bearings from existing Distance Mens 
unng Equipment Bourns and also research into the 
purification of semiconductor materials and growth 
of mono crystals tho transport of charges in semi 
conductors and tho development of junction photo 
devices. An all sky camera was installed in October 
1967 and photographs of tho whole night sky have 
been taken regularly at five-minute intervals since 
that tune, recording any aurone that may occur, 
and in conjunction with cameras at other stations, 
enabling positions and hoight of aurone to be 


deduced In solar physics tho association between a 
class of radio bursts conventionally known as typo II 
and optical features m tho chromosphere has boon 
investigated, while the main observational programme 
of tho 15-metro wave-length Cross” aerial was 
directed towards completing a survey of a belt, of the 
sky, 10 wide, around the galactic equator The 
crossed grating mterferometer is producing each day 
a detailed radio picture of the Sun, and observations 
of solar radio disturbances continued throughout 
tho year with the Dapto radio spectrograph whioh 
records tho bun’s spectrum in the range of wave- 
lengths botwoen about 1 6 and 7 6m Tho Matho 
matical Instruments Section completed tho con 
struction of tho transistorized digital differential 
analyser and the techniques are bo mg applied to the 
development of a small general purpose computer 


DELAYED HYPERSENSITIVITY IN IMMUNOLOGY 

T HE mechanism of tho delayed form of hyper tuberculin, tlieroby enhancing its potency and reveal 
sensitivity, originally and still exemplified by mg in man tho presence of degrooe of hypersensitivity 
Koch’s tuberculin reaction, has proved muoh more too low to be demonstrable by intracut an eons testa 
difficult of analysis than that of tho immediate with large doses of tuberculin 
reaction about tho mam immunological features of The discovery by Landeteincr and Chose that in 
which much is now known. In tho symposium on guinea pigs specific delayed hypersensitivity can bo 
“Delayed Hypersensitivity’ hold by the British transferred by an inoculum of leucocytes whon one 
Society for Immunology m London on May 8, the of serum is ineffective lias been further analysed for 
allergic phenomena associated with reactions of this human boings by H S Lawrence Ho sought, by 
typo provided the control theme for discussion making extracts from such cells after their lysis, to 

Lifctlo progress towards the understanding of tho identify the transfer factor concerned Tins ho 
mechanism of the tuborculin reaction can bo expected, found to bo a stablo agent capable of resisting ox 
os pointed out by S V Boyden in opening the poeure to deoxyribonuclease, nbonuoloase and tryp 
Symposium, until tho nature of the specific change Bin With Pappenhmmer ho found that it may b© 
in tho tissues responsible for tho hypersensitivity liberated from the sensitizing leucocytes by incubn 
is recognized and con be detected and measured tion alone or by contact with tube rcuiop rot oms , tho 
in vitro The injection of tuberculoproteins, when in latter procedure caused the cells themselves to lose 
solublo form, leads to tho production of epociflo anti thoir distinctive property of sensitizing a recipient 
bodies m the blood but not to tho appearance of Delayed hypersensitivity to coccidioidm is similarly 
delayed hypersensitivity Even when theeo proteins transferable with extracts of sensitizing leucocytes 
are adsorbed on carbon grannies or rod oell stromata and tlio spcoific systemic react i\ity bo conferred* may 
to provido thorn with a portioulote vehiolo, their persist for moro than a year 

injection almost invariably result© in the develop In seeking somo biological moaning for dolayod 
merit of Arthue type hypersensitivity It Booms that hypersensitivity reactions Lawronoo proposed on 
it is only whon thoso antigens outer the tissues as an extension of Burnet and Fenner’s ’self marker con 
integral part of tho bacillus, and consequently pass copt to postulate that interaction between host cells 
through some intracellular expen enco in phagocytes, and phagocytozod microbes may produco slightly 
that the animal will respond to a subsequent skin altered versions of the individual’s cellular com 
test with a typical dolayod tuber culm reaction ponents by forming intimato (self plux sc) complexes 

In part, the characteristic dolay in tho dovelop The latter, recognized as foreign by tho host, may 

ment of tlio tuberculin reaction might bo attributable provoke a cellular immune response (transfer footer) 

as iT PepyB lias observed, to the period of several directed against tho complox The cellular immune 

hours needed for the full fixation of tho provocative response takes o fleet against tho host s own tissues 

agent to the tissue rolls Tho simultaneous injection m the form of a local homograft reaction wherever 

of any agent, such os lustmmno or hyalurontdaso and whenever his cells are in appropriate combination 
whioh can accolerato tho loss of tho tuberculin from with tho antigen (x) which has induced tho alteration 
tho site of inoculation, or of adrenalin which can The effector mochanism (transfer factor) is uncovered 
onsuro its retention in the area, consequently much following transfer to recipients and in the presence 
affects tho intensity of tho onsurng reaotlon It follows, of tho tost antigen (x) it is pontulatcd that it ervokoe 

therefore, that any constituent present in tho tuber a train of events etrmlnr to that collod forth by the 

culin preparation used that might evoko oven a intact microbe in tho cells of the donor 

relatively m conspicuous immediate reaction ccrald, N A Mitchi&on further followed up tho possible 
by so doing, load to tho dispersal of tho factor which reecmblancos between delayed hypersensitivity and 
was tho cause of tho dolayod reaction and bo mask tho homograft, reaction by pointing out that 
any later manifestations of dolayod hypersensitivity the immunological responses ^ *mtibod> 

On the other hand, the introduction of tho tuberculin able to tho participation of col ot } lor c f the 

in a lipid vehiolo prolongs the local retention of tho A graft of tissue from one on mn 
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same species provokes the production of both 
humoral and cell-bound antibody , but the formor 
generally does not destroy the graft Transplantation 
imm uni ty thus possesses an important feature in 
common with delayed hypersonsitivity Further 
similarities arise from the routes of immunization used 
— the intravenous injection of cells provokes only a 
poor response in the rabbit — as well as from the 
tempo of the full transplantation immunity reaction 
which develops before the production of humoral 
antibody reaches its maximum More significantly, 
the cellular infiltration of homografts resembles tho 
granuloma induced by tubercle bacillary w ax Tho 
nature of the cell first stimulated by the antigen 
may determine the type of the response, so that a 
single antigen may, m different circumstances, 
elicit either a humoral or a cell-bound antibody 
Alternatively, tissue cells may be supposed to possess 
isoantigens of different kinds each responsible for 
one kind of antibody 

The possibility that a single molecular species of 
antigen can provoke sunultanoously both delayed 
and immediate sensitivity to different determinant 
groups on it was discussed by P G H Goll and 
B Benacerraf In a study of various types of 
immunological reaction to proteins conjugated with 
such active haptenes as picryl elilorido, they havo 
demonstrated a dissociation between immediate and 
delayed skin reactivity to tho same antigen Tho 
absence of recognizable antibodies to the protom 
carriers used m these conjugates, at a time when 
their mtradermal injection proved capable of oxcitmg 
a delayed skm reaction, confirms the view that 
reactions of this typo do not depend on conventional 
antibodies in the circulation at this time, antibodies 
were present specific to the liaptemc group Under 
other conditions, delayed sensitivity to the haptentc 
group was also demonstrable They questioned the 


view that the state of delayed hypersensitivity can bo 
regarded as an early, perhaps immature, stage of 
immunity Bather, they folt that it should bo con 
sidered as a distinctive lesponse to certain qunli 
tatively different, possibly less dominant, groups on 
tho antigenic molecule 

With tho recognition of tho close participation of 
leucocytes m tho transference of specific dolayed 
hypersensitivity, J L Gowans’s account of tho life 
history of lymphocytes acquires particular rolovanco 
Experiments on rats havo shown that the output 
of tlieso colls from tho thoracic duct is sufficient to 
roplaco all tho lymphocytes m tho blood many times 
daily , tho production of new small lymphocytes is 
much lowei and tlioir survival time much longer 
than was formorly supposed Those colls, moroovor, 
appear to circulate freely tlnough tho tissue spaces 
and m this extravoscular transit thoy may bo tho 
effector colls in immunological reactions of tho dolayed 

typ° 

Tho features of tho immediate and dolayod 
‘tuberculin-typo’ reactions to trichophytm in guinea 
pigs that can bo evoked either after an infection or 
an inoculation with tho killed mycohum woro de- 
scribed by C N Cruiclcshnnk, M I) TiottorandM R 
Wood Thoy found that thoso responses woro 
associated with a transferable passivo cutanoous 
anaphylaxis, but that thoy could occur m the 
absonco of any dotoctablo precipitating antibodies 
Chomical fractionation of tho mycelium sliowod that 
tho antigenic material was mainly a polysaccharide 
contaimng equal proportions of glucoso and mannose 
Finally, R M Gordon and M Lavoipioiro, in discuss- 
ing immodiato and dolavcd reactions to msoct bites, 
pointed out that in certain instances tho late reactions 
ordinarily attributed to tho sali\a of tho vector ma\ 
be confusod with tliat caused by somo parasite 
introduced into tho tissues at tho time 


THE ELECTRIC ARC IN WELDING 


F OLLOWING the practice of the previous two 
years, a third “Joining of Metals” Conference 
was held at the University of Birmingham on June 25 
under the chairmanship of Prof E C Rollason, 
head of the Department of Industrial Metallurgy 
The subject on this occasion was “The Electric Arc 
m Welding” , five papers were presented, and tho 
conference was attended by about one hundred 
representatives of industry, the research associations 
and the universities Prof Rollason explained that 
the purpose of these conferences was to further the 
development and teaching of the basic processes 
underlying the practice of metal joining, and pointed 
out that, m arc welding m particular, much less 
effort had been directed towards fundamentals than 
to tho empirical development of modem arc welding 
processes He then suggested that there were three 
ways m which the arc interacted with the metal 
which were of significance in welding First, there 
was heat transfer from the arc which was responsible 
for the formation of the weld pool, secondly, the 
chemico-metallurgical reactions taking place between 
the high-temperature gases m the arc atmosphere 
and the weld metal , and thirdly, the transfer of metal 
droplets across the arc whioh can take place against 


gravity and for which no satisfactory mechanism 
had yet been advancod 

Mr D R Milner, of tho Department of Industrial 
Metallurgy, then surveyod tho present state of know- 
ledge of those aspects of arc physics which wore 
pertinent to thoso problems Throughout the main 
body of the arc electrical energy is utilized to heat the 
gas to such a temporature that it becomes thermally 
ionized and is thus able to provido tho eloctrons and 
ions necessary to carry tho required current At the 
anode the electron stream, and at tho cathode the 
positive ion stream provide tho source of enorgv 
for melting the metal For low current arcs the anode 
proceases are reasonably w r ell established, hut less is 
known of conditions at tho cathode Howovoi, for 
high-current welding systems little information is 
available in oither caso Heat and mass transfer 
from the arc column to the electrodes, which determ- 
ines the reactions occurring between tho arc 
a mosphere and tho weld metal and controls the rate 
at which they take place, is dependent upon the energy 
dissipated the gas properties and the mode of heat 
L"" * r , 0f p , aTt ; lcv A ttr forest m this respoct are 

] WlUCh Maookor k «s demonstrated exist 
wherever there is a constriction in the arc, such ns a 
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cftthodo spot, giving rise to gas velocities of the order 
of IQ 1 to 10* cm per sec 

Dr Q R Balter, of the Department of Industrial 
Metallurgy, contributed a paper which described the 
results of an Investigation of tho absorption of oxvgen 
by titanium melted In an oleotrio arc m an atmosphere 
of argon containing controlled quantities of oxygen 
The effect of time, oxy gen partial pressure, are length, 
current, electrode composition and gas flow conditions 
had boon determined Tho interpretation of tho 
results led to the conclusion that m this system the 
rate controlling process was the diffusion of oxygen 
across a stagnant’ boundary layer of gas of the order 
of 10"' am thickness adjacent to the molten metal, 
which took place over a high temperature active 
area where the oxy gen was dissociated The magni 
tude of tho aotivo area was determined by the current 
and arc length, and the thickness of the boundary 
layer by the velooity of the cathode plasma jet 
which impinged on the anode 

Mr J B WiUunson, also of the Department of 
Industrial Metallurgy gavo an account of work on 
lioat transfer in wmch onergy balances hod been 
determined for arcs operating between a tungsten 
cathode and a water *oool©d copper anode in atrno 
spheres of argon, nitrogen, helium and hydrogen 
The existence of plasma jets in these arcs had been 
demonstrated, their velocities estimated and attempts 
made to separate tho heat transfer from tho plasma 
jot from that due to electron heating of tho anode 
Tho interpretation of tho measurements of the heat 
transferred from the plasma jot was along sunilar 
lines to that proposed by Salter for mass transfer, 
that is to say , with oonvection transferring the heat 
to a boundary layer adjacent to the metal surface 
Some success had been achieved by the application 
of a conventional non-dimenmonal treatment of 
oonvoctive boat transfer with the plasma jet replaced 
by an equivalent source of hot gas emerging from a 
tube 

In addition to their role in heat and moss transfer, 
plasma jets are also responsible for the transfer of 
metal droplets from the molten wire olectrodo to the 
weld plate This was shown by Mr J C Needham, 
who described work carried out at the Electrical 
Research Association in which a study had been made 
of the detachment and fbght of aluminium droplots 


by high speed colour photography (8,000 frames j>er 
sec ) The existence and effect of the plasma -jet 
could be inferred from a stream of metal vapour 
emanating from the droplets flowing in the direction 
of the jet and from tho faot that tho velocity of tho 
drops contmuod to increase, with accelerations of 10 ^; 
to 100#, after they had been detached from the 
olectrodo wire attaining terminal velocities in excess 
of 500 cm /sec Experimental determinations of the 
droplet velocity os a function of current, derived from 
the photographs taken by Needham, and from 
trajectory' determinations by Mr C *1 Cooksey of the 
University of Birmingham compared well with 
theoretical calculations based on a model in which 
the drop became detached when tho force exerted 
on it In' the plasma jet exceeded the restraining 
force of surface tension, and was thon freely 
accelerated across the arc by the impinging gas 
stream 

An interesting characteristic of the electric arc is 
that if it is intensively cooled, for examplo by opera t 
ing it through a narrow cooled orifice, then the core 
temperature is increased This is because the eon 
ducting area contracts, so that which remains must 
have a higher degree of ionization and hence a higher 
temperature m order to maintain the required 
current Spectroscopists and arc physicists have 
utilized this property of tho arc to heat gas to tom 
pom tares up to 50 000° C for tho measurement of 
collision craw sections and the transitionprobabilities 
of ionized end excited atoms and for fundamental 
magnetohydrodynamlo studies Mr A R Moss, 
of the Ministry' of Supply, elaborated on the beha\ jour 
of the const rioted arc and showed how it could bo 
harnessed to technological advantage He described 
the various types of plasma jot projectors and con 
stneted arc torches developed in the Armament 
Research and Development Establishment, with 
ompluisis on the design and characteristics of devices 
operating with a power consumption up to 100 kV 
amp., although much more powerful equipments were 
mentioned Their mnnv potential technological 
applications include tho melting, cutting and spraying 
of metolllo and non metallic materials m non 
contaminating atmospheres, chemical synthesis and 
the production of high temperature gas streams at 
hypereomo velocities D R Mita-teo. 


INTERNATIONAL CONGRESS ON ACOUSTICS 


T HE third International Congress on Acoustics 
was held in Stuttgart during September 1-8 
under tho presidency of “Prof Erwin Meyer 
Tho first of tho scries was held in Dolft in 1953 
and tho second j n Cambridge Massachusetts, in 1950 
Already the niunbor of participants has risen from 
tho original fJOO to more than 1,000, and in tho recent 
congress necessitated tho individual papers bemg read 
in ojght concurrent sessions The mornings were 
do\otod to rmiew locturcs, which all could attend 
These, and tho papers presented, covered architectural 
acoustics, ultrasonic techniques and their applications 
to tho study of molecular physics, acoustical proper 
ties of materials employed in industry , noise and its 
abatement (in particular aircraft noise) physiological 
and psychological acoustics. 


If one tries to assess tho progreas made smeo the 
last congress and which la likely to continue in the 
future, one would porlmpa select tho last two of 
these as of most interest Tho two reviews given 
on tho subject of the noise of jots and the quantity 
of smaller papers which followed illustrated tho 
strides which ha\ e boon made since the last congress 
where tho subject of aeronautics interested but a few 
speakers The Increasing noise lo\el to which wo are 
subjected Ilos stimulated more research into the 
functioning of tho ear and tho human pro cesses of 
sound perception, which also brought out a stimu 
lating nrra\ of papers 

In building ncouatira and molttmJar ?’ 

bus the feeling that the Peak £ o 

pnmed In tho former a.ibjrrt ,t Kon» "»»' tu 
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question of fine adjustments to existing knowledge, 
while in the latter new developments may only be 
expected by going to oxtreme temperaturos and 
pressures with adaptations of existing techniques 
To illustrate the importance of noise m daily hfe and 
methods of measuring it, the regional authorities of 
Baden-Wurtemburg opened to the public an exhibit 
in a Stuttgart Museum entitled “Wenigor Larin” 

It was announced that the next international con- 
gress would be held in Copenhagen in 19G2, and if 
the number of participants should continue to increase 
at the present rate this will involve the local organiza- 
tion m much bard thinking about how they are to 
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lodge them and deal with the reading of tho many 
papers oxpeotod 

This situation is not peculiar to acoustics, but there 
is a possibility of splitting tho auditory into roughly 
equal n umb ers of those concerned ivith physical and 
physiological acoustics and thoso interested marnh 
m arohitoctural, musical and industrial applications 
Perhaps two congrosses en suite with a wook-ond of 
social activities and excursions sandwiched botwoen 
them might ovorcomo some of tho difficulties of 
organization 

Tho proceedings of tho congress are to bo publishod 
in book form by Elsovior Press E G Riohajidson 


PHOTOGRAPHY IN THE INTERNATIONAL GEOPHYSICAL 

YEAR 


A SYMPOSIUM on photography in tho Inter- 
national Geophysical Year was hold in Edin- 
burgh on June 6, under the auspices of the Scientific 
and Technical Group of tho Royal Photographic 
Society of Great Britain 

Following lus address of welcomo on behalf of tho 
University of Edinburgh, Sir Edward Appleton 
stated that he believed tho effect of tho International 
Geophysical Year on association between geophys- 
icists would be a permanent one, and recalled tho 
descent of the recent great collaboration from earlier 
International Polar Years He then described some 
of the ionospheric work carried out during tho Inter- 
national Geophysical Year and directed attention to 
the valuable part played by photography m making 
possible permanent records In conclusion, lie spoko 
of the most striking discovery of tho Van Allen 
radiation belt Miss Harker, president of the Royal 
Photographic Society, replied and went on to discuss 
the wide compass of photography, illustrated by tho 
nature of the subject of the symposium 

The study of aurorae by all-sky cameras vas 
described by Dr G M Thomas, of tho Balfour 
Stewart Auroral Laboratory He pointed out that 
remoteness and erratic occurrence make auroral data 
scanty, and that any casual collection of data is bad 
statistically However, full-time observation is a 
I costly matter, but sky cameras could provide the 
necessary supplement to visual observation A 
system was described consisting of a motion picture 
camera viewing a largo convex mirror, the mirror 
being heated to keep off frost and snow, and a 
calendar and watch placed m the Sold of view Tunin g 
of the camera’s function was provided by a syn- 
chronous motor A film illustrating tho systematic 
motion of the aurorae was shown It is of great 
importance to correlate the Budden alterations which 
occur with changes in the magnetic field at tho 
ground 

The next contribution reviewed some of tho con- 
tributions of photographic techniques to rocket and 
satellite work, and described particularly the ballistic 
cameras developed at University College, London, 
for the ‘grenade’ experiment Hub is a method of 
finding upper-air winds and temperatures by meas- 
uring the time of travel of sound from grenades fired 
from an ascending rocket The special function of 
photography here is to locate the grenade bursts with 
great precision When tho experiment is earned out 


m daylight, special techniques aro necossary to obtain 
rapid triggering of tho shutters by light from the 
grenades Experiments under preparation for X-ray 
observation of tho Sun and ultra-violot astronomy of 
tho stars wore also described Tho latter work is 
being conducted m collaboration with Dr H E 
Butler, of tho Royal Observatory, Edinburgh, who 
then described Ins use of a technique, duo originallj 
to Dr Bakor, of tho samo Obsor\ atory, to bring up 
tho dotail of very faint interstellar absorption linos 
Basically, tho problem is to bring out tho signal from 
tho ‘background noiso’ grain m tho plates, and it is 
accomplished by careful photomotcring and summing 
of the results from many plates, togotlior with sub- 
traction from a standard spectrum to romoio tho 
emission structure Tho rosults wore extromely 
improssivo, ns mdood uas tho amount of work 
required to obtain thorn , a million separate read- 
ings from twonty-sovon different exposures were 
obtained 

Dr U J Waddington, of tho Uim orsity of Bristol, 
described his subject ns tho study of tho ‘footprints’ 
of cosmic ray particlos Duo to tho vastnoss of his 
subjoct, ho linutod lus discussion to an extended 
series of high altitudo balloon flights with nuclear 
emulsions mndo with tho avoir od intention of 
monitoring the long-term variation of tho primarv 
cosmic radiation Sovonty-tliroo balloon flights were 
made by a group led by Prof E P Noy (Minnesota) 
A typical payload consisted of a dozon 4 m x 4 in 
600g Hford G 5 emulsion plates, togothor with a 
single countor and on ion chamber Although protons 
are more abundant, a-particlos wero chosen for tho 
study for a variety of reasons, among which rr oro the 
complications of an albedo of protons from dis 
integrations and tho greator ease of finding and 
counting a-particle tracks in nuclear emulsions The 
results of thoso observations ore still bomg analysed, 
but already it is clear that differences m tho variation 
of a -particle and proton flux after a solar flare should 
ultimately throw light on tho properties of tho space 
between us and tho Sun 


. > J- " i ill VU^WIKIU, U1 1110 U O A 

Academy of Sciencos Institute of Geography, wt 
read for him in his absenco His paper dtscusse 
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ground aro still considered to bo the most reliable 
means of rocordmg the state and behaviour of 
glaciers Recently, however, aerial photography, 
with its nd\ antQgo of tho avoidanco of 'dead areas 
due to obstacles, has boon appliod to tho study of 
glacier dynamics TTniortunatoIy , tho paper gave no 
information on tho experimental equipment, eithor 
aenal cameras or tho new Soviet stereograph * SD 1”, 
wliioh was claimed to bo notabla for its precision, 
Imving a relative moan square error of vortical con 
trol in the neighbourhood of 1/3 000 It was a 


conclusion of tho paper that aerial photography could 
greatly speed up a survoy, especially with tho use of 
helicopters, but that no single method in photo 
topography is appropriate m every situation 
Tho meeting ended with projection of the Russian 
research film, * North Pole”, showing Soviet scientific 
research in the Arctic and describing the results of 
oceanographic and meteorological work. Of special 
interest wore sequences showing tho circulatory 
movements of water and ice flows about the Pole 

R L F Boyd 


GLASSHOUSE CROPS RESEARCH INSTITUTE 

OPEN DAY 


T HE Glasshouse Crops Research Institute, Little 
liampton, Sussex, held itB annual open day on 
Juno 10 when nearly two hundred visitors attended 
Tho laboratories wore open for inspection during the 
morning, and after lunch, at which tho director, Mr 
F W Toovoy, reported on tho Institute’s progress 
during tho past year, a Bence of demonstrations were 
arranged m tho experimental glasshouses and mush 
room shods 

In tomato \anety trials by the Plant Brooding 
Soctioa (Mr L A. Darby ) special interest was shown 
in hylirids with tho ‘Baby Loa' variety, some of 
which aro in the F, generation and beginning to 
brood reasonably truo This variety has a compact 
habit of growth (short mtornodoe), and an attempt 
is being modo to incorporate this habit into known 
good combining varieties with tho aim of producing 
an Fj hybrid of good early and total yield, bearing 
high-quahty fruit, and which will not suffer from 
tho excessive vigour of hybrids at present grown 
commercially A. oueumber breeding trial which w as 
also demonstrated, tests tho value of F x hybrids for 
commercial use with spocial roforenco to early and 
total yields, and to fruit quality 

Tho Plant Physiology Department (Dr E R 
Leonard) showed tho concluding stages of a time-of 
planting expenmont earned out as part of its growth 
analysis studios on tho tomato Previous work has 
suggested the influence of day length on the growth 
of oil the major organs of tho plant, including the 
roots, and in order to investigate this more fully 
sowings at ono of the dates Included in tho main 
timo of planting experiment have also been earned 
out at throe other centres in the British Isloa, ranging 
from Guernsey in the Channel Islands to Aucluncruive 
m Scotland, and m Malta and Finland A prototvpo 
tomporaturo-confcroliod gloss cabinet, erected in a 
glasshouse, for studying tho growth of tomato plants 
under controlled day length throughout a cropping 
season was also on display Another exhibit was 
equipment for tho production of artificial temperature 
gradients across a tomato fruit in connexion with 
tho Department's investigation of fruit ripening' dis 
orders including thoso loosely referred to aa ‘blotchy 
ripening 

Tho Chomistry Department a programme, under 
Dr G W Wmsor, include* a comprehensive study 
of the nutrition of the tomato, and a wide range of 
glasshouse experiments was on view Tbeeo comprise 
a baafo factorial trial, testing nitrogen, phosphorus, 
potassium, calcium and magnesium, two experiments 


on liquid feeding, and an investigation of the effect 
of magnesium deficiency on yiold and its control by 
applying magnesium sujphnto to the soil or to the 
foliage Determinations of nutrient uptake aro a 
special feature of these experiments Laboratory 
studies of tomato fruit composition woro also 
demonstrated , tlioeo have particular reference to 
fruit-ripening disorders and may shod light on factors 
dotormining flavour Changes In the enzymo activity 
associated with ripening are also being investigated 
Tho Department also works on other glasshouse crops, 
and of topical interest woro tho studies being marie 
of tho ofTocte of manganese toxicity on tomatoos 
lettuce and carnations A factorial nutritional trial 
on carnations, testing throe levels of nitrogen and 
potassium in the preaenco or absence of added 
phosphorus, magnesium or calcium, was also on vkw. 
With tho cultivated mushroom certain cultural 
problems are studied, particular attention being paid 
to various factors of tlio casing layor m relation to 
fruiting , evidence has accumulated that total 
moisture stress has an important Influonco on fruiting 
An investigation of the effect of factors of tlio 
atmospheric environment on mushroom growth w 
also about to bo taken up and a prototypo controlled 
environment chamber for this ■was on view 

The Riant Pathology Division (under Dr L Broad 
bent) demonstrated tbo work of its throe Departments 
Entomology (Dr N W Hussey) Mycology (Mr 
P H Williams) and Virology (Mr M Bollings) 
At proeent tho Entomology Department is devoting 
a great deal of attention to cocids affecting the 
cultn atod mushroom , observations on thoir lifo 
history were illustrated and results wore preeontod 
on the %ery rapid rate of mcroaso of the larvte m 
compost The results of experiments on the control 
of cecids by tho application of y BHC to compost 
or casing were also displayed The My cology Depart 
ment showed aspects of its work on the Didtjmclla 
stem rot of tho tomato, on cucumber mildew, on 
carnation wilts and on mushroom fruiting disorders 
In connexion with the investigation or carnation wilt 
diseases, a glasshouse experiment on the survival of 
tho pathogens in soil and plant roots was in progress , 
this involves tho growing of carnations, chrysantho 
mums and tomatoes m rotation in concrete lined 
beds to boo whether tho wilt organisms can be carried 
over on. hosts other than the carnation even though 
producing no visible symptoms on those 
Mushroom fruiting dlsordor* associated with gro®* y 
reduced dropping have caused much concern to tho 
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industry during the past few yeai s, but thou investiga- 
tion has proved very perplexing because of the 
variety of symptoms produced At the Institute tho 
possible transmissibility of the disorders has beon 
particularly studied, and m recent experiments, 
winch were demonstrated, evidence of artificial 
transmission and natural spread following the inocula- 
tion of beds lias been obtained Of special interest in 
the Virology Department’s piogrammo, which is 
about to be greatly expanded, was the success 
achieved in rootmg menstem culturos of carnations 
and transferring them to conventional growing media , 
this work has been undertaken as a prelude to tho 
investigation of heat theiapy for carnation virus 
diseases 
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The Ci op Protection Department (Mr W H Read) 
had a striking demonstration of tho effect of captan 
in protecting tomato plants from Didymclla stem 
rot A glassliouso ti ml showing tho value of the 
chonncal soil sterilizing agents, motham and cliloro 
picnn, m comparison with steaming, was also on view 
Among the current activities of the Statistics Sec 
tion (Mr D Cooko) attention was directed to a 
survey that is to bo carried out, in collaboration with 
Rothnmstod'"Exporimental Station and tho Ministry 
of Agricultui e, on tho tomato varieties in commercial 
cultivation in rolation to carlinoss and district This 
should prondo information of particular interest m 
connexion with tho brooding progiammo and ovpon 
mental u ork generally F W Toovey 


STUDIES IN RECREATION 


U NDER the title “After Work Loistne and 
Learning in Two Towns ’, tho National Institute 
of Adult Education has published, for tho Manchester 
and District Advisory Council for Fuithoi Education, 
studies m Bolton and Rochdale by Jfr R Ruddock 
and Dr A Wilson (pp G3 London National 
Institute of Adult Education, 1959 3s G d ) Prof 
R D Waller contributes an introduction explaining 
the purpose and basis of the two surveys, -which gtvo 
special attention to the twenty to thirty ago group, 
and suggesting a few generalizations Dr Wilson’s 
survey of Rochdale started a few months later than 
Mr Ruddock’s survey of Bolton, and ho strossos tho 
quality and quantity of educational and cultural 
activity in this town of some 8G,770 inhabitants 
While this is probably not loss than that of any other 
industrial town of comparablo sizo in Groat Britain 
probably as many as 40 per cent of young adults 
have no connexion with any organization outside 
their job and homo Tho Rochdale Literary and 
Scientific Society, founded in 1878, has always had 
the backing of influential scientists, doctors, teachers 
and others and often exercised considerable influence 
m educational and cultural matters , its member- 
ship has fluctuated between 233 and 360 during tho 
first half of this century, but has smeo reached 650 
Nevertheless, apart from societies promoting religious, 
musical, dramatic or highly specialized leisure pur- 
suits, the voluntary societies have littlo success m 
attracting people in the 18-35 age group, and during 
the past five years the membership of voluntary 
societies lias fallen by 12-13 per cent 

Tho survey suggests that some of the young adults 
would welcome the opportunity to live a fuller social 
life and that others might adopt a similar attitude if 
parents, school-teachers and employers broadened 
their horizons and developed them latent interests m 
society and the problems which face its responsible 
citizens Dr Wilson suggests that tho links between 
technical students and liberal or non-vocationnl 
studies could be developed, for example, by residential 
courses organized by the Extra-Mural Department of 
the University of Manchester Nor is full use yet 
made of the facilities for further education under the 
part-time day release scheme with a school popula- 
tion of 12,287 m sixty schools, day release from 
2,289 technical college students is only 943, 76 from 
243 School of Art students, and 19 from 1,883 
Further Education Centre students 


For Bolton, v ith approximately double tho 
population (103,800), tho statistical picture is similar 
Tho population por acre, rates por head and birth- 
rate aro very similar tlioro aro 25,374 students in 
102 schools and tho total expenditure on education 
is roughly doublo (£2,278,812 compared with 
£1,115,507) Of tho 0,700 technical collego students, 
2,800 me day release, but there is no day roloaso 
among 748 School of Art students nnd 2,700 Further 
Education Centro students Liko Rochdalo, Bolton 
is becoming less depondont on the textilo industry, 
and employment in tho textilo industries lias dropped 
to less than 25 por cont of tho -working population, 
compared with 47 por cont m Rochdalo Mr Ruddock 
estimates that tho voluntary societies contribute only 
perhaps ono-fwentieth to tho cultural activity of 
Bolton nnd that the whole cultural lifo of Bolton is 
sustained by soino 6,000 of its citizons Among the 
suggestions ho makes, all concomed with tho uppor 
30 por cont of tho population, in tho educational 
sonso, is extended publicity to ensure that more 
young adults know of tho Woikers’ Educational 
Association nnd other serious organizations m tho 
cultural field Many premises require improving 
and equipment Tho Central Library is admirably 
situated for sponsoring oxponmontal provision, and 
although theie is much good teaching of tho plastic 
arts in Bolton, local amateurs could benefit by 
experience of a more exciting nnd vital practice 
which might bo offered from outside Bosides 
tho provision of special courses for those con- 
ducting classes and meetings, Mr Ruddock sug- 
gests that the many graduate teachers, lawyers, 
doctors, ministers, scientists and administrators m 
Bolton might bo encouraged to associate more freely 
and that cxeoutivo mombers of local businesses would 
gam much from organized group contacts with 
specialists m scionco, administration, education and 
social science, many of whom could bo reached 
through tho University Extra Mural Department or 
Bolton Toclmical College 

Prof Waller points out that noithei sun oy says 
much about the largo undifferentiated mass — what 
its members’ spare-time activities are, w’hat could bo 
done to interest thorn and mvolvo them m socially 
healthy and worth-whilo pursuits Both surveys 
support explicitly and implicitly Dr I Trenaman’s 
conclusion, that all cultural and educational activities 
touch only about half of tho population, and that 
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half includes all those Mho have received higher 
education It is tho late school leavers who are the 
most likely to carry on cultural interests into mature 
life and there scorns good reason to belio\ e that 
longer schooling, the sensible organization of con 
imitation work and youth activities and tho liberal 
treatmont of vocational training would oil consider 
ably affect cultural and intellectual interests in later 
hfe Prof Waller also notes J>r Wilson’s observation 
flint those of tho 20-30 ago group who are most 
deeply addicted to television seem to liavo taken no 
course since leaving school have no connexion Moth 
church or voluntary society and no interest m any 
other local society and organization, Possibly only 


telex is ion could induce any desiro to participate in 
communal actixntios among this group While tho 
position of established societies and organizations 
varies — the thriving state of the Bolton branch of 
tho Workers Educational Association contrasts with 
a dec] mo of 12-13 per cent of the membership of the 
Rochdale branch during the past fix o veers — nil seem 
hkoly to gain from an improved educational systom 
and a better developed service of youth All would 
be helped by bettor and co operatn e publicity 
perhaps with tho assistance of local authorities, and 
all would be greatly strengthened by public provision 
of central premises, available to them all without 
crippling rental charges 


MARITAL FERTILITY IN 

T HE census of 1951 was the first general census 
sinco 1911 to include questions relating to the 
fertility of married women of England and Wales 
Tho answers to tlieso questions havo been analysed 
in tho fertility report which has recently been pub 
1 idled (ConsuB 1951 England and Wales Fertility 
Report Pp 0X1+251 London H.M Stationery 
Office, 1959 £4 10» net) 

The analysis of fertility movements has becomo of 
increasing interest to demographers and other social 
scientists for a number of reasons In the first place, 
fluctuations in marital fertility and long term changes 
in the fertility rato have most important effects on 
the sizo and structure of the population, particularly 
in low mortality areas like Great Britain Secondly, 
differences in the fertility of various sub groups of 
tho population are of considerable sociological interest 
by thomselves, and changes in differential fertility 
may throw important light on other aspects of social 
change It is thus likely that questions on marital 
fertility will figure m future British censuses os a 
matter of routine 

The growth of interest in fertility' has also led to 
considerable developments in the method of analysis 
in particular, tho uso of cohort analysis In whloh the 
fertility experience of a group of women who were 
either horn or married m the same calendar year is 
traced throughout thoir reproductive lives This 
method of analysis was used in the statistical reports 
of the Royal Commission on population, and is now 
also applied in the Fertility Report in discussing the 
problem of population replacement 

The fertility questions asked in the 1951 census 
were limited to married women under the ago of 
fifty at tho fcuno of the census These were asked to 
state the date of their marriage (and their first 
marriage, if married more than once), the number of 
live bom children, and whether they liad given birth 
to a live bom child in the twelve montlis preceding 
tho census In addition the census schedule con 
tamed tho woman b age and if her husband was 
enumerated on the same schedule, particulars relating 
to Ids occupation In order to simplify tho analysis, 
a sample of 20 per cent of the I 4 million mamed 
women was selected for analysis an B0 per cent 
sample of women aged 45-49 was taken to obtain 
more detailed data on completed fertility A com 
pteto analysis woe mad© of all women who had been 
married more than once, but such women constituted 
only 4 1 per cent of all married women 


ENGLAND AND WALES 

The fertility report aims to answer three questions 
First, what is the current level of marital fertility in 
England and Wales T Secondly what differences m 
fertility between vanous groups may be dolectod 
from the data 1 Lastly, what are tho implications of 
present trends on population replacement ? 

It will be convenient to deal with the last topio 
first It is interesting to note official recognition of 
the fact that the question aa put is incapable of being 
given a definite answer On p tci of the report a 
number of different hypothetical replacement mtoe 
calculated on different assumptions, are put forward 
\ arymg between 0 065 and I 084 Tho official 
comment is that current habits imply in the long 
run approximately full replacement of one generation 
by tho next and possibly very little more” (p xen) 
This is a for cry from the position m the 1930 s when 
warnings about incipient rapid population deelmo 
were common. To be fair hoover, it should bo 
pointed out that women born in tho early-' years of 
the century did not have sufficient children to replace 
themselves (women bom between 1003-8 lind a 
generation replacement-rate of only 0 072, those 
bom between 1918-18 0 795) It is clear, ho wax or 
that m the immediate future, violont changes in total 
numbers are unlikely 

There are alight indications that the recox ery in 
average family size after the end of the Second World 
War was slowing down m the middle ’fifties, but it 
wii! bo necessary' to wait for the 1901 census data 
before we can be certain of this 

It is not th© function of on official census report 
to speculate upon the causes of tho rexcrsal in 
fertility trends, but tho chapter on differential 
fertility gives information about differentials between 
occupational groups (both tho traditional five fold 
classification and the twelve socio-economic groups), 
between different geographical areas, and also an 
analysis of fertility differences by differences in th© 
ages of husband and wife Tho indices studied are 
mean family size, proportion infertile and current 
fertility rnto Those figures confirm the impression 
that clerical workers, shopkeepers and the lower 
professional, administrative arid managerial groups 
or© now tho least fertile section of the popula 
tion, thoir fertibty being about 20 per cent below 
tliat of tho population as a whole On the 
other hand, semi-skilled and unskiUod manual 
workers continue to show an excess of about K * 
samo amount 
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The report, of course, contains much additional 
information, some of it incidental to the principal 
topic For the calculation of replacement-rates, a 
female nuptiality table showing the proportion of the 
female population at different ages by marital status 
had to be computed, assuming current rates of death, 
marriage and dissolution of marriage , and inter- 
esting facts emerge about the marriage habits of 
different groups of the population 
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One hopes that the fertility questions will bo 
repeated in 1961, and that tho questions will bo asbod 
of all married womon this tuno It is only tlirough 
ponodio inquiries such as tins that tho fertility 
of the population as a whole can bo adequatclj 
Btudied, and tho importance of tho subject warrants 
inquiries of this kind to bo made at interval* 
more froquont than once in forty years 

E Grebenik 


JOHN INNES HORTICULTURAL INSTITUTION 

ANNUAL REPORT, 1958 


T HF, accommodation and facilities at the John 
Innes Horticultural Institution, the annual 
report of which was recently published (Forty -nmth 
Annual Report, 1958 Pp 44 Bayfordbury, Hert- 
ford John Innes Horticultural Institution, 1959 
3s ), continue to expand In the Department of 
Plant Breeding, much w ork has boon cumod out in 
an effort to improve the apple, with special attention 
to breeding for applo scab and apple mildew 
Secondary emphasis has been placed on hybridiza- 
tion to fill varietal gaps Pear-applo hybrids havo 
been found to be only possible using tho pear as 
female parent, and there appears to bo no funda- 
mental genetic barrier to crossing tho two gonora , 
however, hormono treatment is necessary for success 
Very few of the hybrids have surwved tho seedling 
stage, duo to rapid breakdown of root tissue This 
weakness is only partly overcome by grafting and 
only about 2 per cent of those produced up to 1956 
have survived It has been claimed that parental 
performance can be improved by selection combined 
with inbreeding and that undesirablo characters, 
such as disease susceptibility, can bo removod with- 
out impairing the general breeding behaviour of tho 
original genotypes Whether or not worth-while 
results can be obtained m this manner is contro- 
versial, but a programme of mbreoding strawberries 
has been designed to answer some of these questions 
The results so far suggest that selling causes a con- 
siderable loss of vigour In practice, changes affecting 
only one character are seldom brought about by 
selection after hybridization Such changes are more 
likely to be achieved if genetic variability can be 
produced without crossing Experiments on in- 
creasing genetic variability of inbred lines of tomato 
by irradiation using phosphorus-32 indicate that it 
may be possible to increase quantitative variation m 
tomato by this means 

Self-compatibility m the family Solanaceao and m 
tho genus Linana is being investigated in tho 
Department of Genetics as well as the genetics of 
G opr inns lagopus The Department of Potato 
Genetics has continued work on various aspects of 
species relationships Until recently, breeding for 
resistance to late blight has been based on genes for 
resistance derived from S demissum At first, 
varieties possessing a single gene for resistance were 
satisfactory, but eventually succumbed to new races 
of Phytophthora mfestans Resistance based on field 
resistance presumably controlled by a number of 
genes is thought to be more promising Selection of 
field-resistant varieties is slow and there is probably 


scope for varieties incorporating two or tlireo difforont 
gones for resistance The gonotic variability of tho 
fungus is also being studied ns veil as resistance of 
potato varieties to virus X and virus Y Tho 
Department of Plant Coll Biology has continued 
studies on loaf growth Observations liavo con- 
tinued on tho rolativo contributions of coll division 
and coll expansion to tho socond pair of loaves and 
the tenth leaf of Hchanthus anmnts Tho tonth leaf 
reached an area about three times greater than a 
leaf at tho second nodo , on tho other liand, tho 
avornge volume of tho colls of tho tonth leaf was 
only about ono-half that of tho socond loaf Tho 
greater size of the tenth leaf is therefore duo to longor 
duration of division rather than a groater final coll 
size Division continued until tho loaf was more than 
three-quarters fullv grown Tho resuhs refute tho 
oldor idea that during early development of tho 
loaf, growth is due mainly to formation of now colls 
and that after division lias censed subsequent growth 
is duo to cell enlargement It is concluded that 
division and expansion do not dotormino loaf growth 
m two distinct dovolopmontal plinsos. Experiments 
havo boon initiated to investigate tho metabolic 
activities of tho shoot apex m both its vogotatno 
and reproductive states Observations are rocordod 
on tho terminal meristom of winter rye at a stago 
wlion tho reproductive state of the apox is being 
initiated 

In tho Department of Physiology and Plant 
Culture much attention has boon givon to design of 
growth rooms which will give tho highest practical 
uniformity of light intensity, air temperature, air 
velocity ond relative humidity m tho spaco available 
for plants Attention has also boon directed to 
maximum flexibility From tho oxporionco gainod it 
has boon possible to formulate tho ossontial features 
necessary m such growth rooms These facilities havo 
boon used to study tho early growth and dovolop- 
ment of tomatoes In all tho conditions tested, 
plants grown in compost wore found to havo a 
higher growth-rate than can bo obtained in vonm- 
culito watered wuth nutnont solution Tho factors 
involved are being studied Tho light/temporaturo 
regimes m glasshouses are vory important and it is 
hoped that a detailed study will prove of value in 
balancing the tomperaturo of tho glasshouse (which 
can bo controlled especially at night) with the 
amount of light received, which cannot be controlled 
If such a balanco could be achieved, a great 
economy in glasshouse -tomato production would be 
attained 
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A REVISED CLASSIFICATION OF THE LUDLOVIAN SUCCESSION 

AT LUDLOW 

By C H HOLLAND j D LAWSON 

Bedford College University of London Unlvenlty of Blrmlnjhim 

AND 

V G WALMSLEY 

Unlveafty College Swansea 


R ECENT detailed, studios of the shelf facies of the 
Ludlovian at May Hill 1 , Usk*, Woolhopo* 1 and 
Malvern 1 have reveatod a consistent pattern of faunal 
divisions For some years workers in tho Ludlow 
Research Group have been convinced that the some 
general pattern obtains in tho type area at Ludlow 
Unpubhshod work on areas to the west of Ludlow, 
at Lemtwardino (J H McD Wbitaker) and Elton 
(B J Williams), has strengthened this conviction 
Unfortunately tho published accounts of the type 
area*'* fail to recognize the k two most distinctive 
faunal divisions (Lower Brmgewood Beds and Upper 
Lointwardino Bods of the proposed elassiflcation) and 
leave the other divisions inadequately doflned, often 
In terms of unreliable ‘zone fossils’, such as Camaroto 
whta nucvla and Dayui navxcida A revision of tho 
geology of the Silurian in the Ludlow district was 
therefore, undertaken by us Tho area investigated 
extends from Downton Gorge in the west to Ludlow 
Itself and then southwards as far ns a line joining 
Aston and Richard b Castle ; it bea between tbe 
Lemtwardino area to the west and the Elton area to 
tho south west Tills work baa been completed and 
a detailed account Is being preporod for publication 
It will inoludo dotails of localities, faunal lists and a 
geological map Standard sections for the classifies 
tion will be chosen, after discussion with Mr B J 
Williams and Mr J H MoD Whitaker, from tbe 
whole area of tho Ludlow anticline The detailed 
description of these sections excavated if necessary, 
will Inoludo maps, sketches and photographs It has 
been considered necessary to present this preliminary 
synopsis of the re\iscd classification in order to 
facilitate stratigraphical correlation fcn impending 
publications on other Welsh Borderland areas of 
Ludlovian rocks Moreover, several overseas geo 
logista have made extensive collections based on the 
new scheme and need to refer to it in theur pub 
hcations 

Tho revised classification and its relationship to 
the existing scheme aro shown in Tablo 1 


Table 1 


PaOTOSZD OLACSinCATTOI 

I* zsnoo* cnwmoATio’T 

upper Whiumro B«U 

Upper Whltcttffb or CAotuitt Flip 

Lower WMtdlffe B*d* 

Ixrwer WhltCllffb or RkrnehrxuGa 

FUb* 

Upp«r LelntwordlDf B*d» 

Moelcttee or -Damn Elude* 

Lower Letntw^rdlrio Bed* 

Upper Ldnjmrood Bedf 

Axmr»try or CYmeAMfun* Llmettow 

Lowrr UriQffcwcKKl Bedl 

Upper Ellon Bdi 

Lower Lmllow 8h»lei 

Middle Elton B*d» 

Lower Elton Bed» 


The introduction of new names has not been under 
taken lightly and raises a number of problems 
These nine divisions in the Ludlovian succession are 
defined essentially on their characteristic faunal 
assemblages and aro therefore bioetrat i graphical 
units 1 At Ludlow, because the faunas are to some 
extent facies faunas, these biostratigraphical units 
tend to coincide with lithoatratigraphical units 
(divisions defined on tho basis of lithological change) 
Consequently they are easily mappable divisions and 
it may bo justifiable to consider them ns formations, 
although many stratigraphere insist that formations 
should bo distinguished on lithological onteria alone 
For the kind of unit with which we are here con 


corned, the American Commission on Stratigraphic 
Nomenclature recommends the use of tho term 
assemblage zone’ It further recommends that such 
assemblage zonoe be named after one of tho fossils 
of the assemblage 

There ore, however, serious objections to tins 
latter practice Taxonomic revision of a fossil name 
which has been used in this waj causes confusion 
Moreover, the selection of one fossil name from tbe 
assemblage is Uablo to throw undue emphasis on the 
one chosen, oven when it is mado clear that it serves 
merely as a label for a whole fauna Misunderstanding 
arises especially whore as is often tbe case the 
cboaen fossil actually occurs also outside tho strati 
graphical unit defined In fact, In tho succession of 
faunal assemblages outlined bore it would be difficult 
to find fossils which do not range beyond tho limits 
of one such unit In the absence, at present of a 
more satisfactory method of naming such divisions 
wo prefer to use tho non committal term ‘Beds' 
and to distinguish theso b> appropriate local 
plaoe names 

The Elton Beds ore named after tho village of 
Elton ( SO 457 708), m tho vicinity of which fa the 
Elton Lane section described by Wood* in estab 
Ushmg her Lower Ludlow graptolito zones Brtnge 
xcood Chase is the general name for tho highest 
wooded ground (50 468 733) between Ludlow and 
Downton Gorge, north of the Ludlow -IVigmoro road 
Tho name Lwiticardxnc (after the \ Hinge at SO 404 
740) is preferred to Mocktreo* because of the pos* 
ibility of those names being used for stages ending In 
ian Finally, WhUelxJfe {SO 608 742) refers to the 
right bank of tho River Temo at Ludlow, tho name 
of which was used by Elies and Slater 1 Its retention 
seems unlikely to cause confusion but it is pointed 
out that these authors inoludod tho Ludlow Bono 
Bed within their 'Whitclifib Flags' while we, fol 
lowing White 1 *, regard this distinctive honxon as 
forming the base of the Downtonum 

In WoodV classification of tho Lower Ludlow 

rocks on the W of »‘no 

Jfonograpttl turnna rmt rono is niece * oca “•> 
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of M lemtwardinensis , which is said to include the 
Aymestry Limestone, “above which no graptolites 
are known” Elies and Slater 7 , and later Alexander 8 , 
extended the recorded range of M. lemtwardinensis 
into the Mocktree Shales We have recorded M 
tumescens from the Lower Bnngewood Beds of our 
classification and have found M lemtwardinensis in 
the Lemtwardine Beds only We know of no 
confirmable record of M lemtwardinensis from 
below the Lemtwardine Beds 

The following notes are intended as a brief mdi ca- 
tion of the essential characteristics of the subdivisions 
proposed Fossils are listed in each case which aro 
common, fairly common, 01 characteristically present 
A few localities are given at which the various bods 
may be examined 

(1) Lower Elton Beds (Approxnnate thiclmess 
100-150 ft ) Soft, poorly bedded, shaly and flaggy, 
pale olive calcareous siltstones, with layers of lime- 
stone nodules The beds often have a speckled 
appearance due to the presence of numerous shell 
fragments There is a shelly fauna of Wonlockian 
aspect, m which small brachiopods and trilobitcs 
predominate Graptolites are exceedingly rare, these 
bemg the ‘Barren Beds’ of the Lower Ludlow Shales 8 

Fossils Atrypa reticularis (Linnrous) , Ohonctoidca 
grayi (Davidson) , Dicoelosia [Bilobitcs] biloba (Lin- 
nfeus) (characteristically present) , Lcptaena rhom- 
boidalis (Wilckens) , Resscrclla [ Parmorthis ] cf 
elegantula (Dalman) , SLcnidtoidcs lewisi (Davidson) 
(characteristically present) , Dalmamics vulgaris 
(Salter) , Bcyrichia maccoyana Jones 
Localities (a) Overlying Wonlock Lunestone m 
old quarry (SO 4725 7300) on south side of Ludlow- 
Wigmore road, about one mile north-east of Aston 
Church The soft siltstones of the Lou or Elton Beds 
contrast strongly with the nodular limestones of the 
top Wenlock Limestone (b) Stream section (SO 
4360 7265) m wood about half a mile north-vest of 
Burrmgton Church 

(2) Middle Elton Beds (Approximate thick- 
ness 150-350ft ) Well-bedded, shaly and thinly 
flaggy, light olive-grey to yellowish-grey, more or 
less calcareous sdtstones, with smooth, eonchoidal 
fracture Graptolites and orthoconic nautiloids pre- 
dominate These are the Lower Ludlow Shales of the 
Monograpius ntlssont and M scanicus zones of Wood* 

Fossils Chonetoidea grayi (Davidson) , Dal- 
mamtas vulgaris (Salter) , Bcyrichia maccoyana Jones , 
Monograptus bohemians (Barrande) , M colonus 
(Barrande) (common) , M dubme (Suess) , M nilssoni 
(Barrande) (characteristically present) , M scanicus 
(Tullberg) (characteristically present) , AT uncmalus 
(Tullberg) , M varmns (Wood) , Slava [CardioLi] inter - 
rupta (Brodenp) , orthoconic nautiloids (common) 
Localities (a) Stream bank (SO 4785 7328) about 
580 yards south-west of Mary Knoll House (6) Ex- 
posures in stream referred to under Lower Elton 
Beds above, for example, at SO 4338 7264 

(3) Upper Elton Beds (Approximate thickness 
150-250 ft ) Hard, well-bedded, flaggy, light olive- 
grey, calcareous siltstones with occasional thin lime- 
stone bands These are the Lower Ludlow Shales of 
the Monograptus tumcscens zone of Wood 8 and this 
gra'ptolite is the only common fossil 

Fossils Ohonetes lepisma (J de C Sowerby) , 
Lingula lata J de C Sowerby , Monograptus 
tumcscens Wood (common and characteristic) , ortho- 
conic nautiloids 

Localities (a) Roadside exposure at Gorsty Farm 
(SO 4785 7355) (b) Exposures m steep wooded slope 
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above River Temo (SO 431 728), about half a rmlo 
north-nest of Burrmgton Bridge 

(4) Lower Brinqewood Beds (Approximate 
thickness 160-200 ft) Irregularly boddod, flaggy 
pale greyish-ohvo to greenish groy, calcareous silt 
stones, with limestone nodules Largo brachiopods, 
particularly strophomenids, are abundant Those beds 
have not previously boon distinguished but liavo 
probably been included in tho Aymestry Limestone, 

Fossils Atrypa reticularis (Lmncous) , Brachypnon 
sp nov , Dahnanclla orbicularis (J do C Souorby), 
Oypidula lata Alexander , Lcptaena rhomboidahs 
(Wilckons) , Lcptoslroplna filosa ( J do C Sowerby) , 
Slialcna sp nov , Sphacrirhynclna [Wilsonm] wihoni 
(J Sowerby) , Strophonclla cuglypha (Hisinger) , 
Sti ophonclla Juniculata (McCoy) , Dalmamtcs vulgaris 
(Salter) , Poleumita globosa (Schlothoim) , bryozoa 

Localities (a) Old quarry on south sido of Ludlow- 
Wigmore road (SO 4825 7373), about 140 yards 
north cast of Maty Ivnoll Houso (b) (SO 4940 7205) 
Sections 200 yards north-west of Sunnyhill Cottages 

(5) UrPEU Brinqewood Beds (Approximate 
thickness 40-150 ft ) Hard, irregularly bedded, 
flaggy and nodular, greonish groy silty hmestonos or 
groy limestones, with thin shaly partings at intervals 
of sovoral foet Tho fauna is similar to that of the 
Lower Brmgouood BedB, but strophomenids are less 
abundant, whereas Conchidium kniglitn and com- 
pound corals become common These beds con- 
stitute tho familiar Aymestry Limestone as seon at 
Aymcstroy and View Edge 

Fossils Atrypa reticularis (Lmnious) (common) , 
Conchidium tinglihi (J do C Sowerby) (character- 
istically present) , Oypidula lata Alexander , Lcptaena 
rhomboidahs (Wilckons) , Sphacrirhynclna [ITtfeonta] 
Wilson i (J Sowerby) , Strophonclla cuglypha (Hisin- 
ger) (common) , Faiosilcs sp (characteristically 
present) , Hcliohtcs sp (characteristically present) , 
solitary corals , stromatoporouls (characteristically 
present) , crmoid columnnls 

Localities (a) Old quarry (SO 4851 7370) at north 
end of Mary Knoll (b) East sido of River Tome just 
south of Bow r Bridgo (SO 4306 7313) 

(6) Lower Leintward ine Beds (Approximate 
thickness 100 ft ) Flaggy, light ohvo groy, calcaroous 
siltstones, with bands of shelly limestone which 
weather to dark yollowisli-brown rottonstones 
Brachiopods aro abundant, but many species char- 
acteristic of the Brmgewood Bods have disappeared 
(for examplo, Conchidium knightn, Oypidula lata, 
Strophonclla cuglypha) , corals and stronmtoporoids 
are also absent These beds aro rouglfly oqmvniont 
to tho Dayia or Mocktree Slmlcs of Elies and Slater" 

Fossils Atrypa reticularis (Lmnrous) (common) , 
Camarotoechia [ Bhynchonclla ] nucula (J do C 
Sowerby) , Olionctcs lepisma (J do C Sowerby) 
(common) , Dalmanclla orbicularis (J do C Sowerby) 
(common) , Dayia nancula (J de C Sowerby) 
(common) , Lcptaena rhomboidahs (Wilckons) , Lin- 
gula lata J de C Sowerby , Shalcna omatdla 
(Davidson) (common m tho higher bods) , Sphacn- 
rhynchia [Wilsonta] wilsoni (J Sow r orby) (common) , 
Monograptus Icvniwanhncnsis Lapworth (character- 
istically present) 

Localities (a) Quarry at Sunnyhill Cottagos (SO 
4954 7253) ( b ) Old quarry (SO 4375 7307) at top of 

wooded scarp of Burrmgton Hays showing Lower 
Lemtwardine Beds on Upper Brmgewood Beds 
(c) Deep roadside quarry (SO 4910 7399), about 
1,060 yards east-north-east of Mary Knoll House, 
showing uppermost Lower Lemtw r ardmo Beds 
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(7) Upper Lkentu audike Beds (Approximate 
thickness 6-20 ft ) Irregularly bedded, flaggy, light 
olive- groy, calcareous ailtatonos, -with on abundant 
and most distinctive faunal assemblage There are 
sovoral tnlohite Bpecies and an overlap of the 
braolnopod faunas choraotenstio of tho lower and 
upper porta of the succession Thin ‘biscuity’ dark 
yellowish brown layers, crowded with Beynchia 
lauensis and Chonetoxdea grayx are characteristic of 
exposures in the western part of the district This 
important division was not recognized by previous 
authors but appears to lrnve been for the moat part 
included in the Dayia or Mock tree Shales of Elies 
and Slater 7 

Fossils Camarotoeelna [Uhynchonella] nucula (J 
de C Sowerby) , Choneics stnatellus (Dalman) 
Ghonetmdea gray t (Davidson) (common m the west) 
Dalnvmdla lunata (J de C Sowerby) , D orbxcularis 
(J deO Sowerby) Leptaena rhombotdalts (Wilckens) 
Shalena omatelia (Davidson) (common in tho cast) 
Calymene neomtermedia R and E Richter (chnrac 
tenstically present) Encnnurus sp , Proetid 
trUohite , Beyrichia lauensis Ki e-row (characteristic 
ally present) 

Localities (a) Small roadside exposure (SO 4925 
7406) about three quarters of a mile cost north east 
of Mary Knoll House ( b ) Small old quarry (SO 
4642 7370) above Forestry Commission track which 
leads from (SO 4595 7405) near Doepwood south 
wards, and then westwards across the wooded 
slopes of Bnngewood Chase Other small exposures 
by this track are at SO 4650 7371 and SO 45&8 
7374 

(8) Lower Whjtcijftk Bedr (Approximate 
thickness 80 ft ) Irregularly beddod massivo or 
thickly flaggy oli\ o grey to dusky yellow calcareous 
slltstones with occasional calcareous nodules and 
with contorted siltstoneo at the top Fossils are not 
abundant Many of tho braohiopods characteristic of 
the Leintwardme Bods have disappeared and mol 
lu&ca have become important. Theeo beds arc the 
Lower IVhitcliffo or Ehynchonella Flags of EUes and 
Sinter 7 


Fossxls Oamarotoechxa [Ehynchonella] nucula (J 
do 0 Sowerby) (common) , Ohonetes stHaleEus 
(Dalman) (small form commonest) , Dayia namcula 
(J de C Sowerby) (common in certain beds only) 
Fuchsella [Orthonota] amygdalma (J de C Soworbj ) 
Mxchdxnoceras [Orthoceras] imbneatum (IVahlenberg) , 
Serpulites longxssxmus J do 0 Sowerby 

Localities (o) Roadside exposure (SO 4040 7413) 
just over three-quarters of mile north east of Mary 
Knoll House (6) Quarry (SO 4973 7247) about 300 


yards east-south-east of Sunnvhill Cottages with 
Dayia noncuio fairly common (o) Old quam at 
western side of Hay Mill (SO 4348 7351) and ox 
poeuroe in south bank of River Tome east of the mill 
for about one-third of a mdo 

(9) Upper Whitcuttk Beds (Approximate thick 
ness 100 ft ) Well bedded flaggy, light olivo-grey to 
dusky yellow, calcareous si! tat ones with shelly lime 
Btone bands Fauna similar to that of the Lower 
Whitdiffe Beds but bracluopods have become 
abundant These are the Upper WhitclifFe or 
Chanties Flags of Elies and 8lator T 
Fossils Oamarotoechxa [Ehynchonella] nucula (J 
de C 8owerby) (common) Ohonetes stnatellus 
(Dalman) (common) , Dalmandla lunata (J do C 
Sowerby) (common) Beynchta lloedenx McCoy var 
torosa J ones , Fuchsella [Orthonota] amygdalxna ( J do C 
Sowerby) , Pteronitella cf rtirofltxa (Wahleuborg) 
Aft chehnoctras [Orthoccras] bullatum (J de C 
Sowerby) Serpulttes longissimus J de C Soworbj 
Localities (a) Whitoliffe (SO 5095 7416) on right 
bank of River Tome at Ludlow (6) Exposures above 
eastern bank of River Tome south westwards from 
Downton Castle Bridge for oxamplo, at SO 4416 7411 
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EFFECT OF SOME NEUROMUSCULAR BLOCKING AGENTS 
ON MITOCHONDRIAL ENZYME SYSTEMS 

By D*. J H KOCH and Du C H GALLAGHER 

McM uter Laboratory, CS LR.O Pirramatta Road Glebe, N.S W , Auitralla 


T HE pyrrolixidme alkaloids lasiocarplne and 
hello trino havo been shown 1 to block unpulse 
transmission across neuromuscular junctions Those 
alkaloids also inhibit oxidations by pyridine nucloo 
tido dependent dehydrogenases of Jiv or mitochondria 
xn intro* The same structural locus on the alkaloid 
molecule appears to bo responsible for inhibition of 
impulse transmission and of mitochondrial oxidations 
As the N-oxfdes of lnsiocarpino or holiotTlne affect, 
neither transmission at neuromuscular junctions nor 
the activity of mitochondrial enzymes the inhibitory 
locus is likely to bo tho nitrogon atom of tho cyohc 
nucleus Tho nouromuBtmlar blocking action of 
pyrrollxidme alkaloids rose mb] os the activity of 
d tubocurarmo in certain, rcspocts d Tnbocurarino 
contains two quaternary nitrogen atoms as tho 


inhibitory centres and it was of interest to determine 
whother this alkaloid also inhibited mitochondrial 
enzyme systems For similar reasons tho effect on 
mitochondria of dldm 1 10 phenantbroUne ruth 
onium (II) perchlorate [Ru(pben) + +], a complex 
ion*, wns investigated 

Ru(phen) + + has boon shown to exert a curare 
liko offoct at the neuromuscular junction 4 This 
cation is ft co-ordinately saturated metal chelate of 
high chomical stability and does not contain spocifio 
octivo groups or centres Any biological activity 
wliioh it may havo is thus of a physical nature and 
is referable to the charge it carries 4 * 

In common with lastocarpino and holiotrmo 
d tubocurarmo and Bu(phon) + + A 

mhib.t in vitro the noth It}- of mitochondrial oniy.no 
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Table l Inhibition of l-Malate Oxidation and Effect of Co-factors 


Interval oxjgon uptake (/«! ) 


d-Tutiocurarlne Ku(phenj/7~ — 

0-001 Jl + ro-fncforp 0 0005 M -feo facton 


d-Tubocniarlne 
0-001 M 


Control 
•fco factor* 


I 


Side-arm contents tipped and equilibrated for 10 min 
21 54 

0 42 

7 42 

0 42 


Sjatem Adenoalne monophosphate 0 001 M , magnesium sulphate 0-0007 M , potassium chloride 0 025 M cytochrome eO-OOOO] M, 
NaKnhosphatc buffer. all 7 4.0 0133 M . L-mnlateO 01 M , water to 3 ml final volume, mltocbondrlaequlvnlcnttolOOmgm fresh liver 


added tn 0 25 M sucrose temperature 36° O , gas phase air , equilibration period 10 min , 0 1 ml 20 pe r cent potassium hy droxldt in 
centre welttoab 3 orb carbon dioxide Inlilbltors and a vter (control flasks) added from side arms after 10 min Incubation Co factors 
dlphospbopyrldlno nucleotide 0 0005 3f and reduced glutathione 0-00067 M added In nlcotlnnmlde 0 04 it 


systems winch require pyiidino nuclootidos for elec- 
tron transfer The oxidations of citrate, E glutamate, 
a-oxoglutarato, L-malate and octanoato, all of which 
are dependent on pyridine nucleotide, arc inhibited by 
d -tub o cur ar i no and Ru(plion) + + as well as by lasio- 
carpme and heliotrine On the othor liand, tlio 
activity of the succmoxidaso system which docs not 
leqiure a pyridine nucleotide is increased m mito- 
chondria suspended in 0 25 M sucrose by each of tlio 
agents 

Experimental results are recorded m Tablo 1 to 
show' the concentrations necessary to produce 
inhibition of L-malato oxidation, tlio rate of dov olop- 
ment and degree of inhibition and tho significant 
reversal of inhibition obtained by supplementing tho 
reaction mixture with diphospliopyridino nucleotide, 
nicotinamide and reduced glutathiono 

Clearly these agents inhibit mitochondrial onzymo 
systems by causing tho loss or inactivation of pyridmo 
nucleotides and, possibly, other respiratory co-factors 
Such an offect could result from increased pormc- 
abihty of mitochondrial membranes allow mg diffusion 
of soluble co-factors from tho particles 

Mitochondrial permeability may ho assessed spec- 
trophotometncally by measuring at 340 mp. tho roto of 
production of reduced diphosphopyridino nucleotide 
from diphosphopyridino nueleotido addod externally 
to intact mitochondria oxidizing a diphosphopyridino 
nucleotide-dependent substrate* 7 The rate of 
reduction of diphosphopyridme nucleotide is directly 
proportional to the permeability of tho mitochondrial 
membrane to the passage of diphosphopyridino 
nuclootide into tho particle No effect of liohotruio, 
lasiocarpine, d-tubocurarme or Ru(phen) + + on 
mitochondrial permoability could be demonstrated 
using this system Hovvovei, it was realized that tho 
experimental conditions w r ere very different from 
those obtaining in the system used for respiratory 
experiments Mitochondria ro-isolatcd from a 

respiratory experiment m w-hich they were subjected 
to 0 001 M d-tubocurarme or 0 000*7 M lasiocarpine 
woro foimd to be more permeable to tho entry of 
diphosphopyridme nucleotide than incubated control 
mitochondria More sunply, it was possible to 

demonstrate an effect of the alkaloids on mitochon- 
drial membrane permeability m tho follow-mg manner 
Mitochondria equivalent to 800 mgm of fresh rat 
liver w r ere suspended m 5 ml of 0 25 iff sucrose 
containing 0 01 M L-malato and 0 001 M d-tubo 
curarme or 0 01 M lasiocarpine and placed in an 
incubator at 37° C for 30 mm , during which time 
the temperature of the reaction mixture rose to 
32° C The mitochondria were re-isolated by centri- 
fugation after the addition of 35 ml ice-cold 0 25 M 
sucrose and resuspended in 0 25 M sucrose or water- 
as required Permeability of the mitochondria was 


thon assessed by tlio spoctrophotomotrio mothod* 
Fig 1 shows that incubation in tho prosonce of 
lasiocarpine or d-tubocnrarino increases tho porme 
ability of mitochondrial membranes to tho passage 
of diphosphopyridme nucleotide Tlio initial dif- 
ferences m optical density at 340 mg of tho curvos 
in Fig 1 are duo to reduction of diphosphopyridino 
nueleotido at different rates during tho short timo 
botweon adding tho oiuymo and taking tho first 
road mg Suspension of mitochondria in wafer 
instead of 0 25 M sucroso abolishes solectivo somi- 
pormcabihty of tho mombrancs and also tho effect 
of both tho alkaloids 

Finally, it was possible to show tliat mitochondrial 
permeability increases rapidly under tho oxidizing 
conditions of respiratory experiments and is presont 
at tho timo oxidative inhibitions by tho pyrrolizidino 
alkaloids, d-tubocurarino or Bu(plien)++ are ox- 
pressed Tlio observation was made that each of 
those agents stimulated tho oxidation of succinato 



Fig 1 Reduction of diphospliopyridino nucleotide 1>> liver 
mUoehondrift In 0 2£> Af aucroao Mitochondria prclncubnted 
with (a) : wnalatc 0 01 Af (&) i> m alatc 0 01 M 4- d-tnbocura- 
Xr-piAlaio o 01 M -f lasiocarpine 0 01 M , 
^ , System NaK phosphate buffer, pH 7 8 

nlmiw®*** P ” cMorWo 0-025 M, magnesium sulplmte 

gas phnso air , temperature 22° C 
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Table 2 . Erf tor oi i TcrBOotnuarti Lisiocajutxh axd dipsos 
pflornuDWa NocLconn* (UTN) o» Buoodutk CWdatjoy 



Interral ojTP«q upt»V« 0*1 ) 

Time 





rf Tubo 

LmIo* 

(min ) 

Ccm 

d Tulm- 

I<uio- 


raririrte 

ctrylne 


tnd 

cuxurlne 

e*rplne 

DPN 

0-001 M 

0-0067 J/ 



0*001 M 

0-0007 M 


+ DI N 

DP> 

10 

C6 

04 

75 

63 

31 

36 

10 

59 

65 

76 

41 

IB 

a 

30 

40 

50 

51 

33 

14 

26 


fiyitem A» Table 1 with inecloate o*01 M a* mbttrate and an 
itx content! In main chamber 


by mitochondria m 0 25 M suctoso This -was thought 
possibly to bo duo to increased pcrmoabQity of mito 
chondrml membranes allowing the loss of mi to 
chondrml diphoaphopyndme nuolootide and thus 
preventing the production of oxaloecotato "which in 
fenv concentration inhibits succinic deli} drogenaso 
specifically* Tlio suggestion received strong support 
from the lack of any effect of lnmocarpine hohotnne 
or d-tuboourarino on euoomato oxidation by mito 
chondria m water, which would not be producing 
oxaloacotato Conclusive evidence was obtained by 
the addition of dtphosphopyridine nucleotide to 
mitochondria oxidizing succinato in the presence of 
each of the agents Diphoaphopyndme nucleotide 
addod oxternolij to intact mitochondria enters the 
particles slowly unless the pennoabUity of mi to 
chondnal membranes is mcrooeed Succinate oxida 
tion by mitochondria m 0 25 M sucrose was slightlj 
inhibited by tho addition of diphosphopyridino 
nucleotide fdono but woe rapldlj and great!} inhibited 
by tho combination of dipnosphopyndmo nucleotide 
and any one of the agents (Table 2) Wlien mito 
obondria were suspended in water diphosphopyridino 
nucleotide produced maxtmum inhibition of succinate 
oxidation alono and laeiocarpine liohofcrtne or d tube 
curanne did not affect the rato of oxidation when 
addod to systems with or without diphosphopyndme 
nuolootido Similar]} tho addition of 0 OOOi M Ca + + 
to mitochondria in 0 25 jTfsucroso stimulates *uoomato 
oxidation by increasing mitochondrial permeability 
hnd facilitates penetration of tho particles and 
inhibition by added diphosphopvndino nuclootido 


Tablo 2 shows typical experiments with d tubocuranne 
and laeiocarpine , similar roaults wore obtained with 
hehotrmo and. Ru(phen) + + It i3 clear that each of 
tho agents increases tho permeability of mitochon 
dnal mombrnnoe to the ontrv of di phosph opyr j di n e 
nucleotide 

Tlio offoct of pyrrohzidme alkaloids, d tubocuranne 
and Ru(phen} + + on mitochondrial diphospho 
pyridine nuclootido is being in\ estigated and wih be 
reported o lee where 

It is thus shown that those three types of c ho in 
ically dissimilar compounds have actions in common 
on neuromuscular junctions and on liver mitochon 
dna At each site seloctivo semi permeable membranes 
are involved We suggest that the mechanism of 
action of the agents may be identical at tho neuro 
muscular junction and on mitochondrial membranes 
and further, that, os the biological activity of 
Ru(phen) + + is duo only to the charge carried, tlio 
activities of pyrrolizidine alkaloids and d tubo 
curuxme may also be referable to tho charge earned 
on tho nitrogen atoms 

We wish to thank Dr Price and Dr Cu Ivon or, of 
the Chemical Research La bom ton or, for preparing 
the pyrrohzidme alkaloids, and Dr Dw}or, of the 
National University, Canberra, who prepared 
dl-tns 1 10 phonantlirohne ruthenium (II) per 
chlorate Wo acknowledge gratefully the skilled and 
careful technical assistance of Miss Flint-Galld and 
Miss Mann 
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effect of dietary fat and 

ON THE LEVEL OF PLASMA 


EXTENT OF BLOOD SAMPLING 
CHOLESTEROL IN THE RAT 


By I COLEMAN* and J M R BEVERIDGE 

Deptrtmtnt of Biochemistry Queen s Unlveralty Kingston, Ontario Cansdi 


F j tho course of an investigation of the effect of 
certain dtetary fata on the plasma oholoeterol lovel 
of tho whlto mt, increases in the level of this substance 
were found which wore at first attributed to tho efToct 
of dietary fat but a Inch, on further study were round 
to bo duo to the combination of tins component nnd 
tho rrerpiency and extent of Wood Bomplmg 
jtale whlto rets were placed on formula dicta 
similar to thoee uacd by Bevondge r-t al 1 in Btudics 
on roan Fat suppllod 28-4 and 68 6 per cent total 
calories, protein, ]0 9 por cent Plasma cholesterol 
determinations were made by the method of Sperry 
and Webb’ modified to permit duplicate dotorm 

* Prweut nidreaa Deftnct Research Ikurd Klngitcm lAborutoriw, 
IWrrle field OnUrio Oui*d». 


nations on 0 1 ml of rat plasma Blood samples 
cere taken by tall section, using powdered heparin 
is the sn vitro anticoagulant 
In Table l are shown the offoots of \ arying chotnrj 
'at and blood aamphng procedure on plasma cholo 
itcrol levels In experiment 1, groups maintained on 
s high nnd n moderate fat intake wore compared with 
flow receiving thoir Block diet of ‘Purrnn’ for chow 
31ood smnplos of 2-3 jx-r cent, of total blood volumo 
vere token from all groups on alternate days for the 
fret 8 days and weekly thereafter At the ond of 
16 days of feodmg, the groups recmvmg com i oil 
ihowed a highly Bigmficant 

iholcatorol, while thoso on fo* h ( i i nt nko 
unchanged The group receiving a Mg* 
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Expcri 

ment 

No 

Blood 

sampling procedure 

Blot 

Number 

of 

animals 

Xnltinl mean 
plasma 
cholesterol 
(mgm 11 00 ml ) 

Duration 
or test 
(days) 

Final plasma 
cholesterol 
(mgm 1100 ml ) 

Ax group 
percentage 
chango 
— 

■ 

1 

Blood sample of 2 per cont blood 

BO 

14 

80 5± 0 0 

35 

00 5±12 3 

+20 5 

<0 01 l 


volume token on alternate days 

MO 

14 

75 7± 0 3 

35 

80 2^ i) U 

+ 13 5 

<0-01 t 


for the first 8 days and xveoklv 
thereafter 

Chow 

14 

70 4 ± 9 6 

35 

#0 0;t 7 b 

+ 0 3 

Non sip 

2 

Blood sample of 0 5-1 0 per cent 

BO 

30 

04 8±12 4 

14 

04 0±12 4 

-0 3 

Non alp 


blood volume token on first nnd 
final days only 

FF 

30 

75 4 ± 0 4 

14 

70 2 ±12 4 

-0 0 

hon-slg 

3 

Blood sample of 1-1 5 per cent 

BC 

20 

73 7±11 1 

0 

90 0±10 7 

+31 1 

<0-01 


blood X'olumc token on alternate 
days for 0 days 

FF 

20 

71 7 

fi 

78 8±16 t 

+0 8 

Non pig. 

4 

Blood sample of 2 5— 1 per cent 

BC 

15 

07 2±14 3 

0 

150 0±18 0 

+122 4 

<0 01 


blood x olume token on nitemato 
days for 0 days 

FF 

16 

07 7±12 8 

0 

10< 7±27 2 

■4*50 0 

<0-01 


Diets used BO, com oil, 63 6 per cont cal , ,lfC7, com oil, 23 4 per cent cal , FF, essentially fat-frcc , Chow, ‘Purina* fox chow 


demonstrated an increase of 20 5 por cent, xxlule 
those on a moderate intake increased only 13 5 por 
cent during this period, the difference being lnghlv 
significant 

This elevation in plasma cholesterol of the groups 
fed com oil was paralleled by other groups receiving 
formula diets containing butter, beef dripping, 
coconut oil and corn oil supplemented with chole- 
sterol to equal the concentration present in butter (not 
here reported) In each case tho elevation m plasma 
cholesterol was dependent on the concentration at 
which the fat was fed and not upon tho nature of the 
fat Because of the consistency of the hyper- 
cholesterolemia with all fats examined and the 
gradation of response m proportion to the lex el at 
which tho fats were supplied, it appeared certain that 
the increase m plasma cholesterol was dopendont 
solely upon the presence of dietary fat 

However, repetition of tho study m the second 
experiment, m which the gioup fed com oil was 
compared with the more suitablo control group 
consuming fat-free formula rather than fox chow, 
failed to reveal any change m plasma cholesterol after 
14 days The animals had blood samples of 0 5— 
1 0 per cent of total blood volume removed only at 
the start and conclusion of the test The only 
difference m the conditions of the first two experiments 
that appeared to offer any rational basis of explana- 
tion for the apparently divergent results w r as the 
difference m the extent and frequency of blood 
sampling This was, at first, regarded as unlikely, 
since no reports of hremorrhago causing a liptemia in 
the rat similar to that described for the rabbit and 
guinea pig could be found in the literature 

However, in experiment 3, a group of rats fed a 
diet supplying 58 6 per cent of total calories in the 
form of com oil was compared with a similarly 
matched group on a fat-free diet Both wore sub- 
jected to bleeding on alternate days for a period of 
6 days, during which blood samples of 1-1 5 per cent 
of total blood volume were taken The group on the 
high-fat ration showed an increase m plasma chole- 
sterol of 31 1 per cent during this period, while those 
on the fat-free diet showed no significant change An 
increase in the amount of blood taken to 2 5—4 per 
cent of total blood volume, m experiment 4, produced 
an increase in plasma cholesterol of 122 per cent m 
the animals on the high fat intake Even animals on 
the fat-free diet showed an increase of 59 per cent 
It was now apparent that the hyperoholesterolremia 
found in experiment 1 could not be attributed to an 


uncomplicated response to dietary fat, but xxas the 
product of both diotary fat and the degree of lucmor- 
lhugo to which tho annnnls were subjected Under 
conditions of low* bleeding stress, a high fat diet, as 
m expei iment 2, caused no change in plasma 
cholesterol When bleeding xvns increased to 1- 
1 5 per cent of total blood volumes on nltamnto dajs 
for 0 dajs (experiment 3), n high com oil diet pro 
duced a significant increase in plasma cholesterol, 
although the annnnls on n fnt-freo diet and under 
tho samo conditions of bleeding showed no chango 
Tims tho hypercholeslorohemin is a combined offect 
of diet and hremorrhago When bleeding stress was 
increased to 2 5-4 per cont of blood volume on 
alternate days for G days, highly significant increases 
m plasma cholesterol resulted in both tho high fat 
and fat-free groups These results, therefore, clearly 
indicate that the hypercholcsterolfcmm duo to sex ere 
hremorrhago does not depend solely on tho presonce 
of dietary fat although it is nugmonted bv tire 
latter 

Tins responso of tho rat to bleeding stress nnd 
dietary fat has not, to our know ledge, been 
previously reported It is suggest are of tho hprenua 
of hremorrhago obtained m tho rabbit’ 4 and guinea 
pig 56 Thero is a difference, hoxxox'or, Spifzer’, on 
investigating the lipremm produced m rabbits on a 
high-fat diet, found it necessary to bleed to 10-16 por 
cont of blood xrelumo on suecessix r o days to elicit the 
response, and also found that the animal recox ered 
in about tho samo timo necessary to induce the 
hyperlipreima The rata xvoro never bled more 
sexrercly than 2 5-4 per cent of blood xrelumo on 
alternate days to produce tho hyporcholesterolromia 
on high-fat diets, and fiom experiment 1 thero is 
evidence that these elevations in plasma cholesterol 
aro maintained for periods of timo ns long ns 5 xveeks 
aftor the period of sexrere blooding 

Although no substantiated explanation of this 
phenomenon can bo advanced at the prosent time, 
xx o xnsh to bring it to tho attention of other xrorkers 
in this field as a poasiblo explanation of somo of the 
conflicting reports on tho offeot of dietary fat on the 
plasma cholesterol lexrel of tho rat 



* Sporry, W M., nnd XVcbb, Jr , J Biol Ohtm 187, 07 (1050) 

* Boggs, D A , nnd Morris, J W , J Exp Med , 11, 553 (1000) 

* Eorllckl, T , J Bid Chem , 44, 303 (1020) 

‘Foigl, J , Biochem Z , 115, 03 (1021) 

* Bloor, XV R , J Biol Chem 49, 201 (1021) 

7 Spltzor, J J ,J Jab and Chn Med ,46, 401 (1055) 
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NONH/EM IRON IN ERYTHROCYTES AS A PRECURSOR FOR 

H/EMOGLOBIN 

By Dr M FABER and Dr I FALBE-HANSEN 
Firuenlabomoriet, Flnraninstltutet oj Rtdlumrtttlonen Ksbenhavn 


T HE existence of nonhrem iron in erythrocyte* 
from peripheral blood has long boon a matter of 
dispute The presence of iron receptors has been 
suggostod by Walsh et al 1 and Jandl et al * have 
shown In experiments with radiooctno iron that 
reticulocytes tako up iron in vitro and that this iron 
us bound to tho stroma and incorporated into hram 
Recently, Bernard et al * and Eambrechts and 
Thlmus* have found nonham iron fairly constantly m 
orythrocytoe from normal and pathological human 
blood os tho difference betwoen total iron and hromo 
globin iron Tho presence of nonlicem iron m tho 
stroma of immature red cells in hone marrow lins 
boon demonstrated by eloctronmioroscopy 1 • 

The purposo of the present work has boon to 
verify the oxistonco of nonhrcra iron in the stroma of 
normal mature rod cells and demonstrate its sig 
mficance in hremoglobin synthesis by means of in 
taw experiments with radioactive iron 

A modification of the mothod of successive honno 
lysis usod by HilUor and Hoffman 7 for preparation 
of hemoglobin free rod coll 'ghosts for electron 
microscopy was chosen Tho ghosts appeared greyish 
white, and no haemoglobin could be demonstrated 
Bpectarophotometnonlly hut there woe stilt a faint 
positive hour id in o reaction 

Estimations of stroma iron were earned out on 
blood Bamplefl taken for ten successive days from a 
patient with recently diagnosed geniuno hxemo 
ehroroatoms The disease was mild and the patient 
may be regarded oa luc mat ologi cully normal Tho 
Iron contents of ghosts propared from 10 ini of 
packed rod colls ranged from 41y to 125y with an 
average of 70y A few determinations on ghosts 


from nonnal humans and rabbits gave values within 
the above mentioned limits 

In order to estimate the sigmfleanoo of this stroma 
iron m hxemoglobm synthesis this patient was given 
8 5 pc iron 69 intravenously Blood samples were 
taken daily, and after determination of the amount 
of stroma iron, this was electroplated on copper disks 
and the p radioactivity measured by a Goiger-Mhllor 
tube As wdl be seon from Fig 1, the specific act 
l'lty of the stroma iron was liigher than that of 
tho hcemoglobin iron on the first day after odminis 
tration of iron 69, but lower on tho following days 
quickly reaching constant values of about one third 
of tho specifio activity of haemoglobin iron Owing 
to tho very low counting rate on tho first day it was 
deemed necessary to explore this early phase further 
Four fomalo rabbits of the same ago and weight 
■cure injected intravenously with about 10 pc iron 60 
ouch The animal?* were killed after I 2, 6 and 22 hr 
respectively and a sufficient amount of blood to 
provide 10 ml of pocked erythrocytes was obtained 
from each animal Stroma iron and radioactivity was 
determined as previously Tho results appear m 
Table 1 


T*bte 1 


Hocri 

jUlPT 

InJecUcm 
of Jron-60 

Strotn* Iron In 

Y per 10 ttL 
packed 
errthrocyln 

Specific activity 
of «troto* Iron 

(o p.rrL/mffm 
Iron) 

Specific activity 
of hiorooslobln 
Iron (c,p nijroum. 
Iron) 

1 

84 

650 

3"0 

2 

9S 

3 3, WO 

3 790 

5 

-6 

2 ota 

6 750 

- 

so 

2,000 

0 ioo 



Flf 1 Incorporation oNrtra*6e In tuemo*lobtn and *trom* Iron 
In «. patient with Eemdrve h*moehrotruto»l*, O — O hiwaoftJoMn 
Iron O — — O nonU*m Iron 


There is ft very high rate of incorporation in tho 
stroma iron of tho erythrocytes released during tho 
first hours but already after 5 hr the specifio activity 
of hcrmoglobin is lughor than that of stroma iron 
Those findings strongly' support tho view that stroma 
iron act 8 os an intermediate between transport iron 
of plasma and hrcmoglobm 

That this transfer mechanism may he blocked 
artificially appears from the result* of Bdnard et al • 
and Jandl et al *, who show by mean* of iron 69 that 
there is practically no synthesis of Hrcrn in vitro in 
blood containing lead ions That a similar blocking 
may bo an important factor in certain nruemia* is 
seen from an experiment performed on a patient 
with severo antenna characterised after splenectomy', 
by a considerable amount of slderocytos m the peri 
pherol blood The amcram was probably of tho type 
described by Home ct al* This patient was given 
14 3 pc iron 69 intravenously and a week later tho 
specific activities of stTOma iron and hiomoglobinfron 
were estimated Deep it o tho considerable ; po™ 
time which had elap-od sinco tho 
iron 59 the specific actk >ty of stroma Iron w more 
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than four times higher than that of haemoglobin iron, 
the specific activities being 1,660 o p m /mgm iron and 
360 c p m /mgm iron, respectively This strongly 
supports the view that blocking of the transport 
system of iron in the stroma of red blood cells may 
play an important part in this aniemifl 

The chemical nature of the stroma iron is still 
unknown , but experiments which are in progross m 
this laboratory indicate that it may, at loast in part, 
consist of ferritin 

1 Walsh, B J , Thomas, E D , Chow, S K., Flaherty, R, G , and 
Finch, C A., Science, 110, 800 (1919) 


1 Jamil, J H , Inman, J K., Simmons, It, L .and Allen, D W J at. 
Invest , 38, 101 (1059) ' 

• Bernard, J .Bolron.JI .and FaoIottl.C ,Iiev fran{ Hud din tow 

3, 307 (1058) 

1 Lambreclits, A , and Thlmus, A , Hull Soc Chlm bid , 2$ im, 
(1047) ^ 

• BcbsIb, M , and Breton-GorlUB, J , Semamr h6p Pans, Path el Bid 

No 10,2173 (1057), Ann Rech mid , No 8(1057) 
•DolTmnn.J F.HIlllcr, J .Wolman.l J ,and l’arpart, A K an 
and Comp Physiol , 47, 245 (1050) 

» miller, J , and HofBnnn, J F ,J Cell and Comp Physiol , 42 Me 
(1053) 

• B6nard, II , Gajdoa, A , and Gnjdos TOrOk, M , CM Soc Phi 42 
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EXTREME SENSITIVITY OF GERMINATION AND PHOTOPERIODIC 
REACTION IN THE GENUS CHENOPODIUM 
(TOURN.) L. 

By Dr. BRUCE G. CUMMING 

Plant Research Institute, Central Experimental Farm, Ottawa 


P LANTS of Baena chrysosloma 1 and Pharbitis nil* 
are known to respond to photoporiod at a t orv 
early stage m growth Chenopodtum rubntm L ib 
particularly valuable as an experimental plant since 
floral initiation can occur very rapidly when seed is 
germinated under 8-hr short days in Petri dishos 3 
In addition, one plioto-mductivo short day may 
initiate floral formation (as shown in Xanthium 
pemi8ylvamcutn * and Pharbitis ml 1 ), wlulo, in 
germination, there are red/mfra-red and rod/bluo 
reversal effects (as shown in lettuce 5 “) Further- 
more, there is marked sensitivity to tomporaturo in 
germination 

Detailed comparisons of flowering have been mado 
between selections of four spocies of Chenopodtum 
(a) C rubram L , {b) G salinum, Standloy (syn C 
glaucum var salinum (Standley) Boivm) , (c) C 

glaucmn L (syn C glaucum L var glaucum Aollon) , 
(d) C album L Under 8-hr short days, with alter- 
nating temperatures of 15° C for 16 hr m darlcnoss 
and 26° C for 8 hr in light of 1,200 foot-candlcs 
(fluorescent combined with mcandoscent), that is, 
16-26° C , the least number of days from seed im- 
bibition (on moistened filter paper m Petri dishes) to 
visible floral formation, has been, in spocies (a) G, 
(6) 12, (c) 20, (d) 36 The corresponding minimum 
true leaf numbers were m species (a) 2, (b) 2, (c) 2-4, 

( d ) 4 Alternating temperatures of 16-25° C to 
20-30° C aTe optimal for floral initiation m these 
species Floral initiation may occur under intensities 
as low as 160 foot-candles (fluorescent comb mod with 
incandescent), although less rapidly Fig la illus- 
trates 100 plants of C rubrum 17 days after im- 
bibition under 8 hr short days, with light of 250 
foot candles (fluorescent), alternating temperature 
15-25° C , 90 per cent of the plants showed floral 
formation Fig 16 illustrates one of those plants 
when 21 days old , the two true leaves and four 
perianth members were very rudimentary , there 
were no stamens but the ovary produced a smglo 
viable seed after cross-pollination 

Nutrients markedly influence the amount of 
growth and floral formation, but the response is 
different between species For example, under 8-hr 


short days v ith light of 1 ,200 foot-candles (fluorescent 
combined with mcandoscent) and alternating tom 
pornturo of 23-28° C , the mimmmn truo leaf numbors 
of plants grown in Potri dishes, with wator as com- 
pared with Hoaglnnd’s solution, ucro, m spocies (a) 2 
\orsus 2, (6) 2 versus 4, (c) 2-4 \orsus 4-6, ( d ) 4 
vorsus 9-10, respectively Soil gn\o results similar 
to Hongland’s solution uitli an oven greater leaf 
number occurring m C album Tlio amount of floral 
formation vug also proportionately much greater 
v lion nutrients v, oro supplied, and stamen formation 
occurred ovon on some plants of C rubrum (Fig lc) 
Those rosults provide further ovidonco that the con- 
cept of minimum loaf number must, ho fronted with 
circumspection 7 

Wido differences in pliotoperiodic sonsitmty be- 
tween those specios are shown undor 20-lir long days 
or continuous light, vhon plants are grown in soil 
C album and C glaucum v ill flower, although less 
rapidly than undor short days In contrast, O 
rubrum, undor 20-hr long days, at a tomporaturo of 
approximately 24° C, has rommnod vogotatno 
indefinitely (that is, at loast 200 days , Fig W) 
With mcroasod age O rubntm bocomes increasingly 
sensitive to photoporiod and one plioto-mductivo 
cycle, fliat is, ono 16-lir dark poriod following an 
8 hr light period, may mitmto floral formation — 

Table 1 Pro cent ofrminatiov of (a) O rubrum, (b) C rahnum, 
ic) C glaucum, id) C album, iv Dirknf.ss and under 8 Wt Short 
Cats with Constant and alternating Temperatures , 10 DATS 

AFTER IMHIDITION 


Tcmpcrn- 

turo 

Darkness 

W i b ) (c) {J) 

8 hr short days 
(a) ib) ic) id) 

Constant 
35” C 

30” 0 

26° C 

20' C 

15° C 

10” C 

15 0 03 0 

6 0 90 13 

0 15 93 78 

0 0 43 88 

0 0 48 70 

0 0 10 15 

05 40 93 13 

05 80 100 83 

25 76 90 83 

5 40 80 70 

0 15 80 90 

0 0 23 70 

Alternating 
25-35” 0 
20-30° O 
15-25” O 
10-20” O 

26 15 03 40 

85 DO 00 85 

95 15 95 jn 

100 0 00 03 

100 00 98 70 

100 00 08 88 

100 75 75 SO 

100 30 08 80 
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Flo 1 C rubrum L. - 100 plant* 17 dan old 0 8 cm t*U 00 per cent floverjnjj 'In 
9 cm, x * cm Fetrldlali 8-br *hortday* 25on,-c (floor) 

25' 0. 5 FIoTrcrinj rU»nt 21 day* old from* original pcrir»n> nnd t**ta 0-6mm.dUm 
■tDl attached to cotyledon e SUmetu 

•olatlon S-hr ibort day, 1,200 ft-*, (fluor^o^ )^t^tlM^mtnroM-fiSV C 
ortetnaUeata 0-6 mm dW d Vegetative plant 200 day* old lonfl day* (tcalc 

1 m rale) 


{c) > ((f) Table 1 summarizes the 
percentage germination of non 
dormant seed under constant and 
alternating temperatures in dark 
noaa ns compared with 8 hr short 
days (260 foot -candles — fluorea 
cent) In continuous light, germ 
ination was similar to that under 
8 hr short days Germination of O 
rubrum was negligible in darkness 
at constant temperatures < 35° G 
and under 8 hr short days at con 
st ant temperatures < 26* C The 
Ion er alternating temperatures com 
pletely substituted for the light 
requirement m O rubrum but not 
irf C tahnum Seeds of 0 rubrum 
and C tollman when exposed for 
1 min. to white light of 60 foot 
candles (fluorescent) 10 days after 
imbibition in dnrlmoes, germinated 
oquall\ as well as under 8 hr short 
days In darkness at a constant 
temperature of 26* C., transfer of 
seeds to 10° C for one 8 hr period, 
10 days after imbibition, initiated 
100 per cent, germination of O 
rubrum and 60 per cent of C 
taltnutn 

In species (a)-(cf) germination can 
be promoted by wiuto or rod and 
mlubited b\ blue or infra red 
radiation In C rubrum • — tho most 
sensitive species— nt a constant tom 
pemture of 36* C , using appropriate 
filters and fluorescent combined 
with incandescent wlute light (1 200 
foot-candlcs) 1 mm of white or 
red light supplied 8 hr after un 
bibition may initiate 100 per cent 
gorminntion vliilo 1 min of bluo or 
infra red radiation may compktcly 
mlubit gorminntion red/miro rod 
and rod/blue reversal effects are 
similar to those reported for lot 
tuce 1 • 

These and other unpublished re- 
sults that will be reported elsewhere 
indicate that tho genus Chtmo 
pod turn offers valuable and diverse 


oepecuvUv if tho prevailing light intensity is 2 000 
foot-candles or more With one photo inductive 
cyolo, depending on ago nnd treatment floral forma 
tion may bo imperfect or delayed 6-8 woaks Floral 
formation ie mcreaaod in rato and amount with 
increase in tho number of photo inductive cycles and 
under favourable conditions it mav bo visible 
microscopically in 3-4 days and macroscopically in 
0-7 dftVR . . ^ 

G saltnum appears to be intermediate between O 
glaucum and C rubrum m Bcnsitix itj to photoperiod 
and, while somo selections have flowered within 
about 120 days under 20 hr long days, others 
liavo remained vogetatlvo mdoflnUely (that is, at 
least 200 davs) Induotlon of floral formation in 0 
aahnvm can bo accomplished with one photo inductive 
cy olo — at an earlier stage of growth than in G rubrum 
When sensitivity is evaluated by the amount of 
germination under different light qualities, energies, 
time sequences and temperature*, the spocies ore 
again listed m order of sensitivity as (a) > (6) > 


material for experimental study There is pome 
ovidonco to support the postulation that ‘wcodincss’ 
of these speoios may bo positively correlated with tho 
amount of phenotypic ^plasticity * and with absence of 
sensitivity in germination and phot-o periodic response 
Jn order of distribution as weeds in Canada tho 
species would be evaluated no O album > O 
glaucum > O aalinum > C rubrum 
X am indebted to Dr H A. Serin director of the 
Plant Roseorch Institute, for tho availability of 
ortonsivo controlled environmental facilities, and to 
Dr T F Cuddy of the Plant Produots Division for 
tho use of precisely controlled germination cabinets 


» Blvorl E. and Went F W Hot Oar 105 321 (1014) 

* Imaraura 8 Proe. Japan A cad. , t9 368 (1053) KoJIral C and 

imamuT* S IM /fag (Tokyo) 71 408 (1058) 

* Cummin?, D G Proo, JTlnth Int. Bot Congr 2 (Ab*tr ) 83 Mon 

treal (1050) 


* Harantr X C and Bonner J Bot G*x. 100 383 (IKS) 

• Borthwfck H A Hendrick* S D. l>rk«r M tv. ?(*>» u 

and Toole V Proc UJ Vai. Ae*d. 3* 9* > 
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REDOX POTENTIALS IN SOYBEAN NODULES DURING THE 

VEGETATIVE PERIOD 

By Dr HELENA EBERTOVA 

Research Institute for Plant Production, Prague, Czechoslovakia 


T HE attention of loseaicli v. orkora ih becoming 
more and more concentrated upon biochemical 
oxidation-reduction processes taking placo during the 
fixation of molecular nitrogen Rabotnova 1 established 
that redox potentials of logummous root nodules aro 
comparatively low, the rH- value bemg about 17-19 
Fedorov’, in his theory of mtrogon-fixation, also 
emphasizes the active role taken by various onzj mal ic 
systems under low rH-valuos In connexion w ith 
these findings studies on tho respiratory systems of 
rlnzobia, nodules and leguminous plants loquiro 
special attention Bergersen 3 found no substantial 
differences betweon tho respiratory activity of culti- 
vated lhizobia and bacteroidos from nodules during 
their development Allison, Ludwig, Minor and 
Hoover 4 carried out respiration tests with nodules 
and leguminous plant roots and concluded that 
rhizobia m nodules are relatively mactivo as regards 
respiration and carbohydrate consumption Tho 
value of redox potential m nodules also represents 
an important condition for tho activity of liydio- 
genase, which is regarded as having an essential part 
to play m the fixation of nitrogen Tho role of 
hydrogenaso m tho fixation processes has boen 
investigated by many authors, for oxamplc, Wilson 
Burris and Coffee 6 and recently Hamilton, Sling and 
Wilson* 



In the present work the course of tho lodox poten- 
tial and pH-value m stems, roots and nodules has 
been followed during the whole period of vegetation 
and related to the mcrease in the number and size of 
nodules Both redox potential and pH -value have 
been measured in three replicate plants with platinum 
and antimony micro electrodes respectively, thrust 
directly into the plant organs On each p'lant one 
nodule was chosen for the measurements A saturated 
calomel half-cell was used for reference , the tests 
were carried out m the air For greater simplicity 
m preparing graphs and easier comparison v> ith 
other authors’ results, the redox potential values 


me oxpicssed by moans of an rH scale (Fig 1) As 
Hewitt 7 reports reasons against using tho torm rH in 
biological systems such as tlicso, tho ranges of 
measured Eh and pH values are also quoted m tlio to\t 
Tho results of tho rH fiold-tosts mcasurod m plants 
dug up at convoniont intervals aro prosontod in Fig ] 
In tho groonhouso similar results havo boon obtained 
with plants grown m sand with mineral nutrients 
containing 1 /20 of nit rogon rotio At suitablo intervals 
tho plants of singlo pots (3 plnntB por pot) woro tnkon 
for potential measurements and estimation of 
nodulation and total nit rogon in plant material bv tlio 
ICjoldahl method Then tho nitrogen fixation ratio 
m the glasshouse experiment could be calculated 
Docreaso of potential was obsorvod in nodules of tho 
same ago as those in tho fiold experiment 

Fig 2 shows tho numbors and sizes of nodules m 
tho fiold-oxperimont during tho wliolo period of 
vogotation Until tho ripening of tho plants, noxv pmh 
nodules originated constantly under fiold, as woll ns 
under groonhouso, conditions Thoir rH values voro 
about 10 and thoir ability to fix nitrogen was high, 
as was proved by ostimalion of total fixed nitrogon 
content in each pot in tho glasshouse and by tho 
concentration of total nitrogen in singlo plant organs 
in tlio fiold Nitrogon fixation and nitrogon content 
aro gn en in Fig 3 Difforently coloured nodules m 
various stages of do\olopmont and with rH valuos 
difibring by up to 13 units have boon simultanomish 
foimd in tho root system of ono and tho same plant, 
oven on tho roots of plants 103 days old Thus, if tho 
curve of rH values had to represent tho actual course 
of tho redox potential during tho life of tho nodule, 
it v os always necessary to pick out for measurement 
only tho oldost nodulos m tho root system of experi- 
mental plants In tho soybean root system m all our 
oxporimonts nodulo formation bogan vory early, and 
always on tho uppor part of tho main root Thoso 
first nodules grow vory quickly and reached about 
1- in diameter and their content beenmo pink during 
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Flj. 3 Nltrofffm fixation *nd nttrozen oontont in plant*, 4 
Ch—Q percentage of tottd nitrogen In le*Tt* of the field plant* 
(oocn&ted A~A control* B # — • nitrogen (gm.) fixed per 
pot tn gt»nhotue. AbicLm. number of day* after lowing 

tho maximum doorooso of potential, whoreoa other 
nodulofl scattered throughout the root system 
nppoared and reaohed thoir largest size much lat-or 
Tho oldest nodulee for tho measurements could there 
fore bo easily picked out according to thoir location, 
sits, qoIout and also thoir consistence 

The tissuo of tho noduJee differed from that of 
other parts of tho plants not only in regard to its 
redox potential but also in pH value During the 
period of low redox potential (about —200 mV ), tho 
pH of tho pink nodulos varied between 7 2 and 8 7, 
whereas in the roots and stems it was 5 {Ml 0 
(potentials about + 350 mV ) No difference* were 
found between Ek and pH values measured in roots 
and stems of inooulated and control plants 

Thoeo results ore evidence that the nodules on 
leguminous plants with quickly growing root systems 
originate on secondarily thickened parts of roots 
without root hairs and without primary cortex 
Tho appearance of new active nodules is not 
limited by tho advancing ago of tho host plant, 
almost up to the nperung of tho fruits Dif 


feront values of redox potentials simultaneously 
measured m nodulos of a single plant are in accor- 
dance with thi* observation The rH values reflect 
onlj tho physiological state and age of nodules 
irrespective to a large dogree of the age of the host 
When comparing tho results plotted in Figs 1 and 3, 
we con coo that a considerable fall of potential in the 
first nodules coincides with tho beginning of nitrogen 
fixation observed in greonhouso and field tests The 
differ on co* in size and colour between tho control and 
inoculated plants in the field were observed to run 
parallel with nitrogen content in leaves also from the 
seventh week after sowing 
A further interesting result is that the redox poten 
tial is, to a large degree, not conditioned by tho size 
of tho nodules The size of nodules picked out for 
potential measurements in carrying out the field tests 
was about 200 pi and remained unchanged from 
tho beginning of fixation until the plants ripened , tho 
observations in tho greenhouse were made on nodules 
of about a filth that size, but with similar results as 
regards absolute values and development with time 
Very low values of potentials in nodules fixing 
atmospheno nitrogen are not opposed to the hypo 
thesis that reduction of molecular nitrogen m nodulee 
by hydrogen is catalysed by hydrogenasos The largo 
differences between rH values in various soybean 
organa and m nodulee is evidence of specific bio 
chemical processes taking place m tho nodule* during 
the fixation of nitrogen and show that nodulos cannot 
be regarded as ordinary organs of the plant, os might 
be doducod from tho experiments on rates of respire 
tion of nodulee 4 

1 Exbotncrf* I h. Microbiology (Rum.) R S17 (1938) 

• FtKloroT JLV Dtolotfwl Fixation of Air KUrocen" (IUm.)(Mo*cow 

» BfrsPrKD F J J On. Microblot 19 31* (19RS) 

• Alllion F E.. Ludwlfc, 0 A. 3Unor F W and ITooTtr S R. JloL 

Qoi 101 til (I0l6) 

•WlUon P W , Bond* R, H. *nd Ooflbe W B / B«J Cbm 
147 470(1943) 

• Hamilton, P B Bhnn A L. and WlUon P W Proc. UJs tfal 

Acad. Sot, 43 297 (1957) 

1 Hovltt. I/. P “’Oxidation Redaction I*otenU*U In BacterioIolT * «J 
BloobomUtry' (Llringitone Edinburgh 1950) 


PHOTOREACTIVE PIGMENTS IN FLAGELLATES 


By 


Chromoproteln Pigment, of Some 
Cryptomonad Flagellates 
Dr. MARY BELLE ALLEN, Dr ELLSWORTH C 
DOUGHERTY, and Dr JOHN J A 
McLaughlin 


Laboratory of Comparative Biology Kafxer Foundation 
Research Institute. S 14th Sz. and Cuttles Blvd Richmond 
California acid Haskins Laboratories, 305 East 43rd St, 
New York City 


T yra cryptornonod flagellates are a little known 
group of organism* comprising both pigmented 
and apochloretlo forms Tho pigmented forms are 
usually blue- green, brown, purple or red in colour 
and are capable of photoeyntheei* Until very 
recently, nothing was known of the pigmonta 
responsible for thceo colorations—' tho only informn 
turn on record before tho present, work 14 being a 
personal communication from Haxo and Wolken to 
Provasoli*, that Rhodomonas fens, a rod cryptomonad, 


contains a phycobilin like plgmont Tho present 
communication describes water soluble chroma 
protein pigmonU from two blue green cryptomonads, 
Ohroomona* up and Hcmxsclmis tnre*ccn* and a 
brown representative, Oryptornonas ovalavox paluslrta 

Ghroemona* up , kindly supplied by Prof E G 
Pringsheim, was exarmnod in 1053 This organism 
could only be grown in sofl-wntor medium and was 
not available m suffloient quantity for more than tho 
measurement of tho absorption spectra of whole colls 
and crude extracts 

More extensive measurements have been made on 
tho pigments of two other cxypt omonods Hemi 
stlmt* vtrtscen* obtained from Dr Michael Droop, 
was grown on the synthetic medium *DC (ref 4) 
Denso growth waa obtained using light intensities of 
1,000-1,500 lux at a temperature of 18* C Cultures 
were grown for twenty days in 5 litre Torn ha oh 
flasks containing 1 5 1 of medium. Optical density 
of 2 5 wore obtained by aerating tho culture* 
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Tls 1 Variations in Aym = irm — <• «m <15f — 1>,) 

(2) that the 12, 8 and 4 8-hr periods have about the 
same amplitude and the same annual sanation, 

(3) that the amplitude of the fourth harmonic is 
smaller in winter as compared with the other 
harmonic terms 

Howeier, harmonic analyse carried out on data 
for months taken individually “-hows that for the 
period of 1956-58 the winter maximum is higher for 
the fifth than for the third harmonic It so happens 
that the second and fifth harmonics v ary more or less 
linearly with solar activity', while that of the 8-hr 
period undergoes a linear increase to a maximum at 
sunspot number i?= 130 follov ed by a decrease The 
behaviour of the amplitude of the 24-hr harmonic is 
more difficult to explain as it remains constant up to 
R= 150 and then increases with constant high rate up 
to sunspot maximum No solar effect is noted for the 
G-hr period It is doubtful whether this component 
lias any physical significance 

Data, complete calculations and results will be 
published elsewhere 

P HEpprs'CK 

Section Geophysique, 

Service Meteorologique 
Leopoldville, Congo Beige 

1 ParXm, D G Salute 183, 1045 (1950) 

Temperatures in Polar Ice Caps 

Decrease in temperature with depth which was 
first observed by'Sorge 1 in the top 20 m of ice at 
Eismitte m Greenland has since been confirmed for 
much deeper strata there 1 ' 3 and in Antarctica*’ 5 
Sorge thought that the negative temperature gradient 
could have been created by a secular nse m air 
temperature Independent evidence exists for such 
a trend in Greenland but not in Antarctica* More- 
over, the much greater depth to which a steady 
decrease m temperature in the ice has now been 
traced would require a surface warming extending 
over very long periods In these circumstances it 
seems necessary to consider first the effects of the 
warming of the ice-cap surface connected with the 
decrease in its height during the outward movement 
of the ice By geometrical reasoning Robin" deduced 
that m the absence of heat conduction this mov emenfc 
(of velocity v) coupled with a net surface accumulation 
t leads to the temperature gradient . 

— Av/t (1) 

where x is the surface slope and / the v ertieal gradient 
of the annual mean air temperature along the ice cap 
surface A more complete treatment of the problem, 
talcing into consideration heat conduction as well as 
advectiv e temperature changes now shows the 
relation (1) to hav e a deeper significance. 

The fuller treatment rests on the fact that, except 
near obstructions and the fringes of the ice cap, the 


temperature gradients m the ice must be uiufe ;t] 
over distances one or two orders of magnitude lai?- 
m the direction parallel to the surface (‘honzenufj 
than normal to it (‘vertical’). As a result tfc. 
horizontal gradient does not contribute to the chanz- 
of temperature with time, and when a eo ordrnav 
system moving with the ice m the layer of annuj 
mean surface temperature is considered the problem 
to he solved reduces to one of linear conduction. 
Due to net accumulation, the ice is continual]', 
moving downward while at the same time moving 
outward from the centre of the ice cap almost a> e 
block, with the maximum shear concentrated clo-s 
to the bottom of the ice*. Apart from the fnetional 
heat released there, the horizontal movement of the 
ice then makes itself felt only' by an increase in surface 
temperature with time Tins constitutes the uppe- 
boundary’ comfit ion of the problem which is govern'd 
b\ 4 he relation 

c-T cT cT 

K r = 0 (2) 

ex'- 'ex U 

where T is the temperature, r the depth, K the 
thermal difftisnity, and v the vertieu! velocity of the 
ice, equal near the surface to the net accumulation. 

For the semi -infinite solid the solution of (2) for 
constant vertical velocity i and n constant rate of 
surface temperature change x/ F = £ lias been given by 
Bcnfwkl* ,c who was concerned with the reverse 
process of cooling of rocks subject to lifting and 
denudation For an ice cap with an initial linear 
temperature profile (of gradient A) the temperature 
gradient as function of depth x and time t is : 



t ~1 x~vt 

1 lz~vt) >c\p(vx/K)trfc— 

K J (4Kt) } 

It is of mterad that independently of the initial 
gradient A the expression (3) reduces to Robin’s 
form ( 1 ) not only for K- * 0 (v amsbing heat conduction) 
but also for any K when /-* x. Tins is lulled 
with the fact that the onlv hmar solution of (2) has 
the form 11 

T^yt—x/r) (4) 

Numerically it i« found that with con.-cn.atWe 
assumptions (.4 = 0 , K = 38 in =/year , (j=5y]0"‘ I C 
/year corresponding to F= 10 rn /year, a=5yJ0' 3 , 
> = FC/]00m , t— 10 cm /y car) 5 S 10 1 y'ears or a 
movement of 50 Ion suffice to create negative 
temperature gradients varying only m the range 
77 per cent and 51 per cent of the limiting value (1) 
of — 0 3'C /J00 m between the surface and 4 00 m 
depth These gradients arc of the order of those 
observed 1 " A systematic mv astigation of (3) for 
other v alues of its parameters is under way'. 

The existence of the limiting gradient (1) is due 
solely to the vertical movement of the ice "Without 
this the temperature gradient has the form 11 : 

*•'*=—; £U/A')1 2 lerfe ix/{4 Kl)l) (5) 

which for any finite depth x increases indefinitely as 
t— *■ x , . This makes it doubtful a« to whether without 
vertical motion the assumption of steady' heat-flow 
conditions from the start 4 can he justified for this 
problem. 
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In tho uppermost layers of the ice complications 
a run from the variation of density with depth, while 
lower clown a docreaao m tho vortical velocity may 
hn\e to bo taken into account Theso effects are 
now bomg studied by means of numerical integrations, 
on tlio digital computor Csirac at the Um\ersit> of 
Melbourne, which will also facilitnto tho introduction 
of o fbuto ico tliioknoss and of moro complicated 
boudaty conditions, equivalent to combinations of 
climatic clinnge and irregular ice movement 
This work was suggested bj Dr F Loowe and has 
had tho lienofit of his advice oa well ns that of Mr 
Malcolm Mollor and Prof J C Jaeger 

Uwe Rad ok 

Mctoorology Department, 

Univcrsitj of Molboume 
August 6 



1 Sorer L, Wsv. Errtrtm d. Deutwhen Qroraluwl Exprd A If ml 
Worm^r* . 3, Srt2 (IMj) 

* UcalierRM, J 0 ., QLucloloole QroenUnd, 1 tomtra iur 1 Inland!* 

(Until llprmxim et Cte.. 10S4) 

* Hatwn, U J». and Lamlauer J K Ermpoilnm ilo Cbumonli 

InUrn. An- Sc Urdr., tool, 313 (1W3) 

* Ilo*mkn*ld. \ 237 

* ltondw J A <( Tram Amtr Gtophyi Union, 39 1021 (1058) 

* ilcttor M Geof J 8 (June 1050) 

* RoOto, 0 do Q J QUcW., 2 623 (10j5) 

* Nyr.J Proc Hoy Sor a 307. 654 (1061) 

* Id A E 0 J Af>P 4, 430 (1940) 

* IknOctd A E. J Apr Jhyutb 06(1010) 

‘ Janwr J C (rmonal comnmnlcfttlon) 

1 Oamaw\H S nrtd Jin?er J C Cond action of Heat In Solid* 
145 (CUrendcm Urc** Oxford 1047) 


Two Cases of Triple Fission of Uranium-235 

Tbikn et al 1 pointed out for tho first time in 1040 
the possibility that uranium 230, whon bombarded 
with thermal noutrons maj sometimes divido into 
throo fragments, two heavy and tho other one with a 
mass of around 32 Tlio same kind of event has also 
boon soon by others* but in other cases it was not 
observed* 

We lm\o found two cases (FigB l and 2) among a 
series of photographic plntos londod with enriched 
uranium that wore irradiated m the thermal column 
of reactor DJt 1 at Mol m Bolgium , In theso plates 
wo looked for the light partiole which m some cases re 
omitted during uranium fission* but in those two 
o\onts from their aspects and typo of ionisation. It 
was clear that tho tlurd track could not bo an alplia 
particle Those facts aro in accord with results 



rtc*. 1 uxl 3. rhotomkToqraph of two Iripto-itorioa crenti found 
to Dnniam-235 lo*dcd pUt« Irradiated with thermal nratrom 


Fig*. 3 awl 4 Scheme to iTnre of the ranjje* tod antfr* of the 
two triple frntoc tTcnts, 


obtamed by Carvalho of tlie Centro Brusilolro dr 
Fosquisas Fisicas (private oommimication), who has 
found ternary fissions giving a light fragment of 
mass greater than 4 in studying tho photofission of 
uranium 238 by 15 MeV photons Wo have chocked 
tliat each of those events lies m its own piano as 
would be oxpected Binco tlioy wero produced b> 
tliormnl neutrons Figs 3 and 4 show tho arrange 
ment of those events m their own planes IVj. 
apphcation of tile laws of conservation of mass and 
momentum tho mass and onergv of each fragmont 
have been evaluated. 


To dismiss tlio possibility that tho process was duo 
to ordinary fissions in which one of tlio two heavy 
fragments has collided with nuclei of the emulsion 
wo linvo checked each ovont by calculating tho 
factors 


8m(P+2ac) 

o~ (I) 

1 /j BUI P 

S t sin* a 

b U> 

E t sin p sin (p +2*) 

iu which 3/* is tho mass of tho fragment which is 
supposed to collide with tho nuclei E t and > a aro 
tho respective energies of thoso particles after tho 
collision , a and (5 aro tho angles m t igs 3 and 4 
Al t can only be tho mass of ono of tho nuolci con 
tamed in the emulsion (hydrogen carbon nitrogen 
oxygen bromine silver and uranium) and those 
possiblo values when substituted in (1) will gno the 
allowed values of M t . Wo know tliat tlio masses 
remain between 05 and 170 a an u , and m this way wo 
can eliminate those which do not fulfil tliat condition 
Wc calculated the energy E w for the nuclei tho masse® 
of wluoh fulfil condition (1) by means of tho range 
energy curve 4 , from these values and equation (2), 
wo found tlio possible energy for tho fission fragment 
E t , which must remain between 30 and 130 MeV 
(rof 3) As in our two cases noithor ovent fulfilled 
those conditions wo must conclude that wo wore 
actually confronted with two fissions ofU 236 produced 
by thermal neutrons 

In lablo 1 our results aro compared with those of 
other workers 


Theso throo fissions wero found among 330 Cw>0 
ordinary bmnrj of 

far, but we aro proceeding with mo 
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Table 1 




3f, 

-V, 

Author 

(amn) 

(amn) 

(atnu) 

Tden el al (ref 1) 

127^13 

77 —8 

32^5 

Perfilor (ref 2) 

C2 

113 

GO 


127 

77 

32 

Wolian el al (ref 5) 

1*133 

89 

14 

Dutta (ref 2) 

ICG 

43 

30 

Our observations 

150 ±13 

74-13 

12 - 1 - 2 


1G9±1S 

55±13 

11 ±2 


E t E tout 
<MeV ) fSIcV) 
47-2 102 


U0i20 243 
— 200 
35 ±7 ICO ±33 
40±10 187 ±3G 


Calculated bv us using the obs^rrnflons published In ref 3 

the plates Naturally, owing to the very low prob- 
ability of tins phenomenon, our measurements 
cannot be of high accuracy 

We thank the staff of CEN, of Mol, and especially 
j\It Beets for his assistance and for helping w ith the 
radiation and development of plates used in this 
investigation We are also very grateful to the 
microseopists of our laboratory. Miss Amelia A gust m 
and Miss Paz Gutierrez, for their patient collaboration 
m the scanning and measurement work 

J Cat.axa 
J. Casaxtov a 
V Dotrrs'GO 

Centre of Photocorpuscular Pin sics, 

Faculty of Science, 

Valencia. 

July 1 

1 T'ien Sin Titans Ho Zah-VVei Ctoste! It and Vigncron I C R 
Aead s a (nan*), 223, 1110 (1040) J l'h»' Radvm, 8, 105 and 
200 (1047) 

1 rtrfllov X A Phjsics of Xuelear Fi-s!on $G «'dit F Rrttsohor 
and D J Hughe* (Pergamon Pre** 105s) llutta S P Ind J 
r/,yt 27, 547 (1953) 

1 Green, L L_, and Livesev I) L Aafitre 459,332 (1047) Dcinor-, 
r„ rh’it Her 70, 974 (1940) Canad J 31, 7a (1053) 

Ro«cn L., and Hudson A JL Phy* Per , 78, 533 (1950) 

* Cntald Domingo V Casanova J s^nent K. and Lleo A -In 

real Sty Etp i-i* Qmm (in (lie pre-“) H O Carvalho of tlio 
Centro Bre«ileiro dc Pesfinlso* Fificos (private coramunleation) 

1 Dtmers 1’ Ionogrnplue , 252 (les Presses Cnivcretatre-. de 
Montreal 197b) 

* Wolian. h O-, Moat, C D„ and Sairrer R It Plan Rer , 72, 447 

(1947) 


Current Fluctuations in the Oxide Cathode 

During some work here on the relation between 
the conduction and emission mechanisms m tlio oxide 
cathode (assumed an excess electromc semi-conductor) 
we have come across slow but marked fluctuations in 
the i alues of both currents when these were measured 
simultaneously for certain values of the field applied 
to the anode Further, over the range of temperature 
explored, a threshold at about 1,100 9 K was indicated, 
which is well above the temperature at which ‘p’ type 
conduction has been suspected , generally, the current 
fluctuations become more and more compensatory 
in the sense that an increase in one occurs simul- 
taneously with a decrease in the other, till at 1,250'K , 
the marked field periodicity shown m the diagram 
takes place Above this temperature, the fluctuations 
are much larger for certain field values and the 
correlation less pronounced, but the general character 
of the form of the cun es is maintained 

The experimental arrangement involved the in- 
sertion of three plat mum probes into the barium 
oxide/strontium oxide m atrix (approximate equi- 
molecular proportions) between which the conduction 
current was measured , these served as cathodes and 
supplied the emission current to a spiral nickel anode 
which surrounded them As is well known, to users 
of these emitters, their past history is important 
when trying to explain their behaviour under any 
particular set of conditions , m the present instance, 
thermal activation by flashing at progressively higher 
'and higher temperatures between 980°K and l,40f)' J K. 


for \ arious times was carried out and measurements of 
(conduction) drift recorded before a quosi-stahlc 
equilibrium was established In order to disturb 
this as little as possible, it was decided to take ‘spot’ 
readings throughout all the subsequent simultaneous 
measurements of conduction and emission currents 
The current as shared by the emission and conduction 
processes is furnished by those electrons, which, 
through activation, cither thermally or by drawing 
space current, or, using both techniques, pass from 
the impunty-lovel into the conduction hand of the 
oxide , m this caso the impuritv -lev el eousists of the 
excess barium atoms which are held substitutionnllj 
at vacant oxygen lattice site3 It would bo expected 
on simple grounds that the division of the available 
electrons would bo a function of the applied fields, 
the impedance of the respective paths (along and 
perpendicular to the emitter) and the mobilities In 
such a complicated situation ns exists in the matrix 
when the fields arc crossed as m the present measure 
ments the smooth variation which might otherwise 
bo expected, gives rise to the series of maxima and 
minima recorded at specific field values At high 
fields there can even lie reversal of direction (also 
facilitated by working at higher temperatures) Jn 
the case of the conduction current the envelope of the 
maxima falls and thc>n rises , that of the minima 
contmuallv falls This strange behaviour may ho 
attributed to v arious causes In order that there may 
lie flow m and out of the solid it is generally held that 
the electrons have to pass through or over the 
crvstalhte boundaries surrounding the pores; these 
may be contaminated with a lav er of barium ; also 
the path through the pores will not be an cas\ one in 
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tlio presence of nn electron spaco charge anil we ha\ e 
consequently vory different and variable impedanoos 
t bn lughout tlio motion The existence of a fluctuating 
space chargo combined with ono produced by positive 
ions (produced m tho electro!} bib) could gho fluctuat- 
ing sjiaco cl large clouds when recombination takes 
place m tho rather specialized geometrical structures 
involved Theso effects would bo more pronounced 
os the temperature increased to tho point at which 
ionic conduction became important Ono can \ isunhze 
a fluctuating effect of tins kind arising through lack 
of equilibrium in tlio intervals bofcweon observations , 
(of tlio ordor of a few seconds) thus im olvmg a decay 
with a time constant of tlio namo order of magnitudo 
this picture is consistent with results obtained under 
pulsed conditions (p eec pulses) by ourselves and also 
by other workers m this field 

M o hope to publish those result* m full at a later 
ntago of the work. 

Maugaret Cmsiionar 
1/ Jacob 

Deportment of Natural Philosophy, 

Royal College of Soienco and Toclmology 
Glasgow, C 1 
Aug 11 

Radar Echoing Area Polar Diagrams of Birds 

As part of an investigation into tho sources of 
unidentified radar point oclioea, or ‘angels l -*, wo 
Jm\ o been moasunng tlio echoing area polar diagrams 4 
of birds using a high resolution X band radar This 
radar, which is horizontally poinnzod, w capable of 
measuring cquiv alont echoing areas as low ns 
2x10 * eq metro with an aceuraay better than 
± 1 db and of detecting o\ en smaller radar targets 
Each bird in flying position but with wings oloeed 
and logs retracted, was fired to a nylon cord The 
nylon cord was held vertically between ground and an 
aenftl lino suspended between two towers Typical 
azimuth polar diagrams For three birds are shown in 
Fig 1 Each pattern was mado with tho norml of 
the radar fixed in elevation and bearing, while tho 
bird was rotated in bearing about n point at tho 
centre of its body Tho rato of rotation of the specimen 


Tulik I MATDim axp Mikimcx Echotvo Vnius 


bpecimen 

Jlrtcul-Jdc 
(•q m ) 

Aspect 

II rad 
(v\ m ) 

Tan 

(wj inj 

1 Ireon 

1 0X10** 

1 1 X10 * 

1-OX10 ‘ 

Starting 

S 5 Xl0~* 

1 8X10 * 

l 3X10 J 

Hnu*e apfitTOw 

7-OxlO • 

J 3x10 » 

1 6x10 ‘ 


m bearing Hint is when tho birds are broailsido-on to 
tho radar Tlio minimum areas comoido with tail on 
and head-on positions of tho bird with respect to 
tho radar beam Principal maximum and minimum 
echoing areas for tho three birds arc given in fablo 1 
Sfcasuremcnte wore then made on tho effect of tho 
feathers and tho contribution of the wings to the 
echoing area A pigeon was plucked tho feathers 
and bod> being measured separately Tlio echoing 
nrea of tho foathers, packed into a thin polythene 
bag was approx unntoly 5> Kb 4 sq metro when 
\ lowed from the direction presenting maximum area 
io tho radar The plucked bird was also measured 
and it produced n similar diagram to that shown for 
the bird m plamago A rook {Ooruus fmgilegus) was 
measured in the broadside position and gave a peak 
echoing area of 2 fix 10-* sq metre The bird, with 
outstretched wings was then fixed with its bodv 
pnrallol to the n> Ion cord and peak echoing areas of 
back and bell} news were measured These out 
spread wing views of tlio bird were similar in peak 
echoing area and diffored from the broadside 
mensuremonfc by leas than 6 per cent 

YV o gratefully acknowledge tho help of our colleagues 
at tho Royal Aircraft and Royal Radar Establishments 
and to Mr I if Huntor, of the Royal Aircraft 
Establishment v\ho proposed the experimental nun 
surmg system 

J Edward* 

Raj at Aircraft Establisliment 
Famborough 

E YV Houoiiton 

Royal Radar Establishment 
Great Mali era 


nnd tho time oonstant of the equipment provide a 
smoothing fnotor ovor approxunatel} 10* m azimuth 
Tin 1 ' smootlung factor provides satisfactory 'avorng 
ing nnd remo\ es tho fino lobe atmc 
ture fho spacing between radar 
and bird v, as chosen to gi\ o on evon 
illumination of tho rotating bird 
Tlio birds were placed at heights 
which coincided with tlio radar 
aonal elevation anglo of approxi 
mutely 18°, an arrangement which 
ensured a low side lobe background 
and consequent I\ optimum radar 
sensitivity Tho bird echoing areas 
were evaluated by comparison with *a 

standard metal spheres 

Tbo echoing area polar diagrams, fyJ 

taken m azimuth, for a domestic *y s * 

pigeon a starling (Sturmut vulgaris) / 

anil a house sparrow ( Passer domes ff* 

lieu*) nro shown in Fig 1 Only half —7 j 
tho diagram is shown , the other £:/ — l — 

portion covering bird aspects from g j j 
180° to 300’ in azimuth, is a — LJ — 
mirror unngo of tlio diagram ° 10 *5 
in Fig 1 Maximum echoing 
areas occur between 65° and 11G* Tig. l 


1 ntrrxr W G., Vatwrr 180 SIT (1057) 

* Batter IE. OmUk Ben*.. M 70 (1037) 

* Toflcl, J O., and Lock, D Pror Roy Sor 11 1« MW (10^S) 

* Radiation Lab Scrfr-c No. 13 0 1(5 
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CRYSTALLOGRAPHY 


lntermolecular Distances and Diamagnetic 
Anisotropy in Crystals as Measures of the 
Polarity of Benzene and Borazole Substituents 


The structures of 1 3 5-tiichlorobenzene and of 
B B B-trichloroborazole have been analysed, and 
although not isomorphous they are in many respects 
very similar 1 ’ 2 Both are nearly layer structures 
The direction cosines of the molecular axes L (along 
one Cl Cl direction) M, and N (normal to the ring) 
are as follows (at 20°C ) 

La -f- 0 030S 21 1q 
M b 


C.H.CL 


L b 

L c 


+ 0 0165 
-0 0758 


B 3 X 


,HjCl; 


L a 

Lb 

Lc 


Me 

M a 

Mb 

Mr 


—0 9070 
+ 0 0058 
+0 4193 

—0 8862 

0 

+ 0 4632 


N a 

Mb 

M t 

Ma 

Mb 

Mr 


— 0 4232 
+ 0 0838 
— 0 9021 

— 0 4632 

0 

— 0 8862 


The intramolecular distances me 


C„H 3 C1 3 

Mean Cl-Cl 5 354 A 
Mean Cl-C 1 711 A 
Mean C -C 1 387 A 


B 3 X 3 H 3 C1 3 
Mean Cl-Cl 5 498 A 
Mean Cl-B 1 753 A 
Mean B-N I 415 A 


Both molecules are plane to within the limits of 
experimental error, and the rmgs nre regular hexagons 
to within 0 04 A in bond-lengths, and 2 5° m bond- 
angles 

Coursen and Hoard 2 ha\e argued, on the basis of 
the above bond-lengths, that B tnchloroborazole 
shows no evidence for any reduction m the double- 
bond character of the ring in favour of a large con- 
tribution from a structure of typ° JI such as was 
suggested by YCiberg 3 and supported by the spectral 
studies of Rector, Schaeffer and Platt 4 


ci 


"'-a/ 


H ^X" H 


or V 


cf 




(I) 01) 

If the intermoicculai distances are compared, 
however, it will be seen that in spite of the closo 
similarity in the structures, there is an unexpected 
difference m the nearest Cl-Cl', Cl-H' and H-H' 
distances in the tw o structures 

C e H 3 Cl 3 Cl-Cl' 3 628, 3 050, 3 740, 4 042 A 

Cl-H' 2 963, 2 908, 2 984 A • 

H-H' 2 647 A 

B 3 N 3 H 3 CI 3 Cl-Cl' 4 020, 4 054, 4 247, 4 301 A 
Cl-H' 2 484, 2 524 A 
H-H' 2 810 A 

The implication of this would seem to bo that both 
Cl and H atoms are charged in the tricliloroboi azole 
molecule, with a corresponding reduction in the 
double-bond character of the rmg, m spite of the short 
B-27 distance , that is, that there is a larger con- 
tribution from (H) than would be expected on tho 
basis of intramolecular distances only 

That tho borazole ring m this structure has con- 
siderably less double -bond character than has the 
benzene ring is also supported by measurements of tho 


diamagnotic anisotropy, made In, Mrs E M Tour* 
These lead to a molecular anisotropy of AK= 1 8 ' 10 ‘ 
as compared with 00x10'* for bon/eno Tho rer 
responding measurements on C,H 3 C1 3 have not liren 
mado, but those on the isomorphous C c H 3 Br 3 give 
A6T=47 X 10'° From this it would soem t lml there n 
some reduction m tho momntic character of benzono 
also on substitution Tho only otlioi partmlh 
substituted bonzono derivative foi which both an 
accurate structure analysis and dinmngnefic sus 
coptibihties are aimlable is 14C c H,02, lot which 
A/v = 40 5/ 10-* It would bo icry dcsiinblc indeed 
to lmvo more measurements on such compounds and 
also to bo able to compare intermoicculai dislnnees 
m cases where the packing seoms to depend more on 
Cl-Cl', H-H' and Cl-H' than on C-C\ C-CV or C-H' 
distances 

It may o\cn ho possible to determine whether 
substituent atoms nre charged positn oly or negatively, 
bj forming mixed eij’stals will) compounds of known 
electronic constitution and observing flic resulting 
mtcrmolecuhn distances 

Kathiekv Loxsdaie 

University Colloge, 

London, W C 1 
Aug 20 

* Mllletlcc, It J nnd I’ant I- M (In prrpirntlon) 

! (onron, D I .nnrlHoinl J I, / -Inter Chrtn Vir 74, 17-12 (10 >2) 

• Wiliorp I, nnpiiWMied report r< fi rred to In Cour-< n mnl Hoard 

1 Hector, C W Sclnfllr, (1 W , unit flat t J It , / them I'/iv* , 17, 
400(1040) 

J Lonitlnie, K , nnd Toor J, W (nnpnlilMrd work) 


Influence of the Size of the Halogen Atom on 
the Difference between Lattice Constants of 
Copper dipyridme dichloride and dibromide 

In verifying tho vnlidtfv of Poyron’s nnd Torgen- 
sen’s rulo m organic lmlogen complexes of coppei, 
-Serator 1 found that n compound intermediate Be- 
tween CuPy.Cl. nnd CuPy.Br. exists Civstallo- 
chemicnl studies of these compounds were based on 
the crystal structure of CuPy.Cl 3 , which lias been 
solved by Dumtz 5 AVo have solved the crystal 
structure of the bromine derivative 2 

CuPj -Br. and CuP\ .Cl, liavo vorj similar stme- 
tures Botli are monoclmic (space group P2 ,/n) witli 
octahedral co ordination of halogens and nitrogens 
around copper atoms , tho co-ordination oetahedm, 
with shared edges, nre oriented m tho direction of the 
growth axis of the needle-formed crystals The 
difference between these compounds lies m the 
position of halogens, tho orientation of the siunmotry 
elements with respect to the lattice vectors nnd, of 
course, m the values of tho lattice constants (Fig J) 


CL 
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J 
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x 
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Fig 1 A 
Cu/’p.Ur, 
c, 3 87 KX 


conipirlson of tfip lull In ronstints of Cn/ty.Gl, nml 
? op . F2,/n a 17 011 k\ b 8 GD kX., 


0, D1°G2 Jlottom Ciifz/.ltr, 7'2,/n 
b 17 72 kX c 4 04 kx 0 00" 


a, 8 JO kX, 



NO 46&2 


October 3, 1959 


NATURE 


1061 



Fig 2. («) Arranff^ment of tUe raokcule* of Cu P*,Ur, In f)w 
project ton ntonfl the e-nxi*. (b) rrokctkm of the nme » tract air 
perpcmUcoRir to the t aabt 

When the lattice constant* are compared it is 
interesting to note that the substitution of bromine 
lengthens the largest and smallest and lattice con 
stunts but shortens the intermediate one Wo have 
observ ed a similar offect with copper ethy lenedinmme 
dicblorlde and dibromide for which o~0 SI 78, 

c~8 32 kX, p = 93W and o=7 00 6-=0*O4, 

c~S20kX p~f>0°72' respectively 

Tlio differences can be explained by tlio uso or the 
van der Wnals radii for atoms and groups of atoms 4 
Fig 2a illustrates the arrangement of the molecules 
in tlio crystal structure of CuPy,Br t In projection 
along the r — axis Fig 26 tho projection of the same 
structure perpendicular to the c-nxis Fig 2a bIiowb 
that the structure is clooo paakod with the pyridine 
ring cJoeo to tho halogens of neighbouring moloculcs 
Tlio anglo between tho molecule axis and tlio longest 
basio \ecfor w (p = 43 5 C m Cu,Py t Br, By substitu 
tion of a bromine for ft smaller chlorine, spuco between 
tho pyrjdino rings and halogens is freod, and in order 
to conserve close packing it >s ion [table that tho 
neighbouring molecules will close up and that tho 
molecular axis will change its alignment (In tho case 
of tho chlorma dcnvativo tho valuo of this angle is 
9^46 4°) As a consequence tho longest lattico 
distance is shortened and the middle one lengthened 




Yl*. 3 Amnuvm*^\t of liMoeras »od copper atom* Lrfi 
Cu PnClt. 75 l\ l2/kl-3 50) JR -3 -03 kX 

RD-Ot T JC-S 87 kX (£U-S70 2/ln-3-CO JUsht 

Co.ry.Bt^ EF-3M V\ (2/0W-3-M) RB-t <4 lc\ 

rn-Z 17 kX Fff-4-W fcX (Sfrtv-3-00 lhr-3 TO) tor 
coratnKtirm tfac follow Inc data haro br«n u*e4* covnVnt radii 
nvr»*l 14 kX, rci-G-W kX m*— 1 30 kX ran drr W*AH 
radii R» r-1 55 kX Xn-1^0 kX, (htcfcnr* of aromatic 

moktoic XJ#r-S 70 kX. 


Tho causes which influence the \oluo of the lattice 
constant c oro illustrated in. Figs 2b and 3 In the 
case of tho chlonne derivative c« 3 87 kX, which is 
nearly equal to tho thickness of the aromatic molecule 
(3 70 kX) whorea* twice the van dor Wnals radius of 
chlorine is only 3 00 kX In tho ease of tho bromine 
derivative, however e*=4 04 kX, which is greater 
than tho tliioknoss of tho aromatic molecule but is 
nearly equal to twice the von der Wnals radius of 
bromine The lattice constant c of tho chlonne 
derivative is thus defined by the thickness of the 
aromatic molecule, w heroas m the case of the bromine 
derivative it is the van der Wnals radius of bromine 
It is probably tho tilting of tho plan© of pyridine 
rings relativo to tho basic vector c that affects tho 
value of the moqoclimc angle 

Vladimir Kutcik 
S la vomit. Dunovic 

Department of Mineralogy and Crystallography 
ComoniU8 University 
Bratislava, 

Czechoslovakia 
July S3 


* Srritf* 1 L (priv*(p romimintrtflofl) 

* DanJtx, J D„ 1 HdCnn 10 307 (19o7) 

* KopeOc, \ and Dttrorle S Ctrek rhyi J 

* Pettifog. h.. *Tbo Nature of tin* Chemical 

(Cornell Unlwnltjr Pm*, I04d) 



RADIOCHEMISTRY 

Effect of Gamma-Radiation on the Synthesis 
of Methanol over Zinc Oxide 


The semiconducting oxides for example tine oxide 
nickel oxide and vanadium pentoxide form an 
important class of heterogeneous catalysts It is wol) 
known that the cataly tic activity of these materials is 
closely linked with their ability to act as either electron 
sources or sinks Smco radiation is able to modify tho 
electrical properties of semiconductors, it is to bo 
anticipated that it will also hnvo a significant offoct on 
the catalytic activity of the metal oxides 

The reaction chosen for study in the presout work 
was the synthesis of motlianol from carbon monoxide 
and hydrogen over a tine oxide oatnlynt At tempera 
turos where the reaction proceeds at a reasonable 
rate tho equilibrium favours carbon roonoxido and 
hydrogen Tho standard free energy of tho roaatkm 
becomes negative only below 160° C, whereas tho 
reaction is rapid only abov © 350° C It Is Apparent that 
if radiation were capoblo of activating tho catalyst at 
lower temperatures, the reaction would bo greatly 
facilitated Since it was desired to induco reaction at 
low tempera (urea where tho equilibrium is favourable 
for tho synthesis of methanol it waernot necessary to 
use tho high pressures 200 atm of tho industrial 
process A 3 1 mixture of hydrogen and carbon 

monoxide was used at a total pressure of I atmosphere, 
and tho reaction vessel and circulating system were 
constructed of glass 

Of tho catalysts investigated (both pure xino oxido 
and mo oxido admixed with chromium oxido) only 
ono was active at temperature* below 250° C , and this 
was used in studying the effect of radiation The 
catalyst was prepared by tlio decomposition of nno 
carbonate in air at 300° C Tho zinc carbonate was 


node from ‘AnalalV materials 
Tho reaction vessel was in the form of on _oou 
yl aider with tho tube oontmning could he 

ion along .18 nils so (hot tho catalyst 
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irradiated at the highest possible intensity With the 
380-curie cobalt-GO source m tho irradiating position, 
the catalyst received a dose of 2 5 X 10 lB eV gm -J hr -1 
Apart from the reaction vessel, furnace and gas pre- 
heater, the apparatus was outside the radiation shield 
Premised carbon monoxide and hydrogen w ore 
circulated by an all-glass circulating pump, and tho 
resulting products were condensed m traps main- 
tamed at —195° C 

Analysis of the products showed that besides 
methanol, metliano and carbon dioxido were also 
formed The selectivity of the catalyst for the 
synthesis of methanol was improved by working at 
temperatures below 260° C The effect of radiation 
was examined by introducing the cobalt-GO sotirco 
during a thermal run 

No effect of radiation -uas observed at temper- 
atures above 250° C oi below 175° C , the results 
of three experiments beta cen these temperatures are 
shown m Table 1 


Bale (mctlnuol) mi X T P [hr (molecules 

Temp CC) XTnlrrndlntcd Irradiated Difference of methanol 

jx r 100 cV ) 


223 

0 18 

0 24 

0 00 

0 38 

204 

0 103 

0 200 

0 007 

0 03 

201 

0 030 

0 144 

0103 

1 04 


The value of O is calculated from tho number of 
methanol molecules per 100 eV of -(-energy absorbed 
m the zinc oxide of weight 112 gm Tho effect of 
radiation is shown to bo quite small and is masked at 
higher temperatures Since tho lower temperaturo 
limit for the effect of radiation is very closo to that for 
normal thermal catalysis, it is apparent that irradia- 
tion of the catalyst does not greatly influence the 
normal reaction mechanism Thus participation of 
holes seems unlikely, since these aro not present m 
unirradiated zinc oxide, winch is an n type semi- 
conductor 

The amount of carbon dioxide formed also increased 
under irradiation, but to a lesser oxtent than the yield 
of methanol The maximum value of O obtained 
for carbon dioxide was 0 5G at 201° C 

There seems httle doubt that tho observed mcreaso 
m the rate of formation of methanol over irradiated 
zinc oxide may be ascubed to direct participation of 
electrons freshly produced by radiation At tins 
temperature, both hydrogen 1 and carbon monoxide 2 
are adsoibed as ions, so that energotic electrons may 
bo expected to influence adsorption and reaction rates 
The value of G obtained is consistent with this view if 
we assume that about 20 per cent of tho electrons 
induced by irradiation are effective in promoting cata- 
lytic reaction and that about 20 eV are required to 
free one electron 

T I Barry 
R Roberts 

Isotope Research Division, 

TJ K Atomic Energy Authority, 

Wantage Radiation Laboratory, 

Wantage, 

Berks 

1 Gubokawn Y , and Tojnmn, O , J Phys Chan , 60, 833 (1056) 

'Keler, X P , and ChlzhiWo\a, G I , Do!. A had Saul SSSii, 120, 


Concentration by Ion Flotation 

It has been found possiblo to conccntrnto inorganic 
ions fiom nquoous solutions, oven if \ ory dilute, by a 
flotation tochmquo Tho piinciplo depends upon tho 
uso, as a collect oi, of a surfactant ion, of clinigo 
opposito to tho ion to bo floated Tho smfactnnt 
must bo introduced m such a way that it oxmts as a 
simple ion, not as a micollo Tins moans that tho 
concentration of tho sui factant should not bo allowed 
to oxceod tho cntical micollo concentration, but, 
also, as soaps ba\o a tendency to age on standing, 
tho soap should bo fleshly prepmod m alcoholic 
solution, oi, picferably, dissolved m a non-polor 
sohont, such as potrol otlici, winch is ocaporatod 
off, followed by immediate solution in othjl or 
isopiopjl alcohol By bubbling a gas, usually air, 
mto tho solution, through a fino gas distubutor, an 
oxtended nir-watoi intoifaco is pioduccd Tho 
surfactant tends to concentrato at tho bubble, so 
onontated that tho polar head tniT\ ing tho clinrgo is 
on tho water side of the vatcr-an bubble interface 
Thoro is an attraction between it and tho cliniged 
ion m tho solution, wdncli seems moio marked if tho 
ion is 2 '>oh r valcnt Tho colloctoi and ion mo carried 
to tho sm face by tho bubblo, wlioro a fjoih oi scum 
is produced, depending on wliothor there is oxccss 
surfactant oi not As tho fi oth drams and tho bubbles 
break, tho concentration of tho colloctor-ion product 
increases to form, ultimately, a clmractcrrist ic scum, 
often coloiuod, of insoluble soap, winch can bo cnsilv 
lomoved 

Piocided tlio ebargo on tho surfactant ion is 
ojoposito to that of tho ion to bo floated, tlio nature of 
the surfactant is not critical, though some specificity 
has boon noted in that somo ions are hotter floated 
by longei chain compounds, as these produce more 
insoluble soaps with the ions For floating muons, 
which mcludo tho eomplox metal anions, tho suifnct- 
ant must bo cationic and could bo a quatoinan 
ammonium salt, ono indical of winch is about C l0 
or above, such as didodccjl-dimotlnl ammonium 
chloride or lauryl pyiidinmm chlonde, oi it could bo 
an ammo salt such ns dodocylammo chlondo Tho 
quatemmy nmmonmm salts liaco tho advantage that 
being salts of strong bases they can bo used in alknlmo 
solution Foi floating cations, the collector must ho 
anionic and could bo sodium Imirate, palnutato or 
tho sodium salt of sulphided fatty alcohols As tho 
fatty acid soaps aro hvdrolyscd in acid solution, tho\ 
mo host lesorved for alkaline solution, and for slight lv 
acid solutions, tho sodium salts of alpha sulphonlkil 
acids aro suitable 

Tho teclimquo is very wido m its applications 
Among othors, tho follow mg anions hnvo boon floated 
ferrocyamdo, fomeyamdo, cobaUicyumdo, platmi- 
cldondo, fluobciylnto, uranvl sulphate anion, chi orn- 
ate, vanadato, molybdato, argontocynnido, silicate, 
polythionato Tho follow mg cations have been flontod 
cupric, cuprammonumi, nickel, mckolnmmonium, 
cobalt, cobaltammomum, aluminium, zinc, manganese, 
calcium, barium, strontium, vanadyl, uranyl, thoi mm 

By introducing the collector in small dosos, tlio 
technique allows for selective concontiation, tho most 
strongly adsoihod ions being concontratod in profoi - 
enco to tlio loss strongly adsorbed A striking oxamplo 
of this is the separation of cobalticyamdo ions tho 
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concentration of which is of tho order of rogm./l 
frot i a Bolution containing muonic uranium, the 
maiuiun concentration being approximately 1 gift /I 
.Dus case is mt Greeting, because m the uranium 
industry m South Africa, cobolticyaiude ions axe 
a [sorbed on tho onion exchangers, which are used 
f o concentrate the uranium anions, and the adsorption 
ib bo powerful that they cannot be ohitod off, thus 
constituting a ream poison It is the same more 
powerful forces that are responsible for the preferential 
flotation of the cobalticynmde ions Thus there is a 
superficial parallel between this new technique and 
that of i on -ox cli angers, the difference being that in 
ion-exchange tho adsorption is at a stationary 
solid-liquid Interface, whereas in ion flotation, the 
adsorption is at a mobile liquid gas interface 

There aro certain procautions that have to bo 
taken First., it must be stressed that tho oollootors 
must bo in the molecular stato and not m the oggre 
gated micellar form This is important, because if 
micelles should be present, the ions will be adaorbod 
on them, producing stable colloids that have no 
tendency to float and aro not easily disintegrated 
Tins is why it is advisable to use freshly prepared 
solutions of the collector Some apparent failures m 
applying the technique wero traced to the ueo of 
solutions that had been standing for a long time As 
the critical micelle concentration is very much less 
for the longer chain surfactants it is advisable to 
use tho shortest ones that will give a sufficiently 
insoluble soap A second precaution that must bo 
taken union from the fact that should tho froth or 
b cum be allowed to return under tho surface, there is 
a danger of it being peptized by excess surfactant 
to form a stable colloidal solution. This u because 
larger aggregations of free soap lm\o different 
properties from single molecule* adsorbed at on 
interface This difficulty is avoided by ensuring 
that the bubbles are very small and not violent 
enough to disrupt the surface froth vigorously, 
and also by the continuous removal of the froth as 
it is formed Technically, this will present no diffi 
culty Tho temperature must not bo allowed to rise 
above the melting point of tho soap that is formed, 
as if it doee a liquid film is formed which, breaks the 
froth and introduces unnecessary problems in 
collection 

In recovering values from solution there still 
remains tho problem of processing tho ion soap 
product formed Each caso would noed to be con 
sidered on its merits If the product is much more 
valuable than tho reagent, it could be recovered by 
ignition and destruction of the collector A second 
method would in\ olvo the solution of the eoap in 
alcohol and tho precipitation of an insoluble Balt of 
the metal ion regenerating the soap An example 
of this iB the solution of tho quaternary ammonium 
forro cyanide soap m absolute alcohol to which 
alcoholic potassium hydroxide is added. Potassium 
ferro cyanide is precipitated and the quaternary 
ammonium hydroxide remains in solution and can bo 
reconverted to tho chloride by addition of hydro 
elilonde Another method is the solution of the eoap 
in a non polar solvent such os benzene and an ex- 
traction with strong acid. This can bo applied to 
copper laurato On extraction with hydrochloric acid, 
cuprio chloride enters tho aqueous phaso and louric 
acid remains in tho bony. one 

Apart from a posetblo advantage in eliminating a 


filtration and the advantage that it offers a new and 
alternative procedure for separations, the technique 
has the special mont that it can handle voty dilute 
solutions, concentrations of parts per ten million 
being by no means tho lower limit This means that 
in addition to application m the extractive metal 
lurgical field especially when dealing with low grade 
materials, there are possibilities m the chemical 
manufacturing industry for purification and in the 
recovery of wastes or by products It also has 
possibilities as on analytical tochnique, where it 
would be a convenient way of collecting trace 
material, or collecting ions from very dilute solution 
ringing tho changes on ligands pH, and choice of 
that aro not easily determined by other means By 
ringing the changes on ligands pH, and choice of 
surfactant collector, a wide range of separations 
becomes possible Because it offers a clear-cut means 
of distinguishing anions from cations and also because 
it con collect the ions selectively, the tochnique 
should offer a useful tool for determining uneqmvoc 
ally, tho nature of the chemical spec ice present in 
kinetic or equilibrium studies It might also offer a 
convenient way of collecting samples for geological 
prospecting based on the sampling of rivers for 
dissolved metals 

Because ions can bo concentrated from \ cry dilute 
solutions, the recovery of values from the sea can 
for the first, time bo considered as an economic 
possibility It is recognized that a wide -variety of 
elements exist in tho sea albeit m very low concentra 
tions Hitherto the movement of the large bulk of 
water has presented an insurmountable obstaclo to 
economic recovery of those elements In ion flotation, 
however it is only bubbles that have to bo moved 
and the volume of sea to bo stripped can be increased 
by increasing the depth at which tho bubbles and 
collectors are introduced It has boon calculated 
based on approximate figures that if a curtain of 
bubbles is mtroduoed from a pipe 100 m long, sunk 
to a depth of 100 m , in an area whore a current of 
3 knots flows, the quantities of materials in tho \ olumo 
swept by those bubbloe in on hour would rango from 
27,500 kgm of aluminium, through 50-600 kgm of 
copper and 150 kgm of uranium to 300 gra, of gold 
If a reasonable fraction of this could bo collected 
and camod to the surface it might become of 
economic, if not of strategic, importance Limited 
to beokor experiments it lias not been possible to 
work at such dilutions but it has been found poeaihlo 
to collect copper from solutions only ZOO times more 
concentrated than the sea 

There is a possibility of using tho tochruquo in 
reverse to solve so mo eowago effluent problems, 
particularly tho foaming nuisance of dodecylbonzeno 
sulphonate The addition of aluminium ions to the 
solution changes the foam to an easily handled 
scum, and in tho earao way, ferrocyanide ions can 
be used to romovo any cationio soaps that may have 
escaped into effluents 

Thanks are due to Mosers Armour and Co., of 
Chicago, Illinois, for permission to publish this 
preliminary report 

F Scuba 

Depart mont of Chomisfcrj and 
Chemical Eng mooring, 

University of tho Witwatersrand 
Johannesburg 
June 2 
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Hydrogenolysis of Carbon-Oxygen Bonds in 
some Aromatic Compounds by Electrolysis 

We have examined the reduction of anthraqmnone 
and 9 10-diacetoxy-anthraceno to 9 10-dihydro- 
anthracene and xanthydrol to xanthene by controlled 
potential electrolysis on a mercury cathode in 
dimethylformamide, phenol being present as proton 
donor m the experiment on the qmnone We have not 
previously encountered a report of carbon-oxygen 
scission brought about by such means 

Anthraquinone gives a small polarographic vv avo in 
dimethylformamide at —2 15 V (versus mercury 
pool anode) 1 , which m the presence of phenol (mole 
ratio 2-15) increases in height and is resolved finally 
mto two waves, each of height equivalent to the 
addition of tv o electrons 2 9 10-Diacctoxy- and 
diethoxy-anthracene even in tho absence of a proton 
donor give waves w hose total height is equivalent to 
the addition of four electrons, and in tho presence of 
phenol the total height increases still further 1 - 2 Once 
any of these compounds is reduced to a derivative of 
9 10-dihydroanthracene one would not expect further 
reduction, since the products contain tv o unconjugated 
benzene rings which are not normally reducible at 
the dropping mercury electrode before tho decom- 
position potential of the supportmg electrolyte A 
similar situation arises in the polarography of xan- 
thone, this gives a third nave m addition to the two 
associated with the reduction of the carbonyl group 4 , 
which increases m height as phenol is added 2 More- 
over, xantliydrol gives a reduction wavo of potential 
close to that of tho third wave of xanthone 

In order to identify the reactions responsible for 
these unexpectedly largo wave heights, wo have 
electrolysed anthraqmnone (1 gm +10 gm phenol in 
400 ml ) 9 10-diacetoxyanthracone (0 63 gm in 
150 ml ), and xanthydrol (1 gm m 260 ml ), using 
0 1 N tetraetliylammonium iodide m dimethyl- 
formamide as supporting electrolyte Reduction took 
place on a stirred mercury cathode whoso potential 
(measured against a small mercury pool reference 
electrode) was controlled at — 2 15 V , for further 
details of apparatus and technique see ref 3 

The total consumption of electricity corresponded 
to the addition of 8-10 electrons to the quinone and 
6 to the diacetate In both cases the current fell less 
rapidly than exponentially, suggesting that either a 
slow non-electrochemical reaction intervenes between 
steps of the reduction, or one of the electron transfer 
steps is unusually slow 

After the current had fallen to a few milkamperes 
the solutions were diluted with w ater and the products 
extracted with chloroform In the anthraquinone 
experiment tho extract afforded a 60 per cent yield of 
9 10-dihydroanthracene (identified by melting-point, 
mixed melting-point, and infra-red and ultra-violet 
spectra), and a 10 per cent yield of a dark purple solid 
The latter gave a green solution m hot alcohol, from 
which purple crystals deposited on cooling Its infra- 
red spectrum resembled that of a mixture of anthra- 
qurnone and phenol (a donor -acceptor complex?), but 
its two polarographic waves were at less negative 
potentials than those of anthraquinone m the presence 
of 1 molecule of phenol ( — 0 16 and —0 65 V com- 
pared with —0 32 and —0 75 V) The product of 
reduction of 9 10-diacetoxyanthracene gave a GO 
per cent yield of 9 10-dihydroanthracene, identified 
as before The product of reduotion of xanthydrol 
was identified as xanthene by m p and mixed m p 


(recovery 30 per cent, but much of product accidentally 
lost) 

♦lienantliraqumone and 1 4-naphthaquinono vero 
also reduced olectrolytically m tho presenco of phenol 
tho electricity consumption corresponding to the 
addition of about 10 and C electrons respoctiyelv 
However, m neither cose could a dofinito products 
obtained Tho material yielded by phenanthra 
quinone was phenolic, that given by tho naphtha 
quinone oxidized rapidly in tho air during working up, 
so that it w as proably also phenolic It appears there 
fore that noithor of theso quinoncs lost any major part 
of their oxygon by' reduction, m any' enso with theso 
compounds tho largo electron uptake can ho accounted 
for by' reduction of tho aromatic nucleus 

It will bo noted that tho three compounds found to 
suffer caibon-oxygen scission can all bo regarded as 
derivatives, or convertible to derivatives, of diphenyl 
carbinol Triplienyd cnrbmol is notnblo for its ease of 
reaction with negatnely charged ions such as halide, 
and tho reaction often proceeds by prior ionization 4 

Ph 3 COH ~>Ph 3 O + OH' 

Diphenyd carbinol lias a similar but less marked 
tendency' to yield a cnrbonnim ion Tims the sub 
stances now found to loso oxygen by reduction are of 
tho tvpo known to loso hy'droxyd ions comparatively' 
readily However, benzhydrol (diphonvl carbinol) 
itself shows no vnvo oven in tho presence of phenol, 
evidently the further activation provided by a 
hydroxy'-metliylono or an oxygen bridge is necessary 
for scission of oxygen to bo fast enough to he detected 
polarogrnphicnlly' 

Tho removal of hydioxyd from xanthy’drol can only 
he a direct nucleophilic displacement reaction, since the 
atom from which it is dotochod is saturated Hy'droxyd 
or acetato ions could bo displaced from the anthracone 
derivatives in tho same vv ay once tho nucleus hod been 
redueod to tho 9 10-dihydro condition But hero 
there is an alternative dissociation of OH' or OAc' 
from the incompletely protonated dihydronnthracono 
structure Thus in Fig 1 (If = H or OAc) 


OR OR OR OR 



Tig 1 

(for simplicity, charges are shown localized on par- 
ticular atoms) This alternative is made possible by the 
existence of tho stable intermediates formed in steps 
(3) and (6) Its feasibility clearly deponds on the rates 
of these dissociations, which m turn will bo determined 
by the structure of the rest of tho molecule, it is clearly 
less m tho pbenanthraquinono reaction smeo ortho 
qumonoid structures w ould bo involvod, tho diphenyl 
carbinol structure is absent, and the contre rmg has 
less aromatic character than it has m tho linearly 
condensed isomer 

We have observed some loss of oxy'gen from solvont 
extracts of coal on electrolytic reduction in dimothyl- 
formamide m the presence of phenol, which we 
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attribute to reactions of the typo discussed above, 
this will be reported elsewhere 

P H Given 
M E Peover 


Tho Bntish Coal "Utilization Research Association, 
Loathcrhead 
Julj 14 


1 Given, P It J Chen £<x 2GM (10>S) 

* Given PH iml i'etmrr 3r. E. ttriimlttod t oJ Chrwt S+-) 

Gl yth T II and Tcovrr, M E. lit* Itwtl Fod Cent ‘Science te tbe 
U« ot Coal A, 33 (“hefBeld, ltU»S) 

* OJvtn. T II JYover il E. and Scfcrwn, J , J Chan. Sot M74 (10^8) 
Infold 0 K Structure and MediAn^tn }n Organic Cberolatn 310 

(TK11 London 1953) 



Kf 0 35 

LlB 3. Chromatogram ol tom Irngat uilnj ct hanol -amincm U. u 
•olvtot 


Two-dirnensional chromatograms were run -with 
butanol acetic acid and ethanol ammonia Four 
active components were found one colourless and 
three others with the original colour of rose bengal 
Separations by paper column chromatography, with 
these solvents are being carried out in order to 
eonarate tho four components for injeotion and to 
follow tho elimination of each component 


Paper Chromatographic Separation of 
Components of Rose Bengal Labeffed wfth 
lodine-131 

Rose bongal (tetraiodotctrachlorofluoreeeem) la 
boiled with iodine 131 ia used m mcdiome to test 
hepatio function Tho moat used teste nro those of 
Blalid and Nordyke 1 and Taphn, Meredith and Hade* 
In both testa it is assumed tliafc the dyo, injected 
endovenouftly is eliminated only by the liver Experi 
merits on the elimination of the dyo wero made with 
labelled rose bengal supplied by a well known lnbora 
tory specializing in radio pharmaceuticals 3 The study 
showed that tho diminution curve could be resolved 
into two exponential curves. This suggests that the 
dye is not olimmnted only by the hver, perhaps 
because the d>e is not a single chemical substance 
Stowe, Delprat and Weeks 4 have directed attention to 
the fact that tho liver only eliminates rose bengal 
when it has eight halogens, that is when it w tho pare 
chemical compound totraiodotetrnclilorofluorcecein. 

Wo attempted to separate the components of the 
dye by paper chromatograph} Ono-dimcnsional 
chromatograms were run using a mixture of butanol 
and acotio acid (20 per cent) as solvent Two com 
ponents were identified, one with R r zero and one with 
Rf 0 98 (Fig 1) By tho count-ratio the amount of 

Red Red — Solvent front 

Jly mm O 

■j-te \ CYuotn&U>ip»m of roie beopaJ »dd 

*j *olrcnt 

substance with Rf zero was found to be 18 per cent 
of the amount of substance with R F 0 08 Tho original 
red odour of the dye usually fades on chromatograms 
developed with butanol acotio acid Tho colour is 
restored by exposing the strip to ammonia vapour A 
parallel chromatogram was run with the same solvent, 
adding potassium lodido to tho rose bongal to ealeu 
late the the Rf for free iodide, the iodide spot was 
identified with load acetate with R F 0 1 The spot was 
not radioactive indicating that no exchange took place 
with the rose bengal 

Ishida et al # using ethanol ammonia os solvent, 
found an Rf value of 0 GO for rose bongal Wo tried a 
mixture of 25 per cent ethanol, 5 per cent ammonia 
1 I mado up with 70 per cent water ns solvent and 
found that by running tho chromatograms and allow 
mg tho solvent to dnp from tho end of the strips, the 
spot at Rf 0 GO resolved into three rod spots, all 
active (Fig 2) With this same mixture as solvent 
an acti\o colourless spot with Rr 0 3G was always 
found, it is not freo iodide, which had Rf 0 05 with 
the same solvent. 


Fausto W Lima 

Radiochemical Division, 

RbllULO R PlKRONI 

Radiobiology Division, 

Institato Enorgia At Arnica 
CJP 31049 (Pmheiros), 

8 Paulo, Brazil 
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• Stowe W r Dilpr»t 0 D and WeAn, Amir J CUn Ptdh 3 

55 (1933) 
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^ Anion Exchangers Based on Cellulose 


A series of aruon excliango derivatives of cellulose 
hoa been prepared and cliaractoriwxl Tho preparative 
technique was based on the reaction of alkali cellulose 
with organic bahdea and sulphates this is a well 
known method for preparing celluloeo ©there 1 , and by 
choico of suitable reagents produces ion oxohangers 
A reaction of this typo can bo represented by equations 
(1) and (2) 

Cel— ONa +Cl(CH # )nNJH* 

Cel — 0(CH,) n N/?R -f-NaCl (1) 

Cel-ONa+HO SO, 0(CH,) n NBF- 
Col — 0{GK,)nNRR J -f NaHbO* (2) 


The cldoro compound is the most frequently used 
halido, n being gcnorallj 1 or 2 and R and R being 
hydrogon or alkyl, nn,l eto , radicals * 

In the above equations anion exchangers are 
produced and the alkali cellulose is re presented by 
Cel — ONo. Whilst tho various views on tho structure 
of this adduct need not be discussed lioro, freo alkali is 
a] ways present m tho react ion mixture Experimental 
difficulties « ns© from tho competition for the othen 
fying agent between tho alkali oellulooo and this froo 
excess alkali Th© oholee of tho most suitable 
reagent is governed largely by tho reactivities of tho 
hnloominee and ammo hydrogen sulphates In this 
work all tho reagents were prepared (and purified if 
noceesary) in tho laboratory to oliminat© side cffocte 
introduced by the use of commercial materials In 
any ovent, many of the compounds aro not com 
morcinlly available, and mothods had to be developed 
for their syntheses In general, this was achiev ed by 
reacting the requisite monoolkonolammo with either 
thionyl chloride to yield tho chloroalkyl wnmo 1 or 
fuming sulphuric ncid to give the sulpliato derivative* 
A senes of anion exchangers 
by reacting alkali coUul°» ° wJtb 

pounds: ohloroethjlnmino ( J 
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thylamme (2) , chloroetliyldiethylammo (1) , ohloro- 
ethyldi-fsopropylamme (4) , and the following 
hydrogen sulphates aminoethyl (5), dimethylamino- 
ethyl (6), diethylaminoethyl (7), di-tsopropylnrmno- 
ethyl (8), di-2 etliylhexylaminoothyl (9) 

The following illustrates the preparation of the 
anion exchanger using chloroamines 20 gm of 
purified wood cellulose were mercerized with 80 gm 
of 20 per cent sodium hydroxide solution and to the 
mixture 50 gm of 50 per cent aqueous chloroothyldi- 
isopropylamme solution was added The thoroughly 
dispersed mixture of reagents was heated at 105°C 
for 60 mm , after which it was w ashed and cycled with 
acid and alkali It was finally washed free of excess 
electrolyte 

A typical reaction employing the sulphate com- 
pound was as follows A 10 gm sheet of celluloso 
was steeped in a solution of 5 gm sodium hydroxide 
and 10 gm diethylaminoethyl hydrogen sulphate m 
19 gm of water, and heated at I00 D C for 60 mm 
It was then washed and cycled with acid and alkali 
Finally, it was washed free of soluble electrolyte 



Degree of neutralization 
Fig 1 

Figure 1 gives the titration curves obtained by 
the equilibration technique, using hydrochloric acid 
as the titrant in presence of 0 IN potassium chloride 
solutiqp It can be seen that the preparations gave 
products of varying basicity and exchange capacity 
A general feature of the results is the independence 
of the extent of substitution on the size of tho 
functional group until the ethyl hexyl derivative is 
reached, which is apparently excluded from the 
cellulose phase This is scarcely surprising con- 
sidering the interstitial spacing of the individual 
cellulose chains, even after memorisation of the 
polysaccharide Discussion of the swelling must of 
necessity be incomplete, because of variations in 
memorisation, which lead to differences m the break- 
down of the crystalline regions of the cellulose Thus 
the mtramicellar capillaries wlncli sorb water by 
purely physical forces (as opposed to water associated 
with the exchange sites of the polyelectrolyte) will be 
disturbed and varying amounts of water retamed 
Nevertheless, it can be seen that the nitrogen content 
and functional group play a dominant part and, as 
expected, the larger the aliphatic side chain of the 
amine the less the swelhng The titration curves 
show that the two preparative routes lead to similar 
exchangers, dependent on the ammo groups only, and 
a characteristic feature is the absence of any indication 


Tabu 1 


Derhnthe 

Yltrogon 

content 

% 

Exchango capaclt) In 
meq /cm do exchanger 

Calculated Experimental 
(at pU5) 

Equilibrium 

swelling 

(water 

content 

In %) 

1 

0 U 

0 10 

— 


2 

0 48 

0 34 

0 33 

05 

3 

1 50 

1 14 

1 00 

00 

4 

0 07 

0 on 

0 00 

50 

5 

1 31 

0 94 

0 72 

70 

0 

0 J7 

012 

— 

68 

7 

0 80 

0 04 

0 50 

03 

8 

0 75 

0 64 

0 53 

57 

0 

0 09 

0 00 

— 

67 


of polj functional lty, which fits tho ideal equations of 
this reaction and mnkos these oxchangors particularly 
useful An important feature m tho application of 
these ion exchangers is their liydroxyhc nature, which 
affects tho affinities, equilibria and kinetics of 
exchange , the lmestigation of those properties is m 
progress 

Thanks are duo to my colleagues Mr B N Brook 
and Air B C Tarsons for experimental work and tho 
Dimeters of Messrs W and B Balston, Ltd , for 
permission to publish 

A 0 Jakuboyic 

Whatman Laboratory , 

W and R Balston, Ltd , 

Maidstone 
Aug 7 

’ Snxnge, A 1$ Young A ] , and Mnusbcrg A T, In ‘Cellulose nml 
Cellulose Derl\atl\es, 2, RS2 cd b> Ott E, nnd Spuilln, M 
(Intcrsclcnce Publishers Inc Xeiv York, 1054) 

DolTpnUlr, C I, , nnd Guthrie, J D , Ttzl Her ./ 20, 017 (1050) 

* Hnll, 1, A 11 , Stephens V C , nnd Burchlinltor J H , In Organic 

Syntheses , 31, 17, ed hj Sclirolbcr, It S (Wile) nml Sons Inc , 
hen Pork. 1051) 

Green J, W Amrr J Phann 120, 30 (194S) 

* Leighton 1* A Perkins, AV A , nnd Itrnqukd M L J Atner Chrm 

-Soc, 69, 154 (1047) 

BIOCHEMISTRY 

Reversal by Acetylcholine of the Inhibition 
by Thyroxine of Oxidative Phosphorylation 
in Guinea-pig Heart Sarcosomes 

The inhibitory effect of thyroxine on oxidativo 
phosphorylation of mammalian mitochondria w'ns 
demonstrated by Lardy nnd Feldott 1 , and Mnley and 
Lardy 2 

In the course of experiments carried out in this 
laboratory on the offeefc of several autophnrmacolo- 
gical drugs nnd synthetic compounds of quaternary 
ammonium on oxidative phosphorylation of heart 
sarcosomes, it was found that acetyl cholmo, besides 
showing a stimulatory effect on oxidative phosphory 
lation of a-kotoglutnrnto by heart sarcosomes shows a 
very cloar effect on the reversal of tho inhibition of 
oxidative phosphorylation by heart sarcosomes 
caused by thyroxine 

Guinea-pig heart sarcosomes were prepared in 
sucrose (0 32 M ) — versene (0 001 iff) adjusted to 
pH 7 5 with sodium hydroxide isolation medium 
according to tho method of Cleland and Slater 3 
Assays of respiration and phosphorylation were 
earned out m 2-ml volume m a medium containing 
sucrose (0 32 ill), potassium chloride (0 018 iff), 
phosphate buffor (0 018 iff at pH 7 5) and sarcosomes 
(approximately 2 C mgm protein), the other additions 
are indicated in tho figures 

Respiration and oxidative phosphorylation were 
assayed poterographtcally by the method of Chance 
and Williams 4 An oxygen electrode apparatus 
according to Davies and Brink 8 w r as used, assembled 
with an electrode of tho rotating typo according to 
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Kolthoff and Laitincn* {The oxygen electrode used in 
this work was built at Prof Britton Chance’s labors 
tot v Johnson Foundation for Medical Physics, 
t m versify of Pennsylvania, to whom we are indebted ) 
Thyroxine inhibition of oxidative phosphorylation 
ol a tightly coupled preparation as heart sarcosomes, 
-hows a a ery definite effect on the respiratory control 
of the preparation.'’ Thus, addition of tliyroxme on 
the system containing the medium, <x ketoglutarato 
and Burccwomes, causes an uncoupling of oxidation 
and phosphorylation with tho consequent decrease of 
the respiratory control coefficient Further addition of 
ncetvl choline, however, causes a complete reversal of 
the mlubitory effect of thyroxine bringing back the 
respiratory control to the preparation which behaves 
again as a tightly coupled preparation Thus, It 
scorns that thyroxine and acetyl choline are typical 
biochemical antagonists On tho other hand we 
failed to demonstrate any adrenaline offect on ojada 
tive phosphorylation of heart-muscle sarcosomea — a 
probable indication that at this level adrenaline and 
acetyl chollno do not act as antagonists 



El* 1 PoUrogmphlc uuy of rt» pi ration »nd oxfcUtUr pbo*pl»o- 
rjUttoo In gulne* pi* be*rt urco«omM Thft reermto ta one cn *.0 
E*t«Uoe-Ancui typo 

Fig 1 shows a control experiment which can be 
analysed from left to nght To tho air saturated 
medium (240 gJU oxygen) containing 1 8 ml of 
solution containing sucrose (0 32 Af), potassium 
chloride (0 018 iff), and phosphate buffer (0*018 M 
pH 7 5) 0 2 ml of a sarcosome suspension was added 
followed by the addition of a ketoglutarato (2 5 — 
10~ 4 Af) With the addition of 250 pJM of adenosine 
diphosphate, there was an acceleration phase of 
respiration ( active state’ or state 3) and the respira 
tion was increased 3 04 fold As the preparation was 
tightly coupled, it showed a very eloar respiratory 
control After the adenoemo dipbosphato becomes 
depleted the respiration decreased by a factor of 
3 04 Tho ratio of adenosine diphosphate, to oxygen, in 
this experiment was 3 20 



Fig 2 shows on experiment where sarcoaomes were 
pro incubated with thyroxine (3 0 X Hb* 5 A1 final) 
Aftor successive additions of medium, thyroxine, 
sarcosomea suspension and a ketoglutarato, 250 pM 
of adenosine diphosphate was added It can be soon 
that non there is a very neat uncoupling of phosphory 


lation and oxidation with the preparation showing a 
poor respiratory control This step was followed by 
the addition of 10pl of a 0 61 iff solution of acetyl 
choline, which by its turn was follow ed by the addition 
of 250 plff of adenosine diphosphate Then the respira 
tion was a gam stimulated and the rate of respiration 
waa increased 3 57 fold during the active state which 
was followed by a very neat decrease of the respira 
tion by a factor of 3 28 Thus, the preparation 
regained its respiratory control and came back to the 
quiescent state after the deplotiou of the phosphate 
acceptor behaving again as a tightly coupled prepare 
tion 

Thus, it seems that acetyl choline is able to restore 
the normal oxidative phosphor} lation properties of a 
guinea pig heart sarcosome which was pre incubated 
with thyroxine and inhibited by it 

He mm Medina 
Metry Bactua 

Institute do Bioquimica 
da Unlvorsidade do Parand 
Caixa Postal, 039, Curitiba, 

Estado do Parana Brnr.it 
July 14 
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Separation of Prealbumins by Starch Gel 
Electrophoresis 


Sei-ajiation* of complex protein mixtures can bo 
achieved by electrophoresis in starch gol 1 -*, tho 
reviving power of which can bo further increased by 
substituting for the routinely employed borate buffer 
a discontinuous system of buffers 4 * Smithies lias 
recently improved the resolution by applying serum 
directly into wells cast in the gol and performing 
the olootrophorosis with tho gol in tho vertical 
position® 


I wish to report on results obtained with this last 
tcchmquo in which starch hy droly sed (Connaught 
Medical Rosearoh Laboratories Toronto) was used 
in conjunction with tho discontinuous eyvtcm of 
buffers for tho preparation of the gels Subjecting 
normal and pathological human sera to oloctrophorasis 
m sucli gol s for 5-BJ hr at 0 V /cm , several protein 
rone© wore detected m front of tho albumin instead 
of tho two usually proeont* This result was not 
however, satisfactorily reproduced in every export 
ment since tho separation of tho protein entities occurs 
ahead of tho albumin on a vcr\ narrow area of tho 


This region is go\ omod by tho distance botwoen 
:he front of tho albumin and the high \ oltago gradient 
}f tho discontinuous system of buffers, tlio latter 
-wring constantly visible as a migrating brown line 
[n general but within certain limits the longer tho 
distance botwoen tho two, tho hotter tho resolution of 
iny protein migrating faster than human albumin 
Pho distance differs with starches of various origins 
ind its measurement provides a simplo and offectjvo 
means of any starch with reboot 

property In some the distance ^* h0Tfl lt umv 

of the whole electrophoretic pattern 
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Fig 1 Photograph of a vertical starch gel clectropherogmra. 
Figure shows anodic portion of the albumin (AW ), distribution 
of the prealbumlus and position of the high \oltago gradient 
(HYG) Zone 1 Is the acidic a,-glohnlin , zone 2 Is prcalbumln A , 
zone 3 Is a new prealbumin The distance between the albumin 
front (AF) and the high \ oltagc gradient measure 2 5 cm after 
51 hr at 0 V /cm 


measure only 0 5 cm By mixing two starches m 
varying concentrations, the effective area can be 
adjusted at will 

The optimal conditions for normal human sera w ero 
established by preparing the gels from starch -hydro- 
lysed (final concentration 11 per cent), and Baker’s 
Btarch (lot No 8072, final concentration 2 per cent), 
and conducting the experiment at room tompoiature 
under standard conditions giv on above Fig 1 
demonstrates a typical lesult obtained with normal 
serum Three protein zones aro present ahead of the 
albumin The fastest has not been previously recog- 
nized It was present m very low concentration in 
every one of the 35 normal individuals screened The 
protein migrating immediately ahead of the albumin 
belongs to the acidic-a, -globulin and was previously 
identified as a single zone 5 - 7 However, m certain 
sera this zone can be separated into two The inter- 
mediate protein zone is prealbumin M 3 - 8 

Smce ev en greater multiplicity of prealbumins has 
been observed through studies on sera and urines of 
nephrotic children (Poulik, Zuelzer, and Meyer, in 
preparation), no attempt is made to classify the new 
components until their classical electrophoretic 
relationships are firmly established 

This work was supported by a grant from the 
Michigan Chapter of the National Nephrosis 
Foundation 

M E> Poulik 


Child Research Center of Michigan, 
Detroit, Michigan 
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Evidence for Phosphatidic Acid as the Sodium 
Carrier 

The mochamsm of active transport of ions is one 
of the basic problems of cell physiology For example, 
most colls oxtrudo sodium against a concentration 
gradient, and the systom which brings this about has 
been termed the ‘sodium pump’ Tlio biochemical 
mechanism of the ‘sodium pump’ has remained a 
myetory In view of the fact that tho turnover of 
certain phosphatides is concerned in the active 
extrusion of organic molecules from ondoenno and 
exocrine glands 1 , we havo recently investigated tho 
possibility that tins turnover may also be involved m 
the secretion or activo transport of sodium ions Tho 
Balt glands of marine birds are particularly suitable 
for studying this problem, since they are capable of 
secreting an apparently 5 pure solution of sodium 
chloride in concentrations as high ns 0 84 AT Further- 
more, the secretory activity of tho gland can bo 
stimulated by cholinergic agents Tho socretion of 
sodium chlondo by the salt gland is normally regulated 
by tho activity of that branch of tho facial nerve 
(cholinergic) which innervates it, and which m turn 
appears to be regulated by osmoreceptors 

Incubation of slices of tho salt gland of either the 
Black-footed or tho Lnysan albatross with acetyl- 
choline plus eserine led to a marked mcreaso over 
controls m the incorporation of phosphorus-32 into 
phosphatidic acid (fifteen-fold) and a smaller increase 
(three-fold) m incorporation into phosphoinositide 
Thoro was a comparatively slight mcreaso in in- 
corporation of phosphorus-32 in phosphatidyl choline 
and phosphatidyl ethanolnmine These results are 
shown in Table 1 There was v ery httlo incorporation 
of phosphorus-32 into pliosphatidy 1 serine under these 
conditions The stimulation of phosphatidic acid 
turnover was far greater than has boon observed in 
any of the other tissues studied It is likely that at 
least a part, if not all, of tho stimulation of incorpor- 
ation of phosphorus-32 into phosphoinositide in tlio salt 
gland is secondary to tho stimulation of this incorpor- 
ation into phosphatidic acid, since phosphatidic acid 
appears to be one precursor for phosphoinositide 
synthesis 3 Tlio relatively slight stimulation of 
incorporation of phosphorus-32 into phosphatidyl 
choline and phosphatidyl ethanolannne may also bo a 
secondary effect — a small part of tho pool of each of 
these phosphatides may bo derived from phosphatidic 
acid or one of its breakdown products It is very 
improbable that the stimulation of incorporation of 
phosphorus-32 into phosphatidic acid by acety Ichohne 
could have been a secondary’ effect, since tho other 
phosphatides failed to show a similar response and the 
incorporation of pliosphorus-32 mto the acid-soluble 
phosphate ester fraction, seven minute acid hy’dro- 
lyzablo phosphorus (adenosine triphosphate), phos- 
phoprotem and nucleic acids was not stimulated 
From these results it appears likely that phos- 
phatidic acid is the sodium carrier, according to tho 
mechanism postulated rocently’ for the transmembrnno 
transport of hydrophilic substances generally’ 1 For 
the secretion of sodium the postulated mechanism 
is as follows Phosphatidic acid is formed by di- 
glycende kinase 4 from diglyceride and adenosine 
triphosphate at the inner surface of the luminal 
mem rane Sodium combines specifically’ with 
phosphatidic acid by ionic linkage (The specificity of 
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T«He 1 rammUTIDB TtJMCms M TIB Bill OlUTO OF 131 AUUTBOM B REJK»!b to ACEmonoLDCE 

In torpor* tlon of p»» into pbotphatMe* 

(Total count* per min. per 100 tflffm. time)* 


Concentration 

of 

Tho*pb*tWlc acid 

PhocphcrtnofltWo 

Pbo*pb*ttoji choline 

Phosphatidyl ethanoUmlne 

•cctylcbollort 

Control 

ACtrt 

Control 

AChf 

Control 

AChf 

Control 

AChf 

10- AT 

HU'J/ 

io- ‘jr 

10-*Jf 

33 000 

11 700 

10 000 
12,200 

100,000 

137 000 

163.000 

185.000 

38,100 

31,800 

27 800 

34 400 

102,000 

87,000 

83 600 

83 600 

85 000 

74 000 

73 400 

87 600 

i| 

18 900 
14,600 
14,000 

16 700 

21,200 

24.600 

23.600 

21 000 


0k« of the wit gland to* incubated In bicarbonate inline with added glueo** a maWmlA and sodlnm dlhTdrooen nbmnhit* uhfiw 
« ar a After Incnbatloc the times were groundW pfiSjifiSSS tateto. 
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phosphatidic aoid for sodium is likely to be determined 
by n particular protein with -which phoephatidic acid 
ja probably looeclv combined at the inner surface of 
the membrane A good analog)' is a coonzyme which 
baa no specificity for tlie substrate but which par 
ticipate* directly in the enzyme- catalyzed reaction.) 
The’' sodium salt of phosphatidio acid, which is 
hpoid-solable diffuses across the lipoid membrane, 
where it is hydrolyzed by phosphatidio acid pboa 
phataso 1 , forming digiyoonde and disodium phosphate 
The hydrophilic sodium is discharged into the 
aqueous lumen. The lipophilio diglycende diffuses 
back to the inner surface of the membrane where the 
cycle is repeated The enzymes, diglyceride kinase 
and phosphatidio acid phosphatase, have been shown 
to be present in the mombranoua fraction of a cell free 
preparation from brain tissue and evidence has been 
presented that theeo are the enzymes involved in the 
increased turnover of phosphatidlc aoid in response to 
acetylcholine 4 

The increased turnover of phosphatidio acid in the 
salt gland on stimulation with acetylcholine offers a 
possible explanation for the similar effect observed m 
brain cortex slices and in brain microsomal mem 
branes 1 4 Along with depolarizing the poatsynaptic 
membrane, acetylcholine may activate the sodium 
pump which extrudes sodium from the nerve 
following its influx during depolarization. 

Based on the fact that they form hpoid-soluble 
salts with cations several workers 1 have suggested 
that phosphatidee including phosphatidio acid may 
be cation carriers However, until now no direct 
biochemical evidonco has been obtained for this 

We are grateful to Hr Sidney R Galler U.S 
Office of Naval Research and Lieut. Comdr Glenn A 
Wilson, for providing us with albatrosses, and to 
Prof Hubert Fnngs for advice on tlieir care This 
work was supported by grants from tho United 
States Pubho Health Service, Cerebral Pals) Research 
and Educational Foundation, Elt Lilly and Co and 
the Wisconsin Alumni Research Foundation 
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Mabel R Hokin 
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University of Wisconsin, 
Madison 0, Wisconsin 
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Reflex Inhibition of Intestinal Motility 

Since the classical study of intestinal motility by 
Baj'H® and Starling 1 it Has been general!) assumed 
that the parasympathetic and the sympathetic com 
ponente of the autonomio nervous system exert a 
central, reciprocal control of the activity of intestinal 
smooth muscle Thus, sympathetic fibres, running in 
the splanchnic outflow, should convey centrally 
induced inhibitory effects. Exactly how this inhfbi 
tory influence is brought about in reflex excitations of 
the sympa tho -adrenal syBtem is however, not known 
m detail At least four principally different modes of 
action may be considered 

(1) Specifio, inhibitory sympathetic fibres m direct 
contact with the intestinal smooth muscles according 
to the classical conception 

(2) A local ‘overflow’ of the adrenergic transmitter, 
released at the intestinal vasoconstrictor nerve endings 

(3) Local chemical changes induced by the neuro 
geruo reduction of the blood flow to tho mtestino 

(4) Hormones from tho suprarenal medulla, re 
leased by splanchnic nerve activation 

Experiments were performed on cats amrsthetized 
with nembutal or chlomloec urethane Porasympa 
thetio reflex mfhienoes were exaludod by acuto 
vagotomy Intestinal motility was measured by 
means of a continuous recording of the luminal 
changes in an intestinal segment, isolated tn situ 
but with intact nerve and blood supplies The \ onous 
outflow from this segment was continuously recorded 
by a closed optical drop recorder connected to an 
ordinate writer Arterial blood pressure was measured 
from one of tho femoral arteries 

Reflex inhibition of the intestinal motility was 
induced in the following different ways (a) occlusion 
of the carotid arteries (b) graded withdrawal of blood, 
(c) electrical or mechanical stimulation of the 
saphenous nerve, (d) distention of othor, isolated parts 
of the intestine In the course of these prooedures for 
inducing reflex inhibition of the intestinal motiUty the 
effects of adrenalectomy and of sympathetic denorva 
tion of tho intestinal segment on motility and blood 
flow were studied. These inhibitory effects were com 
pared with tho effects obtained by graded electrical 
stimulation of the splanchnic nen.es by intravenous 
infusions of catechol amines and by mechanical 
reductions of the intestinal blood supply 

It was found that inhibitory responses induced bv 
carotid occlusion, by withdrawal of blood or by 
stimulation of afferent somatic nerves \\ ere un 
influenced by postganglionic sympathetic dener\ ntion 
of the intestine Inhibitory responses, however were 
nob obtained after adrenalectomy or v hen the venous 
blood from the adrenals was diverted from tho geoer* 
circulation 
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By re- infusi on of the adrenal venous blood thus 
collected, an intestinal inhibition appeared, which was 
essentially identical with that obtained when the 
adrenal circulation was intact 

As long as the adrenal glands were intact, direct 
splanchnic stimulation induced an almost maximal 
intestinal inhibition at frequencies as low as 1-2 
impulses per second [The latency of the onset of this 
inhibition corresponded to the circulation time from 
the adrenal glands to the intestine Contrary to this 
delayed, but pronounced inhibitory response, tho 
intestinal vasoconstriction obtained by splanchnic 
stimulation was always prompt After exclusion of tho 
adrenal glands splanchnic stimulation still induced a 
prompt vasoconstrictor response but it was now in 
general necessary to use frequencies above 8-10 
impulses per second to induce significant intestinal 
inhibitions At these frequencies, however, an ‘over- 
flow’ of the adrenergic transmitter from tho vaso- 
constrictor fibre endings is known to take place 2 - 3 Tho 
inhibitory response to splanchnic stimulation, obtained 
with high frequencies after exclusion of tho adrenal 
glands, thus appears to be a consequence of tho vaso- 
constrictor fibre activation, confirming recent findings 
by Celander 4 - 6 Tlus inhibition seems to be caused by 
the ‘overflow’ of transmitter, and/or by tho mere 
reduction of the intestinal blood supply 

In striking contrast to the delayed intestinal inhibi- 
tions seen on direct stimulation of the splanchnic 
nerves at ‘physiological’ frequencies or in the above- 
mentioned types of reflex sympathetic activations, 
which appears to be predominantly a consequence of 
the adrenal medullary secretion, a prompt and mtenso 
intestinal inhibition occurred regularly on distention of 
another, isolated part of the intestino Tho rapidity of 
the onset of this latter inhibition had all the charac- 
teristics of a direct, neurogenic mechanism Tho same 
type of inhibition was easily reproduced also by direct 
stimulation of the nerve fibres from tho distended 
intestinal segment 

To sum up, the intestinal inhibitions seen on reflex 
actn ation of the sympatho-adrenal system appear to 
be predominantly a consequence of the secretion of 
catechol amines from the adrenal medulla Even the 
small blood concentrations obtained at fairly low 
sympathetic discharge rates are capable of inducing 
a maximal intestinal inhibition 

A full report of this work will appear m Ada 
Phyaiologia Scandanaita 

Nns G Kock 

Department of Physiology, 

University of Goteborg, 

Goteborg, Sweden 

’Bajlias.W H , and Starling, E H 1 Phyuol 24 00 (1899) 

* Oelandcr, O , Ada I'hynol beam 1 , 32, buppl , 1 10 (1054) 

* Brown, G L , Davies, B , and Gillespie, J S ,J P/iystol , 143, 41 (10j8) 

4 Cclander, O , Twentieth International l’liralol Congress, Brussels. 

Alwtr 164 (1050) 

* Cclander, O (In the press) 

A Method for in vitro Investigation of the 
Colloid-storing Function of Histiocytes 

One of us has shown as early as 1929 that the 
characteristic function of the reticulo-endothelial cells, 
namely, the granular storage of colloidal substances, 
can also be studied m surviving tissues 1 The Kupffer 
cells store colloidal gold, silver or carbon m largo 
quantities if these substances are perfused in a suitable 
solution through the portal system of the isolated 


liver 1-5 . Perfusion experiments earned out on rat 
liver furnished numerous valuable data concerning the 
mechanism of storage 4 

We have now' succeeded in elaborating a method by 
which tho phenomenon of storage may be investigate! 
in vitro on excised connective tissue membranes Thu 
procedure is much simpler than organ perfusion as 
sevoral samples can bo studied simultaneously The 
greatest disadvantage of the perfusion technique 13 
that the liver parenchyma represents n bulky ballast 
which interferes with tho biochemical and pharma- 
cological analysis of tho function of storage In the 
caso of tho connective tissuo membranes, no such 
interference occurs 

For the mounting of tho connect 1 vo ti&suo membrane 
a clamp hko device is used, mndo of ‘Perspex’ or 
‘Polystyrol’ sheets which are pressed together by 
means of a rubber band At tho end of tho sheets a 
round hole 12 5 mm in diameter is cut On pressing 
two buttons tho sheets open so that tho connective 
tissuo membrane rooj bo slipped between them, and 
if tho buttons aro then released tho membrano will be 
fixed in tho frame To make sure that tho membrano 
cannot slip out of tho sheets and collapso, one of the 
sheets is provided with a rubber ring wlnoh fixes the 
membrano firmly 

The dorsal hair of tho rat is removed and tho 
animal killed with other Tho skm of tho lumbar 
region is cut on both sides and stripped from below 
upwards to tho middle of the dorsum In this region, 
with a few strokes of tho scissors, it is always possiblo 
to isolate suitable subcutaneous membranes a few 
squaro centimetres m area While an assistant 
expands the membrano with pmcers, tho opon plastic 
device is cautiously pushed forward and a relatively 
homogeneous part of tho membrane is fixed m tho 
round aperture Afterwards tho membrane prepara- 
tion is separated with scissors and immediately 
immersed m the pro-warmed fluid m tho incubating 
vessel Of course, care must bo taken that tho mem- 
brane does not dry up in the course of preparation 
It is still easier to insert the omontum into tho dovico 
by simply expanding it with pmcers and slipping it 
between the two plastic sheets 

The preparation enclosed m (I10 frame is put into a 
glass \ essel into which 20 ml of tho colloid mixture to 
be oxammed is introduced The stopper is provided 
w ith an air tube Tho vessel is immersed m a water- 
bath, tho temperaturo of which is controlled with an 
electric thermo-regulator In tho subsequent experi- 
ments it was always adjusted to 38° C A shaker 
keeps the vessels m motion at a rate of 10 oscillations 
per mm 

The experiments have shown that tho liisfiocyto 
system of connective tissue is able to store colloids in 
vitro Moreover, if the medium is of suitablo composi- 
tion, the cells function so well that tho storage 
activity is scarcely less than that which can bo 
observed m tho living organism 

Perfect pictures of the storing were obtained with 
diluted serum Not only rat serum, but also foreign 
serum, is ablo to elicit tho function of tho histiocytes 
Tho following mixture proved to bo adequate 10 ml 
cattle serum, 10 ml Ringer solution, 0 1 gm glucose 
Good results w r ero also obtained with human and 
horse serum If 15—25 mgm colloidal gold or 10 mgm 
colloidal silver wore introduced into this mixture, 
then after 5— G hr the histiocytes were packed with red 
and brown storage granules, respectively (Fig 1) 
The above quantities relate to eommorical prepara- 
tions which were stabilized wnth protecting colloids 
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riff 1 IndcK-rd coUokUl (told »tor»Rt> In »ubcat*o«nts 

ronrvM-ri're ttMUc hbtlocrt« of tho rat. G-lir xtaffe methanol fU»tkm 

Flf S. Ftorxre experiment In trilrv with noHoldel tflvw OrannUr 
nctmrraUUon hi the retleuIocnduthriUl eelU of « milk »pot In th© 
OTCTPOtnm <X the rat 6-hr lncahatkm methanol fixed preparation 
Lcnr power rlew 

ITk. 3 In lilro indnred ttoraoe of colloidal fold In human rob- 
nitanconx ronrwctlvn thone The eharacterhUotll y riiaped hktlo- 
cyt« were eremmed within 7 hr with red granule* 

Tho diameter of the particles was about 100A and 
200A respectively In the omentum membrane, 
beside tho histiocytes of the stroma, numerous cells of 
the milk spots Avcro also crowded with metallic 
granules (Fig 2) 

IV o not only succeeded in inducing tho storage of 
colloidal metals but also that of macromolecular sub 
stances. For example, the connective tissue membrane 
was kept for 0 hr in tho following mixture 2 ml of a 
5 per cent solution of polyvinyl pyn-ohdon (moleo 
weight 35 000; 8 ml of Ringer solution 10 ml of 
cattle serum, 0 1 gm of glucose By means of the 
ammonium sulphate potassium periodate potassium 
jodido reagent 3 4 suitable for tho demonstration 
of vmjlpolymers m tissues it could be established 
that tho histiocytes contain numerous polymer 
granules stained brown If instead of the pyrrobdon 
compound polyvinyl alcohol (molec weight 50,000) 
\\ aa used tlio lustiocytes were crowded w ith granules 
winch showed with iodine tho bluish black reaction 
characteristic of p olyvmyl alcohol IF pectin (molec 
weight 36,000) w as used aa macromol ocular substance 
m a finni concentration of 0 6 per con t tho lustiocytes 
Avere crowdod witli pectin granules exhibiting an 
intense blue colour by supravital staining with new 
methylene blue 

Successful storage experiments wore also earned out 
v ith human subcutaneous connective tissue obtained 
in connexion with surgical manipulations Tho 
histiocytes readily store colloidal gold m 60 or 20 per 
cent cattle scrum diluted with glucoso Ringer solution 
Elongntcd apindlo or band-ehnpod histiocytes aro 
characteristic of human tissue (Fig 3) 

Rat histiocytes function oxcellently in a fluid 
medium containing exclusively artificial ingredients 
Tho following medium was appliod 30 mgm sodium 
casemate, 100 mgm glucose, 20 ml Ringor solution, 
20 mgm colloidal gold After 0 hr , nn abundant 


accumulation of gold could bo observ ed in tho histio 
cjd-es. 

Tho experiments provido evidence that for tho 
elicitation of storago the contribution of onlj two 
factors is necessary inorganic electrolytes and a suit 
able hydrophil colloid The latter need not bo serum 
protein but can also be another foreign colloid Tho 
liver perfusion experiments also prove that, beside 
scrum proteins, casein gelatine, or even gum arable 
may elicit storage m the Kupffer cells 1-4 

It is to be hoped that the method described will bo 
useful for tbo investigation of the storago phenomenon 
because it provides a unique possibility for tbo oxanu 
nation of the effects of different physico-chemical and 
biochemical Factors and vanoua drugs on the process of 
storage 

N J Ayes 6 

Aurelia Jan es 6 GAbor 
J Bauassy 

Pharmacological Institute, 

Medical University, 

Staged, Hungary 

* J«nc*o A. Z trp Mfj 64 25(1 (10*9) 

* Janc*6 A K/ln Wtrkr 10 537 (1W1) 

* Janc+6 \ Ada J (rttm fl uny 7 l“3 (IWJ) 

4 J*nc*C \ Spelchcrrmj Stotfxnrekbdunfl Im Rctfkulo-emlotbd nod 
In d« Mere' (deadtmte Prttt Rodjij*it, 1955) 

* Ttreari E, unj Ifobcr K PjlUrm Arch 2 32 299 (1933) 

‘Supercarbla* In the Anesthetized Dog 


Almost a hundred years ago Bert 1 showed that 
carbon dioxide inhaled in concentrations of 30-60 
per cent could cauao respiratory falluro in tho 
unonrosthotized dog In subsequent years many 
anaesthetists and others Imvo become convinced that 
retention, of carbon dioxido can cause respiratory 
depression and oven opncca in man but few ha\o 
recorded their observations *> 8 Studies m unarucs 
thefized man are difficult and dangerous, but it was 
shown that, in one subject, tho inhalation of 30 per 
cent carbon dioxido caused respiratory arrest 
probably as a result of convulsions precipitated by 
the effects of tho hypercapnia 4 What evidence there 
is, all points to tho fact that concentrations of carbon 
dioxido in excess of 60 per cent cannot be inhaled 


without causing respiratory failure 

In order to study further tho idlegod par^Ajf^ 
effect upon reason of " on 

carbon dioxide we progroeeivc/j rn, **‘ 
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tration of this gas in the mixture (carbon dioxide + 
oxygen -f amesthetic) inhaled by dogs amesthetized 
with a barbiturate, cyclopropane or halothane 
Convulsions did not occur (presumably because of the 
amesthetic) but respiratory arrest occurred at 
inhaled carbon dioxide concentrations varying from 
23 to 65 per cent (180-440 mm mercury arterial carbon 
dioxide tension) depending upon the amesthetic agent 
used and its concentration It was thon possible, by 
ventilating the animal artificially, to increase the 
inhaled concentration of carbon dioxide to 00-80 per 
cent (above which level hypoxia might supervene) 
without serious cardiovascular effects (normal arterial 
and venous pressures, normal cardiac rhythm) If 
administration of the amesthetic was then discon- 
tinued (which was possible because at such high, 
concentrations carbon dioxide itself acts as an 
amesthetic agent) the animal would resume regular, 
though slow, spontaneous respiration at a minute 
volume similar to that during the control period and 
sufficient to maintain full oxygenation of the arterial 
blood The arterial carbon dioxide tension m this 
stage ranged from 560-670 mm mercury 

We have maintained dogs in this state (which 
might be called ‘supercarbia’) for 1 hr or more 
without any significant change in blood pressure or 
the electrocardiogram It has also been possible to 
return dogs to a normal carbon dioxide tension (the 
anaesthesia having been resumed at the appropriate 
moment) 

These results would suggest that prolonged severe 
carbon dioxide retention does not necessarily- arrest 
respiration and may not m itself be deleterious to the 
circulation, if the effects of the anaesthetic agent and 
the convulsions can be eliminated the lethal limit of 
high levels of carbon dioxide, uncomplicated bv these 
factors, would seem to depend largely-, if not solely-, 
upon the hypoxia which must accompany- the inhal- 
ation of carbon dioxide m concentrations m excess 
of 80 per cent 

G B Graham 
D W Hint 

J F Nunn 

Besearch Department of Amesthetics, 

Koyal College of Surgeons, 

London, W C 2 

1 Bert P 'Prcsslon baromCtrique ’ 1087 (Paris, 1878) 

1 Bcurr, C T Bnt Med J 1,505 (1054) 

J Gras, T C , Fenton E S X , Bnt Med J , i 820 (1054) 

* Eambertsen C J In " Pharmacology in Medicine,’ Drill V A 
Second edition, 828 (New York-Toronto-Eondon, 1058) 

PLANT PHYSIOLOGY 

Nature of the Olefines produced by Apples 

During the past few months, we have been using 
gas chromatography for the routine analysis of 
ethylene in air samples from fruit stores (unpublished 
results, see also Nature of September 26, p 996) 
A long column is used m order to separate 
the ethylene from other hydrocarbons of low boiling- 
point, and under our experimental conditions, using a 
flame ionization detector, the lower limit of detection 
for ethylene m a 0 6 ml sample of air is about 
0 3 mggro This represents a sensitivity at least 
1,000 times greater than we obtained with a katharo- 
meter detector used previously In order to detect 
other hy-drocarbons which might be produced by 
apples in much smaller quantities, large samples of 
air from apple stores were passed through a Z7-tube 


fitted with a sintered plate or filled with gloss wool 
and cooled m liquid oxygon Tho condensates were 
then liberated on to tho chromatography column 
The experimental conditions were as follown 
Detecting and recording system tho output from 
two flame ionization dotectors 1 (fed from blank and 
analy-tical columns) was amplified by a d c current 
amphfior* Tho output of this was recorded oh a 
3-mV potentiomotnc rccordor Eluent gas hydro 
gen and oxygen from cylinders w ere controlled to a 
pressuro of 28 mm mercury above atmospheric by- 
Eduards T 7 PGl controllers and mixed m equal 
proportions Column 5 mm boro, length 7 3m, 
packed with Johns Manvillo G22 firebrick 36-60 mesh 
range, impregnated w ith liquid paraffin m Iho weight 
ratio 100 30 

Under these conditions, m which butane emerged 
58 mm after the mr peak, llio retention volumes, 
relative to butane, of the authentic compounds 
which covored tho relovant range, and wore nvadahlo 
to us were methane, 0 01 , acetylene, 0 03; 
ethylene, 0 04 , ethane, 0 07 , propy-leno, 0 22 , 
propane, 0 27 , propy-no, 0 28 , ci/c/o-propano, 0 47 , 
formaldchydo, 0 48 , methy-l propnno, 0 62 , 
methyl propeno, 0 81 , 1-buteno, 0 83, butane, 
1 0, trans-2-hutcno, 112, cis 2-butene, 1 23 
dimethyl ether, 128 Largo concentrations of 
carbon dioxide gave a negntivo peak at 0 02 

In n typical experiment with Eduard "SGI apples 
stored on a hnlf-ton scalo m steel cabinots 1 , an* from 
the store was drawn into a 200-ml gas sampling 
tube and expelled slowly with mercury- through a 
U- tube immersed in liquid oxygen 
In Table 1 are shown the calculated rates of pro- 
duction of the more volatile compounds obtained from 
Edward ITT apples m tlirco environments and 
identified bv their bohav-iour on a liquid paraffin 
column In each case tho othy-lcno figuro w os obtained 
separately- from an analysis of a 0 5-ml gas sample 
Experiments with a single apple wero done m order 
to apply- more stringent conditions than were possible 
with our normal storage methods The apparatus 
used was oil glass, without grease, and the mr supply 
was admitted to the apple after passing through a 
U-tubo containing actuated carbon and immersed 
m liquid oxy-gen From the apple the air was passed 
directly into the cooled trap 

Table 1 

400 kgm apples, 400kf-m apples. One apple aer- 
gns mlxturo e. uas mixture 8 nledforllbr 
0 5 per cent ear- 0 percent carbon nt 1 1/hr at 
bondlovldclnnlr dioxide nt 3° C 20’’ C (mppm / 



nt 3° G 

(mpgm./kffm / 

hf-m./br ) 


(m/igm /kgm / 
br ) 

hr) 


Acelricne 

1 

o r. 

20 

Elhyleno 

7,000 

4,000 

27,000 

Etlmne 

0 5 

— 

. — 

Propylene 

0 5 

0 5 

0 

Propnno 

4 

3 

7 


Four different columns containing liquid paraffin, 
di-nony-1 phthalato, tritolyl phosphate and (3P' oxy- 
dipropiomtnle as stationary- phases were used In 
passing through this senes, there is a progressive 
acceleration of saturated m relation to unsaturated 
hydrocarbons However, tho presence of excessive 
quantities of ethylene in the analytical mixture and 
the fact that m columns of similar length the com- 
ponents of tho mixture move progressively foster 
through columns packed with tho later phases of the 
senes, made it difficult to obtain confirmatory- evidence 
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from runs with stationary phases othor than liquid 
pamfftn Poaks corresponding to methyl propane and 
butane wore detected on all four columns, while 
propane was detected on all except the oxy 
dipropiomtrile column 

Apples are not unique among plant organa in 
producing a variety of hydrocarbons Dormant 
potatoes have recently been shown to yield a similar 
range of compounds (Burton, W G , and Meigh, D F , 
unpublished results) Whether tho minute quantities 
of substances that arc produced have any significant 
role in apple metabolism remains to he found 

D F Meioh 

Ditton Laboratory , 

Food Investigation Organisation, 
Department of Scientific and Industrial Research, 
Maidstone, Kent 

1 McWllUam LG »n<l De*r*r R A 2>alurr. 181 700 (1068) 

1 Lovelock J E J Oknmatogr l 36 (1058) 

4 Meigh D F J JW J Food Avne 7 300 (1060) 


Maintenance of Semlpermeability of 
Plant Cell Membranes in the Absence 
of Metabolic Energy Supply 

It is generally believed that the semlpermeability of 
cell membranes is closely associated with tho living 
functions of the oell According to Harvev * *' 8olec 
tive permeability becomes tho surest test to 
distinguish tho IK mg from tho dead, holding where all 
others fail It can truly be said of living colls that by 
thoir membrane ye sliaU know thorn ” 

In tho results to bo presented below we would iiko to 
show 

(1) That under certain special conditions cells can 
maintain their aorni permeable properties while their 
energy^ supply is drastically cut down, or oven when 
all tho energy supplying processes are abolished 
and the cells can be regarded as non living 

(2) That those special conditions are to some extent 
connected with electrostatic phenomena 

Tho experiments were earned out with thin slices of 
red beet root {Beta vulgaris) 200-400 p. thick, cones 
ponding to 1-3 layers of cells Tho slices were washed 
In aeratod tap water for at least 24 hours Tho degree 
of semlpermeability of tho mombrane was estimated 
by following tho appearance of rod pigment in the 
external solution Most of the results reported here, as 
will be soon, wore all or none effects In order that 
tlic external solution in the case of control samples 
should be completely colourless onU freshly dug 
beetroots woro employed 

When the slices were placed in 0 01 M sodium 
fluoride solution under a nitrogen atmosphere, the red 
pigment started to leak out after 7-0 hours, and 
after 24 hours there was no pigment left in tho tissue. 
81icos thus treated for 24 hours did not evolvo detect 
able amounts of carbon dioxido when placed In 
Warburg rospirometors at 30° C , and thus according 
to tho present state of our knowledge were without 
energy supply Now If magnesium mtrato or sulphato 
in concentration of 0 1 M was present in the medium 
together with the sodium fluoncle from the start of the 
experimental period, no leakage was observed even 
after 7 days No evolution of carbon dioxide could be 
detected under these conditions (Exactly similar 
results wore obtained if, m addition to sodium fluoride, 
tho medium contained 1(L* M sodium evanide and 
6 X 10-* 3 f 2,4-dinitrophenol ) If tho slices wore at 


this stage transferred to higher concentrations of tho 
salts, for example, 0 4 JVJT, plosmolysis could bo 
observed under tho microecopo A return to the 
turgid state was brought about by replacing tho 

04 M solution mth 0 1 M solution The semi 
permeability of the membranes of ‘non living' cells 
ned thus been maintained in the presence of the 
magnesium salts If these slices were transferred to 
distilled water instantaneous leakage occurred 

Further exponmenta investigated whether leakage 
could be pro\ ontod by the presence of other salts 
Sodium chloride, sulphato and iodide were found to be 
effloiont at concentrations of about 0 0-0 8 ill Since 
some divalent cations are precipitated by sodium 
fluonde, this substance had to bo omitted in subse 
quent experiments Prolonged an 02 rob loa is alone 
however caused considerable leakage and this could 
be entirely prevented by the addition of many salts 
for example calcium, lead and cobalt nitrates or 
manganese sulphate etc , all in concentrations 
of 0 1 ill 

2,4-dimtrophonol, the best known uncouplor of 
phoepliorylation, also induces leakage of red pigment 
When tho mlubitor was applied m concentration of 

5 x 10 -4 M at pH 5 6 and at 30° C leakage Btartod 
after 4-0 hours It could be entirely prevonted bv 
including 0 1-0 2 sodium or potassium chlorides or 
0 05 M magnesium or cobalt nitrates, m the original 
media If siloes which had been treated with 2 4 
dimtrophenol for 12-10 hours, m the absence of Balts 
were rinsed and transferred to distilled water leakngo 
continued at about the same rate for several hours 
But if they were transferred instead to the salt solu 
tions indicated abovo the leakage ceased at onoo 

It is reasonable to concludo that change* m semi 
permeability are due to somo reversible changes m the 
physical state of some macromolecular structure in tho 
membrane When energy is supplied hv metabolism 
tho non Icakv stnto is maintained But this is also 
achieved by high concentrations of salts A relevant 
property of these concentrated salt solutions may bo 
the screening of charges Tliat implies Hint we are 
dealing with cleotroetatio phenomena Another indica 
tlon that this is tho case is the effeot of pH on tho 
system When slices wore placed for 48 hours in a 
graded senes of 0D2 ill phosphate buffers, m tho 
presence of 0 01 ill sodium fluoride nnd under a 
nitrogen atmosphere, nil tho rod pigment leaked from 
the tissues at all pH’s from 2 5 to 5 0 Leakage was less 
eomploto at pH s 6 0 and 7 0 At pH’s 8 0 0 0 and 
10 0 no lcakago occurred Tho maintenance of semi 
permeability at high pH, contrasting with the heavy 
leakngo at low pH, may be interpreted as showing 
tliat when the structure la negatively charged the 
membrane is non leakv, whereas when positively 
charged it leaks It is premature to on visa go a model 
for tho mechanism by which the living coll controls the 
physical etato of the membrane, but there are grounds 
for assuming that this ta achieved by means of tho 
direct action of ndenoemo triphosphate on eomo mera 
brano component 

These expo run enta, and their interpretation, will be 
discussed more fully elsewhere 

B GiNzmnio 


Deportment, of Botany, 
Tho Hebrew University , 
Jerusalem, 
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tration of this gas in the mixture (carbon dioxide + 
oxygen -f- anresthetic) inhaled by dogs anesthetized 
■with a barbiturate, cyclopropane or lialothane 
Convulsions did not occur (presumably because of the 
anesthetic) but respiratory arrest occurred at 
inhaled carbon dioxide concentrations varying from 
23 to 55 per cent (18CM40 mm mercury arterial carbon 
dioxide tension) depending upon the anresthetic agent 
used and its concentration It was then possiblo, by 
ventilating the animal artificially, to increase the 
inhaled concentration of carbon dioxide to 60-80 per 
cent (above -which level hypoxia might supervene) 
■without serious cardiovascular effects (normal arterial 
and venous pressures, normal cardiac rhythm) If 
administration of the anresthetic was then discon- 
tinued (which was possible because at such high 
concentrations carbon dioxide itself acts ns an 
anresthetic agent) the animal would resume regular, 
though slow, spontaneous respiration at a minute 
volume similar to that during the control period and 
sufficient to maintain full oxygenation of the arterial 
blood The artenal carbon dioxide tension m this 
stage ranged from 560-670 mm mercury 

We have maintained dogs in this state (which 
might bo called ‘superearbia’) for 1 hr or more 
without any significant change in blood pressure or 
the electrocardiogram It has also been possible to 
return dogs to a normal carbon dioxide tension (the 
anaesthesia having been resumed at the appropriate 
moment) 

These results would suggest that prolonged sovere 
carbon dioxide retention does not necessarily arrest 
respiration and may not in itself be deleterious to the 
circulation, if the effects of the anresthetic agent and 
the convulsions can be eliminated the lethal limit of 
high levels of carbon dioxide, uncomplicated by these 
factors, would seem to depend largely, if not solely, 
upon the hypoxia which must accompany the inhal- 
ation of carbon dioxide m concentrations in excess 
of 80 per cent 

G R Graham 

D W Him, 

J F Nunn 

Research Department of Anaesthetics, 

Royal College of Surgeons, 

London, W C 2 

1 Bert, P , ‘ Preeslon baromiStrlqno,” 1087 (Paris, 1878) 

* Scurr C F , Brit Med J , 1, 505 (1054) 

3 Gray T 0 , Fenton, ESN, Brit Med J 1 820 (1054) 

4 Eambcrtscn C J In " Pharmacology In Medicine," Drill V A 
Second edition, 828 (Non - York-Toronto-London, 1058) 

PLANT PHYSIOLOGY 

Nature of the Olefines produced by Apples 

During the past few months, we have been using 
gas chromatography for the routine analysis of 
ethylene in air samples from fruit stores (unpublished 
results, see also Nature of September 26, p 995) 
A long column is used in order to separate 
the ethylene from other hydrocarbons of low boiling- 
point, and under our experimental conditions, using a 
flame ionization detector, the lower limit of detection 
for ethylene m a 0 6 ml sample of air is about 
0 3 mggm This represents a sensitivity at least 
1,000 times greater than we obtained with a katharo- 
meter detector used previously In order to detect 
other hydrocarbons which might be produced by 
apples m much smaller quantities, large samples of 
air from apple stores were passed through a 17-tube 


fitted woth a smterod plato or filled with glass wool 
and cooled m liquid oxygon Tho condensates were 
then liberated on to the chromatography column 
The experimental conditions were os follows 
Detecting and recording systom tho output from 
two flamo ionization detectors 1 (fed from blank and 
analytical columns) was amplified by a d c current 
amplifior 1 The output of this was recorded on a 
3 mV potontiomotric rccordor Eluont gas hydro 
gen and oxygon from cyhndors wore controlled to a 
pressure of 28 mm mercury' above atmospheric by 
Edwards VPOl controllers and mixed m equnl 
proportions Column 5-mm boro, length 7 3m, 
packed with Johns Mnnville C22 firebrick 36-00 mesh 
range, impregnated with liquid paraffin m the weight 
ratio 100 30 

Under theso conditions, in which butnno emerged 
58 mm after tho air peak tho retention volumes, 
relative to butane, of tho authentic compounds 
which covered tho relevant range, and wore avnilablo 
to us wore methane, 0 01, acetylene, 0 03, 
ethylene, 0 04 , ethane, 0 07 , propylono, 0 22 , 
propano, 0-27 , propyne, 0 28 , eyefo-propane, 0 47 , 
formaldehyde, 0 48 , methyl propano, 0 62 , 
methyl propono, 0 81 , l-butcno, 0 83, butane, 
1 0, trans-2-butcno, 112, cis-2-buteno, 1 23 
dimethyd otlior, 128 Largo concentrations of 
carbon dioxide gave a negativo peak at 0 02 

In a typical experiment with Edward VII apples 
stored on a lmif-ton scale in stcol cnbmots\ air from 
the store wns drawm into n 200-ml gas sampling 
tube nnd expelled slowly with mercury through a 
U-tubo immersed m liquid oxy’gcn 

In Table 1 arc sliowm tho cnlculatcd rates of pro 
duction of the more volat ile compounds obtained from 
Edward VII apples m three environments nnd 
identified by their behaviour on a liquid paraffin 
column In each case the othydonc figure w as obtained 
separately from an analysis of a 0 5-ml gas sample 
Experiments with a single apple wore done in order 
to apply' more stringent conditions than were possiblo 
with our normal storage methods Tho apparatus 
used was all glass, without grease, and tho air supply 
was admitted to tho apple after passing through a 
U-tubo containing activated carbon and immersed 
in liquid oxvgcn From the apple tho air wns passed 
directly into the cooled trap 

Table 1 

400 kpm tipples , 400 kpm tipples , One apple ncr- 
pas mixture e. pas mixture 8 ated for U hr 
0 6 por cent car- 0 per cent carbon at 1 1/lir at 
bon dioxide In air dloxtdo at 3’ 0 20° C (in/igni / 



at 3° C 

(m/ipm / kgm / 
hr ) 

(m//gm /bum / 
hr) 

kpnu/br ) 

AceMcno 

1 

0 5 

20 

Ethjlcno 

7,000 

4,000 

27,000 

Etlmno 

0 5 

— 

■ — 

Prop>lenc 

0 5 

0 5 

0 

Propane 

4 

3 

7 


Four different columns containing liquid paraffin, 
di-nonyl phthalato, tritolyl phosphate and pp'-oxy- 
dipropionitnle as stationary phases wore used In 
passing through this scries, there is a progressive 
acceleration of saturated in relation to unsaturated 
hydrocarbons However, the prosonco of excessive 
quantities of othylono m the analytical mixture and 
the fact that m columns of similar length tho com- 
ponents of tho mixture move progressively' fastor 
through columns packed with the later pliasos of tho 
series, made it difficult to obtain confirmatory evidence 
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Fig * j Control reaeiwftUcm btiwtem* (rUnarta) 4 abwnc* 
or recm ration btotema after trtatmont wltU / 1 -nnarmptoeUtaDQl 
(TlarArlA) 


than m tho controls Cytochemicol studios suggest 
that mercaptoothanol inhibits and that ditlnodiglycoi 
stimulates ribonucleic acid synthesis 

Regeneration of the head tn planarums In the case 
of planarians also, £ morenpt ootlianol (iVX/300) com 
plotoly inhibits regeneration and avon blastema 
formation (Fig 2 a and 6) Again dithfodiglycol has, 
if anything a stimulatory effect on rogonomtion. 

In conclusion, our experiments suggest that increase 
in the — SH content of the colls by tho addition of 
p morcaptoethanol inhibits morphogenetic inovo 
ments in regenerating organisms as troll as in develop 
ing embryos dithiodi glycol, on tho contrary, has 
usually a stimulator} offoct on morphogenesis The 
action of morcap t oothanol-othy 1 gluconnmi do , an 
— SH -contain mg substance -which presumably docs 
not penotrato into tho cells loads to dm clopmontal 
abnormalities Taken together, these foots suggost 
that a biochemical systom (the nature of which has 
still to bo studied) lm olving — 8H and — SS — • groups 
plays a koy rolo in morphogonotio processes 

J BltAOUFT 

Laboratoiro do Morphologie Ammnle, 

Hmvorsit4 libro do Bruxelles 
July 14 


>Br»cb*t J, Jfflfim* 181, 1730 (1063) . , . _ /1A 

1 Jlrarbct, J iM Delanpe-Ccrnll M. DftrlopmntUi Dkt 1 "0 (10j 9) 
1 Brad iet J “Embryoiofflo etrimique"* (Deeoer 1M4) 

1 Bracket J Erp CtU tie* Sapp 6 73 (10J0) 


Shell and Siphon Regeneration in Mactra 
stuftorum Lmne (Lamel II branch lata) 

The study of quantitative collections of dead shells 
belonging to the lamellibranch Mactra stultorum 
Linno, for the year classes of 1053-1957 on the Dogger 
Bonk, is yielding valuablo information on the 
mortalities exerted by several classes of predators 
The chief ones -which arc recognizable from the dead 
shells are the drilling proeobmnch Natica pohana 
Forbes and the asteroids Aatertaa rvbcna Lmn4 and 
Aalropecten t rrtgulana (Pennant) Tho prosobmnch 
drills a holo through the shell and presumably foods 
through this hole the actual method of its feeding 
has not been described although its method of drilling 
has received considerable attention Turner 1 lists a 
full bibliography on the drilling mechanism Vor\ 
occasionally live Mactra aro caught, and more 
rarely their dead shells, bearing an incomplete!) 

£ ierced bore holo It is presumed that the Natioa was 
iterrupted in its meal through itself being attacked 
by a larger predator Even more interesting are 
some very rare instances of Mactra having sealed over 
the incomplete bore holes on the inside, with an 
outgrowth of tho nacreous layer We have noticed 
such seals in both living and dead (at the time of 
collection) bivalves, in individuals ranging from 4 to 
31 mm Fig 1 shows a typical sealed bore hole The 
area covered by the seal is very much larger than the 
boro holo itself this may be explained by tho foot 
that, aa has been observed, sand enters through the 
bore hole and irritates a large area of tho mantle 
membrane Wasteful killing of very young Mactra 
by very young Natica seem* to be indicated bv aholls 
which bear up to five bore holes and still contain flesh 
Oysters are ablo to seal off tho perforations made by 
Urosdlpxnx citlcrea Say Dr D A Hancock has kindly 
directed my attention to his observations* He thinks 
the falling temperatures might- have caused tho oyster 
drills to abandon the attack Oysters perforated with 
n hand drill completely sealed off the holes in 9-14 
days at 7-11 C when kept m tanks 

Shell regeneration does not exhaust the ilfactras 
response to a reprieve, for it may outgrow a size at 
which fishes (plaice, dab) are capablo of eating tho 
whole bivalve This iiro, of course, depends on the 
size of the attacking fish, and the fiold data have 
provided a tentative relationship for the sizes of tho 
largest Mactra which plaice of a given size can 
consumo When feeding in a fiold of Mactra which 
aro abovo the “escape size'*, the fish take onlv the 
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bivalves’ siphons That this injury is not always 
mortal for the Maclra is shown by the large number of 
regenera tmg stages among il lactra above 20 mm 
long — up to 10 per cent of some samples A first 
experimental attempt at inducing the regeneration of 
siphons, and so to build up a time-scale for the 
various stages of regeneration, faded through lack of 
sufficient live Maclra to carry the experiment through 
In eleven days no growth had taken place, but the 
cut edges had healed perfectly 

L Birkett 
R J Wood 

Fisheries Laboratory, 

Lowestoft 

1 Turner, H J Ecol 34 (1), 222 (1953) 

•Hancock, D A , Fish Incest , Series II, xxll (10) (1930) 


Light Regulation of Coat-Shedding in a 
Tropical Breed of Hair Sheep 

Breeding activity m sheep in temperate climates is 
predominantly controlled by the photopenod The 
mechanism governing sexual activity m tropical sheep 
has not yet been elucidated Durmg current studies of 
this problem Persian Blackhead eves wero exposed 
to an experimental light regime similar to that used 
to induce oestrus m Suffolk eves at Cambridge, 
England, namely, 14 hours dark, 4 hours light, 2 hours 
dark and 4 hours light 1 Results regarding sexual 
actn lty v ere inconclusive but the coats of tho treated 
eves grew long, dense and shaggy Tho coats of 
control ewes were sleek and short Managerial condi- 
tions other than the light treatment wero identical 
for the tvo groups of eves 

In further studies, Persian Blackhead rams were 
maintained m pens roofed with ‘Windowlite’, a trans- 
lucent plastic vhich reduced the light entering tho 
pens After four months m the pens coat-growth was 
markedly affected and the coat vas long, tousled and 
dense Persian Blackhead rams maintained 
under natural lighting durmg this period had short, 
sleek coats The comparatn o coats of rams 
maintained m the pens for eight months and rams 
alloved free-range durmg the daytime over tho same 
period of the year, are shown m Fig 1 

Wool growth in sheep and normal cychc coat shed- 
ding of Bos taurus cattle in tho tropics are subject to 
photopenod control 2 3 Yeates has shown that an 
experimentally imposed photopenod similar to that of 
equatorial regions eliminates the natural coat cycle 
of European cattle and tends to keep them m a 
thick heat-retaining coat 4 Although cychc coat shed- 
ding in Bos taurus cattle in the tropics is also hampered 
by low nutrient intake 5 the penned rams received 
sufficient food to gam t — 1 lb per week in live-weight 



Fig 1 (a) Fenian Blackhead ram maintained on natural lighting , 

(b) kept In a pen with reduced lighting 


These independent observations suggest that tho 
growth of, or failure to shed the hair, vas due to a 
qualitative or quantitative interference with the 
normal photopenod at this latitude (17° 50' S ) 

Although it has been suggested that the annual 
fluctuation m the tropical photopenod may bo too 
small to effect control of reproductive activity in 
shcop® it is of noto that a physiological mechanism 
sensitive to light changes exists m a breed of sheep 
indigenous to tho tropics 

R B Symtngtojt 

Department of Agriculture, 

University College of Rhodesia 
and Nyasnland, 

Salisbury, Southern Rhodesia 

1 liar*, n S , J Mac Sn , 40, 143 (1050) 

•Dilj.ll A , mid Carter, II (, , Aust J Agnc Ties , 6, 470 (1953) 

* \ cnlin, X T M , Aust J Agric Fes , 6, 891 (1935) 

‘1oatc«, X T V , Aust J Agnc Fes , 8, 733 (1057) 

‘\cntoi, X T ’ll., J Agric Aei , 50, 110 (1053) 

• Icatcf, X T M , 1 Plmdologj o( harm Animals (London, Dutfcnvortli, 

Hammond, cd 1954) 

A Possible Role of Indoleacetic Acid Oxidase 
in Crown Gall Tumour Induction 

The necessity of auxin for tho transformation of 
incipient tumour cells to fully alterod tumour cells has 
boon demonstrated by Braun and Lnsknris 1 and by 
Klein and Link 2 Both groups demonstrated that 
decapitated plants inoculated with an avirulcnt strain 
of Agrobactcrium twncfaacns vould doc clop crown 
gall tumours if their cut surfaces vero smeared with a 
lanolin paste containing a plant growth hormone 
(mdole-3-ncetic acid), but not if these cut surfaces 
wore smeared with lanolin alone Tho action of mdole- 
3-Qcefic acid vns demonstrated to be on tho tissues 
and not on tho bnctona, as the latter did not become 
virulent ns a result of exposure to mdole-3-ncotic acid 

Tho bacteria themselves have generally been 
assumed to bo tho sourco of tho extra auxin required 
for the transformation of incipient to fully-altered 
tumour cells Hovevor, attempts to find correlations 
between auxin production by tho bacteria and their 
virulence have yielded inconclusive results 3 This 
communication will present evidence that the extra 
mdole-3-ncotie acid needed for transformation may 
not be bacterial m origin but may m fact be duo to a 
decreased destruction of auxin m tho tissues infected 
with virulent bacteria 

Sunflower plants wero selected for uniform height 
(70 cm ), stem width and goneral appearanco An 
apical section was cut just below tho intomode that 
had last fully expanded, this mtomodo was usually 
between 15-18 cm long Tho leaves and apical inter- 
node wore then removed, and tho section vas washed 
m undiluted ‘Clorox’ (a commoncal preparation of 
sodium hypochlorite) to which a small amount of 
detergent had been added The washed sections wore 
then dipped into absoluto alcohol, flamed, and allowed 
to cool m a storde Potn dish The now-sterile mtomodo 
was cut horizontally into five sections, each about 

2 5 cm long Each section was then spht longitudi- 
nally into two sub-sections, and each sub-section 
implanted basal end up m a tube of White's medium 
without added auxin These cultures wore grown m a 
26° C controUed-temperaturo room for two days, after 
which the contaminated sections, if any, were dis- 
carded Inoculations were made on the second day 
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after placing in culture by Bmeanng the cut surfaces 
■with a 48 hr outturn of A tumejaciena One sot of 
sub sections was inoculated until a virulent strain, the 
other act of sub-cultures with an a virulent b train 
On the day of inoculation and on five Buccessivo days 
the sub-sect ions of an entire mtemode were separately 
cut into slices and assayed for indole 3 acetlo acid 
oxidase 

Indole 3 acetic acid oxidase determinations wore 
run by the method of Lipetx and Galston 4 450-600 
mgm of slices were placed in 10 c c. of a reaction 
mixture containing 10~ 4 M indole 3 -acetic acid Mn ++ 
and 2,4-diohlorophenol bufforod at pH Cl At time 
zero, and at selected intervals afterwards aliquots were 
remo\ed from the reaction mixture and assayed for 
residual mdolo 3 acetio acid with Salkowski reagent 
in a Klott colorimeter equipped with a 540 rap filter 
KIctt readings were converted to pgm of mdolo 3- 
acotio aoid with the aid of a standard ourvo prepared 
with indole 3 acetic acid solutions of known concentre, 
tions 

In tho senos inoculated with the virulent TIBV7 
strain and XIBNVQ avirulent strain a, significant 
depression in the comparative leads of indole 3 acetic 
acid oxidoso was observed on the second day after 
inoculation with the virulent bacteria These results 
are presented m Tablo 1 Similar experiment per 

T*Ue l lurmtETtcH is fiox or Itixux Uorno Aon ononin 
m Grax Timdb ix 4 irons nr nnELUiL Tine* Cultcru Lnocc 

XATED XITU VniCLECT A XII AVUCLETt BTXAIX9 OT A 


Dajr *ftrr 
Inoculation 

Virulent — Avirulent 

Rlcnlfle»twn (l te»t>* 

0 

- 1-0 ± 2-2 

nj 

1 

+ 00 ±-*-0 

DJ 

2 

- 230 ± 6-" 

2 per cent 

3 

-8-0 ±7 * 

nj 

4 

+ 1 0 ±6 6 

DA 

5 

-25 ±CO 

m. 


n.» — not »tflnlfleant »t tho 5 pet crot kwl 


formed using tho virulent A 0 and the avirulent A 66 
BirainB were more erratic, and therefore inconclusive 

The extra mdole-3 acetic acid necessary for com 
pleto tumour induction may thus bo a produot not of 
the baotena, but of tlio infect od tissues whoso mdolo 3 
acetio add -destroying systom lias been inhibited 
Tho drops of indole-3 acetio acid oxidase levels m 
tissues inoculated with virulent strains might thus be 
one faotor involved in tho transformation of incipient 
tumour colls to fully altered tumour cells ana tho 
avirulenco of some strains of A lumefacttn* may be 
due to their inability to initiate this inhibition of 
uidolo 3 noetic noid oxidase. 

I am mdobted to Dr A. W Gals ton for advioc and 
encouragement, and to I) re. A C Braun and T Stonier 
for cultures of A lumtfacxcns This investigation was 
supported by pro -doctoral fellowship OF 7007—0 of 
the National Cancer Institute, Public Health Sen ice. 
It constitutes a portion of a doctoral thesis presented 
to tho Graduate Faculty of Yale University 

JAOQUES LtFETZ 


Botany Department, 

Josmh IVillard Gibbs Research Laboratory, 
Yolo University 
New Haven, Connecticut 
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ENTOMOLOGY 

Chemical Changes Associated with Diapause 
in the European Com Borer, Osirlnia nubitalfs 
(Hbn ) (Lepidoptera Pyraildae) 

Induction of diapause, at 65° K in the European 
com borer, Osimua nubilaha (Hbn ) requires that 
last instar larvte bo exposed to photopenods of 0 5 
to 14 hr of light a day for about S weekB initiation 
of diapause is then marked by cessation of feeding, a 
sharp reduction m oxygen consumption and failure 
to pupate when placed in an environment favouring 
completion of do's elopmont 1 * Our interest in the 
physiology of diapause prompted a search for other 
changes associated with ita induction This com 
murucation reports differences in the ammo acid 
composition of diapause and non-diapauso borers 

Larvro were reared as described earlier* Larvro 
tliat did not undergo diapauso were obtained by 
withdrawing them from the etook culture 3 or 4 days 
after tho moult to the last malar the} were deprived 
of food for 3-6 hr bofore analysis Larvro in diapauso 
were obtained by manipulating photopenod and 
temperature they wore tested after they had been 
stored in diapause for two montlis at 38° F Ninhy 
dnn positive substances were separated by two 
dimensional partition chromatography The squash 
technique described by Fox 1 and Robertson 4 was 
used. A single hood provided sufficient material for 
good resolution in tho developed chromatogram 
The head was out from tho larva and immediately 
crushed in tho lowor loft comer 1 in from tho edges, 
of Whatman No 1 cinematography paper, 13 5 or 
10 in square The crushed hoad was removed and tho 
spot dried at room temperature Tho paper was 
developed 12 in in tho first direction with n butanol 
acetic acid, and water, in the proportions 4 11, 
and 12 in in the second direction with 80 per cent 
aquoous phenol The colours wore developed with 
0 I per cent mnhydnn m isopropanol In some cases 
proltne was located by spraying with 0 2 per cent 
lsatm' Compounds uero identified by comparing 
chromatograms with those of known ammo acids 
and, m some instances, by co chromatography with 
individual ammo acids 

Fig 1 A and B, shows tracings of representative 
chromatograms, run simultaneously Tho substances 
named in Fig 1 were found m head squashes of both 
diapauso and non diapause borers Separation of 
valine, methlonmo, and tryptophan was poor but 
generally adequate to establish their identities 
Argimno, not shown m Fig 1, was present in both 
groups as a diffuse spot in the area bounded by 
spots 5, 7, 8 and 0 Not dotected wore ornithine, 
P alanine, taurine, hydroxyprolme, and sarcosino 
Larvro not in diapause differed from those in diapause 
in having at least one unidentified, slow running spot 
not present m the latter This is spot X of Fig hB 
In somo chromatograms, partial division of spot A 
and differences in colour between its parts suggested 
tliat two compounds might be present The chroma- 
tographic difference persisted even after ethanol 
extracts of larvro had been washed with chloroform, 
evaporated, and boiled under reflux with ON 
hydrochloric aoid for 20 hr Tho unknown, therefore, 
is probably not a peptide A second difference 
between diapause and non-diapause larvro was the 


much higher concentration ofprolm^iTTHho^fornw 
Analyses were carried out to det 


Analyses were carried out 
differences arise during or 
diapause Spot X was found in 4 1 



1076 


NATURE 


October 3, 1959 


VOL. 184 


bivalves’ siphons That this injury is not always 
mortal for the Macira is shown by the large number of 
regenerating stages among Mactra above 20 mm 
long — up to 10 per cent of some samplos A first 
experimental attempt at inducing tlio regeneration of 
siphons, and so to build up a time-scale for the 
various stages of regeneration, failed through lack of 
sufficient live Madia to carry the oxperimont through 
In eleven days no growth had taken place, but the 
cut edges had healed perfectly 

L Biricett 
R J Wood 

Fisheries Laboratory, 

Lowestoft 


1 Turner, H .T . Eeol 34 (1), 222 (1953) 
* Hancock, D A , Fish Invest , Series IT 


, xxll (10) (1050) 


Light Regulation of Coat-Shedding in a 
Tropical Breed of Hair Sheep 

Breeding activity m sheep in temperate elunates is 
predominantly controlled by the photoporiod The 
mechanism governing sexual activity m tiopical shcop 
has not yet been elucidated During current studies of 
tins problem Persian Blackhead ewes were exposed 
to an experimental light regime similar to that used 
to induce oestrus in Suffolk ewes at Cambridge, 
England, namely, 14 hours dark, 4 hours light, 2 hours 
dark and 4 hours light 1 Results regarding sexual 
activity were inconclusive but tho coats of the treated 
ewes grew long, dense and shaggy Tho coats of 
control ewes were sleek and short Managerial condi- 
tions other than the light treatment were identical 
for the two groups of owes 

In further studies, Persian Blackhead rams were 
maintained m pens roofed with ‘Window life’, a trans- 
lucent plastic which reduced the light entering tho 
pens After four months in the pons coat-grow til w ns 
markedly affected and the coat was long, tousled and 
dense Persian Blackhead rams maintained 
under natural lighting during this period had short, 
sleek coats The comparative coats of rams 
maintained m the pens for eight months and rams 
allowed free range during the daytime over tho same 
period of the year, are shown m Fig 1 

Wool growth m sheep and normal cychc coat shed- 
ding of Bos taurus cattle in the tropics are subject to 
photoperiod control 2 ' 3 Yeates has shown that an 
experimentally imposed photoperiod similar to that of 
equatorial regions eliminates the natural coat cycle 
of European cattle and tends to keep them m a 
thick heat-retainmg coat 4 Although cychc coat shed- 
ding in Bos taurus cattle in the tropics is also hampered 
by low nutrient intake 5 the penned rams received 
sufficient food to gam 4—1 lb per week in live-weight 



(а) (5) 

Fig 1 (a) Persian Blackhead ram maintained on natural lighting , 

(б) kept in a pen with reduced lighting 


These independent observations suggest that tho 
growth of, or failure to shed tho hair, was due to 8 
qualitative or quantitative interference with the 
normal photoperiod at this latitudo (17° 50' S ) 
Although it hns been suggested that tho annual 
fluctuation in tho tropicnl photoperiod may bo ten 
small to effect control of reproductive activity u 
sheep® it is of noto that a physiological mechnnisn 
sensitive to light changes oxists m a breed of slice] 
indigenous to tho tropics 

R. B Symington 


Deportment of Agriculture, 
University College of Rhodesia 
and Nyasaland, 
Salisbury, Southern Rhodesia 
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A Possible Role of Indoleacetic Acid Oxidase 
in Crown Gall Tumour Induction 

The necessity of nuxm for tho transformation of 
incipient tumour cells to fully altered tumour cells has 
been demonstrated by Binun nnd Loskans 1 and by 
Klein nnd Link 2 Both groups demonstrated that 
decapitated plnnts inoculated with an av indent strain 
of Agrobactcrtum tumcfacicns would develop crown 
gall tumours if their cut surfaces wore smeared with a 
lanolin paste containing a plant growth lionnone 
(indole-3-ncotic acid), but not if theso cut surfaces 
w ere smeared w ith lanolin alone Tho action of mdole- 
3-acetic acid was demonstrated to be on tho tissues 
and not on tho bnotorin, ns tho latter did not become 
virulent ns a result of exposure to mdole 3 acetic acid 

Tho bacteria themselves have generally been 
assumed to bo tho source of the extra nuxm required 
for the transformation of incipient to fully-altered 
tumour colls How over, attempts to find correlations 
between auxin production by tho bacteria and their 
virulence have yielded inconclusive results 3 Tins 
communication will present evidence that tho extra 
mdolc-3-acetic acid needed for transformation may 
not ho bacterial in origin but may’ in fact be duo to a 
decreased destruction of auxin in tho tissues infected 
with virulent bacteria 

Sunflower plants were solected for uniform height 
(70 cm ), stem width and gonoral appoaranco An 
apical section was cut just below tho mtomode that 
had last fully expanded, this intomodo was usually 
between 15-18 cm long Tho leaves nnd apical mter- 
node wore then romoved, nnd tho section was washed 
in undiluted ‘Clorox’ (a commerical preparation of 
sodium hypoclilontc) to which a small amount of 
dotorgont had been added Tho washed soctions w ere 
then clippod into absolute alcohol, flamed, nnd allowed 
to cool in a sterile Petri dish Tho now-stenlo mternode 
was cut horizontally into five sections, each about 
2 5 cm long Each soction was then split longitudi- 
nally into two sub sections, nnd each sub-section 
implanted basal end up m a tube of White’s modium 
•without added auxin These cultures were grown in a 
26° C controlled-temperature room for two days, after 
which the contaminated sections, if any, wore dis- 
carded Inoculations were made on tho second day 
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beliov ed to bo the eamo a a his 'FunduszoUen , types 
(c) and ( d ) being the ‘MiindungBzollen 
Tho typo IV alveoli (Fig 1 A and B) aro found m 
adult males only, ecattorod amongst typo HI They 
are composed of a number of simitar cells, tvpe (g ) 
which becomo filled with purple staining granules 
after tho tick starts to feed 
A more dotaded description of tho sain ary aU colt 
mid of tho changes which they undergo during the 
life cycle of tho tick will bo published at a Inter date 
I am indobted to Sir M Tllneh of the Photographic 
Department, South African Institute for 3Iedical 
Research, for the photomicrographs 

\\ M Tux. 

Department of Entomology , 

South African Institute of Medical Research, 
Johannesburg 
dune 22 

1 Bonnet U. A* C. II Ac orf Sef M 142 598 (1006) 

2 DotiRbu, J JL. Unit Calif Pub Eat. 7 207 (1043) 

1 Robin vm L. L ami Davidson J f'araiitoi 6 217 (1013) 

« Notdcrwklold E Zooi Aru 28 478 (1008) 


BACTERIOLOGY 

Bacteriophage Typing Applied to Strains of 
Brucella Organisms 


Surface antigens usually limited to one taxo 
namio group are tlie mam factors determining tho 
bacteriophage sensitivity of bacterial species 1 By 
such BenBitmtv, species of Salmonella can bo dis 
fcjnguwhcd 3 and tho degreo of sensitivity is used for 
typing strains of S typhx * and strains of othor 
bootona* 

Brucella phages wor© discovered only after rigorous 
search 7 and thoy liavo apparently not y et been des 
cribed in detail A Brucella phage grown on strain 
19 Brucella abortus in a shake flask culturo has now 
boen foimd to bo activo on cultures of Br abortus 
laboratory strains, but not on Br inehtensis and 
Br tins This phngo was obtained by growing a 
single plaque taken from the end point dilution of 
a plrnge suspension kindly supplied by Dr A W 
fitabloforth from Woybndgo England 

Tho phage produces irregular plaques of email 
diameter, the smallest only boin^ recognized as spots 
m tho bacterial mat on ‘Album agar These spots 
and tho edges of tho plaques appear to consist oF 
extroraoly rough colonies of tho Brucella, strain 
attacked 

Tho tecbmquo found most practical is as follows 
A 72 hr aerated liquid culture of phago is cleared 
by contnfugation at 3,000 r p m for 76 min and tho 
supernatant heated at 00° C for 60 mm to destroy 
any remaining baatona Tho phngo suspension is 
stored at 4° 0 nnd serially diluted ton fold boforo 
use The phage ddutions aro spotted on dry ‘Albimi 
agar plates by moans of a I mm diamefor platinum 
loop After drying tho spots aro covered iwth a 
suspension of young cells taken from surface culturo 
and mado up to a density of approximately Brown a 
tubo I in a diluent of distilled water containing 
0 1 per cent (w/v) carboxy motbvl-coUulose The 
0 02 ml dropper pipotto is used for depositing tho 
suspension ovor tne site of tho phago spot After 
standing in the dark for 1 hr tho plates ora tnoubated 
at 37° 0 m inverted position for 24 hr or longer nnd 
if necessary in an atmosphoro of 10 per cent carbon 
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dioxide An example of tlie results is given in 
Table 1 

Horn it was found that Br melitcnsis strain 163X 
and Br ante strain 1330 winch aro lYorld Health 
Organization reference strains wero completely 
resistant as was also a stock culturo of a local Brucella 
tenant isolated from shoe]? semen 
Tho aerobic Br abortus strain 19, and tho carbon 
dioxide dependent Br abort u* strum 544 which is a 
World Health Organization reference strain were 
equally suscoptiblo to the phage 

These results show that phago tvping may have 
important taxonomic and possibly also cptdcmio 
logical value in the field of Bru eettoaia research. 

Acknowledgments are duo to Dr R A Alexander, 
director of votermary services, for permission to 
publish this report and to Mr P V Mulders for 
technical assistance 

G 0 VAjf DanomnEN 
Faculty of Votermary Science, 

University of Pretoria 
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Induction of Phage Formation In the Lysogenic 
Escherichia col/ K-12 by Mitomycin C 

Mitomacin <7 a newly isolated antibiotic Is 
receiving special attention because of its anti neo 
plastic activity ae well as ita solectlvo mhibltory 
action on the synthesis of bacterial dooxy ribonucleic 
acid 1 It has also been observed that tho impaired 
dcoxyribonucloic acid synthesis of colls of Escherichia 
colt B treated with mitomycin O can bo promptly 
restored by infection with the bacteriophage T2r* 
These properties suggested that this antibiotio could 
induce tho development of activo pliago from tho 
prophago state in lysogomo bacteria, since they aro 
similar To ultra violet affects This communication 
concerns tho lytio process of Escherichia Co U K-12 
induced by nnlomy oin O addexl externally 

Cells growing in salts glucose synthetic medium 
wore harvested at tho logarithm io phase of growth 
resuspended in a similar fresh medium m the presence 
of various concentrations of jmtdrriyam O, and in 
cubated at 37° with vigorous - “ 

taken at intervals and t « w 
photometrically at 600m m- * 

[igm of mitomycin C per m! , 


'Viaurod 
\0 05 
l at 
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the same rate as in the control culture during the first 

00 mm , though later it stopped {Fig 1) With 0 5 or 

1 (igm of mitomycin G per ml of medium, the tur- 
bidity increased normally for about 60 mm and then 
suddenly began to decrease After shaking for 2 hr 
the incubation medium became almost clear with only 
some cell debris present The viable cell count was 

2 4x 10 4 per ml compared to 4x 10 9 per ml m the 
control culture In the presence of higher levels of 
mitomycin O (5-10 ggm per ml ), the increment of 
optical density was observed for only 30 mm , after 
which it ceased It was also found that the addition 
of chloramphenicol at the beginning of incubation 
prevented the ljsis caused by mitomycin C whereas 
its addition at 45 mm after the start o"f incubation had 
no effect on the lytic process m the presence of the 
antibiotic 

The appearance of the growth-enrv e m the presence 
of mitomycin C coincides almost exactly with growth- 
curves observed after the induction of lysogenic 
bacteria with appropriate doses of ultra-violet 3 or 
chemical agents 4 6 Therefore an investigation was 
undertaken in order to see whether the lysis of the 
cells is due to the development of active () ) phage 
The bacterial lysate obtained after a 2-hr exposure 
to 1 ggm mitomycin C per ml was plated on a 
} -sensitive bacteria, Escherichia coh C 600 It was 
found that 3 x 10 9 phage particles were released 
into the medium compared to 1 7 < 10 7 in the 
control culture (the yield of phage was about 200 
times greater than that of the spontaneous control) 
Fig 2 shows a one-step growth-curve of > -pliago 
hberated by Escherichia coh K— 12 after induction 
with 1 (igm of mitomycin G per ml In this experi- 
ment a growing culture of Escherichia coh (0 D cco = 
0 175) was incubated noth vigorous shaking m tho 
presence of antibiotic for 10 mm After dilution 
(1 10 s and 1 10") the incubation was continued, 

and samples were taken at intervals for plating on a 
} -sensitive bacteria Tho first phage particles 
appeared m the medium at the end of a latent period, 
at which time lysis of the culture began Another 
experiment mdicated that Escherichia coh IF 1485 
(a non-lysogemc strain) was not lvscd m the presence 
of any amount of mitomvcin G This observation 
provides additional evidence to support the con- 
clusion mdicated above 

These results show that mitomycin C can induce 
the development of activ e phage m the lysogenic 



Fig 1 Change In turbidity of the culture of BtcJierichta coh K - 12 
Incubated in the presence of various concentrations of mltomj cin C 



Time (min ) 

3 lg 2 Induction of phage production in htehmchxa coh 12 by 
mltomjcln C 


strain of Escherichia coh 7C-J2 Tins antibiotic 
therefore produces many of the results characteristic 
of ultrn-v iolet irradiation 

Wc wish to express our appreciation to Prof 
H Kikkawn for Ins interest and encouragement in 
this work, and t-o Dr S Shibn of this University for a 
generous supplj of mitomv cm C 

NOAOMCT Otsuu 
Mutsuo Sekusuchi 
Tei rr Iijeua 
Yasuvukj Takaoi 

Department of Biology, Faculty of Science 
and Department of Genetics. Medical School, 

Osaka Universitj , Osaka, 

Japan 
May 1 
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Specific inhibition of Antibody Formation 
During Immunological Paralysis and 
Unresponsiveness 

FArLunn of antibody to appear m tho sorum 
follow mg large doses of antigen has been reported 
under varying sets of conditions In normal adult 
mice, a life-long state of ‘immunological paralysis’ 
can be mduced by tho administration of a sufficient 
amount of pneumococcal polysaccharide 1 This 
antigen is known to persist for at least a year, and it 
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Table 1 






Group 

NO of 

Mice 

Antigen Injected 

Route of 
Inoculation 

Pay* of 
Injection* 

Day of 
Death 

Animal* with 

A B tltrr 

Scrum AG 
at Death 

Antlbodyf 

etltymco 

A 

(neonatal) 

U 

0 5 mcro /gm. day fluid 
lx>vlne farrum alfmmlrH- 
wecUjr doio of alum- 
prcdpltatcd bovine 
•crura albumin 

Sul kcutaneou* + to- 
tniprritoneal Alter 
natclr 

i-on 

1-66 
l-6fl 
and 03'* 

60 

"0 

0 

0/6 

0/4 

0/1 

4* 

0 

0 

0 

B 

(Adult) 

1* 

tame 

lame 

*&-"5 
36-76 
and 82** 

78 

8_ 

SO 

0/3 

0/2 

nib 

+ 

4~ 

0 

0 

0 

C 

16 

5 rnttm alum precipitated 
bo Tine wnim albumin 

Subcotaneorrt 

35 50 

01 

Ullo 

0 

18 3 

1) 

0 

600/rftm Typo II pnen 
mocwcal pol y*acrliartte 

Intraperitcmcftl 

XA 

“0 



Ott 

h 

0 

1 w m Typo II pneu 
roococcal poljaacrlmrMe 

Intra peritoneal 

ofl 

70 



022 


e *2 mam. alum precipitated bavtneiemn albumin tdmlnDtered t Mean value uiing 3 iO»Udr* 


run} < ithor continuous!} neutralize antibod} as it is 
formed or it may inhibit the actual synthesis of 
antibody* These nit cm at i\ es ma> be used to 
explain the moro temporary immunological unrea 
ponsnxoness inducible in adult rabbits with mnasixe 
injections of purified protoms * However, when tho 
same protom antigens are administered during footal 
or neonatal hfo subsequent Qntibody formation is 
inhibited for longer periods * * Apparently tho 
neonatal cells possess a different order of Bansitixnt} 
to inhibition It is not clear whether this inhibition is 
dependent upon tho continuous presence of antigen, 
but there is a correlation between increasing dosago 
and prolongation of unresponsix oncon. * 

If antigon conslantlj neutralizes antibody as it is 
formed, immunofluorescent methods should detect 
cells containing antibod\ m the lymphoid organs of 
such paralvzod or unresponsix e mice However, 
inhibition of a moro fundamental nature would be 
implied if no poattivo colls could be found Our 
exudence indicates m fact that no demonstrable 
nntiliodv formation takes place in nuco either made 
unresponsix e to box me serum albumin or pnrnlvzed 
uith pneumococcal polvsatchande 

ExjienmentB with both box me serum albumin 
and pneumococcal polysnccbnnde typo II were 
undertaken with both large and small doses of 
antigen Swiss white non inbred mice were used 
Animals wore injected subcutaneously and jntni 
pentoncnllv with COO ggm /gm /day of boxino scrum 
albumin a dose shown prox iousl> bv Dixon and 
Maurer® to bo large enough to prexent the occurrence 
of on lromuno disappearance rate In adult rabbits 
Individual animals wore bird from the tail and 
Assayed for anti box mo scrum albumin bj Boyden s 
hrcmagglutmatiou method 6 Antigon was deter 
mined by hicmngglut motion inhibition a serum lex ol 
of 0 1 ggm /ml of antigen nitrogen being doteotablo 
Tho spleens of tho animals warn quick frozen and 
sectioned m a cryostat Throe to ten sections per 
animal wore oxammed by immunofluorescence for 
cells containing antfbodj using tho appropriate 
controls 7 Tho number of these coils per section was 
counted and the area of each section estimated from 
measurements mado with a stage micromotor 

Tho results shown in Table I, wore striking No 
colls containing antibody xwro found in either adult 
or neonatal mico at intervals following tho cessation 
of dailj largo injections of boxnne serum albumin 
Moroovor an additional dose of 2 mgto of alum 
precipitated boxnne serum albumin to some members 


of those groups likewise failed to prox okc a detect ftblo 
cellular response Control animals gix en ontv 
alum precipitated bovine serum albumin (group C) 
responded with antibody titres which reflected m 
general tlio appreciable numbers of colls containing 
antibody x’isible in tbeir spleens (Tablo 2) (The 
single control mouse fading to respond also had no 
detoot able nntibodj in sections of its spleen ) 

Tho axillary lymph nodes were also examined in a 
few animals. No positive cells were found ui group A 
In group C tho density of antibodv-contnuung colls 
m the lymph node was about threefold greater than 
in the spleen Tho lack of correlation betwoon serum 
titre and numbers of cells in the spleens of somo 
animals recorded in Table 2 may haxo been duo to 
the differing contribution made bv x’anous organs in 
individual cases 

This inhibition of the formation of antibody to 
bo vino serum albumin was specific because it did not 
interfere with a concurrent secondary cellular 
response to 20 Lf of diphtheria toxoid administered 
to a few animals during the mosmxe injection of 
boxnne serum albumin More recent observations 
suggest that a dose of boxnne scrum nlbtinvn fifty 
times less or 10 ftgm daily is equall} inhibitory to 
specific antibody formation Oddi} enough although 
diphtheria toxoid is a good antigen in mice 10 ggm 
daily doses failed to produce unresponsix cnees 

In the experiments with pneumococcal poly 
saccharides II, tho doses used wore those known to 
result m immiuut} or paralysis in mice 1 no titrations 
of pneumococcal antibody were earned out No 
cells contamuig antibody could be detected m the 
spleen* of mice gix on the larger doeo of polysaccharide 
(group D) However poaitivo cell* were x Islblo m 
the spleens of mice immunized intmpcrdanoall} with 


Table 2. cell* covrxixrxo Axnunnr rorxu rx ioimpwi 
jncre 


Group C — Iiovtoe Mntm albumin 

Group N — 
putu rnoeocca 5 

No of Celt v 

Reciprocal Serum Titre 

poljxarcTtaiide II 

2s o of Cell* 

2,347 

320,000 

62 

1JB70 

G 120 

23 

890 

10,000 

1" 

881 

40 000 

G 

383 

1,280 

2 

367 

2^00 

1 

are 

•MO 


226 

10 000 


174 

ionoo 


0 

<10 
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Figs 1-4 Effect of the extract of Alstoma tchotarii on the root- 
tip of Album crpa shotting polvplold metnphnse stickiness, 
diplochromntid appearance and taggers nnd fragments respectlv el v 
(x c 2,700) 

11 days continuous treatment in 25 per cont of the 
stock solution Tumours wore formed about 1 in 
behind the grow mg apex of the root and were 
elongated 

Cytological examination showed most of the cells 
to be in a resting state, and divisions were noted m 
only 8-10 per cent of the cells Irregular division, 
like fragmentation, lagging, stickiness of the chromo- 
somes was frequent 2-3 per cent of the cells showed 
polyploid chromosome numbers Metaphasc and 
anaphase chromosomes appeared to be shortened and 
swollen The diplo chromatid appearance, as charac- 
teristic of colchicine treatment, was evident The 
cells of the tumour showed extreme elongation 

It may be noted that Bailey 2 has reported chromo 
some swelling and stickiness following treatment 
with hydrochloric acid and sodium livdroxido in 
high concentration Whether tlio very low concen- 
tration of these two chemicals used for extraction 
here can be responsible for stickiness and characteris- 
tic swelling, was checked by control experiments 
with bulbs kept in these chemicals alone No effect, 
however, was noted 

It is clear therefore that this extract is capable of 
including tumours and polyploidy in plant cells 
The tumour production involves mainly coll elonga- 
tion and polyploidy rather than rapid rate of division 
m all planes 

I am grateful to the Ministry of Education, India, 
for awarding me a National Research Fellowship, 
during the tenure of which the present, work was 
earned out I am also thankful to Dr I Banerji, 
head of the Department of Botany and to Dr A K 


Sharma, lecturer m charge, Cytogenetics Laboratory, 
University of Calcutta, for facilities provided for 
carrying out the w ork , 

Arciiana Shatuia 

Cytogonotics Laboratory, Botany Department, 
University, Calcutta 19 
Juno 3 

1 Tnkcnakn, Y Ann llrp Aal Init Gmrt (Japan), 8, CO (1055) 

* linllcj, P C , Cytolovia , 21, 292-209 (1950) 

Genetic Control of Tryptophan Peroxidase- 
Oxidase in Drosophila melanogaster 

Buten'andt 1 , Beadle 5 nnd Ephrussi 8 have shown 
that kynurenmo sjmthcsis occurs m insects nnd that 
m D mdanogastcr the gene ‘vormilhon’ (y) controls 
kynurenmo formation Tryptophan oxidation to 
kynurenine was oxtensivcly studied in mammal liver 
by Knox and Mehlei 4 , who showed that two en/ymes 
are involved in this two step reaction tryptophan 
peroxidase -oxidase nnd kynurenine foi mamidase 
Since the mutant y contains a noimnl amount of tho 
latter enzyme 11 , it was thought that the first stop of 
tryptophan oxidation, which leads to formylkynu 
romne, is in some way affected by this mutation No 
direct demonsliation of enzymo control by tho t gono 
has been given up to now , workers have tried 
unsuccessfully to demonstrate that tryptophan is 
metabolized m vitro by Drosophila extracts' A 
very low content of tryptophnn peroxidase oxidnso 
nnd the relative mndoquney of tho methods of 
enzyme assay, account probably for theso results 
Only rocently activity of tryptophan peroxidase 
oxidnso wais rocogm/ed in an insect — tho meal-motli 
Ephestta Luhnidla 7 , nnd quantitative determinations 
w ere made by measuring tho fluorescence of chromato- 
grnphically separated spots This communication 
deals with the genetic control of tryptophan peroxidase 
oxidnso m D melanogaster studied by means of a verv 
sensitive method 

Flies were reared on standard corn meal agnr 
medium nt 25° isolated within a few hours after 
emergence nnd trnnsfcricd into vials containing fresh 
medium, where they wore kept for 6 days Tho flies 
were homogenized for enzyme assay in a Potter 
homogcni7or in four volumes (w / v) of n cold solution 
of 0 014 M potassium chloride nnd 0 0025 M sodium 
hjdoxide The crudo extracts were then centrifuged 
at 12,000 g for 30 min nnd the clear supernatant used 
directly All the operations woro peifoimod at 0° 
Incubation mixtures wore piopnrcd according to 
Knox 8 and contain 1 ml of enzymo extract, 2 ml of 
phosphate buffer 0 1 M pH 7 nnd 0 3 ml of 0 03 M 
1 -tryptophan , for the blank preparation tho amino- 
acid was omitted The vials were incubated nt 37° 
in an atmosphere of air nnd the icnction was stopped 
by the addition of 1 1 ml of 20 pei cent trichloroacetic 
acid After filtration, kynmenmc was determined by 
tho Brntton-Mnrshall method 5 , tho tubes woro 
stored at 0° for 14 hr bofoio reading ut 5G0 mg in a 
Beckman DU spectrophotomotoi Tho molar ex- 
tinction coefficient of the diazotizod kynurenmo is at 
this timo maximum (e = 28,500) Tho filtrates woro 
also used for paper chromatography , in order to 
identify tho products of tho icnction 

After incubation of en/ymo extracts of wild-typo 
flies an appreciable amount of a dia/otizablo sub- 
stance is formed, winch has an absorption peak at 
500 mg when subjected to tho Bratton-Marshall 
reaction This compound was identified with kynu- 
renine by comparison of tho characteristic leactions 
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Activity — nJttotei of kynumUne formed In 1 hr by 1 Em. of flic* 


Table 1 Aromatic Amvr Tottxcn nr HOMOOTrsiTrs or nrcxopAtfa 

v*tla»09a»tcr IKCVbATCP WITH 1 TRTTTOTIUK DCTPUUkED BT THE 
llRATTOr ATp JUWUUJ-L 1IBTB0D 


Strain 

Mean activity ± *Und*rd rrroe 

\o of 

determinationi 

wM typo 

0131 ±0 013 

7 


0014 ± 0-002 

6 

r"/ 

a oio ± o 002 

0 


(Ehrlich, ninhydnn) and Ry values gnen by the palo 
blue fluorescent spot, found tn ohromatograms, with 
theme given by a sample of pure kynuronine The 
Bystoms butanol acetio acid water (4 I 6) propanol 
1 por cent ammonia (2 3), potassium chloride 20 per 
cent sodium citrate 4 per cent, formic acid S per cent 
methanol benzene butanol water (2 111), were used 
for chromatograph} 

Kynurenme formation was determined at successive 
time intorvnls and shown to be proportional to tune 
for many hours , the results of such an oxponmont aro 
illuetratod in Fig 1 The incubation in an atmosphere 
of puro oxygon increases tho rato of the reaction by a 
factor of 1 2 , tho addition of 0 01 M eodinm (h 
ethylditlnocarbamate inhibits quito completely tlie 
reaction Tho tryptophan peroxidase -oxidase 
activity of wild typo D ni elanogastcr flies and of two 
v mutants was dotermmod 

As shown in Tablo 1 tho v strain homogenates 
produce at a \ cry slow rate a dinzotizablo compound 
but no kynurenme could be found m chromatograms 
obtained from incubation mixtures of these strains 
It. socms theroforo probable that the gone v controls 
tho synthesis of tho tryptophan peroxidaso-oxldaso 
und that the mutant strains lack this enzyme A 
similar situation was obsor\cd m the mutant a of 
hphcalia kvhmclla • 

Coiuiado Baouoni 

latiUito d i Qonetica 
Univoraita, Pavia 
Juno 15 
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GEOGRAPHY 

Effects of the Water Hyacinth 
(£/chorn/a cratsfpes) In the Nile Valley 

The presence of Bichomia c ratoipes (water hyaemtb) 
m the Nilo has already been reported 1 Since then ita 
presence in force has been noted in tho Kivcr Sobat, 
but its sproad downstream in the White Nilo is being 
checked at Jebel Aulia Dam, some 47 km south of 
Khartoum 

Fish is an important item in tho diet of tho peoples 
living on tho banks of tho infected rivers EicJiornxa 
has interfered , in some cases Beriouslj, with fishing 
Tho mats formed bv tho plant along tho river banks 
exceed 10 m m depth in many parts of the White 
Nilo, wliilo numerous aido channols are choked up with 
the weed The Ndotics, tho largest einglo group of 
peoples affected have three mam methods of fishing — 
with basket, lino and spear This growth seriously 
hinders tho uso of baskets and lines as these are alwayB 
used from the banks Thus there lias been a relative 
increase m tho proportion of fishing by spear from 
canoe PerJiaps tho Nilotica will begin to use boskot 
and line from canoes However tho rheraido growth 
pushes tho canoors out of the shallow* where it is 
easier to paddle into the mam current In several 
area* tlioro ha\o been reports of less fish tlian in the 
past This ma> l>o due to Eichorma restricting breed 
mg grounds, but it seems more likely to be a measure 
of tho increased difficulty of fishing 

The interference with navigation by paddle steamers 
m tho Nile has alroad} been referred to 1 Tho plant 
also mtorfores with local navigation by small craft, 
such as tho Niiotio ambatch canoe and dug out Theso 
primitive boats are unablo to hug tho shallows where 
the current is slacker if much Eichomia is present 
along tho banks and aro forcod out into the mam 
stream whore paddling is more difficult At tho same 
tirno tho number of possible landing places is reduced 
and time and labour Imvo to be spent in keeping clear 
the small village landing places 

In most areas the effect on animal dry season 
grazing appears negligible In soino areas where this 
grazing, exposed by the falling rivers usually callod 
toich* in tho Nilotic regions of tho Sudan is limited 
it is possiblo that tho poworfuf Etcftormu may restrict 
tho growth of othor more valuable forugo grasses, 
whilst also it makes it more difficult for cattlo to drink 
in safety from crocodile infested rivers An interesting 
situation is to bo found in tho lower Sobnt Horo the 
river is incised with tho result that tho grazing 
oxpoeod bj tho falling river is of very narrow extent 
The cattlo grazed near tho over bank during tho rainy 
season arc taken towards better pasture* along tho 
Wlulo Nile during tho dry season after that nver has 
begun to fall Tho most difficult time for animals 
along tho lower Rabat is during tho early dry season 
after tho grass brought b> tho rains has dried up and 
before tho Nilo jwurturea are ready At this period of 
tho vear Etchornta m ftpito of its low grazing value, 
provides n wclcomo source of green matter for the 
cattle 

Anotlior possibility w Inch could prove serious to tho 
economy of tho Sudan is that Eiehorma crasmpc* 
might appear in force m the canals of the various pump 
schemes So far this bns not happened though many 
havo had to employ labour to clear out tho pump 
intakes An increase m costs of production however 
small is serious m tho present state o o 
market for long staple cotton 
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So far the presence of Eichorma crassipcs m the Nile 
lias not proved disastrous, though it is making tlio 
already hard lives of some of the more primitive river- 
side inhabitants a httle harder So far it has proved 
advantageous in only the lower reachos of the Rivor 
Sobat 

H R J Davies 

Department of Geography, 

University of Khartoum 

1 Nature, 182 , 538 ( 1058 ) 

STATISTICS 

Estimation of Linear and Non-linear 
Structural Relations 

The problem considered by TYnyman 1 is one 
example of a vide class of problems which have given 
rise to a large body of literature in roccnt years 
Lmdley 1 has reviewed the field, and thirty subsequent 
papers are listed by Barton and David 3 Of particular 
importance is tho estimation of non linear structural 
relationships Several methods for estimatmg tho 
unknown parameters are available , we outline 
below a method which will often give estimates of 
nearly optimal accuracy 

We suppose the observations to consist of n pairs 
(£i, yy) with 

xi~Xi -fwj, yi~f(Xi) +f( (? = 1, 2, ,n) (1) 

where the function /(X) contains unknown parameters 
to be estimated and where the variances «i 3 , tfi of tq,t>| 
may be (a) known, (b) known up to a constant factor, 
or (c) constant but unknown Case {!>) is no more 
difficult than (a) , an estimate of tlio unknown factor 
can be obtained from the sum of squares of rosidual 
deviations Further, it may be that the valuos Xj 
are ( 1 ) unknowm parameters (to bo estimated), or 
random variables whose common cumulative dis- 
tribution P(X) is (n) known, (m) of known form but 
with unknown parameters, or (iv) completely 
unknown 

Even m the linear case, various difficulties arise 
Thus in case (c) tho linear relationship may bo 
unidentifiable (see ref 4) Neyman and Scott 5 have 
shown that when the number of parameters to be 
estimated increases indefinitely with n (as in case ( 1 )), 
the method of maximum likelihood (M—L) (that is, 
least-squares if the residuals are assumed to be 
normal (Gaussian)) is not necessarily consistent 
Cases (n) and (in) involve only a fixed number of 
parameters Jeffreys’ 5 method may be regarded as a 
special case of (u) with certain conventional assump- 
tions regarding P(X), it is not consistent unless 
these assumptions are m fact correct Kiefer and 
Wolfowitz 7 have shown that in ease (c)(iv), assuming 
ldentifiability and that the unknowm variances aro 
bounded away from zero, M-L yields consistent 
estimates of the parameters of the lino and of P(X) 

In general, three methods other than least-squares 
are already available (I) Berkson’s assumption of 
the ‘controlled variable’ (see ref 8) which reduces 
case (c) to case (6) , (II) the ‘method of moments’ m 
which various relations deducible from Y ~f(X) 
are summed, the sums involving X and Y being then 
estimated from corresponding sums involving x and y , 
and (IH) obvious extensions of the ‘method of dicho- 
tomy’ due originally to Bose 9 (I) may be inappro- 
priate , (H) and (HI) are consistent (when tins is 
possible) but inefficient 


In cases (n) and (in), it is always possible m principle 
to find tho joint distribution of -rj, y\, and Xj, and to 
average over X( , tlion M-L can bo used on % 
resulting distribution of x.\ and y\. This approatf, 
will usually lead to very intractable equations Barton 
and David 3 have proposed the following approach 
which is eortamly workable wlion/(X) is a polynomial', 
and is nearly optimal w'hon, /(X) is substantially 
linear 

From (1) and P(X) we can find tho mean and 
vananco of y conditional on x, soy 

E(y | x)=a(x), Var (y | x)=b(x) (2) 

Then we minimize 

9 =Z,-j\og b(x,)+{y l — ■a(v,)) t /b(z,)'J- (3) 

with respoct to all tho unknowm pnrnmetors Tlio 
argument proving joint asymptotic normality of the 
resulting estimators follows closoly that for M-L 
estimators, tho analytic conditions being a straight- 
forward modification of tlieso When /(X) is quadratic 
this procedure lends to three non-linear simultaneous 
equations which can bo sohed by iteration 

D E Barton 
C L Marrows 

Department of Statistics, 

University College, 

London 
Sept 22 

1 Wn\ nmn r A , A ntarr 184, 77 (1059) 

1 Llndlej, D \ , I It Slnhit Sot 1), 9, 21S (1017) 

•llarton D F , and Dnrld, 1 A, Hull dint bevdon 1 S I (1959) 
(In tlio props) 

1 Rclenol O ]■ conomrlnca , 18, 375 (1950) 

* Ncwnnn, J mil heott h J, Ann Math Stalin! , 22, 352 (1951) 

* Jtirrcsn U Tlicor> of Brobalillltj , 2ml 1 illtton (Cambridge Unlv 

Pros* 1018) 

’ Klolbr J and Y olfotvltz, ,1 , Ann .Math istahtt 27, 887 (1050) 

’ Ocnrj H C , I Amcr Slat Attot , 48, 04 (10 >3) 

* !!(>«<,, S S , Sanllwa, 3, 330 (1038) 

A Least-Squares Solution for a Linear 
Relation between Two Observed Quantities 

In a recent communication with tho nboio title, 
P A Wayrnan 1 presents a solution to the problem of 
fitting a straight lino when both co ordinates nro 
subject to error Ho mentions somo prc\ ions attempts 
to solve this problom, but is evidently unaware of tho 
oxistonco of a monograph by TV Edwards Doming 2 
Doming presents a completely gonornl method for 
fitting experimental results by least squares and, when 
this general method is applied to tho specific problem 
studied by TYnymnn, tlic same losult is obtninod Tho 
statement that tho solution only posses through tho 
centre of gravity if this is found by applying a w eight 
w r to each point is also found explicitly mado bv 
Doming 5 (Wayman’s io r is identically tho snmo ns 
Deming’s TV) 

This ropublication of n result published first about 
twenty years ago suggests that Doramg’s oxcollont 
monograph is not as -well known to scientists generally 
as it deserves to bo 

B Iv Kelly 

Antibiotics Research Station 
, (Medical Resoareh Council), 

4 Elton Rond, 

Clevedon, Somorsot 
Aug 20 

’ Wrulimn, 1* A , A nlnre, 184, 77 (1059) 

* Doming, Y Inwards, ‘ Statistical Adjustment ot Data (Chapman and 

Ilall, London, 1943) 

* Doming, \\ Edwards, tat cit , p 181 
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THE DEVELOPMENT OF PUBLIC SERVICES IN A MODERN 

DEMOCRACY 


T WO of the most valuable chapters in Dr Brian 
Chapman’s recent book, ‘The Profession of 
Government’’ (London Georg© Allen and Unwin, 
Ltd , 1969 net) oro those in which ho disc usees 
the publio service trade unions, and the relations 
between public officials and the public The two 
subjects are closely connected, and in the compass 
of little more than, a score of pages Dr Chapman 
focuses attention on some problems of vital im 
portanco to tho functioning of a democracy, of which 
there is little evidenco that administrators, pro- 
fessional associations or the public generally are 
aware Nevertheless, upon the effective solution of 
such problems the vase use of scientific and technical 
roeourcoe and tho very possibility of creative leader 
ship, in tho service of the State or elsewhere, may 
largoly dopond 

Dr Chapman goes unerringly to tho root of the 
problem with public service trade muons All the 
evidence points to the truth that people employed In 
government service tend to become not only self 
governing but also self-employed Moreover tho 
strength of these unions is in the lower ranks and 
while m thoso grades parity with outside employment 
has been maintained, financially there is a genuine 
conflict of m tercet between the venous grades of the 
public Borvico Unions representing the lower and 
middle-grade officials will not accept a policy of 
discriminatory rifles for particular grades, and far 
this financial reason alone, tho higher public officials 
insist on special representation. 

Now, while tho European publio services have 
acquired moet of the characteristics of a profession, 
even for the higher Civil Service in Britain there 
lb no recognized professional qualification or any 
general acceptance that the profession should have 
a monopoly of government Tho acquisition of a 
recogmxod public status and the growth of pro- 
fessional training schemes in the Civil Service only 
partly oomponsate for this look of a professional 
qualification. Furthermore, the professional ways of 
thought of publio offioiols, more especially the senior 
officials ore distinctive, imposed on them by the 
nature of their dutiea , and while generally such 
officials are naturally affootod by tho way the public 
regard them and, in conaequonoo, by the underlying 
philosophy of society and the State reflected in a 
country s view of publio administration, Dr Chap 
man’s comparative survey points to a surprising 
similarity in attitudes in senior public officials m all 
European public services 

Dr Chapman emphasizes tho depondenco of these 
attitudes on tho nature of tho officials duties and 
not on hlfl social class In oil tho countries covered 
by him, tho public official is in social terms a typical 
member of tho middle class , but there are few 
reliable statistics on tho social origins of public 
officials m Woetom Europe and it is not possible to 


prove that public service is a factor in social mobility 
It is certain, however, that social class in tho publio 
service does not work in reverse The sons of members 
of the administrative class are practically never 
found lower down the scale , unless they can join at 
tlieir father’s level they enter another profession 
It is also clear that the working class and tho agn 
cultural population ore both under represented at all 
levels of the administration m comparison with their 
proportion in the population 
Nevertheless, Dr Chapman a survey suggests that 
this question of social origin ia relatively trivial, m 
comparison with the decisive influence of professional 
duties on then* attitudes Indeed, social class and 
their duty to society, as woll as the nature of their 
work, alike make boiuot officials conservative, and 
their first preference is to keep the peace and mam 
tain the status quo In spito of this, they sympathize* 
with efforts to remove tho worst or moet noticeablo 
abufloe in the fields of government which aro their 
direct concern. Dr Chapman points out that thoy, 
frequently more so than politicians are aware of tho 
block spots of society, evon though their knowledge 
may be second band, and that this instinct for 
improvement has been responsible for many minor 
social and industrial reforms throughout Europe 
particularly in the newer fields of government Most 
frequently, however the instinct to improve is con 
flnod to the official s speoial field 

It is inherent in this that senior officials should 
incline to bebevo that they are more disinterested 
intelligent and far sighted than other people engaged 
in government, and this is due not so much to 
authoritarianism os to the distrust of the professional 
for the enthusiastic amateur Again, awarenoea of 
public responsibility and of the impossibility of full 
impartiality and equality of treatment can also load 
to a clash between professional and amateur, and to 
divergence betwoen official and public Tho official 
is aware that ho has to doal with a world that is 
neither efficient rational nor oquitablo, and distrusts 
tho daim that the publio has an inalienable right to 
efficiency, impartiality and rationality He is also 
bettor aware than the public of moonsistoncioe which 
may mar their mutual relations 

All this bears profoundly on the two questions 
which Sir George Schuster discusses in his review of 
the working of tho National Hospital Service in 
Britain, entitled “Creative Leadership in a State 
Service’ * Can a Stote-directod service bo an 
instrument of dynamic progress and provide soopo 
for individual enterprise find initiative 7 Can State 
directed ‘wolf are* measures produce true welfare — 
that is, welfare judged according to a standard 
of value® appropriate to a modem society ? These 


• Creative Letdenhlp In * Bute 8ctrf« * J^SiiSiloa 
[CHDlUU md tb* State HwpjUt ) 

ider the Nation*! Health Sertce 
p. 111+80 (London Acton Socftty Tnat > 
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questions, however, may be considered m the light 
of three major pomts which Dr Chapman makes as tho 
outcome of his review of Western Europe as a whole. 

Fust, in every country the increase m public 
services has not been accompanied by sufficient 
serious thought as to the best way of absorbing them 
into the structure of tho modem State Tho hap- 
hazard croation of somi-public, public, quasi-pnvato 
and partly autonomous bodies complicates law, opera- 
tion and control Secondly, clarification m this field 
might help to disentangle some of the moro acute 
problems of public service law Thore is no sensible 
reason. Dr Chapman suggests, why a postman should 
be a Civil servant and a gas inspector or railway 
driver should not Nor is there any sorious reason 
why the vast mass of manipulative, clerical or oven 
executive staff employed m public administration, 
whose dutios are exactly comparablo with those in 
private employment, should not bo engaged on 
private law contracts A much more vigorous dis- 
tinction m public administration between public 
officials and private law employees would both 
simplify public service law and permit an oloment of 
flexibility m personnel matters which is lacking m 
many countries, and also allow tho general unification 
of the public services to be considered seriously Tins 
is particularly important at tho higher lovels, where 
it should promote a proper balance botwoen adminis- 
trators, managers and technologists, and remove 
some of tho anomalios which disturb tho Institution 
of Professional Civil Sorvants It might well bo 
reconsidered whether the chemist, the physicist, tho 
engineer, for example, engaged on professional dutios 
m tho Government servico, need necossarily bo a 
Civil servant unless tlioso duties include public 
administration 

Thirdly, Dr Chapman remarks that tho recont 
awareness of the need for better government public 
relations has gone no further than communicating to 
tho pubhc what tho public servico concerned is doing, 
rathor than why it is doing it Tins is an essential 
to informed pubhc discussion, but m his reasoned 
attack on tho socrotivonoss of British Government 
methods, Dr Chapman is too concerned with the 
negativo effects of secrocy to ompliosizo tho positive 
contribution of informed discussion to the functioning 
of democracy In Western democratic theory, 
government is the task of representatives of tho 
electorate, and no growth m tho complexity of tho 
tasks of government can make government the task 
of a profession , it can only emphasize tho respons- 
ibility of the professional administrator for seeing 
that the implications and consequences of particular 
decisions and policies are clearly understood by the 
elected representatives 

The relevance of Dr Chapman’s observations and 
suggestions to the problem of creative leadership 
which Sir George Schuster discusses m tho context 
of the National Health Service m Britain is apparent 
from the start of Sir George’s analysis That analysis 
follows on a general survey of hospital organization 
and administration under the National Health 
Service made by the Acton Society Trust, winch 


vindicated the Government’s originnl purpose fo 
allow the fullest possiblo decentralization of tho 
Hospital Servico While this should be maintain^ 
tho Acton Socioty Trust pomts out that the Ministry 
is still left with a responsibility it cannot abdicate^ 
that of giving inspiring leadership and guidance, 
interpreting tho lessons of decentralized experience, 
and involving national msourcos for dealing with tho 
piobloms that can only bo effectively handled on a 
national basis In particular, tlio Trust’s survoy led 
to tho conclusions that not onough had boon done to 
study and mtorprot current oxporionco , that a fro 
quontly changing junior political Munster is ill-placed 
to satisfy tho nood for continuous inspiring loadorship 
m a groat operating service , that tho Mmtatry as 
at present organized doos not provide a staff con 
taming onough men wuth tho right kind of knowlodgo 
basod on practical oxporionco in tho fiold , that this 
staff is itsolf hampered by lack of an adequate 
statistical and intelligence service, and that tho 
Ministry’s ad\ isory bodies cannot fill tho gap 

Sir Georgo Schuster bogins with Mill’s proscription 
— tho greatost dissemination of power consistent with 
efficiency but tho greatest possiblo centralization of 
information and diffusion of it from tlio contro, and 
with Mill’s dictum that a Government cannot havo 
too much of tho kind of activity which doos not 
impedo but aids and stimulates individual execution 
and develop merit In emphasizing, however, tho 
mtensoly human character of a health servico and 
the largo number of voluntary unpaid mombors con- 
cerned in its contro], Sir Georgo directs attention to 
two further questions which ariso out of those to 
which ho was askod to give special attention First, 
how — by what working methods and arrangements — 
can tho preservation of tho voluntary spirit of sorvico 
which is embodied in tho boards and committees 
of management bo most effectively combined with 
adoquate power for tho Minister to discliargo lus 
responsibility to Parbomcnt for ensuring officioncv 
and economy in tho expenditure of pubhc monoy 1 
Secondly, how r can tho professional freedom of 
medical practitioners and surgoons, on whoso skill tho 
work of tho hospital sorvico nltimatoly doponds, bo 
reconciled with tho just claims of public authority ? 

Obviously, tlioso are essentially tho questions that 
arise m regard to public oxpondituro on research and 
on the umvorsities, and tho answors Sir Geoigo 
Schuster suggests are of great intorost to those con- 
cerned with tho functioning of the University Grants 
Committee, pubhc accountability in the nationalized 
industries and the deployment and balance of tlio 
national effort in scientific and industrial rosoarch 
and tho control of oxpondituro m that fiold They 
are questions of far-ioochmg importanoo winch 
should bo a prime concern of tho nowly appointed 
Minister with spooial responsibility for scientific 
effort in Britain Moreover, whdo Sir Georgo Sehustor 
does not deal to any extent wuth tho quostion of 
professional freedom, ho has raisod a gonoral issuo 
which demands tho attention of professional bodies 
generally, and tho importance of which in its bioadest 
context has also boon admirably statod by Sir Solly 
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^ Zuekorman in hrs recont address (see Nature , July 18, 
p 136) delivered at the California Institute of 
03 Technology 

^ Ii is no disparagement of the importance of the 
1 National Health Service to suggest that 3ir George 
a Sihuster’s pamphlet is of even wider public interest 
ii in the context of the problem of government generally, 
** tho place and use of the expert in public affaire the 
responsibilities of professional organisations and the 
r functions and staffing of the Civil Service Like Dr 
a Chapman, he displays issues whore freeb thought is 
urgently required practices which require critical 
j and independent examination, and preconceived 
ideas and even traditions which should he challenged 
r It is to bo hoped that the place of his pamphlet in 
; tlie survey of the National Health Service made by 
ij the Acton Society Trust will not lead other pro 
fesaionttl associations, or indeed the scientist and 
. technologist gcnerallv, to miss the challenge to 
; creative leadership which ho offers to them no leas 
than to the medical profession itself 

BRITISH INDUSTRY 

The Structure of British Industry 
A Symposium Edited by Duncan Burn Yol 1 Pp 
xvn*f403 46 .t net Vol 2 Bp xu+499 60s net 
(National Institute of Economic and Social Research ) 
(Cambridge At the University Press 1968 ) 

F )R a long time the best general account of the 
mam British industries m a single book has been 
Prof G C Allen’s famous work, “British Industries 
and their Organisation”, first published as long ago 
as 1933 though mode mixed m successive editions 
since The two volumes here under review constitute, 
therefore the first new major attempt for a long time 
to provide something which, in principle, every British 
student of economic* (and nmnv overseas students) 
would like to have 

As a new standard text book and work of reference, 
this book has very great strength, but also, inevitably 
some weaknesses Its strength is that it calls upon 
an extremely able team of writers many of them 
fresh from, or still engaged m, the task of writmg 
larger monographs on the industries which they here 
discuss the rest, who ha\ e made investigations for 
tho sole purpose of their contributions to this sym 
posium remarkably well selected and successful 
Its weakness is that it lacks tho uniformity which can 
bo achieved by a smglo author, asking roughlv the 
samo questions about a number of industries Apart 
from sotting out the faots of si*o and number of firm* 
the different contributors adopt a variety of 
approaches uhich makoe the editor’s gallant effort 
to treat some matters of general interest in his final 
chapter a difficult ono Tho student may also find 
the size and cost of this important work formidable 
It would be wrong however, to judge it merely as a 
text-book It is an important fact about economia 
studies that in the past docado or two, while nt thoir 
theoretical end they have been accused of becoming 
more difficult for the practical man to understand, 
they hnvo undeniably gnmed enormously m realism 
through economists consorting with practical men, 
either as Civil servants or as studonts of industrial 
problems in tho fiold No ono man can nowadays 
attain to comprehenBivo first hand knowledge of a 


wide range of industries, aa Allrod Marshall was able 
to seventy years ago— hence the necessity for a 
symposium — but the intimacy of the knowledge 
attained by the contributors and the fundamental 
nature of the questions which some of them attempt 
to answer on such matters as pricing policy, are 
evidence of the increased penetration of economists 
generally into the realities of industrial life 

A list of the industries dealt with shows the wide 
scope of these volumes agriculture, bull ding road 
and rail transport, coal, oil, chemicals, steel, building 
materials, machine tools motors, aircraft, shipbuild 
ing, electronic* cotton and rayon textiles, woollen 
and worsted, man mode fibres pottery, phammoeuti 
cals, and cutlery It suggests too the variety of 
different atmospheres’ to be dealt with ranging from 
those dominated by State policy, os in the case of 
agriculture and aircraft production to the predomm 
antly private commercial atmosphere of, for example, 
the pottery industry , or from ferments of technologi 
oal change as in electronics or pharmaceuticals to 
the statio environment of wool textile* It need 
scarcely be said that the nature, possibility and mean 
mg of competition vary enormously from ono industry 
to another The more cl os eh, one looks at most 
industries (even those which are in some sense the 
most competitive'), the further they appear to He 
from the old model of ‘perfect’ competition betwoen 
firms making exactly similar product* Tho nearest 
simple model of wide application, indeed, would seem 
to be that of oligopolistic’ competition, bo tween 
firms whioh compote directly (or not quite directly) 
with a fairly small number of other*— though with tho 
important reservations that ‘potential competition 
often from users of the product who might turn to 
manufacturing it themselves, is frequently just round 
the comer, and that tho weapon of competition is 
increasingly often an improvement in design rather 
than a reduction in price Nearly everywhere there 
is some evidence of increasing concentration, but in 
very many place* tho small firm is remarkably 
viable, not bj any means always for the same reason 
Where concentration ha* gone so far na to creato 
monopoly power it becomes very evident that this 
power though it may not bo harmless, is subject to a 
variety of checks, quite apart, from thoso imposed by 
legislation The case of coal whore absolute monopoly 
is itself the product of legislation, shows how powerful 
the restraint imposed by competition from quite 
different products can be 
The question how far the structure of British Indus 
try conduces to high and increased efficiency is one 
which, again, admits of no eiroplo answer The very 
general impression indeed, is that the adjustments 
of the past twenty years have been mado with reason 
able smoothness and with gams of efficiency which 
are often striking This however, should not lead 
the reader into complacency Tho contributors to 
this work have the relatively pleasant task of portray 
ing British industry on Bio favourable wicket of 
expansion In the national economy and in world 
trade It la a very different story from the agonizing 
chronicle of difficult contraction m so many of tho 
bosio industries between the Wars It may be as 
woll to reflect that, while wo may hope never again to 
seo general stagnation of tho economy or a major 
depression in its total aotivifcy, wo have given a 
number of hostages to fortune m, for example motor* 
and shipbuilding, whioh may find how much more 
difficult it is to be progressive in nd ' r 
prosperity A 
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TURNING POINTS IN PHYSICS 

Turning Points in Physics 

A Sonos of Lectures given at Oxford University in 
Trinity Term 1958 By It J Blin-Stoylo, D ter 
Hoar, K Mendelssohn, G Tomplo, F Waismann 
andD H Wilkinson (Series in Physics ) Pp v-f 192 
(Amsterdam North-Holland Publishing Company , 
New York Interscionco Puhhshors, Inc , 1969 ) 20s 

D URING Trinity Term, 1958, a serios of lectures 
was organized by the Header in the Philosophy 
of Scionco and the lecturer m the History of Scienco 
in tho University of Oxford The lectures, collected 
in this volume, aro (1) “The End of Mocliamstic 
Philosophy and tho Rise of Field Physics”, by 
Ur R J Blin-Stoylo , (2) “Tho Quantum Naturo of 
Matter and Radiation”, by Dr D torHaar, (3) “Pro- 
bability enters Physics”, by Dr K Mendolssohn , 
(4) “From tho Rolativo to tho Absolute”, by Prof, 
G Tomplo ; (5) “The Doclrno and Fall of Causality”, 
by F Waismann, and (0) “Towards Now Concepts 
Elementary Particles”, by Prof D H Wilkinson 
The audionco to whom thoy wore originally addressed 
was eomposod of philosophers and scientists u ho wore 
not physicists The publishers suggost that they can 
bo understood by laymen , I have tho word of an 
historian colloaguo, who rocommondod tho book with 
great onthusiasm for tho genoral library, that this is 
so He had some reservations, it is truo, about grasp- 
ing all tho points raisod , and it is not oxactly light 
reading, oven for tho scientist As an account of tho 
origins and dovolopmont of tho present state of 
theoretical physics it is most stimulating , and to 
bo ablo to commumcato so much of the physicist’s 
outlook at a non-specialist lovol is a magnificent 
achievement 

Hie title “Turning Points” is ltsolf significant 
Thirty or forty years ago classical physics was spoken 
of m rather dismal terms of ‘downfall’ , by mferonce, 
tho supplanting modom physics was undergoing 
uplift — and it apparently did, quite out of this world 
But tho outcome of all this has not been depression 
or exaltation , nothing loss than a comploto re- 
oriontation of all our ideas has been nocessnry, and 
this turning has not roally boon a sudden ovent 
As tho first locturo points out, tho fulcrum was 
effectively sot up by Faraday , and the statistical 
approach goes back nearly os for — but applied only 
to classical particles The quotation from Niels 
Bohr — “My method is to try to say what I cannot 
say, bocouso I do not understand it” , Dr Wais- 
monn’s statement that quantum physics presents a 
strong case against traditional logic , and Prof 
Wilkinson's remark that the first stumbling block for 
pooplo who want to understand tho elomontary 
particles is that some of tho things thoy learn run 
counter to common sense, botwoon them emphasize 
the kind of turning that is demanded In tho macro- 
scopio world of everyday life, wo can ‘understand’, 
use classical ideas, relate matters as ‘cause and effect’” 
work to the rules of logic, and bo guided by common 
sense In the microscopic world of atomic phyBics 
none of these things can happen The physicist has 

to hve a life of double-dealing between two worlds - 

observing with macroscopic apparatus, and interpret- 
ing in terms of microscopio concepts which havo no 
counterparts in ordinary life, either m essence or m 
behaviour Each of the lectures shows clearly the 
terms of reference within which modem physics 
operates 
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Rule out causality, mechanical particles, identifi- 
able individual particles, and the appeal to analogy 
taken from everyday life, and what is left of tho 
microscopic world except concepts that can only 
be handled as mathematical abstractions ? This 
question, which is tho real difficulty facing the 
ordinary roader (and most of us older physicists as 
well), is squaroly met in tho contributions of Prof 
Wilkinson and Prof Tomplo Tho answer is, general 
invariance or symmetry or conservation conditions, 
and ‘properties’ (if that is tho term) to which such 
conditions can apply — such ns Nowton’s third law of 
motion (Tomplo) or the conservation of isotopic B pm 
(Wilkinson), which seem indeed to havo much in 
common 

Illustrations and oxamplos strike a fresh and 
original noto Tho derivation of tho Lorontz trans 
formation (Tomple) is neater and simpler than that 
m the toxt-boolcs Tho conflict between causality and 
tho uncertainty prmciplo (WaiBmann) is illustrated 
by idoahzed oxporimonts, and numerous examples of 
the application of tho prmciplo aro givon The 
account of tho olomontary particles (Wilkinson) is 
both up to dato m content and suporb m its clanty , 
the author doos not, of courso, lament that physicists 
aro largo comparod with m f , and long-lived by 
K - moson standards — but ho mentions that this 
immense difference in scalo prevonts us from oven 
being ablo to doscribo tho microscopic world in ordin- 
ary language at all Tho lighter touches and personal 
reminiscences that drop into plnco hero and thoro 
suggost that tho authors wore thoroughly enjoying 
their task , thoy must havo dono, to bo able to 
accomplish it so brilliantly G R N oakes 

CATALYTIC PROCESSES AND 
PETROLEUM 

Catalysis 

Edited by Prof Paul H Emmett Vol 0 Alkyla- 
tion, Isomerization, Polymerization, Cracking and 
Hydi oroformmg Pp vi + 706 (New York Rein- 
hold Publishing Corporation , London Chapman 
and Hall, Ltd , 1958 ) 150s net 

T HIS volume is tho penultimate ono in this very 
comprehensive senes , it doals with tho catalytic 
processes that havo now such an important place in 
the petroleum industry Tho oditor is to be con- 
gratulated on this further stage of his monumental 
task and in particular on achieving a very reasonable 
uniformity of treatment m the six ‘chapters’ writ ton 
by eleven authors Each chapter forms a clearly 
defined section dealing with an important refinery 
operation involving catalysis and comprising alkyla- 
tion (with 69 references), isomorization (322 refer- 
ences), polymerization of olefines (212 references), 
catalytic cracking (126 references) and roformmg 
(164 references), together with a ohaptor on the 
mechanism of polymer formation and decomposition 
(374 references) The largo number of references 
makes the volume a valuable starting point for further 
study, particularly to chemists entering tho petroleum 
and petrochemicals field At the same timo tho 
authors have accepted the responsibility of survoying 
this mass of literature and presenting it as a coherent 
account and not simply as a collection of abstracts 
Earlier volumes in this series dealt, of course, with 
trie fundamentals of catalysis, so that the authors horo 
are free to deal with the more specialized and prnc- 
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ticnJ aspect* This still leaves a large field to be 
covered and in moat cases tho authors set dourly 
defined limits to the subjects they discuss 

Alkylation Is dealt with m a dear and concise 
maimer, and tho comment in this chapter that "the 
development of a body of knowledge in alkylation 
embraces in chronology tho development of highly 
precise analytical distillation methods and spectro- 
scopic identification methods for hydrocarbons' ' 
can apply to each chapter in turn It is interesting, 
though possibly fruitless, to speculate on the course 
of events if our modem techniques of hydrocarbon 
analysis had been available to the pioneers in this 
field 

In the chapter on isomerization, a much more 
complete treatment is attempted under the headmgs 
General Aspects and Mechanisms”, "Kinetics ’ and 
Equilibria” The treatment is very systematic and 
will be of particular value to research workers enter 
mg this field It is irritating, however, to find 
bracketed explanations sudi ns “BF, (boron tn 
fluoride)” and oven “I, (iodine)” in a book of this 
typo The chapter on mechanisms of polymer forma 
tlon and decomposition follows, its scope being 
clearly defined and topics such as poly condensation, 
co polymerization and hydrolytic and enzymatic 
cloavago reactions are included * This is an excellent 
survey of the specified fields Polymerization of 
olofinos is the subject of the next chapter, tho pro 
eentotion being limited to liquid polymers only, 
ranging up to lubricating oils and viscosity index 
improvers- After an oxoellent discussion of the 
thermodynamics and mechanisms, commercial pro 
cesses are dealt with in moderate detail Tho beliav 
lour of pure hydrocarbons is the main thorn o of tho 
chapter on catalytic cracking, the commercial pro 
cesses being discussed only briefly Tills again Is a 
necessary limitation m such a wide field A list of 
twelve phenomena is given, which it is suggested 
an acceptable theory of catalytic cracking should 
explain The poisoning action of nitrogen bases, a 
discussion of which immediately precedee the hat, 
might well have been added to it The final chapter, 
on catalytic reforming, mcludofl a good deal on the 
commercial processes and is again a valuable survey 

Tho printing and diagrams are up to the high 
standard one expects, and the volume will certainly 
join the others of the series as an important oontribu 
tion to the literature of chemical industry in the 
wideat sense David M Wilson 


SEX ON THE FARM 

Reproduction In Domestic Animals 
Vol 1 Edited by H H Colo and P T Cupps Pp 
xv +651 (New York Academic Press, Ino , 

London i Academic Frees, Inc (London), Ltd-, 
1069) 14 60 dollars 

T HIS book, when tho second volumo is publish od, 
will have to stand comparison with such woll 
known treatises os “Allen’s Sox and Internal Socro 
tions”, a third edition of which is in preparation, 
"The Hormones", edited by Pincus and Thimann, 
and, above all “Marshall's Physiology of Repro 
duction”, publication of tho third edition of which 
bognn in 1052 and is not yet oomploto 

Tho present volumo opens with two chapters on 
the anatomy of tho male and fomalo reproductive 
organs and is thereafter almost wholly conoemod 
with tho fomalo There aro four chapters, throe of 


which are of a fundamental nature, dealing with the 
role of various hormonea and of tho nervous system 
in reproduction After five chapters describing the 
cestrous cycle of farm animals and the bitch {appar 
ently tho cat is not considered a domestic animal), 
fertilization, implantation, tho physiology of the 
placenta and pregnancy, and parturition ore covered 
in four chapters The volumo ends with a chapter 
on lactation. 

In tho space available it is impossible adequately 
to write a critical appreciation of so important a 
book , all that can be done, at the risk of appearing 
invidious, is to refer to thoso topics which particularly 
interest the reviewer He woll remembers the 
absorbing intercet with which he read in 1039 0 G 
Hartman’s outstanding chapter m “Sex and Internal 
Secretions' ' (second odltion) Does the present 
volumo contain a chapter comparable with this T 
This is scarcely to be expected since the power to 
write so vividly is unfortunately rare Perhaps 
0 IV Emmons’s contribution on the rolo of tho 
gonadal hormones in reproduction comes closest, for 
it is written m a flowing style and deals lucidly with 
a complicated subject Miriam E Simpson gnes an 
authontativo and well written account of tho pituitary 
and other gonadotrophins, though hor treatment of 
tho subject might appear to be orientated towards 
man rather than farm animals C IV Turner s 
chapter on tho thyroid, adrenal cortex and posterior 
pituitary hormonea la something of a mixed bag, 
heavily over-ehadowed by a discussion of practical 
applications of thyroid physiology in the domestic fowl 
and farm animals, a subject which might well liavo 
boon assigned a chapter on its own Tho adrenal 
cortex and posterior lobe hormonea could easily havo 
been expanded to separato chapters T .T Robinson s 
contribution is noteworthy for an interesting and 
largely first-hand account of how tho oostrous oj clo 
of the ©wo can bo manipulated hormonally with tho 
view of increasing fertibty it includes a short 
Boction on the 'doe' which, despite the ‘Short or 
Oxford English Dictionary”, turns out to be tho 
female goat The brevity of this section reflects the 
paucity of experimental work on this species and ft 
is the more surprising that a ten > oar old paper by 
the reviewer and his colleagues on out-of season 
breeding was overlooked J Meltee contributes a 
comprehensive review of mammary physiology with 
much of which the reviewer has Httlo quarrel, though 
two points merit mention Even considering that 
tho chapter must have been written nearly two yoars 
ago, it is surprising to learn that eomatotrophin has 
no major rolo in mammary growth, and also to seo 
cogent evidence for a rolo of oxytocin in tho release 
of prolactin dismissed so su m marily 

A book of this nature must bo considered as a 
whole rather than as a collection of isolated essays, 
and If it is to be successful the editorial guiding hand 
must bo all pervading, if unobtrumvo One critioism 
of tho preeont book is that thoro is too little evidence 
of oditorial co-ordination For oxamplo, posterior 
pituitary hormones, principally oxytocin, ore dealt 
with in several chapters but with httlo cross 
referencing , tho same applies to relaxin The value 
of the book to tho reader would have boon much 
enhanced had adequate cross references boon given 
in thoso and many other instances A number of 
othor blemish os could have boon oliminstod by 
sterner editorial action. There aro mfolioitioa * 1,oh 
M tho use of “boor’ and "pork ’ to <?«wr)bo 
glands from the ox and pig (yot "mutton is not 
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used for sheep pituitaries, as it should have been for 
consistency), and the -widespread use of the inept 
term “let-down” which the reviewer thought he had 
knocked out twelve years ago, but which has per- 
sistently refused to he down There are some incon- 
sistencies such as the use of “dog” rather than 
“bitch”, whde the females of the ox, horse, sheep 
and pig are called “cow”, “mare”, “ewe” and “sow” 
Bibliographical errors are also more frequent than 
they ought to be, particularly in Chapter 7 British 
readers are by now inured to what seems to be 
becoming standard American practice in the use of 
prepositions (two of tbe more startling examples 
being “identical to” and “different than”), but in a 
book of this calibre one would not expect to find a 
sentence like (p 1G3) “A hypothyroid monkov put 
on a very low thyroid dosage for a period of ton days 
always resulted in the return of menstrual function” 
The mam justification for the publication of this 
book m face of the well-established and authoritative 
treatises mentioned at the beginning of this review 
must he in its emphasis on farm animals and its 
relatively modest price, which will bring it within the 
reach of the private purchaser Is this publication 
justified ? On the showing of this first volume the 
reviewer thinks so, despite the criticisms mentioned 
above, and he is glad to recommend it 

S J Folley 


HAEMOGLOBIN AND SENSORY 
MECHANISMS 

Progress in Biophysics and Biophysical Chemistry 
Vol 9 Edited by Prof J A V Butler and Prof B 
Katz Pp vn 388 (London and Now York Per- 
gamon Press, 1959 ) 105s net 

F OLLOWING the present reviewer’s criticism in 
Nature of the previous -volume of this series on 
the grounds that few of the articlos matched up to 
the aims stated m the preface, the editors have 
prudently suppressed the customary preface in this 
volume Perhaps they need not have feared , their 
aims may well bo achieved, for five out of the seven 
articles are written m such a w ay as to be lntolhgiblo 
and interesting to non-specialists m their subjects 
Two of these articles have the special flavour that 
only comes when a scientist with a flair for exposition 
describes the development of a subject he lias him- 
self largely invented and contributed to These are 
F J W Roughton on the kmetics of oxygen and 
carbon monoxide uptake by red colls and by solutions 
of haemoglobin, and W A H Rushton on visual 
pigments and their measurement in the living human 
eye Hie book opens -with an enthusiastic and lnglily 
interesting account by Q E Gibson of the rapid 
reactions of haemoglobin with gases The last article 
which can be recommended without reservations as 
to style or scientific content is that m which JAB 
Gray describes what is known of the way sensory 
endings, sensitive to mechanical ch ang e, convert 
mechanical energy into streams of nervous impulses 
he illustrates the argument mainly from his own and 
his collaborators’ pioneer work on the Pacinian 
corpuscle 

It would have been churlish to exclude the article 
by D A McDonald and M G Taylor on the hydro- 
dynamics of the arterial circulation from the category 
‘intelligible and interesting’, but after reading it I 
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found I was not convinced eithor that their problen 
was an important one, or that they had advancer 
much towards a solution 

The two romaming papers are by A Peterlm 0r 
molecular dimensions and light scattering (fiftei 
pages of references) and by C do Duve, J Borthot and 
H Beaufay on gradient contrifugation of coll particle? 
Both of tlieso appear to bo competent and cleat 
descriptions of tho theory and practico of their highly 
specialized techniques, which would no doubt bo of 
groat convenience to anyone directly concerned 
But this volumo is supposed to bo about progress 
Is a technical description of tho methods by which 
progross may have been achiev od in tho past and bv 
which it is hoped to achiovo it m tho future any 
substitute for a critical account of progress 1 It 
certainly makes very much duller reading than tho 
real thing Fortunately, there is plonty of tho real 
thing in this mainlv excellent work 

P A Merton 


COLOUR REPRODUCTION 

The Reproduction of Colour 

By Dr R W G Hunt Pp 208 + 10 plates (London 

Fountain Press, 1957 ) 03s net 

T HIS book expounds tho principles and tho 
crucial toclmical dovices of tho processes used 
m colour reproduction m photography, printing and 
tclov ision Many of tlieso processes are now oxtromoK 
intricate — for oxamplo, tho action of tho couplers of 
various kinds used in colour photography and tho 
coding and transmit ting of colour information on 
television wav-o -bands of limited width In the 
difficult task of explaining essentials in an easily read 
text with clear and simple diagrams and a minimum 
of mathematics, tho author liaB boon highly success- 
ful A course of lectures (Royal Institution, 1953) 
was tho starting point and much of tho freshness 
and intimacy of a good Jecturo stylo has boon pro 
served 

A common olemont linking all the reproduction 
teclmiques is a dependence on the basic ideas of 
colorimetry and tho perception of colour by tho 
human eye, fields in which Dr Hunt’s own researches 
are well known Tho exposition hero is unexception- 
able and, most important, it has not boon allowed 
to expand imdulv so as to upsot tho balanco of tho 
work Colour reproduction techniques, m tlioir 
primitive form, nro not capablo — even theoretically — - 
of giving exact reproduction, and much of what 
Dr Hunt has to say concerns colour correction 
mothods tho nine pago chapter on tho general 
masking method m photography and tho discussion 
of developments from Nougobauor’s analysis of dot 
imago reproduction m printing are particularly 
informative brief-accounts Tho difficulties of assess- 
ing the ‘quality’ of tho final result in colour reproduc- 
tion aro well brought out, with emphasis on tho 
inadequacy of a domand for a simple point-to-pomt 
correspondence with tho original 

Although the book appears to bo addrossod mainly 
to a rather lay circle, that is to say, people having to 
do with colour pictures m various ways but not 
oxperts, it is certain that many readers, knowledge- 
able in one area of the vvido field covorod, will find 
most useful this insight into rotated toclmiquos In 
the quality of tho coloured plate illustrations tho pub- 
lishers have not failod tho authoi W S Steles 
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Excursion Flora of the British Isles 
By A.R Clapham, T G Tut in and E F Warburg 
Pp xxxiii 4-579 (Cambridge At the Dnhereity 
Frees, I960 ) 22s 0d not 

T HIS volume has boon developed from Clapham, 
Tutm and Warburg’s “Flora of tho British 
Isles”, published in 1952, by curtailing descriptions 
to littlo more than is needed, ferr identification, by 
omitting all information not strictly relovant to 
identification, by omitting most of the rarer moun 
tain species and by simplifying the accounts of such 
critical genera as Ilubus and Hxcracnm Tho result 
is very considerably to reduce the time taken in using 
the keys and substantially to out down tho number 
of wrong turns that a beginner con tako The book 
also is a bare throo -quarters of an inch thick as 
against the solid two inches of tho original 

In practice, It lias been found that oven a beginner 
can identify plants satisfactorily with tho aid of the 
excellent glossary, which lias boon retained from the 
original work, and tho authors must be congratulated 
most warmly on having produced mi oh a praotical 
book with up to -date nomenclature and equally up 
to date information In tlioso way's their work is 
beyond critiousm. There are, however, two gaps to 
bo fiilod Tho first is illustrations, and this could 
easily bo filled by' a companion volume taken from 
tho illustrations to tho larger volume by Sybil 
Roles Vol 1 of which has already appeared Her 
line drawings in this cose with only one to the pago 
and with only those species here included, would 
mako an invaluable supplement Our other need is 
for a student ’e flora m Hooker’s sense Tho present 
volume could easily bo modifiod for this purpose by 
the addition of something oomparabie to Hooker’s 
synopsis of natural orders and natural arrangements 
of families P Faxk 

Sol! Chemical Analysis 

By Prof M. L Jaokson Pp xiv+498 (Englewood 
Cliffs, N.J Prentice-Hali Ino London i Con 
stable and Co , Ltd , 1958 ) 57s 6d net 

T HE seventeen years that have elapsed since the 
publication of Piper a “Soil and Plant Analysis” 
have seen rapid advances in tho subjoct of soil 
chemical analysis, notably by the widespread adoption 
of speotroscopic techniques, and a considerable neod 
lias been felt in recent years for an authoritative 
up to date treatment of methods of soil analysis It 
is fortunate that Prof Jackson has undertaken the 
task of meeting this noed, because his diversity of 
interests and long experience of the oomplox problems 
of soil onalyBiB have eneblod him to write a book tliat 
is much more than a collection of recipe* Within 
the compass of 600 pogoe he deals adequately with 
nearly all the techniques employed in modem roiI 
chemical analysis and also finds space for alternative 
methods of analysis This coverage has been achieved 
by judiolous eoloction of methods and references, 
concise writing and good organisation of the subject 
material (evorv paragraph is numbered to permit 
cross roferenco) 

It is easy to criticize a book of this type, and some 
analysts will undoubtedly question the omission or 
inclusion of certain procedures There are a con 
sidornblo number of typographical errors, the index 
is rather inadequate and tho relevance of some of 
tho quotations under the chapter titles is obscure 
However, these are minor defects, and this work 
deserves praise rather than criticism The book is 


well illustrated, reasonably pneed and generally 
well produced, although a more suitable type of 
paper could perhaps have been found for a book that 
seems destined to spend much of its life on laboratory 
benches 

This work is indispensable to anyone conoemod 
with soil chemistry It should be particularly welcome 
to teach ora, because lb includes suggestions for a 
laboratory course, portment questions at the end of 
oaoh chapter, and admirably concise discussions of the 
principles of various methods T M Bremner 

Curare and Curare-Uke Agents 
Edited by D Bovet, F Bovcfc-NItfci and G B 
Martin Bettolo Pp xi + 478 (Amsterdam Elsevier 
Publishing Company , London D Van Nostmnd 
Company, Ltd , I960 ) 66s 

T HIS book is the outcome of an international 
symposium hold m Rio de Janeiro in August 
1967 It is vory different from previous monographs 
on ourare and from tho now familiar pattern of con 
feronces of which the namoa of tho participants can 
almost be predicted from the title both the wide 
scope of tho book and the large number of oon 
tribute ra from Sooth Amonoan countries are welcome 
innovations The home countries of the curare 
alkaloids have pro\ided specialists reporting on tho 
botany, history and othnologj of curare, on the 
methods used to prepare the poisoned arrow's on tho 
survival in present days of the use of ournro for 
hunting purpose* Other parts of tho book deal with 
classical organio chemistry, pharmacology and clinical 
uses of curaro and its synthetic substitutes , there 
aro fascinating speculations on tho roccptor-drug 
interaction, which is no longer considered as a stable 
equilibrium but as a dynamic process in whioh not 
only the drug but also the receptor may suffor 
deformation and therefore changes m the course of 
timo The book is well produoed , tho autoradio 
graphs (in P G Waser b ortiole) of end plate regions 
of muscle poisoned with decomothomum are par 
tioularly beautiful Majvthb Voqt 


Outline of Historical Geology 

By A K- Wells Fourth edition revised with the 
assistance of J F Kirkaldy Pp xv+398 (London 
George Allen and Unwm, Ltd 1969 ) 32* net 

A K WELLS'S “Outline of Historical Geology 
was first published in 1937 and was then intended 
as an introduction to the stratigraphy of Groat Britain 
for the general reader presented in such a wa> as to 
stress the cultural or philosophical valuo of historical 
geology Later editions, written with the assistance 
of J F Kirkaldy, enlarged the scope of tho work to 
make it more suitable for the use of students reading 
for a degree in geology or geography In the present 
fourth, edition, further improvements and additions 
have been made A now chapter has been moludod 
cm the Pre "Devonian rocks of Scotland, which moor 
porates tho results of recent research on Highland 
stratigraphy and structure New data on tho Pro 
Cambrian of Shropshire, on the nature of tho chalk, 
and on the Roaldon ‘delta’ are also mclodod among 
the revisions that have boon made Solectod refer 
on cos now appear at the end of each chapter Despite 
the pressure of now facts, the authors have contrived 
to maintain the emphasis on principles, in accordnnoo 
with tho aim with whioh tho first edition waa intro 
dneed, rather than tho moss of detail into which tho 
teaching of stratigraphy can too easily do&jncnxt 
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PREPARATION OF DIAMOND 

By Drs H P BOVENKERK, F P BUNDY, H T HALL’*', H M STRONG 

and R H WENTORF, jun 

Chemistry Research Department, General Electric Research Laboratory, 
Schenectady, New York 


I T would be good to bo ablo to write a paper entitled 
“The Preparation of Diamond”, in which all the 
factors affecting diamonds wore nicely accounted for 
and the formation of diamond was complotoly ex- 
plained But the work winch has been carried out 
on this problem indicates that diamond can form in 
several different ways, and that stubborn mysteries 
still surround somo of them This article, thoroforo, 
is more of the nature of an interim report which 
describes the salient features of the knowledge 
obtained so far rather than a complete exposition 
of diamond formation 

All the observod casos of diamond preparation m 
our laboratory have occurred at pressures and tem- 
peratures appropriate for tho thermodynamic stability 
of diamond Fig 1 shows a diamond-graphite 
equilibrium curve For tomporaturos up to 1,200° K 
the path of tho curve has been estimated by Rossini 
and Jessup 1 , Simon* and others from thormodynamic 
data For temperatures between 1,500 and 2,700° K , 
the path of tho curve has boon determined experi- 
mentally by observations of the growth or disappear- 
ance of small diamond crystals immorsod in suitablo 
media 3 
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The experiments which form the basis for most 
of this article were usually performed in a tapered 
piston apparatus capable of very high pressures 
which enabled us to attain diamond stability at high 
temperature Figs 2a and 26 illustrate the taporod 
piston 'bolt’ apparatus wduch will be discussed m 
detail by H Tracy Hall in a separate paper sub- 
mitted for publication Many of the most promising 
systems were examined at several pressure-levels as 
appropriate apparatus- was developed Diamond - 
* Now at Brigham Young University, Provo, Utah 


doos not always form whoro it Is thermodynamically 
stable , this is wdiat makes diamond synthosis so 
interesting 

Tho cliomical systems which woro studiod in con 
noxion with diamond synthosiB can bo conveniently 
grouped ns follow's (I) direct transition, gmplnte 
to diamond , (2) systems involving carbon and 

oxygen , (3) systems involving carbon ns salt-liko 
carbides , (4) miscellaneous chemical reduotions , 

and (5) systems im olvmg carbon dissolved m molten 
motals 

(I) Direct Transition, Graphite to Diamond 

The driving forco for tins reaction is tho mcroaso 
of density upon going from graplnto to diamond On 
tho othor hand, tho high hoat of vaporization of 
carbon (moro than 100 k cal /gm. mol ) implies that 
a high tomporatnro will bo nocossary boforo much 
rocrystnllization of tho carbon occurs Indood, tho 



Fig 2a Tho ‘bolt’, ultm-hlgh-pressuro.hlBh.tonipcraturcasscmbly 



Fig 2b. Photograph of apparatus 
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usual range of temporatures for farming graphite 
industrially from petroleum coko, pitch, etc is about 
1,800-2,400* C , and somo carbons grnplutize only 
slightly at temperatures higher than theso 

Some studies made in this laboratory of the 
graphitixation of diamond at 0 1 and 20,000 atm 
showed that the graphitixation began at 1,600- 
S.OOO^C , dopondfng on tho particular diamond, and 
that, in general, lughor tomperaturos were nocoeeary 
to graph! tizo diamond at 20,000 atm. than at 0 1 atm 
From tho change In rate constant with pressure, the 
\olumo of tho ‘aotivatod citato* wo* estimated at 
about 160 c c /mol , and tho rate of grnphitization, 
w atoms per second, was observed to be 10‘ timoe 
the rnto of cmporotion for the same temperature 
Thin Indicated that tho diamonds hocamo graph itixod 
by groups of atoms rather than atom by atom For 
the reverse reactions, graphite to diamond, it would 
bo reoeonnble to expect a similar reaction mechanism, 
because the strong intra sheet binding forces m 
graphite wouJd tend to inako each shoot behave as a 
unit (as happens in tho formation of 'graphite 
sulphate or potassium graphito) Although tho 
coherent sets of shoots of atoms (*cr> statutes’) m 
graphite or \anoua carbons contain perhaps only 
10< or 10* atoms, tho pressure volume energy of such 
a crystallite is largo oompnrod to kT at only moderate 
pressure© (20,000 atm ) It is known that in some 
carbons the crystallites are rearranged only reluctantly 
to form commercial graphite even at 2,700* C and 
1 atm. Thus the offoefc of increasing pressure Is to 
slow down greatly any rocrystallixation of solid 
carbon, and this slowing down more than offsets tho 
thermodynamio driving foroe toward diamond gained 
by increasing tho pressure Experiments in which 
graphite was boated at high pressure served to squeeze 
tlie microecopio voids from tho material so that its 
density bocamo nearly tho theoretical density of 
graphite, but no diamond was formed, oven at 
120,000 atm Perhaps diamond could crystallize 
from molten carbon at a sufficiently high pressure 
but supposing the molting temperature of carbon to 
be 4,000* 0 at this high pressure, one would estimate 
by an extrapolation that tho required pressure would 
bo in tho neighbourhood of 200,000 atm (The 
increasing incompressibility of graphito with pressure 
indicates that tho required pressure might bo men 
highor than this ) Such an experiment has evidently 
not yot boon porformod 

(2) Systems involving Carbon and Oxygen 
Such systems ore attractive because they are 
chemically vorsatilo and tond to favour ahphatlo 
rather than aromatic carbon-carbon bonds The 


oxide mineral inclusions m natural diamonds 4 -* 
suggest that perhaps certain oxides could play a 
part in diamond formation, perhaps through a shift 
in the carbon monoxide - dioxide equilibrium In 
spite of oil theso attractive features, only graphito 
or amorphous carbon over appeared as products from 
theso systems, with one posenblo exception This 
oxcoption was the reduction of lithium corhonato by 
lithium metal at high pressures The carbonaceous 
reeiduo gave a fooblo Dobyo-Sch error pattern for 
diamond and scratched glass m a way characteristic 
of diamond (tiny holical chips wore ploughed out of 
tho scratches) A few tiny triangular faces, I-10u 
on edge, could occasionally bo seen but not identifier 
Further oxpenmonta did not produce more abundant 
or larger crystals 

Other systems which were oxo mined included 
similar reductions of cwbonntos oxalate© or formates 
by metals the decomposition of iron molybdenum 
or chromium carbonyls either pure or in solution m 
stannic ohloride or molten salts , tho decomposition 
of sugars and ketones tho electrolysis of molten 
carbonates or finally, the attempted solution and 
transport of elemental carbon in various molten 
oxides suoh as boratee silicates, phospliatee blue 
ground’, etc 

(3) Systems involving Carbon as Salt like 
Carbides 

Thoee systems are attractive bocauso they are 
comparatively rich in carbon, contain carbon atoms 
as freo ions which could easily be built into a diamond 
lattice after a simple reduction and are chemically 
active at low tomperaturos However, only tho high 
pressure decomposition of Jitlmim carbide by the 
outward diffusion of the lithium ever yioldod any 
potentially diamondiferous product Tho material 
from this decomposition gavo a weak Dobyo-Scherror 
diamond pattern, corresponding to a diamond content 
of about i per cent, and also scratched glass to leave 
the characteristic hohcnl chips 

Other more disappointing reactions included the 
decomposition 2MgC, — ► Mg,C, + C tho cynnanude 
reaction CaC, -f N,-^CaCN* -f C the electrolysis 
of calamm ot lithium carbides, and the substitution 
reaction S/C + Ge — *■ SJOo + C 

(4) Miscellaneous Chemical Reactions 
Carbon disulphido is thermodynamically unstablo 
at ordinary pressures and temperatures At pressure# 
about 45 000 atm and 400° C it was found to change 
into the block solid described by Bndgmnn T In 
combination with various metals used aa catalysts 
or reducing agents, carbon disulphide changed into 
amorphous carbon ot highor toroporaturo© and 
preeeurcs Similar reductions of chloroform, carbon 
tetrachloride or cyanidoe formed amorphous carbon 
Hannay’s method was tried in which lithium light 
hydrocarbons and nitrogen-containing substance* 
were heated together at high pressure Again only 
amorphous carbons appeared The simple thermal 
decompositions of various hydrocarbons yielded 
similar products, and no diamond 

, (5) Systems Involving Carbon dissolved In 

Molten Metals 

Those systems turned out to be tho most fruitful and 
also, unexpectedly, the most complex 

In our early work, whon available prooftuw were 
BtiU low than about 60 000 atm somo &xp eri moots 



1096 


NATURE 



Fig 3 Diamond In metallic matrix 
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u ill not permit any diamond to form from iron-carbon 
mixtui os 

Shortly afterwards, a mixture of iron-rich iron 
sulphide togolhor with caibon and tantalum, 
shown in Fig 5, tins hcatod at about 1,000° C at 
about 95,000 atm Tho boating timo ttas short, loss 
than 10 min On tho tantalum ond disks thoro 
formod tantalum caibido, and on top of this lay a 
black crusty layor of small diamond crystals (Fig 0) 
They it oro identified by thoir Jiardnoss, combustibihtj 
and X-ray diffraction pattern Tho experiment was 
successfully repeated many times 

Soon other substances wore found to bo effective 
as catalysts for tho conversion of carbon into diamond 
at pressures ranging from 55,000 to 100,000 atm , 
and tomporaturos ranging from 1 ,200 to 2,400° C Thoj 
wore chromium, manganoso, cobalt, nickel, palladium, 
platinum, otc , or compounds which would react to 
givo tho free motnls imdor those conditions, for 
oxample, nickol oxide, fomc chlorido, etc 



Fig 4 Debyc-Sclicrrcr patterns 

wore performed with molten aluminium, sdvor, and 
even iron Of course, iron dissolved carbon in appre- 
ciable amounts , but tho carbon which was pre- 
cipitated from it was in tho form of graphite No 
matter how careful the change or how groat the 
fluctuation of temperature, when the pressure was 
less than 60,000 atm , only graphite resulted In 
view of this, it is difficult to soe how Moissan’s claim 
-to have formed diamond from molten iron-carbon 
mixtures inside lus quenched non could bo sustained, 
since he could have reaehod at most only 10,000 
atm * * 

A number of experiments voro performed using a 
metallic catalyst and carbonaceous material Ono of 
the first experiments carried out involved heating 
some seed diamond crystals, iron and a carbonaceous 
steel -carburizing compound for 10 hr at about 
53,000 atm and about 1,300° C (Fig 2c) Out of 
this there appeared two new diamond fragments 
with developed crystal faces, each of which was 
larger than any of the seed crystals The identification 
was made by hardness tests and an X-ray diffraction 
pattern (Figs 3 and 4) Attempted repetitions of this 
experiment did not produce diamond However, it 
now appears that the iron-carbon system is quite 
complex at high pressures and temperatures Several 
sohd phases can form, among them FeC, Fe 3 C, 
graphite and diamond , but which ono happens to 
form depends upon slight variations in temperature, 
temperature change or chemical composition Even 
at 100,000 atm , certain temperature programmes 
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Fig 0 Cluster of synthesized diamonds 
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After man\ experiment* it becamo posaiblo to list 
aomo of the conditions peculiar to tho formation of 
diamond 

(1) Tho pressure and temperature of the system 
should bo those for which diamond is thermo d\maimc 
ally stable 

(2) Tho temperature must bo high enough to ensure 
that tho catalyst metal, saturated with carbon, is 
molten. Thus the intersection of the molting lino of 
tho motel - carbon eutectic With tho grapluto - dia 
mond equilibrium hno sots a lower limit on tho 
temperature and pressure which can bo used to form 
diamond with a particular catalyst In Fig 7 tho 
diamond growing region is shown aa a sliadod area 
on the pressure - temperature diagram 



Temperature (* K.) 

Ha 7 Dlonioml-ffroiring region 

(3) The catalyst metal can bo chromium man 
ganoee, iron, cobalt, nickel, ruthenium, rhodium, 
palladium, osmium, indium or platinum Tantalum 
is particularly offeotivo for mdnomg the growth of 
small diamond crystals, although in some circum 
stances it may not bo as catalyticolly active as tho 
other metallic catalysts 

(4) New diamond can form whether diamond seed 
crystals are present or not 

(6) As tho synthesis pressure and temperature ore 
moved further into the diamond -stable region away 
from the graphito-diamond equilibrium lino, tho rate 
of nucloation and growth of tho diamonds increase# 
and their average crystal sire decreases 

(Q) Tho diamond con grow at vary high rates, at 
least 0 1 mm per min 

(7) Tho actual transformation from carbon to 
diamond occur# across a verv thin film about 0 1 mm 
thick, whioh separates tho carbon from tho diamond 
Thus tho transformation is almost ‘direct*, but the 
catalyst is essential (h lg 8) So for it has been found 
to bo very difficult to grow diamond buried in molten 
catalyst even 1 nun away from tho source of carbon 

(8) Although tho main driving force for tho forma 
tion of diamond is tho thormodynamio potential 
difference between graphite and diamond, tempera- 
ture gradients can accelerate diamond growth duo 
to tho dopendonce upon temjxrmture of tho solubility 
of carbon in tlve catalyst 

(9) Tho kind of carbon used as a starting material 
has an effect on tl>e kind and number of tho diamonds 



formed Good results lmvo boon obtained m making 
diamonds employing ordinary commercial graph do 
on the starting material Other carbonaceous mntoriul 
may bo employ od as the source of carbon, such as 
carbon black or a sugar charcoal , but graphito is 
preferred 

(10) Somothnos graphite forms from a carbon rich 
melt, particularly when the melt freezes, even though 
the pressure and temperature are appropriate for 
diamond stability Diamond may or may not form 
at tlie #nmo tirao Apparently tho formation of 
diamond is not a simple process 

(11) Tho diamonds oarnly mcludo or grow around 
foreign particles present in the mixture particularly 
at high rates of growth Often some of the catalyst, 
metal will be thus trapped in a diamond crystal 

(12) The diamond crystal linbit varies according 
to the temperature of formation Cube# predominate) 
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at tho lowest temperatures, mixed cubes, cubo- 
octahodra and dodecabedra at intermediate tem- 
peratures, and oetahedra at tho highest tomporaturos 
No tetrahedra have been found At high growth- 
rates, oetahedra aro frequently twinned through an 
octahedral face as a mirror piano Growth terraces 
or steps are common on tho diamond crystals, but 
no growth spirals have been found so far The colour 
varies from black at low temporaturcs through dark 
green, light green and yellow, to white at the highest, 
temperatures In many cases, the colour does not 
depend on the particular catalyst used but on tho 
operating temperature relative to tho melting point 
of the catalyst-carbon mixture Green and yellow 
colours seem to be associated with imperfections in 
the diamond crystal lattice rathor than w-ith the 



Fte 11 

prosonco of a specific impurity Many of the physical 
characteristics of natural diamonds ha\o been 
duplicated m tho laboratory 10 

Some photomicrographs of various synthetic 
diamond crystals aro shown in Figs. 9—1 1 
•Rossini nml Jessup, J P'* A at Jlur Stand , 21, “101 (1038) 

1 Bormnn nml Simon, 7 hlcetrochemie 69, 333 (1055) 

• Bovcnkcrk, Bundy, DeLnl nml StronB (unpublished work) 

* Williams, ' Tim fiencs Is of the Diamond” (Enmst Bonn, Ltd , 

London, 1D32) 

* Gubelin, J Gemmotojt/, 3 Xo 6 (Jnn 1052) 

• Wcntorf (unpublished work) 

7 Bridgman, * The Phjslcs of Hlpli Pressure’ -124 (G Bell and 
Sons, London 1052) 

■Molssan, C/I Acad Sc i , Pan* 118, 320 (1804), 123, 200, 210 
(1890) 

•Parsons, Proc Hoy Soc 79, 632 (1007), J Inrt Metal*, 20, 5 
(1018), Phil Tran* Pay Soc , A, 220, 07 (1P20) 

’• Bundj, Ilall Stronp nnd Wentorf, Salurc, 176, 61 (1066) 


FASCICULUS UMPIDUS NOV. GEN., NOV. SPEC., 

A REPRESENTATIVE OF A NEW GROUP OF BACTERIA 


By Prof. E G PRINGSHEIM 
Pflanzenphyslologisches Institut der UniversicSt, Gottingen 


A PECULIAR organism, the natmo of which 
puzzled me much at first, was obsorvod in 
putrefaction cultures inoculated v r ith a small quantity 
of soil from a dned-up pool not far from Capo Town, 
South Africa It contamed fragments of twigs and 
rock along with powdery earth This soil sample 
had been very kindly sent to me by Di M A Pocock, 
Rhodes University College, Grahamstown, with tho 
idea that it contamed colonial Volvocaeeae Tins 
was the ease Volvidrna, a mixothrophic momber of 
the Volvocaeeae, together with species of Chloro- 
gontum, Coccomonas (or Eh in orphococcus ) , an unde- 


scribod species of Lobcmionas, an interesting species of 
tho Polytomoao, and others turned up undor suifablo 
conditions 

Successful cultures wero prepared in tho following 
way a quarter of a dry poa w r as put on the bottom 
of a test-tube, covorod with clay soil and water and 
heated m a steam chambor for 1 hr on two con- 
secutive days Tho following morning, or later, 
inoculation was dono with a small amount of the 
original soil 

The culture was kept in tho light Othor mixtures, 
such as grams of barley, bits of choeso, a httlo starch. 
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different kinds of soil mstoad of claj boiI did not 
produce the same interesting typo of biological 
community, but only a much more scanty growth 
■without Volvocacoae and the now organism hero 
described 

The original sod evon m much grontor quantity 
w ith water or a dilute mineral nutritive solution and 
trace elements, was still loss products o This is 
noteworthy, because it is of genoral application It 
shoves that tho sod sample no longer contained 
enough of the substances which had originally pro- 
duce*! tho mixed population, the resting stages of 
which rogmnod vitality in the tubes prepared as 
described It also indicates that heating of the clay 
sod ib nocessarj for those organisms to find suitable 
conditions for growth 

In oil other instances tho various organisms 
appearing in such putrefaction cultures could bo 
maintained indefinitely by inoculating them into 
Identical tubes without tho original soil, in series 
Not so tho new organism, winch also failed to multiply 
in a considerable number of modify with various 
organic substances usually suitable for tho nutrition 
of colourloes flagellates, bacteria, oto After repented 
worthing of tho now organism before inoculation, mioh 
tubes remained clear and a ton l o 

In the original culture tubes tho peculiar organism 
in question was observed in considerable quantity 
near the surface of tho soil mud Tho oxporimont 
was successfully repeated several timoe with the same 
and similar soil samplee from tho Capo Flats, but 
only when light was admitted did tho new organism 
appear It consisted of translucent, almost spindle 
sliapod structures tapering at both ends when in 
flpoctod with low magnification inrndo tho culturo 
tubes Later, tho new organism swarmed in tho 
higher regions too, but tho water never really teemed 
with them, and the other organisms mentioned obovo 
wore always present 

For olosor investigation, specimens of tho organism 
were picked up with tho capillary pipette and in 
spocted in hanging drops or in mounted preparations 
What was mistaken for colourloes, finely striated 
flagellates at low magnification was at high power 
aeon to be comported of long filaments, some of thorn 
bent and twisted to form colonial bundles These 
wero broadly Bpmdlo-shaped, often somewhat flat- 
tened, with both poles tapering but not strictly 
pointed (Figs. 2 — 5) The individual filaments arranged 
more or less parallel to one another, though oon 
verging, did not all terminate at tho same point 
Under pressure of tho cover slip they tondod to 
spread, tho filaments separating (Fig 11) Indian 
ink penetrated botwoon the units of tho ooiony 
There is, thoroforo, no gelatinous matter surrounding 
tho whole or glueing the filaments together They 
are united in bundles {fasciculus) and Iinve a irons 
lucent limpid appoeronco Tho organism will there 
fore bo called Fasciculus Umptdus 

In suitable conditions tho colonics moved along 
tlioir axes, rotating as flagoMatos generally do Thoj 
did not glide along solid surfaces but swam freely 
through tho water, though more slowly tlian infusoria 
or evon tho majority of flagellates usually do 

The motilo colonios maj oggrognto obemotactically 
This beoamo apparent when a quantity of culture 
fluid in a watch glass was inspect od for n longer 
period Various motilo organisms such as Spirilla 
small infusoria and Ooccomonas-cFlln, assembled 
around dobm particles, woro followed by the colonies 
of our organism, most of which aggregated after some 



Fig 1 IadlrtdmU component* of ooiony mechvnlexDy UoUteiJ 

I wo of them with *pore*. 8, 8tn*U. narrow colony 3 

twUted coInnT 4 5 fimull frayed colonic# 0, lUr* ltuUnoe 

of longitudinally tpllt colony 7-10. Colonies with iporc* 7 
cokmy of the mo*t frequent type* — during iporc formation, tho 
outline* of the fltamentoo* component* hare become Inrtilbw to 
e great extent 8 colony with narrow w»l»t and »pon> formation 
9 and 10 more or lew twl*tcd ookmle* cacti with one ipore 

II ^Normal colony with ft lament* toparated by prewun* on 

corer-allp (Fig. 1 x l 000 other* x 500) 


time at oortain points In such open watch glasses, 
oontamod in a Petri dish. Fasciculus, pourod from a 
test-tube culture together with other mombors of 
tho community, kept only for a few hours and could 
not be identified tho following morning whilo Vol 
vuhnopsxs and the others kopt moving for a wholo 
week A probablo inference is that Fasciculus is 
micro- aoropht'f, an uloa strongUionod by our expert 
once and observations with culturo* 

Tho shapo and appoaranoo of tho colonies varied 
(Figa 2 4, 5) Apart from tho largo closely knit 
spindleo with only slightly frayed ends, there wero 
smaller and narrower ones, and occasionally though 
raroiy, slightly bent, Blonder rods which judging by 
thon* optical appearance, belongod to the same 
organism Sometimes two narrow npmdlos cohering 
at one polo wore soon (Fig C) Lorgor prosumablj 
older, colonios liad a constriction In tho middle, and 
the filamotiU were twisted (Figs 3 8) Tho wmst 
is bohovotl to indicate an imminent partition of tho 
colony 

Colls shorter than tlio total longth of the colonies, 
and others which dh idod like bacteria, oouid often 
bo observed Thero is littlo doubt that tho units 
divido after reaching a curtain length, and that tho 
daughter cells glide along one another to increase tho 
width of tho colonial bundles I did not, however, 
find any signs of individual filamon^a,broakmg loose 
from the colonios and starting - 

The main mode of reproduotic 
tion In older cultures, colonic* ^which 
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were more limpid than young ones Only their out- 
lines were readily observable, vdnlo tho inner parts 
of the spindle -were optically almost empty oxcopt 
for small cylindrical bodies which by their high 
refraetability, particularly in dark-ground illumina- 
tion, revealed their nature as bacterial spores (Tigs 
7, 8) This was confirmed by thoir capacity for 
retaining the fuelism stain on treatment with acid 
alcohol 

Later on, transition stages m spore formation More 
also found m colonies in which the filamentous cell- 
units were still readdy visible Not all of theso formed 
spores The spores were usually closo to tho middle 
Their shapes varied from almost oval to, moro com- 
monly, cylindrical Their width was about 1 5 p, 
their length 5-7p 

These spores are no doubt tho reproductive units 
responsible for tho development of Fasciculus from 
completely dry soil Their germination could, unfor- 
tunately, not be observed because of tho failuro to 
cultivate the organism and to separato it from other 
organisms It is very peculiar that tho individual 
cell margins vanish almost completely during sporo 
formation, although the wholo colony continues to 
swim about, and its outlines remain clearly visiblo 
(Tigs 7, 8) 

The structure or nature of the filaments composing 
the large spindles is also different from that of most 
bacteria As already mentioned, optically tho 
organism is fainter than other organisms In dark- 
ground illumination it becomes moro distinct, and 
the outlines of the filaments show more clearly than, 
for example, the outer membranes of Myxobactena 

These filaments are believed to be cells Thoy ore 
2g across and about 50-1 OOg. in length Thoy stam 
•with fuchsin and methylene blue, but, in accordance 
with their low refraetability, not strongly They do 
not keep the Gram stain, contrary to most bacterial 
spore-formers Only the mombranes of tho spores 
were stained , they were also moro dooply coloured 
when treated with the Ziehl-Neelson technique 

The mode of locomotion, rotating and swimming 
freely through the water, recalled that of flagellates 
or largo bacteria I did not succeed m demonstrating 
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flagella with tho help of Loeffler’s technique, 0 f 
Doflondro’s mgrosm molhod, or dark-ground ilh Irn 
ination Quick drying on fat-freo covoi -slips or fixing 
with osmium toti oxido vapour or iodine or Scliauclmn’g 
mercury chloride fixation did not make any different*; 
But I bohovo this failuro was somehow duo to m 
adoquato tccliniquo, and do not doubt that flagolla 
do oxist, sinco tho improssion of tho mumming mow;, 
mont scarcely allows of any othor interpretation 
If this woro so, wo would have anothor ox amp] o of 
an ‘orgnm/od’ bacterial colony ns earhor described 
for Yanmcha aggregate Tins bolongs to tho Athio 
rhodacoao, a family whore colony formation had not 
been known to exist There, also, many colls oro 
aggiegnted to constitute a composite unit driven 
tlirougli tho water and rotating by co-oporation of 
the flagella , but lioro tho similarity ends While m 
Fasciculus tho units of tho colony are long, tube like 
structures, thoso of Yanmcha are rod-shaped colls 
radiating from tho contro of tho colony Anothor 
motile bacterial colony is that of Chlorochromatium 
aggregatum , where again tho arrangomont of tho 
individual compononts is qmto different Only ono 
relntivolv largo, central rod possesses a flogollum 
responsible for the movomont of tho colony, while 
tho yellowish green small outer colls only ndlioro to 
tho activoly swimming central rod 

It is not possible to mcludo Fasciculus m ono of 
the taxonomic groups of tho Bacteria Very long, 
tubiform colls are known m Lincoln' 1 , but this gonus 
does not form colonies, and flio product ion of spores 
and tho appearance of tho colls are difforont In 
Lvicola droplets and other contents oro visiblo under 
tho microscope, and tho staining with various dyes 
is quite normal for a bacterium Fasciculus is much 
less stamablo and tho inner part of tlio coll is almost 
ompty optically. Moreover, tho ecological conditions 
in which tho now organism thru os soom to bo 
peculiar A bottor insight into its nature could only 
bo obtauiod by cidtivation I will gladly supply 
portions of dry soil to bacteriologists who aro mter- 
ostod in tins crcaturo 

’Prlngshelm, E G , J Gen Microbiol , 13, 285 (1055) 

•Pringshelm, E O , J Gai Microbiol . 4, 163 (1650) 


BIOLOGICAL PROBLEMS ARISING FROM THE CONTROL 
OF PESTS AND DISEASES 


T HE Institute of Biology has developed a tech- 
nique for cutting through the hedges which grow 
up betw een fields of knowledge as biology undergoes 
speciation into ever new branches Ono of the 
methods of doing this used by tho Institute is to 
arrange symposia for which the subjects and speakers 
are chosen with considerable care Thus, boforo even 
a word was spoken m the Royal Geographical 
Society’s well-filled lecture hall on October 1, a look 
around indicated a successful meeting, for there were 
many well-known specialists in different fields who 
seldom previously have found themselves sitting m 
one room The subject of this two-day symposium, 
namely, “Biological Problems arising from tho 
Control of Pests and Diseases”, is one of wide and 
topical interest The speakers, including those who 
contributed to several stimulating discussions, were 
economic entomologists and botanists, medical men 


and veterinarians, psychologists and humanitarians, 
m addition to academic biologists 

The symposium was arranged m four sessions, 
each under a different chairman This arrangement 
divided the subject rather broadly into problems 
associated with arable agriculture, animal husbandry, 
human diseaso and health, but the matter presented 
tended to transcend any grouping It becomo 
apparent that there are many connecting, tbroads 
between, for example, the drug resistance dovoloped 
by bactona and the stimulation to growth of animals 
consequent on small additions of antibiotics to their 
diet, that the consequences of malaria control react 
quickly on the ecological problems of crop and 
animal posts through changes m human noeds, and 
that too rigid a control of montal deficiency might 
have a retarding influence on soionce and art Sovoral 
facets of the discussion pointed to the human being 
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as tho greatest pest of all One speaker was bold 
enough to suggest that every pest and diseaso -worthy 
of tho name -was, m fact, a human artefact, and 
gi\ en time ho might convert almost every surviving 
■add organism into a post Although Bomo would 
scarcely go so far, there wore several expreesions on 
tho value of maintaining at loast some area© of the 
world in a natural or somi natural state Thus, in 
tho problem of controlling agricultural poets, reference 
woe mode to Elton’s plea for ecological diversity if 
only to provide reservoirs of tho predators and 
parasites of poets. 

Tho stage wob set by Mr F C Bawdon, chairman 
of the first session, who directed attention to the 
unexpected and sometimes undesirable results which 
follow action against any particular peet or disease 
of importance in agriculture The control of one 
may let in another He was unable, however, to 
quoto any enso where the secondary trouble bad 
resulted in greater eoonomio loss than the primary 
one, anxl therefore oonoludod that on tho whole there 
was always a not gain This theme was taken up by 
Mr A. H Strickland, of tho Ministry of Agriculture 
and Fisheries Plant Pathology Laboratory at Hot 
perndon. Ho provided a valuable assessment of recent 
work with insecticides, but neglected tho classical 
work of biological control bocauso it was well covered 
in a recent survey by Prof Q 0 Varloy in a paper 
before tho Royal Society of Arts Ho instanced cases 
whore eradication of spccios had boon attempted, 
such as the Colorado beetle from Europe and the 
Mediterranean fruit fly, win oil has twice been intro- 
duced into and eradicated from the United States , 
and ho pointed out that in Britain no less than a 
fifth of the acreage of root and some vegetable crops 
is treated annually with insecticides as a routine 
measure To those — including many formers — who 
deplore tho very widosoolo use of insecticides and 
herbicide© as an excuse for sloppy husbandry, Mr 
Strickland had some encouraging words about rooont 
studies of tho manipulative possibilities such as 
physical control of the soil by rotovation, and the 
adjustment of spacing in sowing and planting which 
can render crops unattractive to posts or stimulate 
the crop to grow away 

Dr T J Martin, of the Research Station, Long 
Ashton dealt with tho direct risks to man arising 
from tho fact that Alteon out of tho forty two or so 
insecticides and fungicides in common usage ore in 
the highly toxic category Study of the risks to 
spray operators led to the Agriculture (Poisonous 
Substanoc©) Regulations of 1950, and in spito of some 
accidents it soema that the risks to tho consumers 
of crops which have boen subjected to a variety of 
toxic sprays ore under oontrol at least in Groat 
Britain, Discussion revoaled that, with the oxcoption 
of arsenic, for which there is a legal tolerance, the 
use of any spray on tho land in Britain is entirely at 
tlio discretion of tho manufacturer and the farmer 
Noither Dr Martin nor any other speaker was in a 
position to deal with tho influence of toxic materials 
on wild plants and animals or on game, although 
tlieso largely unknown but important influences wore 
doubtloss in mind It is abundantly cloar that there 
ia to-day a heavy responsibility falling on entorao 
legists and botanists to obtain and interpret informa- 
tion on tho selectivity and tolerance levols of thoeo 
chemicals, m order to give advioo to manufacturers 
and users on formulations, dosage© and methods of 
application m such a way that indiscriminate 
slaughter can itself bo brought under control 


Mr F G H Lupton, of the Plant Brooding 
Institute at Cambridge, set a different note by 
describing some striking successes in controlling 
diseases through genet Leal resistance or tolerance ; 
but he mentioned that all too often the plant brooder 
ia called In only when other methods have failed. 
Among other examples ho described the ding-dong 
race which was started in 1912 by Sir Roland Biffen 
and ia still in full cry between the genes of newly 
evolving races of the rust fungus and rceiatant genes 
of wheat sorted out by plant breeders. Tho series 
Marquis - Geres - Thatcher - Pilot - Selkirk have so 
for kept alive the economy of the Groat Plains, but 
tho race is still neck and nock 

The second session introduced several problems 
from oversees Thus, Sir M Crawford, of the 
Commonwealth Bureau of Animal Health at Wey 
bridge, emphasized that eradication of a killing 
disease of livestock, such as rinderpest, could lead to 
harmful effects from over population, over grazing 
and malnutrition if achieved among peoples who 
regard stock as a social or religious asset without 
economic controls Such experience was referred to 
also by Mr W H. Potts, formerly of tho Colonial 
Service with reference to the oontrol of t set so flics 
and trypanosomiaeis He was not, however, prepared 
to support tho tendency in recent years to hail tho 
tsetse fly as the preserver of the African soil from 
destruction by mom This themo, like tho earlier ono 
on controlling agricultural pests, led to discussion 
on the advantages or disadvantages of ecological 
diversity as a background for the economic uso of 
land. There is, for examplo, evidenoe that in tho 
African bo mi -arid bush the bread spectrum of wild 
indigenous fauna, fully adapted to living off the 
indigenous vegetation at all levels, could, under 
proper systems of management and annual cropping 
produce human food little if any loss than is produced, 
by the narrow spectrum of oxotic domestio stock At 
least there is a case for 8 ponding money to explore 
such possibilitiee in selected areas, rather than to 
spend all that is available on tho blind eradication 
of wild life and tseteo flies 

The control of human diseases m tropical areas 
was the subject of two contributions, by Prof T 
Davey, of tho School of Tropical Medicine at Liver 
pool, and Sir Gordon Co veil Tho latter mentioned 
that during the World Health Organization campaign 
there wore two hundred teams working in India, each 
of which looked after one million people Despite 
such campaigns, tho Organization’s figure© show that 
the annual loss from malaria is still a vast ono Tho 
improvement of physiquo and of work undertaken, 
by porsons in malarial areas is marked, following 
control There is normally aomo reafstanoo to malaria, 
but this resistance is only local, so that an influx of 
persons from another district may result in severe 
outbreaks Although Sir Gordon did not say so, this, 
of course, was known in England during past con 
tunes, when it was notod that a wife from outside 
taken into such malarial areas ns tho Fons or Hundred 
of Hoo was liable to dio within a short time, whereas 
the locals were m balance with their disease 
Prof Davey dealt more with the sociological 
probloms orpeoted os a result of tho control of such 
diseases ns malaria and pointed out that nowadays 
in India the excess of births over deaths is so mo 
16,000 a day In dismissing birth control as the 
biological remedy, ho mentioned that certain classoe 
are more amenable to birth-control methods than 
others, and that ia a low lovol subsistence typo ot 
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society every additional member of the family gives 
another worker, and so a better chance for survival 
Where social conditions are better, each additional 
mouth is a liability rather than an asset Thus the 
lower the subsistence-level the greater the birth-rate 
tends to be 

Dr E Slater, of the National Hospital for Nervous 
Diseases, raised some interesting pomts about the 
genetics of mental disease, and pointed out that the 
discovery of new methods of treatment enabled 
certain diseases which are transmitted genetically as 
dominants to increase their proportion m tho popula- 
tion This was simply done by overcoming tho 
biological disadvantages which these dominant genes 
will contain, provided no treatment is gn on Among 
the interesting points he made were that tho manic- 
depressive type of patient is mot with ten times as 
frequently among scientists as among tho rest of tho 
population This may be a question of oither causo 
or effect Schizophrenics are found particularly 
among artists, and in these patients fertility is only 
70 per cent that of normal There is a possibility 
that this disease may be associated with some gonotic 
advantage The question whether certain types of 
mental defective should be sterihzod is difficult 
because it is possible that workers m, for example, 
the artistic and scientific fields, may show improvod 
output over the normal if they havo somo minor 
degree of mental disease 

The problems which arise from drug-resistance m 
bacteria were treated m a sparkling contribution by 
Dr Mary Barber, of the Postgraduate Medical School, 
London She pointed out that not all bacteria havo 
taken the massive attack by antibiotics in clinical 
medicine lying down , in the case of Staphylococcus 
diogenes, drug-resistant strains are now tho major 
bacterial scourge in hospitals all ovor tho world 
Resistant strains of bacteria may bo drug-tolerant or 
drug-destroying, and in certain cases may oven 
become drug-dependent Evidence pomts to tho 
resistance being genetic rather than adaptivo, and 
that penicillin, for example, has caused a prodigious 
evolution in the population structure of Staphylo- 
coccus by simple selection. Those strains carrying 
resistant genes which formerly were present m a tiny 
proportion have now increased to 60 or 70 per cent 
of the population in most hospitals Tho same 
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principle applies m tho caso of insect rosistaneo to 
tho now syntliotic insecticides, as explained by Dr 
J R Busvino, of tho London School of Hygiono and 
Tropical Medicine In moro than a hundred harmful 
insects rosistant strains havo occurred, and in some 
cases tho mhontanco of the resistant trait has bo«i 
shown to bo of a normal Mondolian typo Whether 
the trait is ‘physiological’, which is immune to the 
poison, or ‘bohaviouristic’, which manages to avoid 
it, its emorgonco seems to constitute greatly acceler- 
ated evolution on essentially Darwinian linos Dr 
R Brando, from tho National Institute for Research 
m Dairying at Slnnfiold, spoke on tho rocont oxperi 
ments winch show' that very small amounts of anti 
bioties added to tho diot of domestic animals increase 
growth -rate up to 10 per cont and tho efficiency of 
food conversion by from 3 to 5 por cont Ho o.xplamod 
that economic advantage of this phenomenon is bomg 
taken now on quite a largo scale in tho United 
States, although tho biological reasons for it aro as 
yet in tho realm of conjecture 

Tho last contribution to tho symposium was by 
Dr G C L Bertram, from St John’s College, Cara 
bridge, who spoko of ‘ethical’ or dohborato selection 
in mankuid as having supplanted natural selection 
Ho sketched tho sequence of ovonts which lod to a 
doubling of the human population in tbo past oighty 
years or so, and tbo probability' that it wall double 
again during tbo next forty' years — European domin- 
ance, followed by' reduction of strife, tbo development 
of hy'giono, and tho control of biological competitors 
Human compassion lias led to death control, and 
now is tho time for a groat extension of birth control 
as a further expression of tbo freedom of choice by 
tho individual Hn\ ing accepted Sir Jaraos Gray’s 
concluding thought expressed in lus presidential 
address at tho York mooting of tho British Associa- 
tion tliat man now has tho intelligence and tho 
knowledge to control lus owm dostiny, tho question 
has still to ho answered what that dostiny is In a 
cynical moment, Dr Bertram compared modom man 
with a drunkard riding a runaway horse, whereas 
Dr A S Parkes, who guided this final session from 
tho chair, oxprossod tho hopo that our freedom of 
choice would never bocomo so wade that wo would 
oursolvos havo to decido whetlior or not to bo born 

E B Worthington 


DARWIN’S ILLNESS 

By Prof S ADLER, O B E , F R S 
Department of Parasitology, Hebrew University, Jerusalem 


D ARWIN’S illness, which practically amounted to 
forty years of invalidism, has given rise to con- 
siderable speculation The doctors who treated him 
could find no physical explanation for his distressing 
symiptoms and apparently concluded that he was a 
hypochondriac 

Darwin, whose sufferings were very real, complained 
m a letter to Hooker “many of my friends I behove 
think me a hypochondriac” Commenting on this, 
the late Sir Arthur Keith 1 , m his book “Darwin 
Revealed”, remarks emphatically “Darwin was a 
hypochondriac, a very real one ” 

Hubble* states that “it is apparent that his illness 
bears the unmistakeahle marks of an emotional 


disorder” and adds, “lus psychonourosis may' ho 
regarded as an adaptation to his environment which 
nourished and protected m tho highost dogroo his 
uncommon genius”. Tlus author 3 justifies bus 
diagnosis on tho basis of Darwin's family' history' 
Ho rightly pomts out that Danvm’s wife was an 
exceptionally devoted nurso and Ins son showed a 
tendency' to hypochondria It may', on tho other liand, 
bo argued that tho above qualities wore acquired 
and not inherent , chrome invalidism in tho head of 
a family, whatever its causo, has psychological con- 
sequences and may well mduce in the mothor a strong 
tendency to nurse and protect, and in tho younger 
members of tho family' an exaggerated fear of disease 
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Good* mvokoa psycho-analysis and considers the 
•whole of Darwin’s symptoms as a reaction to his 
father’s autocratic personality He poos so far as to 
fw\ “Darwin's punishment for the unconscious 
patricide was a heavy ono — almost forty years of 
severe and crippling neurotic Buffering which left 
lum at Ills beet fit for three hours’ daily work’ 

Keith accept* the unconscious as responsible for 
all Darwin’s symptoms “In Darwins case the 
voluntary part of his brain Booms to have too easy 
and too free an access to his involuntary part 
Therein I believe lies tho source of all his ills ’ Never 
tholes*, in referring to one episode of 1873 he writes, 
T infer this to be an attack of true angina of the 
heart" 

A purely psychological aetiology for Darwin's 
illness cannot bo a coop tod as conclusne until nil other 
factors have boon eliminated Gaylord Simpson* 
lias recently suggested that Darwin suffered from 
brucellosis There ib no direct evidence to refute or 
prove this theory 

It is obvious that all attompte to explain Darwin’s 
symptoms must bo based on a detailed analysis of 
tho events recorded in the voyngo of HJM 8 Btaglt , 
because there is nothing of anj modi ail significance 
prior to tho vojage which could throw light on his 
subsequent illness As Lady Barlow* rightly remarks, 
"Charles Darwin’s forty years of invalid existence 
moreover wore an unexpected sequel to his youthful 
vigour, for Ids strength and endurance were well nbovo 
tho average, as Captain Fitiroy has recorded in his 
account of tho various incidents during the Beagle, 
voyage ’ 

Darwin wna a dedicated geologist and throughout 
his whole life maintained the keenest interest m this 
subject Nevertheless, at tho ago of thirty tliroe, 
ho was compelled to abandon Sold work in a favounto 
subject becauso ho found by experience that the 
physical effort it entailed exhausted him Is it 
reasonable to ascribe this saonfico to a belated reaction 
to a domineering father T 

There is ono \ erj important point in Darwin’s case 
history which writers on tlio subject havo apparently 
overlooked. 

In “The Journal of tho Voyage of H3I S Beagle' , 
Chnptor 16, Darwin (March 25, 1836) writes l Wo 
slept in the village of Luxan which is a small placo 
surrounded by gardens nnd form* tho most southern 
cultivated district in tho province of Mendoza , rt is 
fivo leagues south of the capital At night I oxpon 
encod an attack (for it dosor\os no lees name) of tho 
Benohuca a species of Reduvms, tho great black bug 
of the Pampas It is most disgusting to fool soft 
wingless inaocts about ono inch long crawling over 
one s body Before sucking they are quite thin but 
afterwards thoj beoomo round and bloated with 
blood, and In this stato they are cosily crushed ” 
Dnrwln observed ‘Benchuoaa' for at least four months 
and ho fod one specimen on a ship s officer “This 
ono food for whioh tho Bonchuoa was indebted to 
ono of tho officers kept it fat during four whole 
montlis , but after tho first fortnight jt was quite 
roodv to )iavo another meal ” 

Tho * groat black bug of tho Pampas” which 
nttackod Darwin in Luxan can bo no other than 
Tnatoma i nfestans, which has bocomo adapted to 
human Imbitations and feeds on man and domoetio 
animals tliroughout extensive regions in South 
America It is tho most important vector of Trypan o 
S077U1 crt(zt, tho causatn o agont of Chagas s disoaso in 
tho Argontuio, Chile and parts of Brazil Tho pro 


\ince of Mendoza has a relatively high incidence of 
Chagas’s discs no, and according to South American 
colleagues with whom I discussed this problem at tho 
recent congress on Chagas’s disease held in Rio do 
Jonoiro during July fr-12 [see p 1114 of this issue 
of Nature], aa many as CO per cent of the populn 
tion m parts of Mendoza gi\e a positno com 
piemen! fixation test for T cruzx and as mam ns 
70 per cent of specimens of Tnatoma injezfatts ore 
infected with tho trypanosome Darwin was there 
fore defliutoly exposed to infection on at least ono 
occasion. It is highly probable that Jie was also 
exposed on other occasions, but ho particularly noted 
tho incident in Luxan because of tho intensity of the 
attack of Benohuca* , parts of Chilo through which ho 
passed show a 10 per oont positive complement - 
fixation toet m the population together with a eon 
siderable infestation with infected Tnatoma t X]festana 
Wo must also bear in mind that Chagas g disco so has a 
very wide distribution in South America from Chilo 
to Mexico (recently a few cases ha\ o been recorded m 
Texas) and tho province of Mendoza is an area of 
relatively high infestation 

The incident in Luxan cannot, however, oxplain 
Durwin’s previous eovon weeks severe illness during 
September and October 1834 which oonfinod him to 
bed in Valparaiso and commenced during tho last 
wook of a six weeks journey Unfortunately, no 
clinical details of this episodo are available Keith 
writoe, “A* to tho nature of this illness I do not 
know of any exact information but typhoid fo\ or is a 
very probable diagnosis” Tliore is not tho slightest 
suggestion of an emotional causo for this inoidont 
Tho complication* and socpioltr of Chogua * disease 
have boen utudiod in detail by sorao of tho ablest 
South American pathologist* and clinician* portion 
larly m Brazil, the Argentine, Clulo and Uruguay, 
and considerable literature on this subjoefc is now 
available Particular attention has boon paid to tho 
clinical and pathological aspects of tho myocarditis 
which appears in somo victims of tho disoaso Darwin’s 
exhaustion after physical effort con well bo explained 
on tho basis of on infection with T emit t 

At tho above-mentioned congress a number of 
Brazilian pathologists and clinicians maintained 
that apart from, and in somo cases in tho absence 
of, cardiac complication* Chngtta s disoaso may bo 
associated with clinical sign* related to tho alimentary 
tract, particularly tho oesophagus, colon and stomach, 
os a result of damage to Auerbach’s ploxu* They 
based thoir conclusion on tho high incidence of posttwo 
complement fixation toet a in patients with symptoms 
related to thoso organs There was no unanimity on 
tills point because although many such cases havo 
boon found m Brazil fow or nono hn\o as yot boon 
recorded from tho Argentine 

It is obv lously impossible to prove that Dn.rv.in was 
a victim of Chagas s disoaso but two point* cannot bo 
overlooked (1) his symptoms can bo fitted into tho 
framework of Clingos’* disease at leant os v oil as into 
onj psyohogonic thoor} for thoir origin , (2) it is 
possible to pm point with certainty a dofinito incident 
on March 25, 1834 during wluoh ho was exposed to 
optimal conditions for infection with T cruzx 


» K«Uh A. “Darwin IUvt*lod H (Watt* and Co London 1055) 
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Mr J T DaVey and Mr H J Morris 

In tlie air disaster at Bordeaux on September 24, 
the International African Migratory Locust Organ- 
isation, which exists to prevont the escape of swarms 
of the Migratory locust from the recognized outbroak 
area m the flood plains of the Niger, south-west of 
Timbuktu, suffered a very severe blow Tho fifty- 
three people killed included no less than oiglit 
associated with that Organization Mr J T Davey, 
aged thirty -six, director of research , Mr H J 
Moms, aged thirty -six, an exporioncod scientist newly 
appointed as an assistant to Mr Davey, and his wife , 
Madame Duliart, wife of Monsieur A J Duliart, 
director of survey and control, and one of their 
children , and Monsieur J J Roy, one of tho locust 
control officers, and his wife and child 

James Thomas Davey graduated from tho Univer- 
sity of Bristol and then took a diploma in agriculture 
at Cambridge and spent a year at the Imperial College 
of Tropical Agriculture in Trinidad. Ho first went to 
Africa in 1947 as an entomologist m tho Department 
of Agriculture in Nigeria, whore ho investigated tho 
habits and ecology of certain species of biting flies 
(tabamds and tsetse flios) At tho samo time, ho 
became interested m locusts, and in 1948 ho embarked 
on a detailed ecological study of tlio African Migratory- 
locust, partly m association with H. B Johnston 
Particular attention was paid m this study to tho 
neighbourhood of Lake Chad, which was undor sus- 
picion as a possible outbreak area, and the important 
conclusion was reached that while tho Migratory 
locust does occasionally swarm there, tho Chad area 
is not comparable as a source of swarms with tho 
recognized outbreak area in what was then tho 
French Sudan 

With this valuable experience belund him, ho 
accepted m 1951 an invitation from the International 
African Migratory Locust Organization to visit tho 
outbreak area on the Niger in order to extend investi- 
gations already begun by others of the ecology 
and seasonal movements of tho locust there His 
Becondment to that Organization by tho Govommont 
of Nigeria for this purposo was oxtended m 1952 for 
two years An outcome of this mission was a decision 
by the Counod of the Organization to establish a 
permanent Research Service Davey bocamo director 
of it, and ho continued m that capacity until tho 
time of his death Through his own ability and 
personal qualities, including a very thorough practical 
knowledge of French acquired mainly by usago, tho 
Research Service and its scientific work became 
integrated mto the Organization in a highly successful 
manner, which could not have been achieved without 
the respect, affection and support which ho won 
from all his colleagues 

His scientific work consisted mainly of studies of 
the seasonal movements of the locust population in 
and around the Niger plains in relation to the seasonal 
rainfall, river-level and flooding of the plains by 
overflow from the river By. means of an impressive 
programme of field-work which involved the marking 
of more than a million locusts individually with 
paints, during a period of four years, and releasing 
them in particular localities m and outside the plains 


m tho hope of rocapturing some of them elsowhor? 
ho succeeded in demonstrating a regular seasonal 
shift of population (already suspected by G Romau 
di&ro, who conducted an ecological study of the 
locust in the flood plains during 1949-50) botwoen 
tho plains and tho surrounding arid country Hu 
work furthor indicated that cortain parts of the 
plains are far more important than otliors as breeding 
grounds of tho locust A much bettor under 
standing of tho outbroak aroa ns such has resulted 
from those investigations, and this has lod to im 
portant improvements and economies in tho supor 
vision and provontivo control of tho locust 
Davoy travelled iridoly m Africa m tho course of | 
his dutios In 1953 lie visited tho outbreak areas of 
the Red locust m Northern Rhodesia and Tanganyika 
and toured parts of tho vast area of eastern Africa 
over which tho Dosort Locust Survey, which has its 
hoadquartors in Nairobi, operates Recently, ho wont 
to tho Sudan Republic to soo and discuss with tho 
authorities thoro tho circumstances in -which a local 
mcreaso in tho populalion of tho Migratory locust had 
occurred His mtorests wore w ldo and ho was a good 
companion on journoys in remote placos His zost 
for hfo and Ins vigour and rosourcofulncss onablod 
him to talco in his strido tho many difficulties, somo 
of thorn severe, winch arise m ‘bush travol’ in Africa 
Tho wild hfo of Africa appealed to him greatly He 
know tho mammals of Ins areas well and was a koon 
shot, but ho novor shot animals sololy for tlio sake of 
shooting In connoxion -with Ins work, ho mado 
oxtonsivo collections of grosslioppors and plants, and 
these hnvo nddod considorablv to Jcnowlodgo of tho 
acrid id fauna and tho flora of tho Niger flood plains 
and tho surrounding country 

Fortunatoly, ho mndo a point of writing accounts 
of his work at froquont intervals, and very little of 
tho work that ho had completed will bo lost His 
most important publications aro two long pnpors on 
tho ecology of tho Migratory locust in wlint ho callod 
tho Central Niger Delta , tlioso form part of a planned 
serios of tliroo, and it is understood tlmt the third 
part was virtually complete in typoscript wlion be 
diod It is fitting that this valuablo sorics of papers 
is borng published m Locusta, tho journal of the 
international organization which ho sorved so well 
Tlio doath of ‘Jimmy’ Davoy, while still young, 
removes a man who was confidently oxpoctod to play 
an important part m tho fiold of locust research and 
control m the future H is wife survives him, with 
threo young children 

Hilary Jolliffe Morris graduated from St Jolm’s 
College, Oxford, in 1948 A few years later ho jornod 
the Research Division of the Ministry of Agriculture 
of the Sudan, where he undertook pionoor studios of 
techniques of control of tho Dosort locust This work, 
which covorod a poriod of fivo years, contributed 
significantly to the development of aircraft-spraying 
and of low-volumo ground-spraying against locusts, 
and in the course of it lie became familiar with 
methods for the field-assessment of spray doposits 
and of the results of spraying operations 

In 1957 he jornod tho Colonial Pesticides Research 
Unit at Porton Down, near Salisbury, England, where 
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he was occupied for two years in laboratory work on the 
toxicity of new insecticides to mosquitoes He was 
essentially a Hold man, however, with a strong liking 
for Afnca and a desire to resume locust research, 
and when a suitable opening occurred in the Research 
Service of tho International African Migratory Locust 
Organization he applied for tho post and was 
selected. 

This new appointment was for an investigation of 
the applicability of modem methods of locust control. 


particularly spraying from aircraft, in the conditions 
of the outbreak area of the Migratory locust on the 
Niger Morris was vary well fitted by his accumulated 
expert once and personal qualities for this important 
task, and he sot out with high hopes and keen interest 
on tho journey which was to have taken him to the 
sort of work that he liked best and considered worth 
whUe because of its benefit to Africa 

Mr and Mrs Moms had been married only six 
months when they died. T H C Taylor 


N EWS and VIEWS 


Scientific Adviser to the Ministry of Defence 

Sir Frederick Brundrett, KX.B , K. B E 
It has boon announced that Sir Frederick Brundrett 
will bo retiring at the end of the year from his post 
of scientific adviser to the Ministry of Defence, and 
chairman of the Defence Research Policy Committee, 
shortly after his sixty fifth birthday Sir Frederiok 
lias had a hfc time *8 association with the scientific 
aspects of dofonoe, initially within the Admiralty, 
and for tho past ton years of his career dealing with 
dofenoo science in all its aspects A member of the 
R.N V R in tho First World War, he joined the 
scientific staff of the Admiralty in 1010 and remained 
at ILM Signal School Portsmouth, until 1937, when 
he moved to headquarters His remarkable qualities 
os a scientific administrator and his perception of 
scientific ability woro given full scope during the 
Second World War, when he mado a major con 
fcribution to tho selection and allotment of scientists 
to tho several depart monte needing them. Since the 
War lira talents for organization havo been given full 
rein at the Admiralty and elsewhere but his greatest 
contribution has undoubtedly boen in tho clarification 
and stabilization of defence research and development 
policy ns a whole ovor tlie past few years His con 
fcrjbutions to the rationalization of the research and 
development programme so as to harmonize the 
needs of the Services with the national resources have 
been markedly successful and a great debt is owed 
to him for hia work in this field. What he has oocom 
pUshed is due to three qualities which he has in 
abundance a Teal understanding of Service needs 
and Service modes of thought, a basic understanding 
of scientific practtocs and requirements, and a capacity 
for hard, thorough and cloor hooded work equalled 
by few and probabh excelled by none A distinguished 
player of games when younger, and an extremely 
successful scientific agriculturist to day, it is to be 
hoped tliat his advice and his services to the Scientific 
Civil Service will not wholly end -with hia departure 
from the Ministry of Defence 

Sir Solly Zuckerman, CB , F R.S 
Sxk Solly Zvokkrilut, who is to succeed Sir 
Frederick Brundrett as scientific ad\ tser to tho Mims 
try of Dofenco, is no stranger to either defence or 
to Whitehall Sir Solly was born in South Africa in 
1904 he came to Britain in 1925 and rapidly became 
known as a distinguished research anatomist Ho at 
present holds tho Sands Got chaw of anatomy in the 
University of Birmingham, and ho is ©specially well 
known for his work on the pmnatee During tho Second 
World War his wide scientific talents were drawn on 
freely by many branches of the Senocoe, but he woe 


perhaps most oloeoly associated with the Royal Air 
Force, and ho made important contributions to the 
operational analysis of tho effects of bombardment 
particularly from the air In the past decade he has 
combined his work ot the University of Birmingham 
with many other activities, including his duties art 
honorary secretary of the Zoological Society during 
a rather stormy period, and with the deputy chair 
manship of the Advisory Council on Scientific Policy, 
towards the work of which and so mo of its sub 
committees, notably the Committee on Scientific 
Man Power, he has made a major contribution. Ho 
succeeds Sir Frederick Brundrett at a difficult time 
when it may well be that a closer integration between 
civil and defence science is necessary, and when 
indeed some re- thinking may be nocessary on the 
balance between the two For this task Sir Solly, 
by his previous oxpenono© hia exceptional ability 
and warm personality, is oxoollontly qualified 


Meteorological Branch of the Canadian Department 
of Transport Dr Andrew Thomson, O B E 


Dr Andrew Thomson, who on September £5 
retired from the post of director of the Meteorological 
Branch of the Canadian Department of Transport, a 
position ho has held for the past thirteen years, is 
well known m tho world of meteorology A graduate 
of the University of Toronto lus first studios were in 
geophysics, and during 1920-21 ho was pat in charge 
of investigations into atmospherio eloctnoity during 
the round the world cruise of tho Carnegie Institution 
research ship In 1923 bo became director of the 
Apia Observatory, Samoa, and in 1929 aerologist of 
the Dominion of New Zealand Ho returned to 
Canada in 1931 as hood of tho research division of 
the Meteorological Service, and assumed chargo of 
tho whole sorvioo in 1940 Dr Thomson has done 
much in the international field, especially os a 
member of th© Executive Committee of tho World 
Meteorological Organization and as president of tho 
Regional Association for North and Central America 
of tho World Meteorological Organization A great 
traveller who has not only done much to build up 
on efficient national service but also to promote 
international co-operation in meteorology, he was 
mado OFE in 1948, and awarded tho gold medal 
of tho Professional Institute of tho Public Service of 
Canada m 1952 and the honorary degree of DJ3o. b j 
McGill University in 1058 He carries into his retire 
ment the best wishes and affection of afl who know 
him. 


Hr Patrick D McTaggart-Cowan M BE. 

The appomtmont of Mr P B 
to suocoedDr Andrew Thonwn a» doctor of tho 
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Canadian Meteorological Service comes as no surprise 
to the world of professional meteorology, for ho has 
been Dr Thomson’s right-hand man for many years 
Mr McTaggart-Cow an, who is forty-seven, was born 
m Scotland but has spent most of Ins lifo in Canada 
After securing first-class honours in mathematics 
and physics at the University of British Columbia, 
he won a Rhodes scholarship to Corpus Christi 
College, Oxford, where he graduated with honours m 
natural science He joined the Canadian Meteoro- 
logical Service in 1936 and quickly became known 
internationally, especially in relation to trans- 
Atlantic aviation, then m its infancy During the 
Second World War he was largely responsible for the 
development of forecasting at the Canadian end of 
the ferry flights to and from Britain When hos- 
tilities ceased he took an active part in the formation 
of the body which has now become the International 
Civil Aviation Organization Among professional 
meteorologists his name stands lugh, not only as a 
forecaster, but also as an energetic and skilful 
administrator, with a gift of clear thinking and direct 
speech The future of the Canadian Meteorological 
Service could not be in bettor hands 

Chemical Engineering at Leeds: 

Prof G G Haselden 
Db G G Haselden, whose appointment to the 
new chair of chemical engineering at the University 
of Leeds has been announced, was educated at Sir 
Walter St John’s School, Battersea, and tho Imperial 
College of Science and Technology, London He 
graduated m chemical engineering with first-class 
honours in 1944 and afterwards undertook research 
under the late Sir Alfred Egorton on problems con- 
nected with the liquefaction of methane on tho 
results of this w ork he w as aw nrded his Ph D In 
1949 he was appointed lecturer and later senior 
lecturer m low-temperature technology' in tho Depart- 
ment of Chemical Engineering of tho Imperial 
College In addition to his teaching duties. Dr 
Haselden has during tho past ten years built up on 
active school m low-temperaturo research His mam 
fields of interest have been in the liquefaction of 
natural gas, the development of now or more efficient 
gas-separating processes and refrigeration cycles, and 
the measurement and correlation of the thermody- 
namic properties of mixtures In 1958 ho was aw arded 
the Lightfoot Medal of the Institute of Refrigeration 
for his work on mixed refrigerants Dr Haselden 
was one of the founder members of the Low Tem- 
perature Group of the Physical Society , and he is 
a member of the Education and Papers Committees 
of the Institution of Chemical Engineers and a mem- 
ber of the Research Committee of the Institute of 
Refrigeration 

Illuminating Engineering Society Award : 

Dr J, W T. Walsh 
To mark the occasion of its golden jubilee, the 
Illuminating Engineering Society has instituted an 
award to be known as tho Illuminating Engineering 
Society Gold Medal, which will be bestowed at 
intervals of not less than two years for outstanding 
contributions to the advancement of lighting 
Recipients of the medal may be of any nationabty 
and need not be members of the Society At the 
meeting of the Illuminating Engineering Society held 
m London on October 13, the first award of tho gold 
medal was made to Dr J W T Walsh, who is 
without doubt the most outstanding and highly 


esteemed porson m tho world of lighting to-daj 
From Morton Collcgo, Oxford, Dr Walsh went to" 
tho Department of Photometry' of tho National 
Physical Laboratory until ho retired in 1951, having 
.been there for tlnrty-oight years His first out. 
standing contribution was tho making of a large 
scale photometric survey of factory lighting for tb* 
Homo Office Departmental Committeo in 1913 
During subsequent years, ho supervised much im 
portant work relating to tho principles of goot 
lighting and to the design and performance of lighting 
equipment, and he published a number of papers oi 
aU aspects of photometry and illuminating engineer 
mg Dr Walsh served for many' years as chnirmai 
of tho British National Illumination Committeo an 
has participated actively m tho meetings and wor 
of international bodies concerned with lighting H 
has served ns honorary' secretary' and vico prosiden 
of tho International Commission on Illumination an 
was president of that body from 1955 until June 195' 
Ho has been a member of tho Illuminating Enginee: 
mg Society since 1923 , ho is tho only member wl 
has served two terms as president of the Sociol 
(1929 and 1947) Ho was chairman of tho committi 
responsible for tho current codes of practice for 
street lighting Dr Walsh lias indeed been a pro 
digious worker in tho cause of better lighting and 
this togotlier with his high principles and strict regard 
for scientific accuracy' lias endeared Imn to lighting 
people all over tho w-orld Thero is no doubt that 
Ins contributions to the advancement of lighting 
have been truly outstanding 

Royal Australian Chemical Institute • 

Mr C E. C Nicholls 
Mb C E C Nicholls lias boon elected president 
of tho Royal Australian Chemical Institute He was 
bom and educated m England, and gained his degree 
in the University of London w ith honours jn chemistry' 
After spending about two y'ears with tlio Britisli- 
Amencan Tobacco Co., Ltd , ho joined tho Distillers 
Co, Ltd, in October 1929, very' shortly after the 
latter company' bad entered the chemical hold Ho 
spent somo years at tlio Company^ mam factory' in 
Hull, and brought into operation tho first synthetic 
acetic acid plant in England Early' m 1942 ho 
was sent to Australia, whero bo play r ed a major part 
in establishing the war-time synthetic ncetono pro- 
duction Early in 1945 Mr. Nicholls rotumed to 
England, where ho resumed duties with tho Distillers 
Co , Ltd He made o short visit to Australia m 1946, 
and ngnm m 1947 when tho Colonial Sugar Refinery 
and the Distillers Co , Ltd , obtained a larger interest 
m Robert Corbett Pty , Ltd He is at presont manager 
of Colonial Sugar Refinery Chemicals Pty , Ltd , 
and a director of Robert Corbolt Pty , Ltd Ho was 
elected a Follow of tho Royal Australian Chemical 
Institute in 1947, holding office as president of the 
New South Wales Branch for two years and during the 
last year of this term ho was also \ jco-presidont of 
tho Institute 

Atomic Energy Authority’s Thermonuclear Pro- 
gramme 

The United Kingdom Atomic Energy' Authority' 
is seeking the necessary approvals to acquire and 
develop a site of somo 175 acres within tho perimeter 
of the Royal Nay'al Airfiold at Culham, Oxfordshire, 
for development as a new research establishment 
The new establishment would be for research into 
controlled thermonuclear reactions and plasma 
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physics and the study of nuclear fusion os a possible 
source of industrial power Moat of the thermo 
nuclear reaoarch now carried on at Harwell and 
AJdennmton will be moved to the new establishment 
One of the i mined late tasks at tho now site, if 
approved, would bo tho construction of LO 8 E 
(Intermediate Current Stability Experiments), a 
large machine which (as announced at tho Authority's 
annua! press conference m July) will incorporate the 
results of oxpcrionco with Zeia and of other studies 
m this field, both at home and abroad It is planned 
that the total numbers employed at tha proposed 
new establishment will rise to 1,000 and that this 
figure will be reached within four or five years 

Divorce Statistics In Britain 

The principal changes that have boon introduced 
m tho Civil Tables of tho Registrar General's Statist 
ical Ho view for 1957 which has boon published 
recently relate to divorce statistics (Tho Registrar 
General’s Statistical Review of England and Wales 
for tho \oar 1057 Part 2 Tables, Civil Pp xu-f- 
200 London £LM- Stationery Office, 1050 11* Gd 
not) Figures for divorcee and annulment* aro now 
given by colander year of marriage and ago of 
spouses at. morn ago so that tho risk of divorce of 
different marriage cohort* may now be computed, 
and there aro some other welcome new details on 
divorce An appendix shows details of marriages b> 
manner of solemnization in different countries It is 
intended to publish this table at five yoarly intervals, 
and these data givo a uaoful indication of the dis 
trihut ion of different religious groups in tlio country 
It is of some interest that the proportion of civil 
marriages shows a fall compared with 1952, for tho 
first time smoe such marriages were instituted m 
1836 In addition to these new figures more detailed 
fertility tabulations giving b otter exposed to risk are 
also included in this volume 

Sex Research 

The Division of Medical Sciences of the National 
Academy of Sciences — -National Research Council is 
accepting applications for grants m-aid of research 
for consideration by the Committee for Research 
in Problems of Sex The funds for support of 
this programme are provided by the Rockefeller 
Foundation and tbo Ford Foundation The Com 
nut tee is concerned primarily with encouraging 
research on the mechanisms underlying sexual 
bohaviour, with special omphasia on tho higher 
mammals and man. Proposals Involving ondocrino 
logical, neurological, psychological, anthropological, 
phylogonotio and genotio studies directed toward this 
objective are there fore invited Requests that deal 
with the physiology of reproduction or with related 
biological and biochemical fields should bo addressed 
to the Committeo only if thoy givo promise of shedding 
light upon behavioural mechanisms Preliminary 
inquiries should be addressed to Room 411 Division 
of Modical Sciences, National Academy of Sciences — 
National Research Council 2101 Constitution Avenue, 
N W , Washington 25, D C Completed applications 
for tho fiscal year 1000-61 should he postmarked on 
or before January 15, 1000 

Variation in Lizards of the Leiocepftafus cubensfs 
Complex in Cuba and the Isla de Pinos 

Lciocephatus cubensis Gray lias been regarded a* 
ono of tho four specie* of this genus in Cuba and 


tho Iala do Pmos, and ha* boon known to occur 
throughout both islands m suitable habitats Albert 
Schwartz has collected 388 specimens and studied 
additional material from various museums this has 
resulted in tho partition of L cubmsis into two 
speoies, oach with four subspecies L cvbensis is 
now known from Cuba and tho Isla de Pinos, the 
Doco Loguaa keys, and tho ArchipuSlago d© los 
Conorreos where tho now species, L stxctigasUr, 
occurs in western Cuba and the Isla do Pinos The 
status of Orient© lizards of this complex remains 
uncertain Schwartz bolides that stictigasler and 
cuheusis arose from a common stock through isoin 
tion on western and central island masses during the 
Qtigoecne and Lower Miocene Periods With the 
re -establishment of tho island to approximately its 
present outimo between the Lower and Middle 
Miocene these two epocies extended their ranges 
gradually from the regions of differentiation From 
modem distribution it appears that the gap between 
western siiclipasier and eastern cubeusu may not yet 
be closed L cube runs also has spread to the east 
into Or i onto as well ob the west into Matanzoe and 
Habana {Bulletin of the Florida State. Museum, Bio 
logical Sciences 4, No 4 , 1050) 


Transparent Sintered Alumina — 'Lucalox* 

StN’maiD or vitnfiod ceramic materials of pol> 
phase composition are normally opaque owing to 
scattering of light by the different refractive indices 
of the component phases Single-phase sintered 
ceramics are usually both opaquo and porous owing 
to tho difficulty of sintering refractory substances 
sufficiently well to produoo optical contact between 
tho grama Tho General Eloctno Co of America 
announces the experimental production of a material 
under the trade name Xucalox which is formed by 
pressing from alumina powder of small grain size and 
fired under conditions presumably tn vacuo and at 
a very high temperature, which permit almost com 
pleto sintering to occur The produot is non porous 
and sufficiently transparent for print to be road 
through a thickness of the material in contact with 
the paper Object* viewed at greater distances are, 
however, blurred a* though through frosted glass 
It retains tho refraotorj qualities of alumina and is 
said to bo stable up to about 1 000° C Posmblo fields 
of uso includo envelopes for high intensity light or 
radiant hoat sources, as a superior alternative to 
fused silica Light transmission In tho visible spoo 
trum through an unstated thickness is said to bo 
90 per cent, Since the material is in effect a polj 
crystalline sapphire, it may offer an alternative to 
svnthotio mono-crystalline sapphire for instrument 
bearings Its oloc tried properties are not stated, 
but would presumably resomblo those of sapphire , 
a permittivity of about 0 5 loss angle between 10" 4 
and 2 O'* at room temperature, and appreciable con 
duotivifcy appearing around 300-500° C depending 
upon purity Tho problem of production us a com 
morcialfy satisfactory operation is said to ho still 
under investigation 


International Conference on Non-Destructive Test- 
ing 

The third International Conference on Non 
Dostructi\o Testing will be hold in Tok>o during 
March 35-21 The Conference i* on 

an opportunity for tho exchange of n 
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prepared , the study of emulsion paints comprising 
homo- and co-polymer systems has indicated a 
correlation between water-resistance, hardness and 
flexibility of latex films, and polymer composition , 
and the investigation of polyethers from polyols 
and propylene oxide has assisted the rapid growth 
of the polyurethane foam industry Both the coal 
chemicals fellowship and the petroleum fellow ship 


covoi a wido field and, undor the power rectifier 
fellowship, laboratory dovolopmont of tho first riaw 
power rectifier was completed and the growth of 
highly perfoct single crystals of silicon and germanium 
has been studied Now orgonosilicon compounds, 
monomors and polymors have boon prepared undo 
tho silicones fellowship, including somo hybrid 
organotm orgnnosiloxano comjiounds 


LABOUR TURNOVER 


L ABOUR turnover has been a subjoct of inquiry' 
and discussion since interest w r as first focusod 
on the problem during the First World War It is 
commonly regarded as a source of serious economic 
waste The level of turnover m a firm is ofton 
regarded as an mdex of morale among tho employees 
Research workers have attempted to analy so tho 
causes of labour turnover by relating it to difforont 
groups of factors The most unportant of tbo oxtomal 
factors are the level of employment and tho avail- 
ability of alternative work The internal factors are 
the composition of tho labour force itsolf, that is to 
say, whether men or women are employed, w'hethor 
they are skilled or unskilled , tho length of timo 
workers have been employed, their ago and tho 
location of their homos Wage iates, hours and 
conditions of work and tho personal relationships 
existing within a firm may also liavo important 
effects on labour turnover 

The findings of research do not appear to have 
helped managements very much in their efforts to 
reduce labour turnover Tho British Institute of 
Management survey of 1949 and 1950, covering 
approximately two hundred companies, showed 
annual labour turnover rates varying from 13 per 
cent to 69 per cent for men and from 24 per cont to 
75 per cent for women per annum Those are industry 
rates Individual companies fluctuated below' and 
above this range Labour turnover was calculated 
on the basis of 

Number of leavers m period under review 
Average number of persons employed during 
same period 

Commonly agreed facts about labour turnover are 
that in any given period it is heavier among short- 
service employees than among those of longer sorvico 
and that much of it does not represent true mobility' 
but, from the social point of viewy useless changes 
from one job to another 

What has not been established ib to what extent 
labour turnover matters to the individual company 
and to society and the extent to which labour 
turnover can ho measured in financial teims or 
whether its effects are largely intangible and in any 
event non-financial 

Excessive labour turnover is assumed to cause 
waste and inefficiency Few' studios have attempted 
to find out what exactly is the extent of this waste 
One of the drawbacks is the difficulty of measure- 
ment The effects of labour turnover are widespread 
and varied and attempts t-o assess them m financial 
terms can easily become either over-simplified or 
over-imaginative and remote from verifiable facts 
An appraisal of the importance of labour turnover 
to industry cannot be complete unless there is some 
estimate of its financial effects Certain effects as. 


for oxamplo, tho impact on tho moralo of tho working 
group of a continually changing labour force, cannot 
bo assessed in financial forms Tho moro tangible 
costs are also important 

What has boon noedod is a series of published 
enso-studics of tho ovpononco and of tho financial cost 
of labour in individual concoms Tho British Institute 
of Managomont has now publishod a sonos of mxtoon 
such studios* Tho studios liavo boon of tho cost of 
labour turnover among dnoct production workors 
No studios ha\o boon undoriakon among cloncnl or 
selling staff 

Tho data provided by tlioso caso studios and b\ 
supplementary' information obtained from a largo 
nuinbor of firms show that . 

(1) In fivo out of sixteen Btudios, labour tumoior 
was adding 10s or moro per week to tho w'nge cost 
of each individual omploy'od 

(2) Tho mam fnctors which appear to affect labour 
tumo\er cost aro tho impact of Icamors on pro 
duction, tho extent to which saleable production is 
lost through labour tumovor and tho mothods used 
to make up production losses 

(3) Tho amount spont on training, induction and 
interviewing is a matter of company' pohey and will 
naturally affect tho lovol of its labour tumovor cost 
Money spont in this way, how over, has a construct!! o 
result and is not waste, as is tlio cost arising from 
other categories 

(4) Labour turnover bos certain long-term effects 
which are not moasurablo in financial terms Most 
important of theso are tho offoct of high labour tum- 
ovor on tho moralo of tho work force, tho woar and 
tear on supervisory' staff and tho loss of customors’ 
goodwill by failure to fulfil ordors and to moot 
delivery' dates To combat theso offsets by roducing 
labour tumovor, it seems worth spondmg money on 
training, induction and interne wing 

(5) Labour tumovor appoars to bo most costly in 
those firms where thero is a high proportion of boixu- 
skilled jobs poculiar to tho company itsolf This is 
because tho training period is ofton long and it is rare 
to find now employoos with oxponenco of similar 
work The rocogmzod skillod occupations and tho 
rolativoly unskilled ones, for oxamplo, labouring and 
cleaning, do not mvolvo compamos m high training 
costs 

(0) Tho results Of tho inquiry as a wholo suggest 
that keeping labour tumovor low may' bo a rolativoly 
expensive business, almost as expensive os allowing 
it to mcroaso With consequent mcroased production 
costs and sales losses Tho decision about how much 
to spend on roducing labour turnover must bo based 
not only on tho figures of tangible waste but also 
on management’s estimate of the Boriousnoss of tho 
non-financial aspects T H Hawkins 

* “Cost of Labour Turnover , 17 » c d 
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STRONTIUM-90 IN HUMAN DIET 


R ESPONSIBILITY for estimating tho contarama 
tion of food by radionotivo fall out haa now 
been transferred to tho Agricultural Research 
Council The report, “Strontium 00 in Human Diet 
in tho United Kingdom, 1058" (London : ELM 
Stationery Office, 1059 4a ), thus oontinucs tho 
son ce formorly issued by the Atomic Energy 
Authonty 

Tho general level of radioaotmty in food m the 
United Kingdom for 1958 was small, comparable 
with that found in the United States, and well below 
any danger level Most of the radioactivity In milk 
and dairy products, bread and flour, and m leafy and 
root \egetablcs was brought about by tho deposition 
of radioactive debris on the leaves of herbage and 
crop plants during periods of ram, followed by foliar 
absorption of (in particular) strontium 90 Only 
the material deposited during the two months 
before horbago was eaten by con's or before crops 
wcto liarvested appeared afterwards in appreciable 
amounts in human food Once tho debris penetrated 
into tho soil, its ‘availability’ to plants was greatly 
reduced Consequently the accumulation of avail 
able strontium 90 in the eod since nucloar weapon 
testing common cod m 1045 had been slight 

Tho radioactivity of milk was highest in western 
areas of Britain and appeared to bo related to tho 
distribution of rainfall The level of radioactivity 
increased in all areas during the latter half of 1958 
partly os a result of an unusually high rainfall and 
partly of on increase in the number of nuclear testa 
Examination of certain upland areas that are 
characterized by high rainfall and by slow growth of 
herbage had shown that milk from these areas often 
contained very high levels of strontium 90 This 
could not be accounted for entirely on the basis of 
high rainfall, low so 11 -cal alum, and low production of 
herbage per acre It was thought that strontium 90 
must become entrapped in the mat of vegetation and 
roots at the base of the award, and be held available 
to the plant in auooeesive seasons, in a way not 
observed on lowland pasture® 

The report shows that when strontium was 
absorbed from tho diet, it tendod to replace caloium 
in bone tissue High levels of strontium 90 in bone 
could damage the bone or bone marrow, ultimately 
causing tumours, loukromia, or other bone disease* 


However, it appeared that the replacement of calcium 
by strontium 00 in new bone tissue was governed not 
by tho amount of strontium 99 in tho diet but by 
its proportion relative to caloium (expressed as micro 
micro curies of strontium 99 per gm calcium) 
Furthermore, the human body, in absorbing mineral 
substances from the digestive tract, discriminated 
against strontium so that tho ratio of strontium 90 
to calcium which was found in bone was only one 
quarter of that m the food oaten 
Tho report also discusses other factors whioh 
tended to reduce the ratio of strontium to caloium m 
the diet Thus, the cov. discriminated against 
strontium when producing milk from grass, so that 
the proportion of strontium 90 to calcium in milk 
was only one seventh of that m the herbage eaten 
Leafy vegetables appeared to absorb strontium lees 
efficiently than herbage, and contained correspond 
ingly less radioactive material Although wheat 
contained a fairly high proportion of strontium 90, 
milling, as in the preparation of white flour, removed 
much of the caloium and strontium m bran anil 
offal, while the subsequent addition of strontium froo- 
chalk as a calcium supplement further reduced tho- 
proportion of strontium to caloium in broad and flour 
produots Tho report noted that the ratio of stron 
tium 90 to calcium in diets based on wholemeal 
bread was likely to be higher than average os there 
wns no legal requirement to add chalk to wholemeal 
flours, while the miffing proooes did not tend to re 
move any of the strontium oontamod In the gram 
However, even on the most unusual food and living 
in the wetteet area, no one in the United Kingdom 
was likely to consume a diet containing more than 
3S ggo of strontium 99 per gm calcium, about half 
the ratio (40 upo ) at which a Modical Research 
Council Committee thought that ‘immediate con 
sideration* should be gi\en to the problem It is 
emphasized that no evidenoe had been found of such 
a diet being consumed by anyone Tho amount of 
strontium 90 per gm caloium in tho average diet was 
about 6 ppo and, provided that tho rate of deposition 
of the radioactive dust did not greatly increase In the 
future, either as a result of meteorological factors or 
because of further testing of nuclear cievioes, such a 
levol should give no cause for Qnxicty 

J M A Tnxrv 


IMMEDIATE AND LOW-LEVEL EFFECTS OF IONIZING 
RADIATIONS 


T HE biological efforts of low doses of ioninng 
radiations, a topio of obvious mtareftt and impcr 
tanco formed ono of tbo mam themoe of a symposium 
hold m Venice, June 22-20, under the joint sponsor 
ship of Uncsoo, the International Atomic Energy 
Agency and tho Cormtato Naikmalo per lo Rioerche 
Nucloan of Italy Tho Organising Committee included 
Prof Z JI Bacg (Belgium) , Profs E Boon and 
A A Burrati Traverao (Italy) and Dr A Hoi 
laondcr (United States) Those invited wore fortunate 
m being ablo to tako part in a conference of which 
content and programme arrangomonts wore of a high 


order and which was held in the beautiful surround- 
ings of the Fondaxlono Giorgio Cim on the Isola di 
San. Giorgio Moggiore Each of tho Tuno sessions was 
arranged t-o contain only a few papers, bo that there 
was ample time for discussion and for a few short 
communications which were relevant to the main 
themoe Sixteen countries, and a wide range of 
scientific disciplines, were represented among tho 
110 research workers who took part 

of certain 

3 TTmmor 

dujotisiro’b 


Tho symposium opened with a review 
aspects of quantitative rndiobfology by tv. * 
(Kemroaktor, Knrlsmho Germany) After 
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critically some of the postulated mechanisms of the 
biological action of ionizing radiations, he went on to 
describe recent results obtained by the use of micro- 
wave spectroscopy This topic, discussed also by J S 
Kirby-Smith (Oak Ridge, United States), is of great 
interest because persistent magnetic centres can bo 
observed in irradiated biological materials of low 
water content, and the signals are modified by environ- 
mental factors which are known also to modify the 
biological effects of radiation However, caution is 
necessary in interpreting the results obtamed by 
instruments currently m use, since the signals observed 
arise from about 10 10 times as many ionizing events 
as those which m many cases initiate biological 
damage 

New techniques which have recently been developed 
for studying cells in mitosis have enabled investigators 
to undertake the difficult task of observing quanti- 
tatively the induction of chromosomal abnormalities 
m human cells M A Bonder (Oak Ridge, United 
States) had examined effects on human cells m tissue 
culture, and also on monkey cells in vivo, using bono 
marrow The cells irradiated in vivo gave a somewhat 
lower yield of chromosome aberrations Doses down 
to 25 r wore used m these studies 

The effects of considerably lowei doses on human 
-cells were observable by M Ingram (University of 
Rochester, United States), who had found significant 
increases in the number of binucleate lymphocytes 
present in the blood of persons exposed to doses 
■considered to be m the ‘toloranco’ range Although 
ionizing radiation is not the only agent which can 
bring this about, it -was of interest that in a field 
investigation of uranium minora, a higlior count of 
binucleate lymphocytes was foimd in the blood of 
the control group of coal minors, who had been 
subjected to regular routine diagnostic X-ray examin- 
ation ! Another paper on effects of X-irradiation on 
the blood picture of mammals was given by S Hajdu- 
kovic (Institute for Nuclear Sciences, Yugoslavia), 
who used as his test effect the increase in the number 
of reticulocytes released into peripheral blood Ho 
reported that mcreases were also obtamed when serum 
from irradiated animals was injected into non- 
irradiated ones, the offeot not being species specific 
These changes were observed fairly early after the 
irradiation 

The subjeot of chemical protection against bio- 
logical effects of ionizing radiation was reviewed by 
D W van Bekkum (National Defence Research 
Council, Holland), who discussed different groups of 
protective substances and critically exammed possible 
mechamsms of action R Brinkman (State Univer- 
sity, Groningen, Holland) described techniques for 
examining the protective effect of chemicals against 
radiation-induced changes which could be measured 
very soon after low doses of irradiation These 
included measurements of the viscosity of synovial 
fluid, and of intradermal pressure Effects of irradia- 
tion could be observed within one second, and sero 
tonin injected intradermally was the most effective 
of the protective substances used M Ebert and 
A Howard (Medical Research Council and British 
Empire Cancer Campaign, Great Britain) described 
some of their latest findings with inert gases These 
gases suppressed the enhancing action of oxygen 
when used at pressures above atmospheric, but were 
less effective m the cold than at room temperature 
J F H Maism (University of Louvam, Belgium) 
had found that small doses of radiation could them- 
fselves protect against the damaging effect of larger 


doses Yoast colls were exposed for long periods to 
continuous irradiation which was not itself sufficient 
to kill the colls , thereafter, largor dosos wore required 
to produce a given killing effect on those than on 
control colls Rats which had boon exposed to radm 
tion in utcro or as now-boms xvoro more resistant than 
controls to radiation given afterwards 

Various typos of immediate response to irradiation 
had been observed by O Hug (International Atomic 
Energy Agency, Austria), who showed a film which 
demonstrated reflox reactions of snails, son urchins 
and ants It was clear that an immediate effect of 
radiation could bo obsorvod with nerve tissue, long 
thought to bo comparatively insensitive to its action 
A different typo of immediate response was reported 
by A Forssborg (Institute of Radiophysics, Sweden), 
who has observed rovorsiblo effects of dosos as low 
as 10' 3 r on the fungus Phycomyces blakeslceanus, 
tho growth-rate of the Bporangioplioro bomg im- 
mediately reduced Depression of grow’th-rato was 
accompanied by nn mcreaso in tho level of ncid-lnbile 
phosphorus, and a slightly delayed mcreaso in lactic 
acid It was suggested that tho use of adenosine 
triphosphate might bo blocked by tho radiation 

Rndiobiologists continue to search for the bio- 
chomicnl links botwoon tho absorption of ionizing 
energy and the manifestation of tho effects observed, 
and various approaches wore reported P. Alexander 
(Chester Beatty Research Institute, Great Britain) 
gave an account of pliyeico-chomical studios on effects 
of radiation on deovj ribonucleic acid in intro and m 
herring sperm, including n discussion of tho phono 
monon of cross-linking K I Altman (University of 
Rochester, United States) hnd studied tho break- 
down! of muscle collagen m rats prev lously fod with 
labelled ammo-acids Whole-body irradiation with 
lethal dosos was followed by a reduction in tho 
hydroxylation of prolmo and nn increase in that of 
its precursor 

A Chovallior and S Manuol (Umv orsity of Stras 
bourg. Franco) found that one result of radiation 
which could bo measured within a short timo was a 
drop in tho oscorbic-ncid contont of almost all tissuos, 
particularly tho sploen Wlitlo this was truo of animals 
irradiated ns a whole, sploon slicos irradiated tn vitro 
did not demonstrate tho phonomonon, nor was it 
observed when only tho oxtononzod sploon was 
irradiated Tho authors concluded tliat tho drop m 
ascorbic acid in tho sploon dopondod on offocts on 
other organs P Mnndol and P Chambon (University 
of Strasbourg, Franco) reported studios on ribonucloic 
acid synthesis m rat sploon after vliolo-body irradin 
tion Accumulated nuclootides wore found in this 
organ from 12 hours after irradiation R Goutior, 
M Goutior Pirotto and P Ciccarono (Umv orsity of 
Li6go, Belgium) examinod an effect which occurred 
soon after tho comparatively low doso of 150 r 
(whole-body) to rats Changes in tho deoxyribo- 
nuclease activity of tho spleen could be dotoctod after 
half an hour Tho activity of tho oxtractod onzymo 
depended critically upon tho mothods used m pre- 
paring tho samplo Tho authors considered that tho 
effect was duo to a chango m tho onzymo molooulo, 
and not to tho offect of tho irradiation on onzymo 
distribution 

Adler (Oak Ridge, United States) reported on 
observations with a variant of Escherichia coh which 
did not synthesize catalaso One offoct of irradiation 
was to sensitize the colls to tho action of hydrogon 
peroxido Irradiated cells oxposod to its action were 
e , although they would othorw ise have survived 
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Bactona were used m two studio* of tho o fleets of 
low doses of radiation. Mareovich (Institut du 
Radium, France) had examined the induction of 
lysogenic baotena, and concluded that the passage 
of a Binglo ionizing particle through a coll was sufficient 
to bring about this offset M Domereo (Carnegie 
Institute of Washington, United States) made u*o of 
three biochemical mutations which occurred spon 
tonooualy with very low frequency, bo that the genetio 
effects of do see on low as 8 5 r could be assessed In 
all throo casee, tho number of mutations induced was 
proportional to the do so at low doses, though the 
doses required to produce a given frequency of 
mutations differed for th<5 three mutations chosen 
for study 

Now observations on tho genetic effects of ionizing 
radiation on mice wero reported by W L Russell 
(Oak Ridge, United States) These have confirmed 
his previous report that if a done in the range 200- 
600 r was delivered at 80 r /mm more mutations 
wero induced in spermatogonia than, if tho same dose 
was dohverod continuously as ‘chromo’ irradiation 
at 00 r /wook or loss This did not apply to mutations 
mducod in *pormatozoa Tho genetic effect of a single 
dose on oocytes was greater than on spermatogonia, 
whereas tho re verso was tamo of oliromc irradiation 
L B Russell (Oak Ridge, United States) reported 
that chronic irradiation was loss effective than an 
acute dose, delivered to embryos in their most 


sensitive stage, in bringing about still births and 
neonatal deaths 

Various teats of radiation damage were used by 
L J Cole (Naval Radiobiological Defense Lahore 
tory. United States) in comparing effects of single 
exposures and 'chronio 1 or fractionated radiation 
Single doses wore less effective in inducing loukrenua 
or shortening the life span but the effects of chrome 
irradiation doses on the fertility of female mice were 
much lower than were single doses The effect of as 
little as 25 r m a singlo dose could bo detected In 
weanlings The injection of bone marrow, winch 
protected against the lothal effects of 800 r , did not 
protect against loss of fertility 

Immunological aspects of tissue transplantation 
after 300 r of XrayB had been studied by P C 
Roller and 8 Doak (Chester Beatty Research 
Institute, Groat Britain) After fifty days, the 
immune response of some ' oh i macros had reverted 
to the host type others had re tamed tho immunity 
of the donor, and yet others gave a mixed response 

This very brief account of tho subjects discussed 
at the symposium should make it evident how wide 
a range of materials and how many different ap 
proachee, are being used in attempts to clarlf\ some 
of the outstanding problems in radiation biology 
The proceedings of the symposium ore to be published 
as a supplement to the IntcmaUojuxl Journal oj 
Radiation Biology TreVAii Alter. 


NUCLEAR FORCES AND THE FEW-NUCLEON PROBLEM 


M ORE than 260 nuclear physicists, including about 
100 delegates from fifteen countries overseas 
attended the international conference, whioh was held 
at the Physios Department, University College, Lon 
don, during July 8-1 1 A oonfarenoe on the behaviour 
of light nucloi had not taken place for several years 
and was initiated by physicists at Los Alamos and 
University College As was stressed by Prof H8W 
Maasoy (University College), who openod tho con 
ferenco although the original intention was to 
emphasise the few nucleon problem, discussion of 
nuclear forces bad inevitably to be included 
The oonfbreiuse consisted of five main sessions, 
the first and longest borng entirely devoted to the 
primary two nucleon interaction. In this session 
review papers were given, by Profs R E ^Inrahak 
(Rochester) R Wilson (Harvard), K A Brueolaior 
{Pennsylvania) and G F Chcrw (Berkeley) on both 
the experimental and theoretical atatus of tho prob 
lem Interest centred on many Rota of measurements, 
including triple ecnttoniig and correlation oxpon 
mernts, as well as more accurate cross section measure' 
mcntA at various energies and on their interpretation 
m terms of tho S matrix Prof G Broit (Yale) 
presented an extensive scorch for phase -shift fits to tho 
scattering data up to 340 MoV„ whilo comparison 
was made with phase shifts derived from various 
phenomenological potentials by Prof Marshak. 
There was discussion on both the necessity and 
theoretical justification for Including spin orbit and 
other velocity -dependent potentials m the two-body 
force The experimental papers wore concerned with 
rocont triple scattering measurements in p~p BCattor 
log at Rochcfftor and Harwell and with p~p angular 
distributions at Minnesota Also n~p angular dia 


tributiona and polarization measurements from 
20-120 MoV were reported by Dr J J Threehor 
(Harwell) 

Dr J Iwndore (Kyoto) summarized tho recent 
work done m Japan on the meson theoretical two 
nuoloon interaction and its comparison with oxpon 
mental data This was followed by Prof Chew h 
paper which reviewed recent work on tho meson 
field thoorotical approach to tho two body problem 
starting from the Mandelstam oonjocture on tho 
analytical form of the scattering amplitude Tho 
inclusion of tho pion-pion interaction within tho 
contort of dispersion relations sooms to be tho next 
step m tho long struggle to obtain meaningful results 
from the meson theory of nuclear farces proposed 
by Yukawa in 1935 

Prof Yukawa was chairman for tho boginning of 
tho second session, on the scattering of nucleons 
by light nucloi at high onergy A rev iow paper on 
tho impulse approximation by Dr H McManus 
(Chalk River) was followed by applications of this 
approach to tho rwi and p~d caso by Dr*. L Caatiliejo 
(Birmingham), R Phillips (Harwell) and bj Japanese 
workers Tho problem was oxarmnod from the point 
of view of dispersion thoory m a paper by Gold 
borger Hal pern and Blonkon.be cl or (Princeton), and 
corrections due to multiple scattering wero considered 
by prof R J Glauber (Harvard) In this session 
there wero reports by Drs A M Cormack, T C 
Griffith and G Kuxtablo on experiments done at 
Harvard, Unlvorsit} College and Harwell respectively 
on p-d and p ~ a scattering at energies between CO and 


50 MoV ... | # 

Tho session on photonu clear react ions 
Udel opened with a rev vow by 1 st 
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(Glasgow) Other papers were presented by Profs 
G Breit, A Klein (Pennsylvania) and Dr Iwadaro 
The effect on the theory of the photodismtogration 
of the deuteron of the spin-orbit force within the 
iv-p system stimulated much discussion 

Tho fourth session of the confoience was devoted 
to the question of binding onergios and olastie 
scattering of hght nuclei at low energies Tho review 
papers were given by Prof H S W. Massoy and 
Dr P~ G Burke (University of London) on tho threo- 
body problem and on the elastic scattering of 
nucleons by alpha-particles There were also two 
invited papers from Los Alamos Dr L Cranberg 
reported on experimental results concerning total and 
differential cross-sections and also polarization 
measurements m tho scattering of low-onorgy 
neutrons from 3 D, 3 H and 3 He, while Dr L Rosen 
reported on charged particle scattering from J D and 
3 H at energies up to about 20 MeV Those experi- 
ments led to several new checks on charge symmetry 
and time reversal mvariance 

The contributed papers included ono on tho 
ground-state energy of the triton, by Prof J M 
Blatt (Sydney) Using tho Gammel-Thaler potential, 
no bound state was found for reasonable trial wave 
functions Among other papers from Los Alamos, 
Dr J L Gammol gave a preliminary account of 
attempts to integrate the n-^d problem numerically 
and discussed the feasibdity of spm-corrolation 
experiments using 4 He as an analyser 

Polarization measurements in n-d and p-d 
scattering at low energies, reported by Dr H - J 
Gerber (Zurich) and Dr R E Sogel (North-western 
University), indicate that thero is very httlo polariza- 
tion at about 4 MeV A contribution from Dr N 


Vlassov (Moscow), rood by Dr I A Baz, on tho inter- 
action of protons and doutorons with light nuclei 
ondod this session 

Tho lost session, with a titlo “Reactions Involving 
Four or More than Four Nucleons”, uas oponod In 
Dr B H Bransdon (Glasgow) with his papor on tho 
collisions of neutrons and of doutorons with *H and 
3 Ho This papor was followod by a numbor of papers 
involving tho application of tho rosonatmg group 
structure motliod to bmdmg onorgy and scattering 
calculations This mothod, as did tho impulso 
approximation mothod at liiglior energies in a pro 
vious session, aroused considerable controversy during 
tho discussion Novortlieloss, it was felt that some 
progross had boon mado, since ono typo of mixture 
of exchange forcos does seem to bo simulating the 
exact force in moi e than ono situation involving light 
nuclei 

Pi of G Skornyakov (Moscow) then gave lus papor 
on n-d scattering in tho zoro rango forco approxuna 
tion, this bomg a contribution to tho provious session 
Tho threo-particlo problom is solvod accurately in 
this limit Ho also road a papor by Dr T Y Barit 
on p-T scattering and allied reactions 

The final papors wore precodod by a roviow given 
by Dr V J Emory (Harwoll) of tho calculations 
of tho binding onergios of nuclei using tho Brueckner 
mothod Prof Bruocknor himself also presented a 
papor on tho Hartroo-Fock mothod for strongly 
interacting systems Tho conforonco concluded with 
papors by Profs N Austorn and S Meshkov (Pitts- 
burgh) on preliminary calculations concoming tho 
structure of ‘Li and ,l C 

T C Giumnr 

E A Power 


CHAGAS’S DISEASE 


C HAGAS’S disease or South American trypano- 
somiasis, occurring chiefly in Brazd and other 
countries of South America, is caused by Trypanosoma 
cruzt and is spread mainly by reduvud bugs Tho 
disease was first discovered and described fully in 
1909 from the State of Minas Geraes in Brazil All 
the significant observations regarding tho causative 
agent, the vector, mode of transmission and symp- 
toms were made then, by that creative genius, Carlos 
Chagas In order to commemorate the fiftieth 
anniversary of this discovery, an international con- 
gress on Chagas’s disease was held at Rio do Janeiro 
during July 6-11 

Foreign delegates from European countries, Israel 
and the United States of America numbered more 
than seventy Approximately 300 others from Brazil 
and the neighbouring countries of South America 
also attended At a short historical session at tho 
Ministry of Education and Culture on July 4 the life 
and work and significance of the discoveries mado 
by Chagas were described by various speakors 
The inaugural meeting of the congress was hold 
on July 6 in the National Faculty of Medicine from 
9pm until midnight, when addresses were dehvored 
by Prof Alessandri (Chile), Prof Lemoigno (Pasteur 
Institute, Paris), Dr Candau (director general, World 
Health Organization), a student in the Medical Faculty, 
Prof Moraes, director of the Medical School and dean 
of the University, and rephed to by Prof Carlos 
Chagas Filho 


Tho real business of tho congress began on tho 
following morning at 9 a m and lasted until 6pm 
in a pavilion within tho grounds of tho Instituto 
Oswaldo Cruz Two or throo sessions took plnco con- 
currently to discuss tho discaso in its different aspects 
In ono of tho lecture theatres simultaneous trans- 
lations from English, Fronch, Spanish, Portu- 
guese and Gorman were provided Chagas’s diseaso 
m tho American contmont was discussod from tho 
pathological aspect and the difforont forms encoun- 
tered in tho various South American countries 
described, including tho clinical findings on tho two 
human cases thus far roported from tho soutliom 
United States Other papors on transmitting agents, 
animal rosorvoirs, including the opossum and arma- 
dillo, and their relation to tho opidomiology of tho 
disease as woll as tho characters of tho human strains, 
i\ ore discussed Public health questions i\ oro reviewed 
m relation to tho geographical distribution of tho 
principal transmitters of tho diseaso which infest 
human dwellings Tho anatomy and respiratory 
system of Tnatoma tnfestans, tho chiof vector in 
Brazil, was described On tlio following day tho 
subject discussod in ono section was the rotiological 
agent, with emphasis on tho physiology, motabolism 
and nutrition of tho parasite Electron microscopo 
studies of parasitized cells wero included In another 
section immunological aspocts of tho disoaso, in- 
cluding complement fixation reactions, procipitin and 
skin tests, wero dealt with and the isolation of 
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immune polysaccharides from the organism described. 
The occurrence of toxins in cultures of the organism 
appeared to bo doubtful Tho opidormology of the 
disease was discussed m seven papers Polymorphism 
which occurs in African trypanosomes was compared 
with that mot with in T cmzx, and observations made 
on the nature of their evolutionary cycles The 
session was concluded by tho showing of a film 
dealing with methods of eradication, of the tsetse fly, 
which transmits the disease in Portuguese Africa 
On the same evening a meeting was held in the 
Brazilian Academy of Sciences from 9 p.m until 
midnight, at which a paper was read on ‘'Chagas ns 
Protozoologist’ , and others on the metabolism, 
phylogeny and growth of tho paraado The following 
day was devoted to the pathology of aente and 
chrome cases of the disease m different parte of tho 
South American continent, throughout which the 
vrrulonco of the causative agent vnnee Discussions 
took place on the myocardial, nervous, cerebro 
\ oscular and blood protein changes involved, ns well 
as on tho condition of mogacolon and megocesophagus 
now believed to bo causally related to tho disease 
Further papers on epidemiology dealt with nniraal 
resorvoira and with the feeding habits of domestic and 
wild typos of roduviid bugB. The danger of blood 
transfusion as a means of spread was also dealt with 
Propliylaxia waa boot offootod by spraying the sites 
where the vector was found, along with general 
hygienic measures Workers from different areas of 
South America, where the nature of the problem 
vnnee with tho transmitting agent, contributed also 
on the following day Tho different clinical forms 
and diagnosis of tho disease, including that met with 
in congenital cases, were described in seven papers At 
a special session tho nature of the infection caused 


by Trypanotoma rangeh was described This parasite 
was first described in 1020 by To j era in Venezuela, 
where it infects JRhodmua ptwtxus, which is also the 
chief transmitter of T cruzt there The firet forms 
woro aeon in human blood in Guatemala in 1946, and 
now 796 cases of infection have been described m 
Venexuola, ohiefly in children, bat the infection Is 
not of serious character At an ovonmg session in 
tho National Academy of Medicine further papers 
wore read On the last full working day of the 
congress, eighteen papers wore, read, ctnofly on tho 
relationship of cardiac and nervous disorders, in 
oluding mogacolon and megaaesophagus, to Chagas’s 
disease Discussions also took place on chomothera 
peutio agentB, but the sad fact remains that no 
curative agent is known for this disease A short 
ceremony took place during the morning at which a 
plaque, presented by tho Argentinian delegation, do 
the memory of Carlos Chagas was un veiled 

On the same day a paper was read by Prof Jean 
Coudert on tho action of T cnizi extracts on can cor 
cells another by William Fryo on antibiotics in 
tropical disease, and Bene Dub os gave a talk on 
general aspects of infection 

Tho final meeting on July 11 was devoted to 
round table discussion of the subjects dealt with 
earlier m tho week Resolutions wore also submitted 
regarding the holding of another international con 
gross within the next few years, but no definite 
decisions were arrived at During tho wook more 
than ISO papers were read Two medals woro struck 
to commemorate the congress, each with tho head 
of Carlos Chagas on one Bide but difforing on tho 
obverse side The proceedings of this inspiring 
congress will be published m duo course 

J D Fut/ton 


SPECIAL CERAMICS 

T HV. challenge of temperature, which has inspired Alter a welcome to the delegates by the chairman 
the metallurgist to some of his more notable of the Association, Mr B James Johnson, and 
developments, has in recent years been renewed and the director, Dr A. T Green, the deputy director 
has been taken up by the ceramist, who is seeking Dr N F Astbury, gave on introductory lecture on 
materials of low creep resistance high thermal shock the fields of application for new coramlo materials, 
resistance and high hot -strength to meet the demands and spoke of the special ceramics research programme 
of propulsion engineering, high speed veliiclos and of the British Ceramic Research Association, in. which 
nuclear engineering The ceramist has for many particular reference was made to boron nitride, a 
year* made his own special contribution to com machinable dielectric capable of withstanding high 
monicatjons engineering, chiefly in the exploitation temperatures, and to a now form of self bondod 
of oxide typo materials the field of non oxido silicon carbide and to silicon mlndo Both tho 
materials remained largely unexplored, but it is now latter materials ore being actively studied in con 
being opened up by the drive for new materials in noxion with rocket engineering The dependence of 
other engineering applications The British Ceramic macroscopic properties on crystal structure and tho 
Research Association has for the post five years had trends observed in groups of materials of the samp 
a small group devoted to thcae studies and has boon structure were discussed in a paper by Dr S N 
working in close co-operation with various Service Ruddleedon (British Ceramic Research Association), 
department# and industrial concerns It was folt tliat who illustrated her arguments by non-oxides such os 
some attempt to sot up a forum for the exchange of silicon mtnde and boron phosphide, the latter being 
ideas would be tunoly, and tho outcomo was a Sym a new compound of tho IU-v acnos of zinc blonde 
posium on Special Ceramics held at the Lnlxiratorioa structures Like silicon carbide, boron phosphide is 
ofthe British Commie Rosonrch Association m Stoke very hard and it is a semiconductor with an energy 
on Trent during July 13-16 About 150 delegates gap of the order of 5 oV 

attended the symposium and seven countries wero Tho greatest challenge that ceramics must faco in 
reproaontod Tho subjoct-mattor of tho symposium meeting metals in thou: ohosen field 10 tho absence 
was divided into four sessions dealing with 1 (1) of ductility and thoir comparatively low breaking 
properties and structure, measurements , (2) pre strain The reply to this is being soug ht by a study 
partition and properties of nitrides , (3) preparation of the properties of certain oxide crystals, and 
and properties of other non oxides , and (4) furnaces of special interest, therefore, that Dr F «T __ ^ 
techniques, analysis, applications, etc (UK Atomic Energy Authority Harwoi ; 
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to give an account of his experiments on the room- 
temperature ductihty of single crystals of magnesium 
oxide, together with his observation of slip bands and 
fracture starting at the intersection of these shp 
bands near a crystal face Dr Clarke discussod 
possible applications of his results to polycrystalline 
materials 

Methods of measuring thermal conductivity re 
quiring much less time than traditional methods were 
described by Mr T W Lindop (Morgan Crucible 
Co ), and Mr R P Tye (National Physical Labora- 
tory) contributed to the discussion with an account of 
an even more rapid (< 1 min ) comparator method 
A simple apparatus for the measurement of creep at 
high temperature (1,200° C ) was described m a paper 
by Messrs N L Parr and G P Martin, read by Mr 
D M Rae (Admiralty Materials Laboratory) Dr 
Clarke ended the first session with a description of 
the effect of reactor irradiation on ceramic materials, 
which aroused some lively discussion on the damago 
mechanism and the neutron energies causing most 
damage 

Silicon nitride is a hard, very strong material (the 
modulus of rupture at 1,200° C is of the order of 
18,000 lb /sq m ) winch can be made into shapes 
of accurate dimensions by nitriding pressed silicon- 
powder, smce no contraction occurs during the firing 
Its preparation, its properties as anengineeringmatorial 
(it possesses very good thermal shock resistance and 
satisfactory resistance to creep) and its microstructuro 
were described by Messrs N L Parr, G F Martin 
and E R W May (Admiralty Materials Laboratory) 
In the subsequent discussion, Mr P Poppor (British 
Ceramic Research Association) showed photographs 
of some intriguing spiral ‘whiskers’ of silicon rutrido 
A new hexagonal form of Be,N, was described by 
Drs A Rabonau and P Eckerlm (Philips, Aachen), 
who had studied the system Bo^N,— S i 3 N 4 and found 
two other compounds, Bo 4 SiN 4 and a wurlzite-type 
compound, BeSiN, 

There is a wide gap between organio plastic 
insulators, which can bo easily shaped by moulding 
or machining but which cannot withstand high 
temperatures, and refractory insulators, which can 
withstand very high temperatures but are difficult 
to make to accurate dimensional tolerances One 
material which helps to bridge this gap is boron 
nitride, a refractory insulator which can be easily 
machined, a property which is attributed to its layer 
lattice crystal structure, wluch resembles that of 
graphite, with which it is isosteric It is not w’etted by 
many molten metals and has a high electrical resist- 
ivity (10® ohm cm at 1,300° C ) and high resistance 
to chemical attack The preparation of boron 
nitride, its possible uses, the control of hot-pressing 
and stability by additions of ‘impurities’ were 
described by Dr T A. Ingles and Mr Poppor (British 
Ceramic Research Association) Other possible 
materials to bridge the gap are being sought 
m polymers which contain boron and nitrogen 
or phosphorus and nitrogen The paper by Messrs 
F W. Ainger and I. M Herbert (Plessoy Re- 
search Laboratories) on the preparation of phos- 
phorus-nitrogen compounds as non-porous solids 
was remarkable for the presentation of so much 
inorganic chemistry m the language of the organic 
chemist 

Knowledge of dissociation pressures is important 
m considering materials for high-temperature appli- 
cations, and measurements of the dissociation pres- 
sures of metallic sihcides and of silicon carbide were 


reported by Mr P Gnovoson and Dr C B Alcock 
(Imponal College of Science and Technology), 
interpreted their results on a thermodynamic basis 
A novel way of preparing an oxtromoly strong, donso 
silicon carbide, without tho nood for hot-prossmg, 
was described by Mr P Popper Tho method 
involves heating a cold-proasod mixture of carbon 
and silicon carbido pow’dor in an atmosphoro of silicon 
vapour when, undor appropriate conditions, a 
material is obtained with a donsity of 3 05 gm /cm 3 
(corresponding to 95 per cont crystallographic density) 
and a modulus of rupture at room temperature of the 
order of 30,000 lb /sq m Anothor silicido, MoSi„ 
described by Mr J B Huffadmo (Plossoy Research 
Laboratories), lias a vory low’ electrical resistivity 
and is used in hooting olomonts It has a remarkably 
high oxidation resistance and an expansion coefficient 
substantially tho samo as alumina, from 0° to 
1,000° C It also adhoros strongly to alumina if 
hot-pressed with this oxido, and it was suggested 
that composite M 0 S 1 . — Al s O s pressings could provido 
useful electrical components 

Tho preparation and properties of calcium fluondo 
ware wore described by IVIr P Rado (Worcester 
Royal Porcelain Co ) Although this material has 
a very’ poor thermal shock resistance, it has 
found application as a cruciblo material for the 
reduction of metallic fluorides, particularly’ uranium 
fluoride 

Photoconduct ivo materials havo normally boon 
used m tho form of single crystals, but Drs W von 
Gool and J G van Santon (Philips, Eindhoven) 
showed that a poly-crystalline aggregate of cadmium 
sulpludo could bo used as on element m photosonsitn 0 
dovicos 

Throughout tho symposium attention was ro- 
poatodly’ directed to tho high-tomporaturo techniques 
roquirod in tho preparation of special coramics, and 
somo of these woro discussed m dotail m tho final 
session, which included throe papers on fumaco 
design Dr A Z Borucka (Motals Rosoarcli, Ltd ) 
described tho construction of a fumaco to givo a hot 
zone (1,200° C ) of very uniform temperature by 
having tho fumaco windings split into sovoral soctions 
with tho spacing of tho windings graduated in eaoh 
section Dr M Colo and Dr Borucka (Motals 
Research, Ltd ) described a novol roplacoablo heating 
element, consisting of a molybdenum heater oncosod 
m an alumina sheath througli which hydrogen or 
another protective gas is passed Tlioso olomonts can 
heat a furnace w'lth a capacity of sovoral cubic foot 
to 1,800° C m either oxidizing or reducing atmo 
sphorcs, giving a uniform tomperaturo distribution 
wuth no contamination of tho fumaco atmosphoro 
Tho construction and advantago of various tyqios of 
carbon-tube furnace, that is to say, tho simple tube, 
the singlo-endod, hairpm-cut tube and tho spiral-cut 
tube, capable of operating at tomporaturos above 
2,000° C vi vacuo or in controlled atmospheres, were 
described by Mr C J W Baker (Bi ltisli Ceramic 
Research Association) 

Many of tho special ceramic matonals cannot bo 
melted undor normal conditions, and so sintering 
cannot bo usod as a moans of donsification Tho 
alternative toohmquo is hot-prossmg, but this has tho 
disadvantage m gonoral tliat only simple shapes can 
bo produced without further machining Dr J S 
Jackson and Mr P F Palmer (British Thomson 
Houston Rosoarch Laboratories) described on appar- 
atus designed for hot-pressing small specimens of 
refractory hard materials to high density in graphite 
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dioe heated by passing a high current through 
the walls They reported tho contraction of 
various carbides, borides and oxides as a function 
of temperature, and showed that reduction of 
particle eiro reduced tho temperature needed for 
dons ification. 

One of the difficulties of powder aggregation la the 
variation in density which may occur thr ough the 
compact This difficulty can be circumvented by 
isostatlo pressing and the use of a reversible gel, 
such aa a polyvinyl polymer, oa a mould material 
giving substantially truo hvdrostatio pressures up to 
60 to ns /in.* was described by Mr T W Pennco 
(Production Tool Alloy Co) Tho technique is 
evidently applicable to quite complicated shapes 
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The analyst** outlook on the now materials was 
touched upon in a paper by Mr H Bennett (British 
Ceramic Roeoarch Association) on the chemical 
determination of nttrogen m refractory nitrides, which 
osed many new problems Tho final paper wo* a 
osenption by J Peye*ou (C S.F , France) of tho 
possible variations of properties of oeramic articles 
caused by variation* in firing conditions and methods 
of manufacture 

The symposium concluded with a tour of tho 
laboratories of the British Ceramic Research Associa- 
tion. The proceedings of the symposium are to be 
published by Heywood and Co aa a book, ‘Special 
Ceramics*’, -which 1* being edited by Mr P Popper 

N F Astbuby 


SOLID STATE PHYSICS 


A CONFERENCE was held at Melbourne on 
“Solid State Pliyatca ’ during August 17-21 
under tho auspices of tho Australian Branch of the 
Institute of Physios Grants from Australian m 
dustry, learned societies, government organizations 
and universities and support by tho United States 
Govommont rosoaroh authorities, the United King 
dom Atomic Energy Authority and the Canadian 
Government enabled several American*, a Canadian 
and threo Englishmen to attend Other States of the 
Commonwealth of Australia and Now Zealand wore 
well represented. 

Tho matter was drawn from across almost tho 
whole range of this enormous subject, and ono could 
hope that it might Bot a stylo of conference where 
the programme would be not so specialized that only 
a few exports could really benefit. 

The programme opened with a day devoted to low 
temperature properties of metals and alloys Pro 
clsion lattice parameters, superconductivity and 
superfluidity, dislocation phonon scattering and olec 
tron phonon drag effects were discussed Tho change* 
of lattice parameter m bismuth on alloying sot a 
challenge to the theorists, and tho dislocation scatter 
ing of phonons scorns still to be in error by a factor 
assessed as betwoen three and seventy by ono 
speaker 

Electron field emission, low-energy sputtering, 
epitaxial growth and dislocation barriers at surface* 
served dining tho noxt day to remind those present 
just how little of tlie surfaces of solids i* understood 
The afternoon and following day were de\ ofcod to 
plasticity studios, when softening by adiabatic heat 
mg was usod to explain the serrated load extension 
curves of iron at temperatures immediately above 
tho brittlo fracture region os woll as for aluminium 
at very low tempura turo Tho dependence on onenta 
tion of work hardening and of slip system geography 
in faoo -con trod cubic metals were presented, and it 
was dearly the opinion of the majority that current 
theories are far too simple in their outlook. The 
V o i cris-N abarro force its connexion with lattice 
friotion, and the *igmficonce of the friction term in 
tho hardening curves formed a recurrent theme in and 
out of tho lecture room. Preliminary results indicate 
that reliable twin fault densities may bo obtained 
from tho asymmetry of Bragg peak* and this may 
inject a little moro knowledge of tho deformed state 
Measurement* of the mechanical properties of tho 


alkali metals at very low temperatures, along with 
optical microscope studies, have confirmed the X ray 
evidence of shear transformations in sodium and 
lithium, and have brought to light a great sensitivity 
to structural details in the transformation of tho 
crystalline aggregate 

On the third day attention was swung to optical 
irropertiee of solids, with papers on soft X ray studies 
of the light metals, infra-red and optical absorption 
in ionic crystals Dielectric properties of doped 
alkali halides, ovidence for aggregation of F centres 
and new technique* and facts in luminescence studies 
were the subjects for tho remainder of the day Tho 
analysis of rare -earth spectra m crystals is getting 
steadily more detailed and -v cry large-scale calcula 
tions are rapidly elucidating the details of inter 
actions within the / electron shell 

The last day saw an interesting mixture of paper* i 
the dreadful maze into which theoretical physicists 
load oach other when the enharmonic terms loading 
to thermal expansion are studied was on show as 
was the thoory of zone structure m liquid* Hero 
some progress seemed to be made for the ono 
dimensional modol The magnotic atruoturo of 
metallic chromium and it* alloys was discussed in 
terms of magnotic properties and neutron diffraction 
evidence Then came tho grand finale with one 
situation well on tho vra> to elucidation and throe woll 
on the way to confusion. Tho ordering of a brass at tom 
perature* of about 135° C lia* boon moat convincingly 
shown and will probably romovo tho few remaining 
anomalies in tho properties of tho aCu — Zn phase 
in this temperature region. But in copper the 
firrt annealing observed after very low temperature 
bombardment now occurs at only 7* K., and the 
atomic processes involvod got steadily more myston 
ou* P ol ycrystal Uno calcito or 'marble* p ! anti cal ly 

uni axially compressed at high hydrostatic pressure, 
largely recover* it* axial dimensions on release of 
the hydrostatic pressure In lithium fluoride a* well 
os silicon iron, ploatio hardening seems to denote a 
drop m dislocation speod under a given stress, 
indicating on increase in dislocation viscosity — or is it 
a drop in effoctivo stress ? 

It was a stimulating conference, and those from 
overseas wore impressed to find suoh a wealth of 
first-class work, enthusiasm and hospitality m this 
rapidly growing and developing continent of * 
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UNIVERSITY GRANTS IN GREAT BRITAIN 


T HE annual returns from universities and collogos 
m receipt of Treasury grants from tho academic 
year 1957-58, now covering twenty-one universities 
and three colleges, issued by the University Grants 
Committee, records a further increase m tho number 
of full-time students to 95,442, compared with 89,86G 
m 1956-67 (Pp 54 Cmnd 832 London HM 
Stationery Office, 1959 5s not) Statistics collected 
m October 1958 showed a university population of 
about 100,000, and this number is expected to reach 
at least 110,000 by 1961-62 There ‘were 6,180 full- 
time and 2,208 part-time students from overseas 
within the British Commonwealth and 3,982 full-time 
and 1,904 part-time students from foreign countries , 
foi 1956-57 the corresponding figuros were 6,115 and 
2,016 for the Commonwealth and 3,792 and 1,756 for 
foreign countries Of full-time new students 36 4 
per cent wore m arts, 23 7 per cent in pure scionco, 
19 0 per cent m technology and 13 7 per cent in 
medicine those figuros compare with 38 7, 15 2, 13 5 
and 26 1, respectively, m 1938-39 For full-time 
women students the corresponding figures for 
1967-58 are 63 5, 20 0, 0 8 and 12 1, respectively, 
and for 1938-39, 64 7, 15 9, 0 8 and 16 2 Full- 
time advanced students of pure scionco numboied 
3,853 (34 8 per cent) , of technology, 1,916 (17 3 per 
cent) , and of medicine, 968 (8 8 por cent) , 3,007 
students were taking postgraduate courses in toachor 
training 

Of the full-time students 76,687 wore reading for 
a first degree, 3,937 for a first diploma and 14,069 
engaged in research or other advanced work, tho 
corresponding figures for 1956-57 being 71,713, 3,969 
and 13,379, respectively Of the now full-timo 
students, 24 0 per cent were in puro science, 15 4 per 
cent m technology and 9 3 por cent in medicine , 


for 1956-57 tho corresponding figuros woro 23 8, 15 0 
and 9 6 por cent, respectively 

Tho proportion of assisted students was 79 2 por 
cent compared with 75 7 per eont in 1956-57 and 
71 9 por cent m 1953-54, ranging from 92 2 per cont 
m Walos, 80 7 por cont in English universities, o\ 
eluding Oxford, Cambridge and London, to 67 2 por 
cont for Scotland Full-timo teaching and rosoarch 
staff mcroasod to 10,642, comparod with 10,485 in 
1956-57 Tho proportion of full-timo students 
residing in collogos or halls of rosidonco v as 26 4 por 
cont comparod with 27 4 per cont m 1956-57 although 
tho total, 25,174, was lnghor Tho proportion of men in 
rosidonco, excluding Oxford, Cambridge and London, 
was 22 4 per cont and of women, 38 6 per cent, whoroas 
46,237 (48 4 poi cont) woro m lodgings and 24,031 
(25 2 per cent) at homo, compared with 46 per cent 
and 26 6 por cont, respectively, tho previous yoar 
Of tho rccunont mcomo of £49,418,302 (an mcroaso 
of £7,702,693 on 1956-57) £34,953,400 was from 
ParJiamontaiy grants (70 7 por cont) Income from 
fees increased from 11 2 per cont to 11 5 por cont, 
local authority grants decioased from 3 1 to 2 8 per 
cont, endowments from 4 0 por cont to 3 6 por cont, 
donations and subscriptions from 1 2 to 1 1 por cont, 
and payments for rosoarch (£3,008,898) from 6 5 
por cont to 6 1 per cent Non-rccurront grants 
in respoct of capital oxpondituro amounted to 
£11,816,479 compared with £9,134,185 in 1956-67 
and of tho rocurront expenditure of £48,335,053 — 
an increase of £6,825,350 on 1956-57 — 7 1 por cont 
was spent on administration 68 6 per cent on 
dopartmontal maintenance and 12 5 por cont on 
maintenance of promisos Expenditiuo on libraries 
mcroasod from £1,620,958 to £1,821,943 but de- 
creased to 3 8 per cent of tho total 


NUCLEAR RESEARCH IN AUSTRALIA 


I N the sixth annual report of the Australian Atomic 
Energy Commission (Commonwealth of Australia, 
1958 Pp 62 Sydney Australian Atomic Energy 
■Commission, 1959), covering the year ended June 
30, 1958, considerable space is devoted to tho Com- 
mission’s Research Establishment at Lucas Heights, 
which was officially opened by tho Prime Minister 
of Australia, the Rt Hon R G Menzies, on Aprd 18, 
1958 During the period up to the beginning of May 
approximately 4,500 visitors wont to tho Establish- 
ment Many of the major buddings have been com- 
pleted and this has enabled tho research staff to 
Tetum from Harwell and to begin to design and 
assemble equipment for their research' projects 
Tho Commonwealth Government has approved a 
further budding programme involving an expenditure 
of £1 6 million during 1958-59 and 1969-60 on new 
laboratories and services, including engineering re- 
search laboratories, a budding m which the fabrica- 
tion and chemistry of beryllium fuels can be studied, 
and post-irradiation handling equipment 

The report details the work of the principal seotions 
of the Establishment and the various research pro- 
jects to be undertaken The mam function of the 


Isotopes Section is tho advisory sorvico to industry 
and resoarch, and 310 requests for advico on various 
aspects of isotope production v\ero dealt with during 
tho year Australian industry and research in com- 
parison with tho United Statos of Amorica or the 
Umtod Kingdom has, howovor, been slow to accopt 
tho use of radioisotopes Tho Section assisted in a 
large-scale field test, in which a radioisotope tech- 
nique was used to measure tho efficiency of mixing 
in a cooling pond m an eloctrical power station 
Other investigations mcluded tho development of a 
inothod for tho continuous investigation of moisturo 
content of brown coal , a technique for tracing 
sewage sludge in sea disposal , siltation m the Himter 
River , and tho uso of radioisotopo tracors m cloud 
physics 

A large proportion of the work of the Technical 
Physics Section has been concomed with tho instal- 
lation and commissioning of the control gear and 
instrumentation of tho High-Flux Australian Reactor, 
at the Establishment Other equipment constructed 
an !v mcludo a fast scaler, using transistors, 

with plug-m scales of ten, and a discriminator with 
reso ving ime o l psec , a bota-gamma eoinci- 
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denco unit , and linear amplifiers and scintillation 
counters for the Health Physics Section. 

One of the aims of tho fuel element research con 
ducted at tho Establishment is to develop a ‘self 
brooding fuel in which thorium lft present in such 
quantities that fissioned uranium is continuously 
replaced by uranium 235 Beryllium and beryllium 
oxide arc also being studied as moderator materials 
and fuol camera Another problem under study is 
the production of graphite which is impermeable 
to fission product gases and several methods of sealing 
inherent porosity aro being investigated Research 
on a sodium based liquid motet fuol reactor was begun 
at Harwell and is being continued at Lucas Heights 
The experimental assemblies built bv the Australian 
staff whi/e at Harwoif ha\o been purchased and 
shippod to Australia Tho sodium plant built by the 
Australian Atomic Energy Commission at the Re 
search Establishment is a research tool designed to 
pump molten sodium at 500° C at 10 gall per min 
and it will provide faoihiice for carrying out research 
on compatibility problems, Rodium component 
testing, heat-transfer investigations and the training 
of staff in the handling of liquid motals 

In the factions of the report dealing with the 
scorch for, and mining of uranium details arc given 
of the airborne radiometric and geological survey's 
carried out by the Bureau of Mineral Resources 
There was a marked decline in Interest in the search 
for uranium both by companies and individual 
prospectors This is attributed to the uncertainty 
regarding the future of the world uranium market 
Tho picture presented in the report is that of a rather 
difficult period m the years unmediatolv ahead, 
but that tho present rate of production could woll 


prove insufficient within the next decade The pro 
duction of uranium oxide at Rum Jungle was lower 
than m the preceding year Full-scale open -cut mining 
has been m progress at Mary Katlileen during tho 
year and a large stock pile of ore for treatment bna 
been built up A recalculation of the oro rosorvos 
of the Mary Kathleen deposit has shown that the 
total reserves of recoverable uranium oxide are 
greater than was originally thought and more than 
enough to oomplete tho contract with the United 
Kingdom Atomic Energy Authority 

A symposium on the ‘Peaceful Uses of Atomic 
Energy m Australia’ was held in Sydney during 
June at which 114 papers were presented Brief 
details of the proceedings are given in the annual 
report and a record of the papers and discussions 
is to be published Tho publication of a new quarterly, 
Atomic JBncrpfr, giving information on developments 
in and applications of nuclear science and technology 
was commenced during the year and the booklet 
entitled "Prospecting and Mining for Uranium m 
Australia was reprinted Six atomic energy exhibi 
tions m various towns in the Commonwealth were 
presented by the Commission in addition to several 
television programmes at national and commercial 
stations in Sydney The annual report concludes 
with a statement of the net expenditure of the 
Commission for the vear ended Juno 30 1958 

details of the extra mural research projects at vanous 
Australian universities , the names of tho senior 
research staff and holders of the postgraduate 
research studentships and undergraduato scholar 
ships and a bibliography of the principal publics 
tions of members of the Commission, its staff and 
advisory committees 


CONSERVATION OF ENGLISH WALLPAINTINGS 


F ! recent years those interested in early wall 
paintings have been greatly perturbed by their 
condition and the rather haphazard methods eome 
times employed for then* preservation It was 
therefore more than timely in 1953 for the Central 
Council for the Care of Churches and the Socioty for 
the Protection of Ancient Buildings to appoint a 
committee to report on the nature and causes of the 
troubles which havo been observed in such paint ingB, 
the remediea which could be applied and the methods 
which would give the best hope of successful preserv 
ativo treatment in the future Tho report* was 
compiled under tho able chairmanship of Mr W I 
Croomo Tho committee included woll known 
archroologists and scientists who had made a special 
study of this problem 

At tho outset the committee was seriously per 
turbed by the use of varnish and wax as a preserv 
ative, for thoso act as relatively impervious skins 
and impede tho rate of evaporation of moisture 
and cause disintegration of tho surface As a 
preliminary measure it advised that those two 
methods should cease immediately 
The report continues with an instructive and 
necessary explanation of the technical terms and 

* The OonMmUon of Enclbh W*U pale tins* being a Report 
of a Committee *et up by the Central Council for th* Care of Cnurcbet 
and the Society for th* Protection of Ancient IhtfkitnFj. Pp 80+10 
plate*. {London j Central Council for tht Care or Churchw Folium 
Palace l&to) 7t M 


materials used in wallpainting Then follows a useful 
summary of English and foreign practice in relation 
to wallpaintings with somo pregnant notes on tho 
cffoct of time These clearly show that the con 
servaticm motbods used were not satisfactory 
It was therefore abundantly clear that much 
fundamental work was necessary and the constructive 
recommendations of the oommittce are based on tho 
practical applications of its conclusions 
The main recommendations deprecate the use of 
wax varnish, sodium Bilicato, or othyl silicate for any 
preservative treatment The use of caesm in o 
maximum 2 per cent solution in appropriate cases 
should be confined to the binding of loose pigment 
Lime water should be used for tho consolidation of 
tlie plaster foundation and in the case of distntegm 
tion of tho paint it may be mixed with skim milk The 
committee stresses that since wallpaintings are liable 
to deteriorate under conditions of damp every care 
should be taken to make the churoh structurally 
sound and thus exclude any excessive moisture 
The committee feels that much further research 
should bo undertaken on this problem and suggests a 
course of training which will oventually provide a 
succession of practitioners for this important work 
Tho report concludes with some practical notes 
for the removal of wax preparations, retouching n^n 
overpaint mg, recording and somo oxoo lk«> t‘ J 
tions of work that has already boon un$f . - , v 
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subject of recent investigations Briefly, the results 
are that close to the Sun the colour is not significantly 
different from that of the average solar disk 0 , but m 
the outer parts the infra-red excess becomes appre- 
ciable , at a distance of 2 52? o and at a wave -length 
of 1 9 [i it has been measured to bo 2 17 Such an 
excess is naturally explained by the diffraction theory 
of the F corona 10 That there ib dust m the solar 
system is shown by the existence of the zodiacal light, 
and both van de Hulst 11 and Allen 11 havo shown 
independently that both the F corona and the 
zodiacal light can be oxplamed by a single model for 
the interplanetary dust The variation m infra-red 
excess mentioned by Kellogg and Key is again 
accounted for by a varying ratio of electron com- 
ponent (with colour identical with that of tho Sun) 
and dust component (which shows an infra-red excess) 
We may remark here that after allowing for the 
dust corona m tho conventional model tho true 
electron densities m the outer solar atmosphore are 
considerably lower than indicated by tho Baumbach 
curve m our Fig 1, and m fact are m rather bettor 
agreement with Kellogg and Key’s curve — but not 
for the reason these authors suggest However, at 
10ro there still remains a discrepancy of about X 40 
between the true electron density and tho lower value 
given by Kellogg and Key 

There is a contradiction hero that is not satisfac- 
torily explamed by these authors in their article If 
the conventional electron densities, or particularly 
Kellogg and Key’s densities, are accepted, the 
computed brightness at large distances from tho Sun 
is much smaller than the observed brightness In 
conventional theory tho oxtra light arises from dust 
scattering, but Kellogg and Key attribute it to syn- 
chrotron radiation If this attribution is correct, 
synchrotron radiation must increase m importance 
with increasing distance from the Sun — and mdeed 
we have shown that the infra-red excoss increases m 
the outer corona But synchrotron radiation does 
not explam the existence of unbroadonod Fraunhofer 
lmes m these parts of tho corona, although these 
hues are satisfactorily explamed m terms of scatter- 
ing by interplanetary dust particles far from tho 
Sun 

We shall not detail other criticisms winch we feel 
could be made, but mention one last observational 
pomt Kellogg and Key propose that if the solar 
corona is really analogous to the Van Allen particle 
belt, one might expect a maximum in tho coronal 
intensity close to the Sim They believe that such 
a maximum might exist, supposing that “the problem 
of reversal m photographic emulsions has previously 
masked the possible presence of a maximum” So 
gross an effect as photographic reversal has not 
complicated tho interpretation of eclipse photographs 
m any competent observations made since the 
1890’s There are in fact other much more subtle 
sources of error in the photometry of such a difficult 
object as tho solar corona, and these errors may 
more readily be overlooked m photoelectric than m 
photographic photometry The most careful work 
in this region has never shown a maximum of the 
kind suggested by Kellogg and Ney, and its existence 
is very doubtful 

We agree with Kellogg and Key that further 
observations of the polarization over a greater range 
of wave-lengths are required and should be made at 
future eclipses Also, it is unfortunate that the most 
reliable measurements of polarization, and to some 
extent of infra-red excess, have been made near 


sunspot minimum , repetitions near maximum would 
be of value 

However, we aro of the opinion that tho authors 
havo not substantiated their claim that this interesting 
now thoory accounts better for tho observed proper- 
ties of tho corona Wlnlo it may bo that synchrotron 
radiation is a third contributor to tho coronal light, 
we do not think tho prosont observations support tho 
postulate that sufficient synchrotron radiation exists 
to justify a major modification to tho present two 
componont modol of tho corona 

I) E Blackwell 
D W Dewhiiist 

Tho Observatories, 

University of Cambridge 
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We wish to express our appreciation for tho 
critical comments mndo by Dr s Blackwell and 
Dowhirst concerning our suggestions about tho nature 
of tho solar corona Wo aro not professional astron- 
omers and for this reason we may hn\o placed unduo 
emphasis on certain published literature, with perhaps 
too little empliasis on other literature moro generally 
accepted by astronomers Wo do feel, m spito of tho 
remarks of Drs Blackwell and Dowhirst, that under 
each of tho topics which wore discussed in our original 
article, experimental evidence exists which makes tho 
possibility of synchrotron radiation from a mag- 
netically contained corona at least a very plausible 
hypothesis 

Tho principal objection of Drs Blackwell and 
Dewhirst seems to rest on a quostion of terminology 
To us, the F corona is not a real part of tho corona, 
hut represents a spurious effect which must bo 
removed In tho interests of brevity, wo omitted 
anj r montion of tho experimental difficulty of separat- 
ing tho E-coronal light from that of tho olectron 
corona, except for ono or two commonts, but wo are 
awaro of at least part of tho evidence for tho existence 
of tho F corona Thus tho curve which wo marked 
curve 1 m our Fig 1 is supposed to represent tho 
olectron density and not tho total coronal light. It 
was plotted as 1/i?' not by mistake, as Blackwell 
and Dewhirst imply, but to represent the currently 
accepted olectron densities Eclipsos subsequent to 
the one observed by Tumor havo led to olectron 
densities falling off ns 1/J? e instead of l/7? s , ns would 
have been ob tamed from tho 1898 eclipse alone In 
order to obtain electron densities at large distances, 
the F corona must of courso bo removed Con- 
sidering tho rough nature of the ideas involved and 
the difficulties of measurement, wo consider that tho 
result is in reasonable agreement with our curve 
We pointed out the similarity of tho solar corona and 
the radiation bolt to indicate tho attractiveness of 
c har ged particles by a magnotic fiokl, m 
con st to a gravitationally confined atmosphere 
T ]th tho Allen radiation is 
y be suggestivo, and obviously no 
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very cfoso agreement fa to be expected However 
the most recent obeervation of the radiation belt by 
the Iowa group shows oven hotter agreement with 
the coronal eurvo 1 than the result* shown in cun e 3 
of our original artiolo 

It is unfortunately true that the measurements of 
Zftkharm wore made with so mo instrumental difficul 
ties and tho resulting plates -were not of the highest, 
quality Nevertheless, theso and the otlier measure 
monts quoted by us remain the onlv measurements 
of the direction of polarization of tho coronal light 
•which wore made near sunspot maximum It Booms 
■very likely that synchrotron radiation will be 
observed only near solar maximum Again, Nikonov s 
measurements of the Infra rod oxcess were probably 
not os well done as the measurements by Blackwell 
m tho 1952 eclipse Nevertheless as they stand, 
they do not agree with the idea that the infra rod 
excess is due to the scattering by dust, since Nikonov 
observed that the Infra red oxceea was greatest at 
sunspot maximum when tho electron donsity in tho 
corona is greatest, and therefore the rolativo con 
tribution of the F corona should bo least So long 
ns there are no more modem experiments to replace 
this Russian w ork, tho answer to the questions which 
wo are discussing must romam in doubt 

In defence of our baBic idea, we believe that Drs 
Blackwell and HewVurat have taken too seriously the 
details of our suggestion but hn\ e tended to overlook 
or misundorstend the main feature* of a trapped 
corona Our concept is that magnetic Holds anchored 
at tho surface can act as guiding centres for particles 
which may then be confined between mirror points 
ns they are in fact in the Earth's magnetic! field. We 
accept as a working hypothesis that magnetio fields 
exist in the region of tho solar corona Wo also 
believe, because of cosmic ray evidence, that tho 
Sun is able to inject lugh energy particles mto those 
magnetio fields If high energy electrons are injected 
mto magnetio fields, thon synchrotron radiation will 
automatically occur In fact, if tho corona were 
examined in light of long enough wav e length, the 
synohrotron radiation would noeessarfi} bo observable 
We wish to emphasize the point, wliioh was mode m 
our article, that the extent of tho trapping of particles 
m the corona may depend strongly on solar activity, 
and therefore polarization ana infra rod excess 
measurements made at sunspot minimum are 
definitely not evidence against our suggestions 

Perhaps tho title of our paper, “A New Theory of 
the Solar Corona’ , was too ambitious, since our 
model requires so many of the constituents of the 
description of the corona currently accepted The 
comments made by Bra Blackwell and Bewhirst 


seem to indicate that they believe wo would reject 
the description of the corona m terms of K and F 
corona This is not correct , we certainly believe 
that the majority of the visible light from the inner 
corona is produced by Thomson scattering by slowly 
moving electrons, and it ib almost impossible to 
escape the conclusion that tho outer corona must be 
largely composed of dust grains, as lias been von 
effectively discussed previously by Dr Blackwell 
We feel however, that ultimately some experiment 
will reveal the existence of trapped particles, and that 
it is possible that this experiment may consist of 
measuring in redder and rodder light the polarization 
of the corona at tunes of high solar activity Should 
the experiments in tho visible or near infra red rovoal 
synchrotron radiation, our postulate of the mag 
netically trapped corona would be confirmed How 
ever, we do not behove that tho absence of syn 
chrotron radiation at vjsiblo wave longtlis would 
disprove our hypothesis Our calculations show that 
in order to see synchrotron radiation in tho visible 
region of the spectrum, an integral on erg} spectrum 
for trapped particles would be required that goes at 
least as slowly with energy as 1 {E An energy 
spectrum v\hich falls as steeply as IjE* would not 
produce synohrotron radiation m the visible region 
in. great enough intensity to be seen against tho 
background of tho Thomson scattered light 

Tho reason for presenting our article m Nature was 
Ui at a study of tho literature to which wo referred 
had in fact convinced us that enough doubt existed 
as to tho coronal polarisation to justify an intensive 
experimental study of the problem at sunspot 
maximum. In the months that have followed since 
its submission, we have designed and constructed 
eloctromo teloscopee which use photomultiplier 
detectors and television raster scanning to measure 
tho polarization out to three solar radii in a pattern 
consisting of approximately 600 individual points 
Tho polarization will bo measured in fixed positions 
m the corona and tho scan will proceed from ono 
position to the next until tho entire area is covered 
This method eliminates many of tho inherent di/fl 
cult toe involved in photometric measurements of 
coronal polarization The equipment which wo have 
dceignea is to carry out tho programme just described 
six times during tho total eclipse of October 2, 1050, 
and we therefore hopo that, cloud-cover permitting 
we will bo ablo to contribute bo mo useful results on 
this rather important problem. 

Eov/aud P Ntv 

Paul J Kkllooo 

School of Physics, 

University of Minnesota 


PROTON RESONANCE RELAXATION TIMES IN MOBILE LIQUIDS 

By Du. J G POWLES and D CUTLER 

Phydc* Depirtmcnt, Queen Mary College (Unlventty of London) Mile End Road London 


W ; have measured the proton magnetic resonance 
relaxation times, Tt at 250 ± 25 gauss and 
at 5 000 gauss and T t at 0 76 gauss, for a number of 
organic liquids and solutions at 25° C The results 
are summarized in Tablo 1 

Although T t and T t hare not bean measured at 
tho some field and so oro not strictly comparable, 
tho results suggest that T t may be appreciably 


shorter than The difference is meet striking for 
the benzene solutions Some examples in which 
T, — T, havo been observed, and also cases where 
moro than one chemical typo of proton is present 
havo been studied 1 * 

Both T, and T, are strikingly shorter in fiuoro- 
benzono than in any of tho other substituted 
The short T t Ib implicit in the result* of Elliott and 
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Table 1 Values op T, and T, in Seo poe various Oeoanio Liquids and Solutions at Various Fields and at 25“ C 


Liquid 


T, 4 10 per 
cent at 
0 76 gauss 


Ti 4 10 per 
cent at 

260 4 25 gauss 


T , ± 5 per 
cent at 
6,000 gauss 


Literature values of Trf 
(In sec) at field 
(In gauss) 


Literature values of TA 
(in seo) ntQcld 
(In gauss) 


Water (H,0) 


Ci/clohcxnno (C,H It) 
Benzene (C,H f ) 

Nitrobenzene (C.TT.NO,) 
Chlorobenzene (C.H»C1) 
Bromobenzene (C,H,Br) 
Fluorobenzene (C.H.F) 

73 1 per cent C 4 H,* In CS, 
40 5 per cent C,H« In CS, 
71 7 per cent C.H, In CC1, 
42 0 per cent C,H, In CCIi 


2 7 


3 5 
11 

3 3 
7-0 

4 0 

0 7 4 0 2 

iT-0 

6 5 
0 0 
8 0 


3 0 


5 5 
18 

C 7 
12 6 
7 0 
0 7 4 0 
17 6 
24 
10 
28 


3 0 

7 1 

7 9 
14-0 


3 4 (a) 

3 5 ( b ) 
3 4 (a) 
0 5 ( 6 ) 
19 3 (c) 
10 0 ( 6 ) 
0 5(5) 
15 (6) 


2,000 and 
7,000 
1,050 
7,000 
1,050 
0,600 
1,050 
1,050 
1,050 


2 7(4) 1 7,000 

(temperaturo not stated) 


17 

10 


3 0(e) 

"a 


0 4(f) 


0 5 

0 6 
7,000 


05 


* Molecular 

f Corrected to 25“ 0 using viscosity If at slightly dlfiercnt temperature 

References for literature values In Tablo 1 (a) 17 , (i) *=■ 18 , (e) 4 , (d) *■ 8 , (e) ** 7 , (/) ■= 3 , (p) — 19 


Shumacher 3 at 0 55 gauss, although they do not 
claim to have measured a value of T . 

T 1 for the benzene solutions rises with dilution 
and would probably reach the value of T x = 00 sec 
observed by Nedorbragt and Reilly 4 at 9,500 gauss 
for 8 per cent benzene in carbon disulphido measured 
by the recovery from saturation This emphasizes 
the anomalous nature of the T t values 

The measurement of T x at any field-strength is 
straightforward Measurement of T. is much more 
diffi cult and values of T. in oxcoss of about 1 sec 
require special care We have taken considerable 
pains to ensure a true measuro of T s , as has been 
briefly described 4 , and which will bo discussod in 
detail elsewhere* 

For water a difference botwoen T x and T t at 
7,400 gauss has been reported* but the sample 
evidently contained dissolved oxygen and so tho 
values are not strictly relevant Tho value of T x is 
well established and appears to be independent of 
the field. A value of T, of 3 0 sec has boon reported 7 
and a value of 2 7 sec is implicit in tho measurement 
of Meiboom and Gill* at 7,000 gauss Another result* 
appears to be T. in presence of a radio-frequency 
field 

For benzene the value of T x of about 18 sec is 
well supported and is independent of the field, 
A T t value of 16 ± 3 sec at 20° C and 0 5 gauss is 
reported from direct measurement of line-width 7 
A reported value 10 of T t of 18 5 sec , at 2,000 gauss, 
was measured m the presence of the radio -frequency 
field, and theory 11 . 13 indicates that this T t should 
have the same numerical value as T „ as observed 
We note an apparent dependence of the field of T x 
m bromobenzene and possibly in cyclohexane 

Although the difference of T t and T. is most 
striking for the longer relaxation times, it is more 
realistic to consider the quantity (l/Tj) — (l/T,) 
This is of order of magnitude 0 1 sec - 1 If the 
relaxation times are shorter than about 1 sec , such a 
difference is difficult to observe 1 

Current theories of nuclear resonaneo relaxa- 
tion 131430 indicate T x = T x for these materials, since 
the molecular correlation time, t c , is of order 10- 11 sec 
and the highest resonance frequency, o r , is of order 
10* r/s so that « r t c 1 A difference only arises 
for slow interactions, that is, co r -r c > 1, and then it 
is usually very dependent on the field. 

The magnitude of the difference could be explained 
by the static interaction of any given proton with 


one othor proton at about 300 A (about 50 molocular 
diameters) , but since wo havo obsorvod exponential 
decays, a substantial static interaction contribution 
is oxcluded Tins led us to consider tho possibility 
tliat the difference could ariso from interactions with 
distant protons which although woak, bocauso of tho 
factor r - *, are numorous Howovor, calculations in 
which tho motional effects wore allowed for, using 
tho solf-diffusion equation, showed that tho effect is 
too small (Wo are grateful to Mr D P Rooko for 
assistance with these calculations ) Most other known 
interactions mako equal contributions to T x and T t ; 
for oxamplo, diroct dipolar, anisotropic chemical 
shift, anisotropic indirect interaction and para- 
magnetic 10 ns in low enough concentration Tho 
difference of T x and T t for water has boon oxplamod* 
m terms of the slow fluctuating field produced ns a 
result of proton-exchange procossos Howovor, this 
effect should bo proportional to tho square of tho 
field and it can scarcely oxplain bonzono, cyc/ahoxano, 
otc Tho only modoratoly plausiblo goncral explana- 
tion wo havo found is that of a fluctuating isotropic 
indirect spin-spin (J typo) interaction A constant 
J interaction doos not causo Imo-sphttmg (oxcopt 
in fluorobonzone) bocauso tho protons are equiva- 
lent 15 However, if this coupling is explicitly de- 
pendent upon timo, it bocomos obsorvablo bocauso 
the Gutowsky, McCall, Shchtor 15 theorem is no longer 
valid It contributes to T. but not to T x A similar 
but not identical offoct is found in liquid hydrogen 
fluoride 15 However, in order to produco (1/2’d — 
(l/Pi) ~ 0 1 sec -1 with J ~ 10 c /s , tho coupling 
must be interrupted at about 10 5 timos por sec 
This might bo brought about by relatively infrequent 
‘violent’ collisions botwoen moloculos Proton ex- 
change is m tlus sense a violent collision The largo 
offset m tho bonzeno solutions would then be 
occasioned by the largo electric fields produced by 
the polar solvent molecules However, interruption 
of J at this rate is unlikely, except m dissociating 
molecules, because J-typo splitting of tens of cycles 
per second between inoquivalont nuclei is observed 
in molecules m similar circumstances 

Othor experimental results on molecules containing 
moro than one chemical type of proton will bo 
discussod elsewhere*. 

The measurements of T x at 5,000 gauss wore made 
by Mr A Hartland 

Note added tn proof A recent report 31 of measure- 
ments at 6,600 gauss shows precise agreement 
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with our measurements for water but T t ~ T x for 
bonzene The explanation of the difference botweon 
I 1 ! and 2 1 j for water in terms of surface effects in 
the small sample seems scarcely applicable to our 
sample of 200 ml 
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POSSIBLE MECHANISM OF CYSTEINE PROTECTION AGAINST 
RADIATION CATARACT 

By Mrs. A PIRIE 

Nuffield Laboratory of Ophthalmology Unlverclty of Oxford 
AND 

L G LAJTHA 

Ridlobiolojy Laboratory Department of Radiotherapy Oxford 


E XP EB.IMEN T 8 have ahown that cysts mo injected 
into an animal shortly before the eye is irradiated 
will largely prevont development of radiation cataract 
von Sallnmnn Munoz and Barr 1 compared the 
histology of tho Ions opitholmm in rabbits irradiated 
with or without a previous injection of cy stoine and 
tentatively concluded that initial inhibition of 
mitosis by X my was unaffected but that the number 
of nuclear fragments that developed after irradiation 
was smaller m the cysteine-treated lens von Sail 
nrnnn et al used a doeo of 1,600 r and it seemed 
possible that it might be easier to show histologically 
that cysteine affected radiation damago if the dose 
wore nearer the threshold for mitotic ml libitum. Wo 
have therefore oxammed the effect of a pro- irradiation 
injection of oystemo on the mitotic inhibition, tho 
subsequent mitotic overshoot and on tho production 
of fragmented nuclei in tho lens epithelium of rabbits 
using a doeo of 600 r to the right eye Tho methods 
described by Pine and Dranco 1 wore used Com 
par iso ns wore mado between litter matee and between 
right (nradiatod) and loft (not irradiatod) lenses of 
the same rabbit These oxponmonta have oonfirmed 
von BaUmann’s earlier results Tho mlubition of 
mitosis is as groat and even more prolonged after 
cysteine injection followed by X uradmtion than 
after X irradiation alone The lens epithelium of tho 
cysteine- treated rabbit shows no excess mitosis after 
inhibition, has worn off In two experiments a dose 
of 300 r was given and again cysteine treatment did 
not prevent complete mitotic arrest at 24 hr Fig 1 
shows that at all stages oxommod (2-28 days after 
X ray) fewer fragmented nuclei wore present in tho 
Ions epithelium of tho oystomo-injoctcd rabbit than 
in that of tho animal irradiated without cysteino 
treatment 

But wo noticed that in the oystome-injocted 


parison with the non irradiated left eyo of a Utter 
mate not mjootod with cysteino In order to determine 
tho dogree and duration of this mlubition of cell 
division by cysteino a series of experiments •was do no 
m which ono rabbit received an injection of cysteine 
and a Utter mate was usod os a control, no radiation 
being given to either Such pairs of rabbits were 
kiliod at intervals after tho cj'steme injection to one 
of tho rabbits and comparisons mado of opitholial 



2 4 S 10 14 21 28 


rabbits tho epitholmm of tho lens of tho left, non 
irradiated eye also showed on inhibition of mitosis 
This inhibition could be estimated through a com 


Daya after V ray 

: 1 Effkci or CJltrln* Injection on U>» 
needed tmelel In tbe Jen* epithelium *n#r X 
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Fig 2 Effect of cjitelno Injection on mitosis In tho Ions epithelium 

histology Fig 2 shows that cysteine injection 
arrests mitosis m tho lens epithelium from 24 hr to 
4 days This inhibition of cell division then gradually 
wears off without any subsequent excess of dividing 
cells or formation of fragmented nuclei or abnormal 
forms up to 28 days after cysteine injection 

von Sallmann et al 1 had previously found m two 
rabbits that mitosis was normal 2 hr and 8 lir after 
injection of cysteine We examined lenses, 30 mm , 
4, 12 and 16 hr after cysteine and found mitosis 
only slightly if at all depressed at these times Tho 
total number of dividing cells and tho proportion m 
prophase and succeeding phases of mitosis were 
■unchanged compared with the control lenses But 
at 20 hr mitosis was only 53 per cent of tho control 
and at 23 hr it had fallen in one rabbit to 32 and 
in another to 8 per cent 

1 gm./kgm is a very large dose of cystoino and 
was used only because this dose has been shown 
to prevent irradiation cataract For injection, 
cysteine hydrochloride was, in most experiments, 
neutralized with sodium hydroxide and injected, m a 
total volume of 5-8 ml , into the ear vem of the 
unanaesthetized rabbit It was noticed that tho 
animals became almost immediately quiet, and m 
some cases them hind legs became mco-ordinated and 
they did not feed for some hours Controls injected 
with an equivalent amount of sodium chloride or 
1 gm. glycme per kgm did not show these signs, 
nor was there a fall in the mitoses of the lens epi- 
thelium In one experiment the cysteine hydro- 
chloride was neutralized by shaking with ‘Dowex-1’- 
bicarbonate resin, and the carbon dioxide blown off 
by passing nitrogen through the solution, thus 
avoiding the presence of sodium chloride m tho 
solution to be injected The rabbits injected with 
tliis solution of cysteine showed the same signs of 
mco-ordination as those injected with cysteine 
neutralized with sodium hydroxide and the fall in 
mitosis m the lens epithelium was also apparent 

The question arises whether mitotic arrest by 
cysteine is related to its protective effect against 
X-ray damage to the lens von Sallmann, Dische, 
Ehrlich and Munoz 3 found that cysteine and cystine 
reached a maximum in the aqueous humour about 

1 hr, after intravenous injection. After a dose of 

2 gm cysteine to an adult rabbit a concentration of 
40 mgm cysteine/ 100 ml aqueous humour (3 m M) 
was reached The concentration of cystine was about 
the same , both gradually declined over tho next 
few hours Protection of the lens against radiation 
is effective 30 mm after cysteine injection and, in 
spite of the fact, that mitotic arrest cannot be 
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demonstrated for at lonst 19 hr after cystomo 
injection, it scorns reasonable to consider tliat the 
reaction(8) botwoon cystomo or cyst mo and cd] 
constituont(s) which loads to mitotic arrest must tab, 
place shortly after injection whon cystomo and 
eystmo aro present m tho aqueous humour ion 
Sallmann ct al 1 eonsidor that mitosis m tho Ions 
epithelium may take only 30 mm , but intorphase 
must bo prolonged, probably taking several days as 
in corneal epithelium (Friodonwald and Sigelman*) 
If cystomo interrupted some process early m mtor- 
phnso, all colls already past that point in tho mitotic 
cycle could divide normally boforo any mitotic arrost 
bocamo apparont This coidd explain tho slow 
development of mitotic inhibition by cystoino 

Tho offect of cystomo on synthesis of deoxy- 
ribonucleic acid was ini osti gated in human bone 
marrow colls in vitro by measuring tho incorporation 
of formate labollod with carbon- 14 or thyroid) no 
labelled with tritium into deoxyribonucleic acid* * 

Cystoino, m a concentration of 1 mill, produced a 
60-80 por cent depression of synthesis of dooxy- 
ribonucloie acid ns indicated by gram counting on 
autoradiographs , a concentration of 0 1 miff also 
produced a significant depression, ranging from 
30 to 50 por cent 

Tho concentration used m tho rabbits was 1 gm / 
kgm , which corresponds to a concentration of about 
10 mill m tho wliolo animal, tho concentration m the 
aqueous humour being of the ordor of 1 mil/ (von 
Sallmann ct al 3 ) 

Tho following is a schomo of tho lntormitotic cycle 
whore S is tho period of synthesis of dooxynbonucloic 
acid, (?, and (7, are pro- and post -synthetic gaps 
respectively 


Mitoslo 


o, 



jritosij 


If synthesis of dooxynbonucloic acid is reversibly 
depressed in a cell, tho onsot of mitosis will bo delayed 
If tho O j period is not affected thon tho dolay in 
mitosis will appoar only after a cortnm period, that 
is, colls already in (?, period con proccod normally 
and ontor mitosis, but tho ‘feed’ of colls into tho G t 
period will bo depressed if tho G period is olongatod 
Tho findings on mitotic counts in Ions opitliolium 
indicate that this, m fact, may' bo tho caso tho 
depression in mitoses by cy'stomo is observed only 
after a cortoin period (presumably corresponding to 
the length of G . period in those cells) 

It is not known at this stago whothor processes in 
tho <?, period aro affected by cystomo or not It is 
unlikely, however, that such concentrations of 
cystomo would affect synthesis of dooxynbonucloic 
acid only — nuclear phosphorylation is known to bo 
affected by largo doses of cy'stomo (Stockon and 
Croasey, personal communication), and Mazia 7 has 
shown that inorcaptoothnnol will inhibit division of 
tho fortdizod egg of the sand dollar , ho suggests this 
is duo to a roaction betwoon mercaptootlianol and 
the protein which forms tho mitotic spindle Ho 
considers that formation of tho fibrous spmdle 
requires S — S links between protom molecules and 
that morcaptoethanol prevents thoir formation by 
competing with the available SS or SH groups 
If tho process in intorphase winch is interrupted by 
cystomo lies earlier than tho process which is radio- 
sensitiv o, then so long as arrest by cy'steme is revers- 
ible, one can postulate that cy'stomo protection is 
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related to its ability to arrest mitosis Such protec 
tion ©an never bo complete, as some cells -will bo in a 
stag© of tho mitotic cycle that is insensitive to cysteine 
but is radiosensitive Cysteine protection against 
radiation cataract has m foot never boon found to 
bo comploto 

cyitelne radiation 

dtvtiloa — D~* c — * d * — 11—* «—*/—* proplLMe — * dlvlilon 


Interphjue mltotli 

(wvernl day*) (30 min ) 

Tho above schome suggests a poeaiblo raoohamsm 
but there is no ovidonco that this ia a correct hypo 
thesis, and the possibility of enhanced recovery 
phenomena in cysteine-treated cells should also be 
bomo in mind At present thoro is only the observe 
tion that cysteine arrests cell division in the lens 


opithehum of the rabbit and that if given bo fore 
irradiation the number of fragmented nucloi that 
develop afterwards is reduced Previous -work has 
shown that cysteine largely protects from X rn\ 
cataract 

Thanks are duo to tho Medical Rosoorch Council 
and to the National Council to Combat Blindness 
Ino , Now York, for expenses grants, and to Mrs M 
Overall for skilled technical assistance 
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RELEASEJOF ADENOSINE TRIPHOSPHATE} AND SEROTONIN 
FROM INJURED CELLULAR BLOOD ELEMENTS IN 
EXTRACORPOREAL CIRCUITS 

By Dr, H S S SARAJAS, Dk R. KRISTOFFERSSON and DflM H FRICK. 

Institute of Physiology University of Helsinki i Zoological Institute University 
of Helsinki and WihurJ Research Institute Helsinki 


C ORPUSCULAR, blood trauma, especially rod coll 
and platelet damage, is still a problem inherent 
to extracorporeal circulatory systems, including tho 
heart-lung machines 1 * Hccmolysed blood has been 
reported to possess vasodilator properties attributed 
to tho release of adenosine triphosphate and/or 
closely related compounds from injured rod cells* 
Platelets, in turn, are known to contain large amounts 
of 5 hydroxytryptammo (serotonin) 1 , a biogomo 
amine with powerful vasoactive, bronchomotor and 
other effects* In consequence, the question arose 
whether these hum orally acting agents would bo 
released into plasma m extracorporeal blood circuits 
and whether tho resultant humoral pathological blood 
changes would serve as o guido for disentangling the 
mechanisms of some complications associated with 
the use of heart-lung machines for open cardiac 
surgery 

As a tentative approach to the problem on ortcrio 
venous (femoral artery -superficial jugular \oin) shunt, 
consisting of a polythono tubo 1 m long, was created 
in four dogs and five rabbits p retreated with sub 
cutaneous pethidine hydrochlondo (2 mgm /kgm ) 
and anrosthetizod with mtravenous sodium ponto 
barbitone (30 mgm /kgm ) To munlo the blood 
trauma in tho current lioartr-lung ma chinos with 
greater surface area, pumps and filters, tho inner 
surface of tho shunts was intentionally ‘cleaned’ with 
stoel wool Just prior to opening of tho shunt the 
animals were ho par iru zed (5 mgm /kgm ) In tho 
ponod of extracorporeal circulation via the shunt 
tlio corpuscular blood changes and the whole blood 
and plasma levols of adenosine triphosplinto and 
6 hydroxytryptamino were observed. For that pur 
pose three blood samples of about 4 ml wore taken 
with a siliconized syringe noedlo from a rubber tubo 
incorporated to the shunts The first blood sample 


was taken immediately after opening of the shunt 
and the subsequent samples 30 and 90 mm later 
The corpuscular blood changes were determined by 
using routmo techniques Tho whole blood and 
plasma levols of adenosino triphosphate wore do 
termmed by the colonmetno nncroraethod of KehoJI 
ci al* Tho 5-hydroxytryptamme content of wholo 
blood and plasma was after overnight extraction 
m cold acetone (4* C ) assayed by tho method of 
Erspamer T based on the contraction of enstrous virgin 
rat uterus Tho urinary excretion of this substance 
and 5-hydroxyindoleacetio acid (tho mam excretory 
product of 6 hydroxytryptammo) vro« studied in dogs 
only The urinary bladder was cathotorutod imme 
diately after induotion of anmsthtjsia Then the 
urine oxcretod before (46 or 00 min ) and during 
(90 mm.) extracorporeal circulation was collected 
measured for \ olumo and analysed for 6 hydroxy 
tryptormne and 6 hydroxy indoloacotio acid Tho 
former was assayed by tho same toaliniquo os that 
in blood and plasma, tho latter according to tho 
spectrophotometrio method described by Udenfnond 
and associates* 

No major alterations wore found in tho whole- 
blood odonoeino triphosphate during extracorporeal 
circulation This was particularly truo for dogs, 
while in rabbits somo decrooae in tho wholo 
blood adenosine tnphosphato became evident Tho 
erythrocyte count end tho hrcmatocrifc values, 
correspondingly, remnmod substantially unaltered in 
dogs while in rabbits there was some docroase in 
tho erythrocyte oount and htcmatocrit values At 
the start of extracorporeal circulation no adenosine 
tnphosphato was detected m the plasma of either 
rabbits or dogs In both rabbits and dogs however 
increasing amounts of odenosmo triphosphate np 
peered in tho plasma during extra corporeal circul 
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tion, the rising trend being moro pronouncod m 
rabbits than m dogs (as terminal phospliato-P , fiom 
zero to an average of 0 9 mgm / 100 ml and from zoro 
to an average of 0 35 mgm /100 ml , rospectivoly) Wo 
liad the impression that tho dogree of hmmolysis, 
estimated visually from the colour of tho plasma m tho 
successive samples, paralleled tho changos m the 
adenosine triphosphate of tho plasma , with increasing 
lueinolysis moro adenosmo triphospliato was dotocted 
m the plasma The whole blood 6-hydi oxytry'ptemine 
generally sliowed a clear-cut trend to decroaso during 
extracorporeal circulation in both rabbits and dogs 
Concomitantly the platelet counts fell, while tho 
plasma 5 hydroxytryptamine levels wore increased 
Agam, the drop m tho platelet coimt was more 
pronounced m rabbits than in dogs (on tho avorago 
from 318,000 to 71,000/cumm and from 329,000 to 
249,000/cu mm , respectively) Tho same hold for 
the fall m the total white cell count observed m 
both rabbits and dogs In conti nst to the plasma 
adenosine triphosphate, considorablo activity of 
5-hydroxytryptamine was found m tho plasma at 
the start of oxtracorporeal circulation (avorago 
0 2 pgm /ml in rabbits and 0 026 ggm /ml in dogs) 
In rabbits the levels of plasma then steadily increased 
during extracorporeal circulation (up to an average 
of 0 38 pgm /ml ) In dogs tho plasma 5-hydroxy- 
tryptamino increased in the early period of extra- 
corporeal circulation (on tho average from 0 025 
ggm /ml to 0 045 ggm /ml ) , but towards tho ond 
of extracorporeal circulation 5-hydroxytryp famine of 
the plasma showed somo tendency to fall The 
urinary excretion of 5-hydroxytryptammo in dogs 
prior to extracorporeal circulation avoraged 0 002 
pgm /mm In two of the four dogs thoio was actually 
no activity of 5-hydroxytryptamino m tho urrno 
before extracorporeal circulation In tho urmo 
collected during the period of this circulation tho 
activity of 5-hydroxytryptammo was consistently 
increased , the urinary excretion of 5-hydroxy- 
tryptamino attained an average level of 0 005 pgm / 
mm Reverse changes wore noted in tho urinary 
excretion of 6-hydroxyindoIeacetic acid , this fell 
from an average of 0 78 pgm /mm before oxtra- 
corporeal circulation to an average of 0 38 pgm /min 
during this circulation 

Adenosine compounds are presumably liberated 
from all injured tissues Platelots, for example, are 
rich not only in 6-hydroxytryptamme but also con- 
tain appreciable amounts of adenosmo triphosphate' 
However, proceeding from tho knowledge that red 
cells are particularly rich in adenosmo compounds, 
including the phosphate* *, that they are suscoptible- 
to mechanical trauma’ and that their total mass in 
the circulatory system is enormously greater than 
that of the other cellular blood constituents, it is 
obvious that tho red cells were the main source of 
the adenosmo triphosphate released mto the plasma 
m the present experiments According to Udonfriend 
and Weissbach 4 , platelets contain all tho 5-hydroxy - 
tryptamme present in the whole-blood, while none 
is found in the plasma Yet we found considerable 
activity of 5 -hydroxytryptamine in the plasma already 
at the start of extracorporeal circulation This may 
be explained by tbe fact that after abort centrifuga- 
tion at low running rates, as used to avoid hmmolysis 
m the present experiments (for 10 mm at 2,000 
r p m ), the plasma still contains platelets 10 Never- 
theless, the gradually increasing levols of plasma 
5-hydroxytryptamme during extracorporeal circula- 
tion, with an associated fall in the platelet counts. 
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indicate that 6 -h yd roxytrypta m mo was steadily 
liberated from disintegrated plntolots Tho con 
sistcntly mcronsod urinary oxcrotion of 5-hydro\\ 
tryptamme dining oxti ncorporoal circulation further 
indicates that fi-liydroxytryptamino was actual)} 
released mto tho plasma in tho ponod of this encula 
tion, for incroasod urinary excretion of 5-hydroxy 
iryptarmno has boon obsoivod aftoi administration 
of exogenous 5-hydroxytryptamino 11 Finally, tho 
definitely higher levols of wholo blood (and plasma) 

5 hydroxytryptnmino in om rabbits ns compared 
with thoso in dogs, tho platelet counts being equal, 
are m agreement with tho figures for 5-hy droxytrypt, 
amino content of platelots m thoso speoics 4 

Tho blood trauma m tho prosont oxporimonts was 
of tho saino general degreo ns that m tho current 
heart-lung machines On tho other hand, oxogonous 
ndonosmo triphosphate and 5-hydroxytryptamino at 
minute doso-lovols have boon reported to olicit vnso 
dilatation and systemic hypotension* 6 13 Intenso 
bronchoconsii iction\ pulmonary' vasoconstriction 1 
and potentiation of tho action of hypnotics (bar- 
biturates) 13 aro further reactions to oxogonous 
5-hy droxytryptnnuno With thoso facts in mind it 
seems possible that tlio complications associated with 
tho uso of hoart-lung machines for open cardiac 
surgery', such as hypotension, cyanosis and a dolav 
in tho recovery from anaesthesia with eventual death 1 , 
might bo largely' offocled by such physiologically 
highly' nctivo ngonts ns ndonosmo triphosphate and 
G-hy'droxydiyptammo hbomted mto plasma from 
injured cellular blood constituents Significantly 
onough, cn on in tho prosont oxporimonts dooponmg 
of tho nnxcsthotic-lovol during oxtracorporeal circula- 
tion, ns noil ns a delay m tho r eeoiery from 
anaesthesia, wore repeatedly' observed In addition, 
5-hydroxytry'ptamino lias boon found to bo about 
ono hundred tunes ns offoctivo ns lustammo in raising 
capillnry' pormonbihty and in producing oedema 14 
Taken togothor with tho above results, it also scorns 
possiblo that such unexplained features ns tho 
cedematouB changos m perfusion preparations of 
different typo3 and more particularly tho myocardial 
oedema, continuously' increasing coronary' flow' and 
“Spontamnsufiizionz” known to occur m tho heart- 
lung preparations 1 * would bo causally related to tho 
humoral pathological blood changes under con- 
sideration Tho jiresont results aro being described 
and discussed in detail else where 1 6 

I Clolnnd, W I’ , nnd Mclroio, T> O , Dot Sfcd Bull , 11, 230 (1055) 

* Schmutior, K J , Mutable, S A , Ruscbko,E , Maloney, J V , 

ami Longmirc, W P , LanocnbccKs Arch Kiln Chir , £00, 04 
(105S) 

* Cliambllss, J R. Demming, .T , yVolIs, K , Kline, W Vf , end 

Eckstoln, R yy , Amcr J Physiol , 103 G45 (1050) 

4 Udonfriend, S , nnd yVcIssbnch, H , Fed Proc , 13, 412 (1054) 

* Comroc, J II , Van Llngen, B , Stroud, R C , nnd Roncoronl, A , 

Amcr J Physiol , 173, 370 (1053) 

•Rcholl, B , lorunndcr 0 , and RlUhO, C E , Scand J Clin and 
Lab Invest it) , 4, 211 (1052) 

’ Erspnmcr, V , Arch internal pharmacodyn , 03, 203 (1053) 

* Udonfriend, S , Titus, E , and yVclssbncli, H , J Biot Chrm , £16, 

400 (1055) 
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135, TOS (1050) 

•• Gaddum, J n , Peart, W S , nnd Vogt, M , J Physiol , 108, 407 
(1040) 

41 Twnrog, B M , and Pngo 1 H , Amcr J Physiol , 175, 157 (1053). 

II Page, I S , nnd JfcCubbln, J W , Amcr J Physiol , 184, 205 
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14 Shoro, P A , Sthor, S L , and Brodlo, B B , Fxprnenha , 11, 272 
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14 Rowley, D A , and Bondltt, E P , J h ip A led , 103, 309 (1950) 
14 Schtlti E , "Physiologic dos Hcrzons” (Sprlngor, Berlln-GOttlngcn- 
Heldolberg, 1958) 
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AMPLITUDE-MODULATION RADIO-TELEMETRY OF 
NERVE ACTION POTENTIALS 

By ROGER M MORRELL* 

Montreal Neurological Institute Montreal 2 


I NFORMATION concerning tho functioning of 
mtGot animals lias boon successfully telemetred 
to remote points from satellites, missiles, large 
centrifuge* and other situations 1 Tho proeent report 
describee oxponmonta in which th© response of a 
single type of excitable tissue (non.© trunk or fibre) 
was relayed to and recorded at a distant point bv 
toloroctry Tho basic problem is one of transmitting 
a puls© to tho preparation at a distant point, and 
receiving tho roeponso to this stimulus at the point of 
transmission 

This serins of experiments passed through several 
phases which will be described m aaathor communi 
cation* Tho system made use of two radio links 
one for each direction in which information was to 
flow, and was sot up m one building Tho required 
stimulating pulse was produced by a Grass Si O 
stimulator and used to amplvtudo-modulate a Halli 
c rafters S tlRS radio transmitter by moons of the 
Model 11G amplitude modulator of Measurements 
Laboratory (Qoonton, New Jersey) Tho modulator 
operated at a minimum external modulating fro 
qucncy of 30 cyolos, provided up to 100 per cent 
modulation with low envolopo distortion, allowed 
accurate metered per cent modulation calibration, and 
produced amplitude modulation of tho stimulus 
intelligence with negligible accompanying incidental 
frequency modulation, thus allowing narrow band 
receiver operation In accordance with amplitude 
modulation theory, the stimulus, or modulating 
voltage, was introduced m the plate voltage supply 
line and addod to tho plate supply voltage at a rate 

• Vcrrmerbr Senior Vulstint Burgeon U9PH8 Uo*plUl Staten 
Uhnd 


and magnitude determined by the modulating signal 
and tho modulator output In this typo of system, 
developed by Hartley, tho earner signal originates 
in a crystal controlled oscillator, is raisod to full 
powor by amplifiers and is modulated in tho final 
stage of power amplification which operates Class 0 
Since tho load is fixed, as the voltage level cliangeg 
because of tho modulation, the tank voltage swing 
the plato current operating angle and tho current 
pulso form and amplitude change so that the d o 
plate voltage vanes linearly with respect to tho 
square root of tho power output This permits 
distortionless amplitude modulation, but the modu. 
lator must supply power equal to one half of the un 
modulated earner power at 100 per cent modulation 

Tile radio frequency carrier can be oppressed os 
y A (0 cos y (0 and in amplitude modulation the 
signal intelligence (nerve stimulus and response) 
lb made to control the amplitude parameter of tho 
carrier bj the relation 

A (*) - [A0 + «/( 0] 

«[d0fl + tnqf(0}3 

The scheme for tho plate operated output stage 
and a block diagram of the entire system will bo 
found in Fig I A oomplete mathematical analysis 
of the earner and amplitude spectra ma\ bo found 
el&ou hare* 

Tho antonna usod to recover tho signal at a distant 
point was a vertically mounted dipoie designed for 
optimum reception of the tuned frequency (72 25 
Me /s ) fed into a coaxial transmission cablo Tho 
intelligence present in tho amplitude modulated 
wave was recovered by impressing tho modulated 
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■wave on a non-linear network wlucli, for low-strength 
signals, employed a voltage-current characteristic 
represented by the following terms of a Taylor senes 

t =r b +G x e + <?*e’ (1) 

where the predominant term is G t e s The carrier and 
first side-frequency pair winch result from the 
amplitude-modulation of the earner E 0 sm<x> 0 l by the 
modulating mve ilf2? 0 cos&),f were impressed at the 
input of tins network The impressed voltage, 
containing the stimulus intelligence, can then bo 
written 

J\1E 

e = Sosincoof -f {sin (<o„ -f co,) / + 

sui(m 0 -«,)(} (2) 

It is found by combmation and substitution that the 
square-law term yields a senes of waves The 
wave corresponding to the original intelligence is 
G- s MP 2cosa ‘ t Its amplitude is proportional to tlio 
square of the voltage This wave was tlion amplified 
and fed through a network winch matchod the output 
impedance of tho receiver to the bipolar stimulating 
electrodes In operation, the receiver’s 5-motor 
was used as a carrier-level indicator for amplitude 
modulation, and the best records wore obtained with 
the receiver tuned slightly to one sido of tho earner 
frequency A Ferns model 18-15 signal generator 
was used to align the receiver, which was also a 
Hallicrafters model 5-27I?5 In later experiments 
employing frequency modulation a separate stage of 
the receiver assembly, known as the ‘frequency unit’, 
rectified the alternating currant output of tho 
receiver, and the d c output of tho frequency unit 
was fed to a visual meter and recorder 

The response of tho preparation was picked up by 
silvor-sih or chloride electrodos, and after sourco- 
impedance matching and amplification, modulated 
another radio transmitter which transmitted the 
information back to the originating point Here, after 
demodulation and amplification, the pulses were used 
to activate a strip-chart recorder (Leeds and Northrup 
Speedomax Type 6 Model 5 60000 sories) Sciatic 
nerves of bullfrogs ( Rana calesbiana) and radial 
or ulnar nerves of dogs ( Gams cants) were used A 
total of 11 nerves was tested Smgle motor fibres 
were used in some experiments, which closely followed 
the bridge-insulator technique of Tasaki* Details 
of those studies will bo mcluded in ref 2 With tho 
distal end crushed, whole nerves were placed on two 
pairs of electrodes m a humid chamber at 20° C 
The location of the active pick-up electrode was 7 5 
cm distal to the stimulating cathode and 1 2 cm 
proximal to the inactive pick-up electrode The 
distal electrode was connected to earth and tho 
proximal one was anode during the pulse The 
monophasie action potential was monitored at tho 
site of the preparation by do amplification and dis- 
play on an oscilloscope The stimulating pulse, 
measured at the output of the distant receiver, was 
0 1-0 6 msec m duration, and its amplitude was 
adjusted to be supramaximal for beta fibres 

The duration of the responses was 1-3 msec and 
the maximum amplitude about 30 mV The wave 
form of the action-potential was not recorded, but 
simply the fact of its having occurred The por- 
tion of the record in Fig 2 shows the responses of 
the mkwriter to slow stimulation rates, and shows 
also that the wnte-out is proportional to amplitude 
Thresholds as determined by the onset of activity of 
the mkwriter varied from 14 to 15 mV , and did not 



Flp 2 Photograph of segment of Ink write-out Bhmrinp (A) 
threshold of 15 m\ (at arrow) for a ginple nene 

differ significantly for amphibian as compared with 
mammalian nerve 

Conduction volocity was determined by tho spacing 
between tho rectangular pulse outlines on tho 
record and ranged m all norvos from 23 5 to 36 8 
m /sec In some experiments roproduciblo records 
were easily obtained for 15-20 hr , during part of 
nlnch tho whole system could bo loft unattended 
excopt for changing the paper or filling tho mk-resor- 
voir of tho recordor For auditory monitoring during 
such periods a loudspeaker was connected to tho 
5,000-ohm terminals of receiver U 

The special problem encountered m this application 
of telemetry is tho matching of recon or output and 
input lmpedanco-lovcls to bipolar stimulating and 
recording electrodes and tho matching of tho trans- 
mitter modulator inputs to tho output of tho stimu- 
lated nerve, with tho assumption that tho resting 
resistance is about 20 k -ohms max and that the 
resistance during activity is no moro than 10 per cont 
of that valuo 

Theoretically it is possiblo for tho norvo to bo 
stimulated by the carrier wave itself In general, 
for carrier frequencies at which losses m tho pre- 
paration are not too great, the shape of tho carrier 
envelope for tho directly applied carrier would he 
expected to have tho same sliapo as that obtainod with 
a d c pulse Since the response is transmitted over a 
radio link it is moro convenient to use the d c pulse 
for stimulation 

Tho electrical process of tho nen o impulse is a 
signal similar to those encountered in data handling 
telemetry systems used for aircraft and missdo 
testing and for satellite experiments It is non 
possible to determine the effect on the whole norvo 
or smgle fibre (if proporly packaged) of magnetic, 
gravitational or radiation fields at very high altitudes. 
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in vohiclos undergoing cliongoa m acceleration The 
long periods of time during whioh the output of the 
norvo is rolntiv ol> constant when stimulated remotely 
by a constant stimulus assure adequate data for 
statistical analysis Tho motbod therefore allows 
moosuromont of changes m angular acceleration both 
positive and nogntivo Basic physiological data which 
can bo collected in such circumstances include 
threshold, rhoobaso clironaxio, strength -duration 
and strength latency cun. os, refractory periods and 
critical stimulus interval for 2 stimuli Controlled 
variation in potentials led from oloctrodos implanted 
in animal brains can also bo studied by this moans 
oither on the ground or in guided or orbital flight 
By using a frequency modulated /frequency modulated 
multiohnnnol system of tho typo common]} employed 
m satellite research, tlie wa\oform of tho action 


xybantinte can be tcxxiwrod with fidohty through 
ugh frequency interrogation during Hie passage of 


Impulses Its relationship to environmental variables 
can then be determined With interval measuring 
equipment at present available nerves might be used 
m orbital vehicles ns biological clocks to determine 
directly whether or not there us a relativistic shift, 
for oxcitablo tissue 1 This cannot be done at present 
"nuth intact animals or astronauts 

I wish to thank Messrs W Boynton R Bottom 
£nd A Fisher of tho United States Weather Bureau 
for valuable ad\ ice concerning tho operation of the 
transceiver units Mr P Babv of Electromechanical 
Besoorch Inc furnished helpful references 

11 *1*1 Chariton F E -two- 47 Vo l CJfureh 


* irorrtll JU M (In prrp*iMlon) 

* Cucria 0 L. fUrraonlc* Hid*b*ndi no4 Tramlmtu in Oimnnmlrn-, 

tlom HnRineerirm” <*fK3rftw mn lOfli) 

' Taiaki I J Or*. Myrto 39 37" (19M) 

* \CbiTtf ff It If Proposal for an Experiment to Determine the Desrer. 

or ItoUtlrlstlc Shift u Electrical of PTcrr<ra» T!t«rue 
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COMPOSITION OF A PARAFFIN WAX FRACTION FROM 
TOBACCO LEAF AND TOBACCO SMOKE 


By Dr. W CARRUTHERS and Dr, R A W JOHNSTONE 

Medical Research Council Carcinogenic Subittnet* Research Group University of Exeter 


T HE paraffin, wax of tobacco loaf and smoko w 
generally regarded as a mixture of ti paraffinic 
hydrocarbons, with n hentriocontono as tho major 
component 1 -* Tlie Isolation of pur© paraffinic hydro 
carlions from both loaf and smoke has boon claimed 
m a number of instance* 4 *, but it is open to quoetion 
whether tho spocimons wore, in fact homogeneous, 
for in ovoty case tho melting point was tho onl> 
criterion of purity employed ana it has been shown 
tliat melting points alone do not afford a reliable 
guide to tho purity of pamffinlo hydrocarbons* 

We have obtainod additional ovidenoe of tho com 
plox nature of tho wax through mass epectroscopio 
and gas liquid chromatographic analyses of fractions 
obtamod from green tobacco loaf (Nicotiana tobacmii, 
Bolcreet variety), from the ‘black ferment od tobacco 
of a variety of Argentinian cigarettes and from the 
smoke of tliese cigarettes The analyses woro very 
kmdly carried out for us at Thornton Research Centre 
‘Slieir Research, Ltd through the gonerosity of 
Dr R Graham, and tho results shown in Tables 1 
and 2, Indicate cloarly that the wax from each of the 
three sources is a mixture of broadly similar com 


position n Hentnacontone is tho mom individual 
component, but appreciable quantities of the neigh 
bouring odd numbered homologuos and small amount a 
of the o\ on numbered homologuos are present as well 
Dr Graham has mformod ua tliat tho precision of 
the miuw -spectroscopic analysis is not high, and na 
sigmfioanoo should thus bo attachod to tho apparent 
small differences in composition of tho three waxes 
An interesting and novel feature of the results is tho 
high proportion of tso alkanes disdosod In mass, 
spectroscopy Bo far as wo are aware ito-alknnes. 
lia\o not previously boon detected in tho paraffin 
wax of tobacco or indeed of oilier plants although 
their preeonco in cigarette smoko lias boon noted* 
(Since writing this nrticlo, wo have aeon a publication 
by Mmo Suianne Bar born t (J HfchtrcJics dxi Centre 
National dc la Ii tchrrche. Sctentifiqtie, 45 273 1068) 

in -which it is reported that tho paraffins of tobacco, 
and tobacco smoke, though predominantly normal 
may oontam branched chain isomers Dr A. I 
Kosak has also informed us that ho and Dr T S 
Swmehart liavo detected branched chain iso mors 
m the paraffin fraction of cigarette smoke Wo are 
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indebted to these authors for telling us of this result 
before publication ) The Thornton workers have 
interpreted the present results as duo to the presence 
of 2-raethjdalkanes 

For the preparation of tho materials for analysis, 
neutral extracts of tho tobacco and a neutral fraction 
of the cigarette smoke condensate wore chromato- 
graphed on alumina and the initial waxy fractions 
eluted with light petroloum (b p 40-00° C ) were 
treated with urea in warm methanol’ Tlio resulting 
adducts were \\ ashed with light potroleum, decom- 
posed with water, and tho Tecovored paraffins 
crystallized once from benzene ethanol Tho molting 
points and elementary analyses are shown m Tablo 3 
The waxes showed no light absorption in the ultra- 
violet, indicating the absonce of unsatmatod com- 
pounds, and their infra-red spoctra determined on a 
Perkin-Elmer Tnfracord’ spectromoter woio very sim- 
ilar to that recorded for n-triacontano 5 Tho molliod of 
isolation does not rulo out the presence of wo-pnraffins, 
for it is known tliat slightly branched paraffins will 
form urea adducts if tho mam chain is long onough* 
Attempts to obtain additional ovidoncofor thopresonco 
of wo -alkanes by high resolution infra -rod spoctroscopv 
in the 1,600-1,300 cm ~ l region wore inconclusive m 
the absence of suitable reference compounds 


Table 3 


Source of sat 

Green leaf 

Fermented tobacco 

Cigarette smoke 

Jteltlng point 

00-G3° C 

00-03° C 

01-04° C 

Elementnn 

C 85 4 

C, 85 4 

C, 85 4 

analyses 

II, 14 5 

H, 14 3 



It. 14 4 


Little consideration appears to havo boon givon 
to tho possibility that the considerable amounts of 
paraffin a ax in cigarotte smoko mav play somo part 
in its carcinogenic activity 10 In this connexion, 
attention might bo directed to the report by Horton 
Denman and Trosset 11 that tho production of tumours 
on mouse skin by 3 4-bonzpyrene and by 20-mothyb 
eholanthrene was considerably aceolorated and tho 
tumour incidence increased when the carcinogens 
were applied in conjunction with a largo excoss of 
certain high molecular weight hydrocarbons, including 
some u-paraffime hydrocarbons It is not inconceiv- 
able that a similar combmod action of tho paraffins 
and the carcinogenic aromatic hydrocarbons 1 ’ in 
cigarette smoke may contribute to the carcinogenic 
activity towards mouse skin of the smoke, and mav 
account, m some measure, for tho fact that tho smoko 
is more potent than might be expected from its very 
small content of aromatic hydrocarbon carcinogens 13 
In other experiments we havo proparod tho methyl 
esters of acids obtained fiom the flue-cured tobacco 
of a variety of British cigarettes, and a fraction of 
the esters bp 190-2 10°/0 6 mm has also been 
analysed by mass spectioscopy and gas-liquid 
chromatography at the Thornton Research Conti o 
To obtain the esters the tobacco was extracted with 
chloroform, and the alkah-solublo fraction treated 
briefly with ethereal diazomethane The mass 
spectroscopic results (Table 4) show that methyl 
palmitate is the major component of the mixture, 
accompanied by some stearate and smaller amounts 
of a number of other higher and lower liomologues 
A considerable amount of C 1S unsaturated ostors is 
also present, with methyl linolenate predominating 
An essentially similar result was obtained in tho 
gas-hqmd chromatographic analysis Most of the 
acids corresponding to these esters have already been 


Tablo 4 Mass SPEcrnosoono Analysis of Tobacco 5lRTtn l bstehs* 


Ester 

Acid 

carbon 

Xo 

later 

molecular 

wclglit 

Peak 

height 

Relative 

sensitivity 

Relative 

quantity 

Caprntc 

10 

180 

0 

0 20 

30 


11 

200 

4 



Laurate 

12 

214 

3 

0 42 

7 


13 

228 

0 



Jtj rlstato 

14 

242 

7 

0 03 

11 


16 

250 

0 



Palmitato 

10 

270 

207 

0 80 


Mnrgarato 

17 

284 

25 




18+ 

288 

12 



Amchldonate 

IRt 

200 

31 



Blnolennte 

18+ 

202 

115 



Llnoleato 

18+ 

204 

73 



Oknto 

18+ 

206 

13 



Stearate 

18 

208 

70 

1 00 

70 

Xonadecylnte 

10 

312 

7 



Arachidato 

20 

320 

10 




21 

340 

4 



Behcnntc 

op 

354 

11 




23 

80S 

4 




24 

382 

4 V 




20 

410 

37 




• Became of Jack of knowledge or t tie relathcsenslililtlcsof many 
of the compounds the results can only ho reported incompletely 
t Unsnturnted 


found in cigarotto smoko, in which palmitic acid 
and C 1S unsatnratod acids appear to bo particularly 
abundant 3 - 1 Palmitic acid was also found to bo tho 
principal fatty acid of an American bright groon loaf 
by Holhor 14 , and it is of interest that tho palmitato 
and hnolonato wore tho mnm components of a mixture 
of solanosyl ostors rocontly isolated from an American 
fluo-eurod loaf 13 A mixture said to contain motliyl 
laurato, myriBtato and palmitato lias also boon 
obtained from a Japanese fluo-curod tobacco 1 * 

Wo aro very grontly indebted to Dr Robert Gmlmm 
and the mass-spocti oscopic and gos-liquid cliromato 
graphic i osoarch groups of Thornton Rosoarch Centro, 
‘Shell’ Rosoarch, Ltd , for tho mass spoclroscopic 
and gas-liquid chromatographic analyses Wo thank, 
also, Mr Ivan Neas, direct or of tho Tobacco Rosoarch 
Board of Rhodosia and Nyasaland, for supplying tho 
groon tobacco loaf. Dr J R Phmmor for tho crudo 
wax fraction of tho groon loaf, and Dr J W Cook 
for lus mtorcst m tho investigation 
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H/EMOGLOBIN P IN A FAMILY IN THE BELGIAN CONGO 

By Dr. PAULETTE DHERTE Du. H LEHMANN 

Libontolre MMIal, Stanleyville St. Bartholomew t Hcapltal London 

AND 

Dfl J VANDEPITTE 
University Lovantum Uopotdvflte 


A SURVEY of abnormal hiomoglobins has be^n 
earned out on 1,000 African pregnant women 
visiting the Outpatients Department of the Govern 
meet Hospital at Stanleyville Tho results will be 
published in detail elsewhere, but it is of interest here 
that on two occasions hiomoglobm P was discovered 
Hromoglobin P wofl first described by Schneider and 
Haggard 1 On paper and open boundary electro 
phoresis at alkaline pH, hromoglobin P mo\es more 
slowly to the posit! vo polo than hromoglobin A and 
separates from that pigment It moves faster than 
hromoglobin S but does not separate from a mixture 
of 5 and P Under those conditions it cannot be 
distinguished from hromoglobin L On oloctrophoroma 
m acid pH, either in citrate agar or bj tne open 
boundary technique and in ream chromatography, 
hromoglobin L separates widely from hromoglobin A, 
whereas hromoglobin P does not separate Thus 
hromoglobms L and P can bo differentia tod by these 
procedures 


In one of the findings of hromoglobin P an extensive 
fnmilj stud} was made (Fig 1) The propositus was a 
24-yoar old Bantu female of pure Lokele descent 
Originally tho Lokele lived on tho Ri\er Congo, but 
the proposituB and her family had settlod in Stanley 
ville Sho v, as eight months pregnant when first seen 
and seemed perfectly well She had tlireo children 
who worn ali\ o and healthy Laboratory examinations 
revealed the presence of PI fataparum in her blood 
and nnkylostoma ova in her stools She suffered 
from a modornte hypochromic anmrain which vns 
corrected by treatment with antunalamta and iron, 
and the mean corpuscular hromoglobin concentration 
roso from 20 to 31 8 per cent and tho mean corpus 
cular hromoglobm from 24 3*n to 3 lyy Her sorum 
iron lovel at tho end of the treatment was 1 17 1 per 
100 ml 

On papor oleotrophorosis at alkaline pH her 
hromoglobin separated into two fractions oao 
hromoglobin A and another moving more slowly m 



Xanie Sex Age trait jgloblu* cent) ((per cu.mm.)! c^nt) 


I 1 Kahakoa M 65 . 

I 2 3LILA5I y 05 

II l Sixuinr I 

Boniface Af 31 • 

n 2 fattou 

JntUne F 28 

rr 3 rA'wxsai 

HKronyme F 27 

n 4 Sinf 

\Atan r £fi 

a 6 Mutlill 

Bernard it 20 

II 0 KnjOHO 

Alphonte if 22 

II 7 Ajeu 

Marie F 1® 

Konlee 

III 1 Salttmd 

Albert It 12 

III 5 Biinru 

WUnl e F ® 

in J SJlLCKD 

Excell M 7 

III 4 gJLLima . 

Tabu F 0 

in 6 Bmrwtr 

FAlIdtO F S 

III 0 SAttnttr 

C4m e M * 

III 7 Naci^iAt AT T 

Tkmlface _ 

111 8 ffonauV F 5 

diristlne 

III 0 l>cnji*AiAt 

3farf A F 

Colette 
m 10 KiDmo 

Marguerite F 2 

It! 11 Kromo ® 

Valerlne F i» 


Sickle* 

cell 

trait 

Adalt 

htrmo* 

globlnt 

0 

AP 

+ 

AR 

+ 

APS 


Ttble l Fixdwqs is a Faxilt is which IIikxoqlobivs A 8 a*d P axe iocsd as Aturtt Variants axd nr which a Psoroirnox or the 
UtXBias or tee Family show SiaxmcAjrr tsaces or HsubotonJ* F wrrnotrr Micboctthjomia 


A X rcDK 
A, M CcIVe 

A t MT CeUee 
0 MX ccDte 
A, 3tX ctOE 
A, MX CcDE 
0 MX cclwe 
A, MX ecDE 
0 ICs ceDee 

A, IfN CeDee 
A, MX CeDee 
Aj MX CcDee 
A, MX CeDee 
A, MX ccDre 

A, MX ccT>ee 
A, MX ttTtiu 


1-6 44oOOOQ 
1*0 4,385 000 

3-0 6 osoaoo 

sl-6 3780000 

< J 6 4,570 000 

3380 000 

0 (3 060 OOO) 

<1 5 4 480 000 

<1-0 0 000 000 
<1 5 4 02G 000 

3 1 4 000 000 

7 3 4,370 000 

<1*6 4 300 000 

1*0 SSOjOOO 

1 7 4 085 000 

<1 6 3 000 000 

5-2 3,840 000 
(3 600 000) 
3*0 4 600 OOO 


2 5 4 ,225 000 

3 1 4 400 000 


Cell 

volume 

(per 

cant) 

ITtemo- 

fclobln 

.ri 

MCHC, 
(per cent) 

2 o 
t "" 

MCH • 
(77) 

41 B 
40 

13 8 
18*6 

33 

3J 7 

03 8 

01 -2 

31 

JO-6 

47 

16 1 

35 1 

M 5 

J0 •» 

88 

11 

28 9 

100-5 

20 1 

42 

3(5 2 
(11 4) 

14 3 

0 4 

(11 4) 

34 

•« 

(31 8) 

01-9 

03 4 
(97 5) 

31 3 

24 3 
(31) 

43 

13 1 

30 5 

e*. 

203 

40 

14 

30*4 

82 1 

20 7 

39 

12 7 

32 5 

06 8 

33 1 

40 

12 7 

31 7 

86-0 

27-6 

38 

13 1 

34 5 

86-0 

30 

37 

13 1 

35 6 

64 -a 

10-0 

30 

8 7 

20 

»■ 

£5-0 

37 

11 3 

30 5 

00 5 

£-•6 

S3 5 

30 

(32) 

37 

(39) 

10 7 

0 4 

(10 4) 

11 5 
(12*4) 

32-0 

31 4 
(» 4) 

81 1 
(31 8) 

00 £ 

781 
(01 1) 
82 -2 
(M'S) 

20 7 
24-6 

(29 6) 

16 5 
(27-4) 

37 

<8"-6) 

11 7 
02-2) 

St-d 
(32 6) 

81-6 

(88) 

£~j 8 

(M-6) 

30 5 

12 

SO *4 

W 4 

28 4 

38 

11 1 

50 8 

61 8 

25*2 


* Key M.C II n mwm cOTTnneolar hserooslobin concentration MCA mean eorptatular Yotmue M <J*H nrf * n rerr^^ 31 ^ h *' ITX> * 

** t b Tlw Aflutca in bracket* ihow the malU after the removal of hookworm* and treatment with antlmalarfflUand iron In »*' D ° 

obn<mnat wo* teen In the white cell coant and the terum bUlrubln level wtw raised 
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P A pD pE pF 

Fig 1 Relative moblllt' In starch gel of the four zones produced 
l>> each it globulin allele In cattle The anodic Bide of the gel 1 b at 
the top of the diagram, onlj the ^-globulin zones being slioum 

zones controlled by the five alleles are shown m Fig 1 
It will be seen that the zones controlled by p® are 
intermediate m mobility to those produced by fi A 
and while (3® gives rise to zones intermediate in 
mobility between those produced by ( 3 ° an d j IE 

Previous experience has shown that each fi-globulin 
genotype formed from the alleles fi A , (3® and {3® 
gives only one phenotype 1 Fifteen phenotypes 
would therefore be expected from fh e alleles , fourteen 
have been found so far. The bomozygoto of the 
infrequent allele (3® has not yet been seen The 
appearance of the phenotypes (Fig 2) w os anticipated 
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m tho mam from tho knowledge that the pattern 
given by a heterozvgoto is indistinguishable from 
that given by a simple mixturo of tho corresponding 
homozygous sera 1 * 

Data from matings botween Sindhi x Sindhi, 
Sahiwal x Salmval, Sindhi x Jorsoy and Sahiwal x 
Jersoy cattle confirm that tho previously unrocog 
nized phenotypes represent mdividual genotypes 
formed from five alleles (Table 1) 


Table 1 DisnuntrriON or Pitrscmrrjt nicer Juris ns isroimo 

TUT OATTLF p GLOBULES AiLFLES P» A »,p pr 


Parents 

OflsprlnR 

Bom 

Sire 

Like dnm 

Bike sire 

Recombinants 

A.4* 

AF 

3 

3 



A A 

EF 

■ 

— 

1 All 

Al) 

AF 

1 

9 

3 A A, 5 OF 

Al) 

EF 



1 AE, 1 EF 

AT) 

FF 

AF 



— 

1 EF 

AF 

5 

0 

0 

EF 

AF 

1 

0 

0 

DD 

AF 





1 AT), 4 OF 

EE 

EF 

. 

— 

1 EF 

EF 

AF 

OF 

0 

1 

IFF 

EF 

1 

1 

0 


* For A A . AF, etc., rend pAA, PAT, etc 

The frequency of each allele for several breeds and 
crossbreeds of cattle from two herds is shown in 
Table 2 


Table 2 Suoimo /J-Glouoltn Grsr FnrQPEXciES ror sohe 
I mrans tvn c’noss-imraps or Cattle at 1 V HcJUster lion 
Station (r or) ami Xatio\ai Cattle linntDisa Station (norroH) 





Goi 

io frerju 

cnc> 



animals 

PA 

P » 

po 

pr 

pr 

Sindhi 

mm 

0 57 

0 04 

Xll 

0 28 

0 11 

Sindhi x Jersej 


0 52 

XII 

0 24 

0 12 

0 12 

Snhhvnl 

j— 

0 10 

0 20 

Xll 

0 15 

0 55 

Sahiwal x Jersej 

Hsfli 

0 33 

0 05 

0-28 


0 31 

Jerso\ 

51 

0 51 

XJ1 

O 40 

Ml 

MI 

Hereford 

27 

0 30 

XII 

0 52 

0 O') 

WM 

Shorthorn 

Hertford x Short 

18 

0 50 

Ml 

0 39 

0-05 

m 

horn 

Brahman x 

10 

0 45 

Xtl 

0 53 

XII 

m 

Shorthorn 
Brahman -*• 

14 

0 28 

XII 

0 43 

0 IS 

0 11 

Hereford 
Africander x 

IP 

0 40 

Xtl 

0 24 

0 20 

0 10 

Shorthorn 
Africander x 

13 

0 10 

XI I 

0 50 

0 31 

MI 

Hereford 

15 

0 23 

Xll 

0 47 

0 30 

Xll 

Brahman* 

— 

0 3 

Ml 

0 1 

0 3 

0 3 

Africander* 

“ 

Nil 

xtl 

0 4 

0 0 

Xll 


* Approximate frequencies computed from remainder of data 


It has been suggested previously 1 3 that tho 
frequency of |3® nithin a breed inay rofioct tho 
climatic or ecological stress to which tho breed is 
subjected Thus, tho frequency of (3® increases m a 
norfhorly direction m tlie British Isles, both mthin 
and between breeds Tho high frequency of (3® m all 
tho zebu breeds examined is particularly interesting 
therefore m view of tho woll-known climatic and 
ecological tolerance of these cattle 

I thank the Officor-m-Cbargo of tho F D McMastor 
Field Station of tho Commonwealth Scientific and 
Industrial Research Organization, Badgory’s Creek, 
Rew South Walos, and of the National Cattlo Brooding 
Station of the Commonweal! h Scientific and Industrial 
Research Organization, ‘Belmont’, Rockhampton, 
Queensland, for supplying blood samples, and C. 
Bloomfield for technical assistance 
‘Ashton, G 0 , Nature, 183, 370 (1953) 

’Ashton O C , and McDougall, E X , feature, 182 ,0-15 (1038) 

1 Asliton, G C , Mature, 183, -104 (1059) 
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FORTHCOMING EVENTS 

(Afcdf*# wftA an cultriti • it o p<n to lAr public) 


Monday November 23 


Rotal Geographical Socrrrr (at 1 Kensington Gore London 
gffl) at 5 pffL— Mr Barrie E Juniper Oxford University 
Tanganyika Expedition'’ 


iKBirnmos or mechanical Engineers 
(at 1 Birdcage Walk. Westminster London 8 W 1) at 0 pjn.— 
D lactation on Vibration Theory Linear Systems and the tablet 
•Theory of Machine* ” 


Tuesday November 24 

SoorTT ros ANiArnfUL Ofmnsrnr Thtstcul Methods Qtarr 
(at the Chemical Society, Burlington House Piccadilly London, 
W 1) at 6.80 p.m —Mr 1LA C Isbell The Design of Optical 
IcatnunenU for Chemical AnalysU" 

Koval AERONAUTICAL SociKTT (at 4 Hamilton Place London 
Ml) at 7 p.m — Prof D D Spalding Ilent and Maas Transfer 
In Aeronautical Engineering 

Society or Iksthcxjcxt TccnNOLoar (at JCanton nuwe 26 rort 
UnJ Place, London W 1) it 7 p in. — Mr N 1 Walker "Application 
of last rumen tat Ion to Glass Melting Furnaces 
RiDUt AJtn Electronics Asvoctatiov (at the Royal Society of 
Arts John Adam Street. Adelphl London W C.2) at 30 pjn.-— 
Prof. II E. M Barlow ‘Waveguides for Long Distance Community 
tlons** • 


Wednesday November 25 

Rotal Socirrr or Arts (at St John Adam Street Adelphl London 
IU). at 2.50 p.m. — Sir Christopher Hinton. KI1L IBS and 
Rr Mullam Uouord Power Prodnctlon and Transmission In the 
Contryalde— Praervlng Amenities" 
rroLootciAL Socirrr or London (at Burlington House, Piecadffly 
loadon W 1) at 6 pm. — Mr L. R Raymond The l‘re Permian 
Floor beneath Blllingham Co Durham** Dr J M, Hancock “Tlie 
Cretaceous 8y*tem In Northern Ireland 
Ijtrrrrnox or Electrical E.vaixxr.as Electronic* and Co* 
mutioj Sccnox (at Savoy rineo London W 0 2) at 5 30 p.m 
-Dr R. I*. Smlth-Uose Radio Aspects of the International Geo. 
P*yiR»I Tear" 

ijmrcTX or Phtnics (at 47 Belgrave Square London 6 W 1) 
tt6p.tn.— Mr J F Coales Edneat Ion for Automation 

I WTiTcn oa or Mechanical Fvciikekrs (at l Blnlcoa© Walk 
VrttraiMter London 8 WJLat 6 pm —Prof A IT Cottrell F R.8 
“7b* Effect of Nnelenr Radiation on Engineering Materials (Thomas 
Hnlalfy Lecture) 

'oetrrr or Chemical Industry Food group (at u Belgrave 
London. S V. 1) at 0 15 P m. — Mr G L Moss tortultoui 
FwTotJou Inhibitor In JUseult Mixes Mr O P Scary Recent 
Developments in Produce ITe packaging 

.Soarrr ros Analytical Chexintry (Joint meeting with the 
fiUMscirncAL Soarrr or Great BnrrAUf. at 1“ Bljorosbury 
Mue London, W 0.1) it 7 30 pro — Meeting on Methods of 
A«Ti of CapsJcinn Lonchocarput and RanwolQa 


Thursday November 26 

Dnrrrn or Maeixx Exoixrcka (Joint meeting with the soarrr 
hiTij, Architects AND MARINE Enhixeejc’ at thfi Memorial 
6 Mark lane London E.0J) at 3 pm.— Mr ( t Pounder 
iiomm Problems In Marine Engineering" at 6 30 p ra. — Mr 
it and Mr n 0 Andersen Coordinated Alignment of 

Ll*i Shaft Propulsion Gear and Turbines" 
kauriTWX or ELECTRHUL KnOInEERS (at Savoy Place London 
JJt*) iL 6 - 50 p m. — Mr T R, Manley Mr K Rot h well and ID W 
y*J The Application of Low Pressure Resins to some High 
' oitag* Switchgear Designs" 

0T MECHANICAL EyOCCEEBS APPLIED MIC 1IAXICS 
UWCT (at 1 Birdcage Walk Westminster London. S W 1) at 6 pm 
De»$r Q ° a A WHcatlou of Creep Results to Engineering 

Li?I^.A? t ? jrjlCTICAt Socirrr (at Church House, Westminster 
R.W.1) itOptn —Prof II BchUchtlng Some Develop- 
In Boundary Layer Reaearch in the Lost Thirty Year* (Third 
Rochester Memorial Lecture) 

Thursday November 26 — Friday November 27 

j’gTBQiRra- (joint meeting with the Cotaonox 
CHTvfp 1 CAL EafonrRnuxo group of the Bwarrr or 
oriSutt I rlM7 T ln the Grand Council Clumber The fed era tl on 
, 21 TothnI Street London 6 111) 

Indortrr 1 8> r " illQm on Corrosion Problems of Uie Petroleum 


Mdiy, November 27 

w 1) T n (at 4 Hamilton Place ^^. on 

' 7 pja *~ D r D E. WaRla "Man and an Aero Engine 

0 n Albemarle Street London W 1) at 
Ur P T H«kell "Re,e»rch in the War against Locusts" 


Friday November 27— Saturday November 28 

Th?B?iXh L a i> r IKK (at the Lectnre Hall 

l4,ndo n WlH 




APPOINTMENTS VACANT 


lH.7o^ T, a“S e K53 f0r ,U ” runoWlD ‘ ^tm n u on or 

Sa^jaiSai 


TV^?p{? r . of Labour and National Service 

H 0feen SljnT y (Ao^ember £7) ^ 

ASOTtAKT LlpnjBEh or DDtOKBTRAToa (with medical quaUOcatloM 

, r ?!? , E b x^frsr^ r i g? u>,ji - r '‘' nr8i,,rar »“ «'«'» 

uirdldnal chemistry) ixSosdicwai LREML^raT 
10 OoTernoro Chelsea CoUege of Science and Tech- 
nology Manresa Road London 8 W 3 (NoTember 28) 

Bviiok LEtrnikEa. and a LlCTnn (prererahly with a major 
ln *rriled thermodynamics or applied mechanics, esperla Uy 
the theory of machines) w ExoureraiKo—fte Registrar The L nicer 
•lty Manchester 13 (November 28) 

ABWSTA5T LRCTPREa (with special qtadJflcalloo* or Interest* in 
radio astronomy) in P ft sics— The Registrar The University Man 
diestet 13 (November 30) 


Leotprer IX Oaaixio Cnrxmxr at the University of Melbourne 
Australia — The Beeretary Association of UnWendUrs of the British 
Commonwealth 36 Gordon Square London, W 0.1 (November 30> 
Lxcruwa m Pitholoot In the School of \eterinary Medicine— 
Tlie Reiditrar Trinity College Dublin (November 30) 

Lxctpkx* or Szxior Lxcrvta ra pxr.vEmyg Mroicrra at the 
University of New England Australia— The Secretary Association 
of UnlreriUle* of the British Commonwealth 36 Gordon Square 
London W C.1 (November 30) 

Lecturer (preferably with teacher training experience in Wert 
Africa or other tropical areas) ra EDUOATIOXAL RUTcnoLOOT Nigerian 
College or Arts Science and Technology-Tire Connell for Overseas 
Colleges 12 Lincoln • Inn Fields London W C.2 (November 30) 
Lecturer (with a recogulted degree in agriculture) nr AauocxTtrt« 
— The Clerk to the Governor* Eiaex Institute of Agriculture Writtle 
near Chelmsford Eaaex (November 30) 

Research Amistakt ra the DKrikrxxxr or Pnrsics for work eon 
ceroed with the fundamental itudy of electroluminescence and related 
processes In single crystal phosphors— The Registrar Die Uni malty 
Hull (November 80) 

Senior Lecturer (of good academic itandlna and with industrial 
and laboratory experience In electrical machinery *ud an toms tic 
control) H» Electrioai. Esoweerinq at the University of Adelaide 
Anstralla— The Registrar The University of Adelaide Adelaide 
Sooth Australia (November 30) 

Technical OrriCEE (with a nnlvcralty degree or comperabw 
onaliflcatlon In physic* or electrical engineering or olher fprpo'td 
subjects) ra THE DErARTXENT o T Phtrics— D r F B KJprlug 
Uflivrralty Chemical laboratory lerufleld Road Cambridge (Decern- 

’’'lotto* (rrettnllj with mtMch inttrntj ln »ototolOT «irf 
whole-ohmt rtvslology) ra Botaxt at the University of Sydney 
^ aD "j BecretarT Association of Universities oftbe lSritlih 


nommonsrealth 36 Gordon Square London W 0 .1 (D ecember S) 
Lectures ra social AxTORorotoar and « 
ftoaoLOGT IX THE Facultt or Ecoxo bc and Soctal Studies— 
RMlitrar The Unh-eralty Manchester (December 12) 

or LOTTO* crrHTsic .Dd.scno, Uttto, 
nr^OTCTUKSllloinlino ChcjO«t*I «t the OnlreriltT of hhiltonm 
tSr^S>T Dnlm^tr of ShMloum ^0 lntor Uolronltj 
CiMMll HMll™ Ovtnm ra Wotram &in»r« Loodon, 






in psjxuojuwj i (mlLa-— The SecretarT Assodnllon of u Direr 

.V^ lr ih?aSt!.h , cSonJSl£ a |» 8*rnt 


•me* of the British < 

V 0.1 t AmU ? 1 Ji^*’ 1 I n *, r LiT)r*ia EE5UICT Fun*** B »“■ 
CarxiCAi LNGtxtrtiyo 


(F 


TBU0U> ?il lShSo? L ® aI!nc 4l. E>cBiro»o 

;Si?‘ o^liiTO* VrrricrTOOtMoTO*;^ 


C0iaau, CH»m*T 4T9 HOTfn5*n3 oroioor (Inclu Jlnir c w 

Mechanical) Fun. A- notation and 


1138 


NATURE 


October 10, 1959 


VOL 184 


Lectueek nr SIathematics, and a Lecturer nr Statistics and 
Mathematics — The Registrar, Bradford Institute of Technology, 

Physicist (with several years experience with radioactive Isotopes), 
for work upon lsotopically labelled steroids — The Director, Endocrine 
Unit, Institute of Obstetrics and Gynaecology, Chelsea Hospital for 
Womon, Dovehouse Street, Xondon, Sff 3 

Plant Physiologist (honours graduate with research experience) 
nr THE DEPARTMENT OF SCIENTIFIO AND INDUSTRIAL RESEARCH!, 
Pnimorston North, New Zealand to underfako research Into the 
biochemical aspects of the ph)slology of plant growth and develop- 
ment under controlled cllmato conditions — The High Commissioner 
for New Zealand, 415 Strand, Hendon, W C.2, quoting Ref No 
B 11 / 21 / 18 , and mentioning Nature 

Research Assistants (honours graduates in chemistry), to 
out research work for higher degrees in ono of tho following (1) the 
relationship betu ecn sorption affinity of alumina for a scries of organic 
solutes In non-polar solvents and cortain physical properties of the 
sorpthes or (2) a problem in nitrogen heterocyclic chemistry— The 
Principal, Derby and District College of Technology, Kcdlcston Road, 
Derby 

Research Demonstrators and Research Students in the 

DEPARTMENTS OF BUILDING AND CIVIL ENGINEERING, CHEMISTRY 

and Applied Chemistry, Electrical Engineering, Liperal 
Studies, Mathematics, Mechanical Engineering, and TunE and 
Applied Physics — Tho Registrar, Royal Technical College, Salford 6, 
Hanes 

Senior Technician in the Microbiological Haroratories — 
The Secretory, Tho Royal College of Science and Technolog), George 
Street, Glasgow , C 1 

Technician in the Department op Botany — Tho Registrar, 
Unherslty College of Males, Aberystwyth 


REPORTS and other PUBLICATIONS 

(not included in the monthly Boohs Supplement) 

Great Britain and Ireland 

The Bedfordshire naturalist, Ho 13 (Being the Journal of tho 
Bedfordshire Natural History and Field Club, for the >ear 1D5S ) 
Pp 48+1 plate (Bedford Bedfordshire Natural History Soclct) 
and Field Club, 1059 ) 5* [240 

British Broadcasting Corporation Engineering Dl% islon Monograph 
No 20 (August 1959) Transistor Amplifiers for Sound Broadcasting 
By S D Berry Pp 19 (Bondon British Broadcasting Corporation, 
1959 ) 5* [249 

Philosophical Transactions of the Royal Society of Bondon Scries 
A Mathematical and Physical Sciences No 999 Vol 251 (16 Septem- 
ber 1959) Coulomb Gaugo In Non-Relath istlo Quantum Electro- 
dynamics and tho Shape of Spectral HInca By E A Power and S 
Zienau Pp 427-454 9* No 1000, Vol 251 (15 September 1959) 
Propagation of Elastic Wave Motion from an Impulsive Source Along 
a Fluid/Solid Interface 1 Experimental Pressure Response By 
W H Roever and T F Ylnlng 2 Theoretical Pressure Response 
By E Strick 3 The Pseudo Raylolgh Wave By E Strick. Pp 
455-623 23* 6d No 1001, Vol 261 (16 Scptombor 1059) On tho 
Annual Variation or Magnetic Disturbance By D H McIntosh 
Pp 625-552 10* (Bondon Royal Society, 1959 ) [249 

Ministry of Agrlcmturo, Fisheries and Food 1 Ishcr) Investigations, 
Berios IV An Introductory Account or the Smaller AIgno of British 
Coastal Waters Part 1 Introduction and Chloropliyseac By Dr 
R W Butcher Pp 11+74+14 plates (Bondon H M Stationer) 
Office, 1959 ) 25* net [240 

Ouudlo School Natural History Society Report, 195S Pp ll-'-se 
(Ountfle, Peterborough Ouudlo School Natural History Soclet), 
1959 ) [240 

CIba (A.R.L), Blmltcd Technical Notes, No 201 (September 
1959) 'Aerowcb' Honeycomb Structures Pp 10 (Duxford Clha 
(ARBA.Btd ,1959) [249 

The Boverhulme Trust Analysis of Grants 1932-1055 Second 
Report Pp 18 (London Leverhulme Trust, 1959 ) [249 

British Museum (Natural History) Tho Coiiclno Mosquitoes of 
the Ondomnlayan Area Part 4 Genus Aedes Afclgen, subgenera 
Skusea Theobald, Diceromyia Theobald, Oeoskusea Edwards and 
ChrUtophersiomyia Banald By P F Mattingly Pp 01 (London 
British Museum (Natural History), 1059 ) 12* [309 

Planning, Vol 26 (28 September 1959) European Unity — a 
Review Pp 101-188 (London Political and Economic Planning, 
1959 ) 8* Cd [300 

British Medical Butlelin Vol 15, No 3 (September 1959) Sym- 
posium on "Current Virus Research” Pp 176-250+8 plates 
(London British Council, 1059 ) 20* [309 

The Universities a Royal Commission ? By Graeme C Moodlc 
(Fabian Research Sorles, No 209 ) Pp 62 (London The Fabian 
8ociety, 1069 ) 6* [309 

Proceedings or the Royal Irish Academy Vol 00, Section A, 
No 2 A Property of Bounded Regular Functions ByP B Kennedy 

S O 7-14 1* 0 d Vol 60, Section A, No 3 On tho Structure of 

ultlplet X States in Diatomic Molecules By I KovAca Pp 16-26 
2* Vol 60, Section B, No 4 The Phytoplankton of some Irish 
(Lougha and an Assessment of Their Trophlo Status By F E Round 
and A. J Brook. Pp 167-191 3* Gd Vol 00 Section B, No 5 

A Comparative Survey or the Eplpellc Diatom Flora of some Irish 
Longhs ByF E Round Pp 193-215 3* Vol 00, Section B, No 0 
The Silurian Rocks of the Devllsblt Mountain District, County 
Tipperary By R N Cope Pp 217-242 +plates 18-21 4* 6 d 

(Dublin Hodges, Figgis and Co , Ltd , 1959 ) [309 

Other Countries 

Cancer Current Literature Index Vol 1, No 1 Pp 11+34 Pub- 
lished overy 2 to 3 weeks Subscription price 7 60 dollars (Amsterdam 


and Now York Excorpta Mcdlca Foundation, 1950 PubMtdrn, 
tho American Cancer Soclet), Inc , New York ) rjJJt 

Annnl3 of tho New York Academy of Sciences Vol 70, AjtWftj 
PsychophyBlologlcal Reactions to Novol Stimuli— Mcasutnatti 
Adaptation, and Relationship of Psychological and PhysloieSai 
Variables In tho Norma! Humnn Ry Roacoe A Dykman, V’liliittio 
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LETTERS TO THE EDITORS 


TERMINOLOGY 


CHEMISTRY 


Retentate a New Scientific Term 


Anyone -who hoa resort od to tho tochniqno ot 
dialysis wilt bo aware of on odd and inconvenient 
gap m the terminology relating to the process For 
the substances which paaa through tho clial>6i» mem 
bmne there there is a generally accepted term 
dtalyeato* 

Exception lioa been taken to this word by tho 
editors of tho Biochemical Journal 1 Such oxcoption 
inaj bo justified on etymological grounds as the 
punat finds unpalatablo a word compounded of a 
Greek stem and Latin sulflx But tlio alternative, 
‘dlffuBato 1 , soloeted by tho said editors may bo 
objoctionablo scientifically* As dialyBato 1ms other 
wire rocotvod universal ace opt once and usage, it is 
host retained deepite ite hybrid origins 

On tho other hand, to our knowlodgo no suitable 
or generally accepted term oxisto to dcscribo tho 
material which is retain od by semi pormeabto mom 
bran os Horbortson cl cd * havo recently roforrod to 
tho retamod material as the ‘core”, but there sooms 
bttle logic or justification for the selection of tin* 
word, which Jiob other recognized connotations 
Most authors liovo bridged the existing termmo 
logical gap by erreundooution, for example, tho non 
dmlysable material, tho substances wluch remain in 
the dialyBi* bag (tube), oto Altogether, the situation 
is unsatisfactory 

Aftor due deliberation, m which bov oral alternative 
possibilities wore considered, wo propose tho term 
retentate to dosignate thoso substances which are 
retamed by semipermeable mombranos in the oourso 
of dialysis 

Though we recognizo the term is of Latin doriva 
tl’on, wlulo boing npphod m a process which Is closig 
noted by a word derived from Greek, wo fool this 
is less heinous than the bastardy already committed 
in tho parentage of dialysate We further feel roten 
tate has tho advantages of (1) road} recognition 
being descriptive of tho ©v onto oonoorned, and 
(2) uniqueness, inasmuch as it has not hitherto boon 


used in any other nonae 


E G Tctrnes 


Institute or Classical Studies 
London, W C 1 

Boncard Allorgy Research Unit, 
Bceoham Research Laboratories, 
Botchworth Surrey 


G Fbinberg 


1 Tho Blochrmlcil Journal BuptesUcm* to Author*** rerUM 1057 
p 10 

* fre tStrUon* th od ColMahl IL Ada Ohtm Bcand 


13 757(1853) 


Concentration of Stearic Acid in Monolayers 
Adsorbed from Solution 


Mathteson 1 lias recently obtained electron micro 
graphs of oloophobio stearic acid films adsorbed on 
mica from hoxndocano solution These show islands 
of stoano acid in tho monolayer, with onlv about 
one third of tho surface covered The obscurations 
are in good agreement with tho results reported by 
Cook anti Kies* for the adsorption of radioactive 
stearic aoid on mica and gold from hexadeoano 
solutions They too found that only 20-30 per 
cent of a close packed monolajer of atcanc acid 
molecules was adsorbed on tbeso inert substrates 
M&thieaon also points out that island structures are 
not forrood when adsorption of stearic acid proceeds 
from tho melt There authors havo interpreted 
thou* observations m terms of a sol\ out solute 
interaction whereby stoano acid molecules adsorbed 
from solution are surrounded by hoxadecano mole 
cules m an onontod ami} 

We have recently found that tho adsorption of 
radiosteario acid from nitroroothnne solutions lends 
to similar results Oleophobic films of C t ,H Jt M COOB 
formed on mica platinum and olirorae plated steel 
substrates by immersion in saturated nitromethane 
solutions for periods of 2 mm -2? hr contained 0 2-0*4 
of a close packed monolayer of steanc acid Tho high 
degree of association in liquid nitromethane (b p 
101°C) and tho lack of correlation between tho 
amount of etoanc acid adsorption and possible 
adsorption sites on the solids studied suggests a 
solvent solute interaction mechanism in this care, 


too 

These observations are being reported and dis 
cussed in more detail else where* 

Georoe L Gaines, jun 
General Eloctnc Research Laboratory, 

Sohcnectady, New York 
September II 

1 JlAthicotu It. T^Atf*w.1«3, 1803(1850) ^ .. 

* Cook, U !>., mud Rto*, H Et, Jan PMa* Chm^ «5, ZtG (1850). 

* Qtloc*. O I,., }tio., AmfricanChrmteil Soejatjr 1MIU National 

llaetlw?, Atlantia City September 1950 (to be mbmKUxl to 
J PA ir?. CW.) 


^ Radiochemic&l Tracer Study of the Relative 
Stability of the Halogenopiatinates 

In viow of tho recant classification of metals into 
wo typos 1 , partly on tho basis of tho relative stabd 
ties of thoir halogen complexes wo wisli to report 
he direct measurement of tho relative stabilities of 
ho chloro bromo and lodo pint inn tc* in aquoeus 
olution Theso etabilit.w can bo mrt to <£££ 
ho diffonmeos of bond sironffth '^T^higor and 
omploxw An oarllor attempt hi Scbuxmgor 



N A I U It L Octohci 10 , J959 


I'nbuntoei 4 to mi'nsuro tho Klabihtiei upoctrophoto- 
iKitricjillj grtvo only M'mi-quuntitntivo results 
The addition of nxhdo solutions labelled with 
icrimo 181 to PtCln 4 ' Cl- and Br- mixtures 

followed, lifter equilibrium mum attained, by pwcipita- 
tion of the mixed complex ns the e esium suit, enabled 
tlio ratio of freo to ligand iodide to be measured 
mdioohomicnlly Tins method provides a quick and 
necurnto analysis ol small amounts of iodide, m the 
complex or fteo stato, in tlio presence of much 
larger amounts of cldorido or bromide (A smulnr 
procedure has boon used to studv the relntno 
stabilities of the cliloro- and bromo-plut mites bv 
Dunning and Martin 4 , to whom we are indobted 
for a preprint of tlioir forthcoming paper) In this 
wav , curv os relating log {[Cl - ] / [I free or log 
[I - ]) fret to tho averago iiumbei of lodido ligands m 
tlio complex wore obtained at 0, 25 and 44 5° C 
From each curve tho six cquilibimm constants for 
successive substitutions by iodide were derived using 
Bj drum's method 4 For the purposo of comparison, 
onlv r tho ov orell constants Kci I and Kp r i will bo 
considered, w lioro Ka jr = [PtI« 4 '] [Cl~]°/tPtClo*~][I"] G 
At 25° C , log I \ cl 7 - 18 2 S and log Kpr ; = 10 Is 
Tlio solution bad an ionic strength of 0 5, but since 
tlio equilibria involve interchange of quito similar 
ions, it is probablo that tho concentration constants 
measured are close to tlio tbormodvnamic constants 
Tlio variation of log K with temperature leads to 
values of A H° foi tho total replacement, by iodide, 
of cldorido or bromido m tlio complex 

For the overall react ion PtCl 8 2 ~ t»I— — *■ PtT c : " -f- 

CC1-, AH° is made up by {«) the difference between 
tlio total beats of In drat ion of tlio six cldorido ious 
and tlio six iodide ions (b) the difference between 
tlio baits of hvdmtion of the two complex ions, and 
(c) tho difference between the total heat contents of 
tlio six Pt— I bonds and tho six Pt-Cl bonds (b) can 
bo calcidated to bo of the order of 22 kcal tgm ion 
using tlio Bom equation 4 and a radius estimated 
from known bond-lengths 6 and ionic radn (a) is 
— 112 keal (ref 7) and tlio overall measured value 
of AH' is — 19 kcal (c) is therefore — 7 1 kcal /gm 
ion, and the average individual Pt— I bond is of tho 
order of 12 kcal weaker than the corresponding 
bond Similar caleulttions based on our A S c 
yment show that the Pt-I bond is 4-5 keal 
■than the Pt— Br bond 

Paine of AH' is therefore determined by the 
ice between two large terms One the ciiange 
ni-u of livdration of the svstem favours the iodide 
as the more stable complex and the other, the 
change in bond-strengths, favours the cldoride In 
tho ease of metals where tho stabilities m rqueous 
solution of the lialogen complexes are in the order 
I < Br < Cl, the relative bond-strengths are de- 
cisivo As tlio M-I bond becomes relatively less 
weak the iodide complex will become relativelv 
stronger, and when it is less than about 19-15 kcal 
weaker than the AT— Cl bond the owl or of stabihlv 
will become I > Br > CL The exact point of the 
reversal of tlio order of stabthtv, as measured bv 
equilibrium constants will of course, depend also 
on entropy factors Since platmum (FT) is a tropical 
member of the I > Br > Cl doss, it is likc-ly that 
he bond -strength order isl < Br < Cl in all halogen 
omplexes : bur, provided the inequahtv is not too 
roat. the order of stability can be the reverse of this 
he bo-der-hne between the two classes of metals 
ill only fortuitously be the same, when d efin ed by 


tins twUrion (whuh e< luchlv i 

vent), as vvlii'n defined bv tlm r/lat*,'!' /? t1 ''’ *"‘l 
um.baig.xj group 5 or group 1; 1 ' ' ^«biht.e, r,r 

xohatmn c m<ti wilt be mCch S* 

Jho importance ol soh«t Ion ofr , M ' r 
been first point, d out bv Kaznrnov ,uu l ’ 
The above tnatmont follows that „i , m HM’I 
NikolVloiva^, who showed bow it ' r ‘ n, >"re nnd 


J )u* aliovo tnatmont follows that „( 7. , m ln> ‘l 
NikolVknvuO, who showed bow it aiul 

apparent anomaly wbeiebv tbo order of ili'7 1 tfl " 
platinum complexes is 1 > Jl r Q| even ii ” ° r 
is also tho order of tlioir tliorinodvnnmjc 'in'' 1,11,4 
m aqueous solutions * hUll>1 btio<< 

A more detailed account or ibis work will 1 
elsow lioro 0 £*' cn 

A J. Bon 
HI 8 Fa 1 ova 

Inorgmuc Cbomistry Boscnrch Laboratories, 

Imporial Collego of Scioneo and Tccluiologv , 

London, S W 7 
Jimc 22 

•Alirlsnd s , Chatt, J . and Davies, y R , Quart Her Clam Sor 
13, 205 (193S) 

'Sclilednrcr, If l . nnd Pilmatrcr It If , J Amn- Clam S <y 52 
4010 (1930) 

•Diinnlnu VV W nnd vfirfin, jun , D S nbstrtctv of iupre,, Amcr 
Client s<ic , JSVtli wectfriR tpri/1059 p 57 J/ , J Alter Cl'm. 
xoc (in lh< pre-q 

‘Bjcrntm J, vtotnl Ammlnc Tonnitton in Agueous Solution”, 35 
(lTan«e nnd Sou, Cop'nlnccii 1057) 

1 Bom, \t 7 Phut 1 45 (19-20) 

• “Interatomic Dl<tanec‘> (Chemical SorJctv London 195S) 

’ * Selected V nlue? of Chemical Tliermodvnnmlc l*ropcrties Clrc 500 
Xntionn! Bticenu of StnndnrdM WnOuncton VC (I°52) 

* KazaniovsMi, 1 A , Lull Aead 2>e 1 L fIJ; S . 6, 479 (194J) (qno'ed 

In ref 9) 

»Grin)«?rc 1 t and X5lol sjnva, L E , J App Cl, m , V S 
74 fcsj (1951) 


BIOCHEMISTRY 


A New Enzyme System in the Tamarind 

A new polysaccharide has been demonstrated to be 
active in the seed kernel of tbo tnrmmnd (Tamanndus 
tndtea, Linn ) during germination It was purified 
as follows The ground kernel was extracted suc- 
ccssiv ely by petroleum ether (b p , CO-SO'C ) 
chloroform and absolute etlijl alcohol One per cent 
of the solution from the residues was centrifuged 
tlireo times, precipitated by an equal volume of 
95 per cent ethvl alcohol nnd filtered tlirougb linen 
and dried. This was repeated twice nnd tho fibrous 
product extracted in a Soxhlet apparatus by- 
absolute alcohol for more than 4S lir. The 
pure polysaccharide (yields, 51 0 per cent , ash. 
0 0) was shown to be homogenous by obtaining 
ten fractions as solutions by successive 
treatments of two samples with water at different 
temperatures one from low to high and the other 
from high to low. Each fraction of solution gave the 
some polysaccharide winch yielded on chemical 
hydrolysis, the same ratio of sugars (glucose, galactose, 
xylose . 3 I. 2), as demonstrated by* chemical and 
clixomatograplue methods In several series of 
quantitative experiments of isolation, no Other 
polysaccharide was detected in the kernel 

Neither diastase (B.D.H.) nor germinated barley 
malt could hydrolyze this polvsaecharide at temper- 
ranging from 30-7CTC : but taka diastase 
^^kc-Davis) did hydrolyze h at these temperatures 
,,- L 7 a " tbls enzyme system differed from taka 
ran ,". a T. \ snov ~ ri 63 frUoros Germinated seeds 
^ A3 ml. distilled wmer in a 
^ m0rtar ' ^ trailing slurry with 175 ml. 
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water was stirred mechanically for 30 min and 
filtered through linen This extract (10 ml per 
sample) -was allowed to hydrolyze different samples 
(each 25 ml ) of the toramind polysaccharide solution 
(0 25 por cent), at different temperatures in the range, 
3l-GQ°C for 18 hr Tho enzymo was active between 
31° and 45°C , with an optimum at 38°C and it rose 
to a maximum m the pH range 4 0-5 0 The enzyme 
was found to bo mnctivo in tho dried seed, and to 
gam maximum activity after the soed coat was shed, 
and before initiation, of leaves This enzyme system, 
hydrolytic and protein m nature, as well as not 
prooipitablo by ammonium sulphate, is also affectivo 
on starch in optimum conditions The synthetio 
enzymo system oould not oven bo found in the seeds 
of growing fruit from initial stages 

Further details will be published elsewhere We 
wish to thank Dr M Qudrat-i Khuda and Dr 
Salim u zza man Siddiqui for their encouragement 

D Mtjkiierjee 
N A Khan 

Diviston of Foods and Nutrition, 

East Regional Laboratories 
Pakistan Council of Scientific and Industrial Research 
Tejgaon Dacca 
July 1 


A Lipopcroxfdaso Factor in Soya Extracts 

Most studies on lipoxidose have been earned out on 
material from sova extracts Lipoxidose catalyses tho 
oxidation of pontadiene fatty acids such as lmoleic 
acid, forming conjugated diene hydroperoxides 
Hsomatm compounds such as hromoglobtn, catalase 
and cytoclirome c also catalyse the oxidation of these 
fatty acids A recent study of this type of hxematin 
action has been made by Maior and Tappol 1 (For 
convenience wo use the terra ‘hromntins’ for iron 
porphyrin compounds irrespective of Iron valency ) 

Wo have been interested in determining whether 
oxtacts of soya bean and other plant materials owe 
some of tboir imsnturated fat oxidase activity to tho 
presence of hocmntins as well os to lipoxidose We 
used cytochromo c as catalyst in a system previously 
devised as on assay for soya hpoxidaso* In this system 
the degree of oxidation of linoloato by lipoxidoso ia 
indicated by tho secondary destruction of £ -carotene, 
and the result mg colour chnngo is a measure of 
lippxidaso activity At pH 6 4, us mg freshly prepared 
sodium hnoleate and £ coroteno at lovols of 07 X 
1(M M and 1 1 X 1CM Af respectively, m the system 
there was \ irtuollj no reaction but with slightly 
oxidized hnoleato cytochromo c caused considomblo 
carotene destruction With excess cytochromo c 
(0 8 X KM Af) the bleaching was proportional to tho 
concentration of conjugated diono between dlono levels 
of 0 1 X 1(M Af and 4 X KM Af in tho system With 
an oxcess of conjugated diono (KM M) the dcstruc 
tion of car o ten o was proportional to tho concentration 
of cytochrome c at lovols of between 0 4 and 4 x 
10 -** M cytochromo c in the system Tho reaction was 
oomplotcd within loss than a minute: no further 
bleaching occurred if the reaction wore prolonged for 
several minutes Whon tho reaction was carried out in 
the absence of fi-carotcno and measurement* of conju 
gntod dicno mado at 234 mp, a fall in the levol of 
conjugated diono was observed 

Under tho conditions described tho cytochromo c 
bleaches coroteno by tho destruction of preformed 


peroxide rather than by the coupled concurrent oxide 
tion of linoleate whereas lipoxidose causes increase of 
conjugated diene in tho presence of p -carotene 3 
On examining dofatted soya under similar condi 
tions wo found that distilled water extracts differ m 
nature from pH 4 6 acetato buffer oxtraots ns indioa 
tod in Table 1 




Tablo E PcaCETriOE p-CAROTEni Destegtec IX 1 MIX BT 02 KL. 
Bota Extra ot (2 om /ioo ml.) 


Conwntrmtlnn of llno*ento 
hidcopcmxldi in reaction 
•yitem 


jfll 4-$ buffer 

Water extnef extract 


Leu than 

6 x 10-* JJ “a H 

6 X 10-‘A/ “8 48 


These figures, typical of results obtained in many 
experiments, suggest that there arc two factors in 
so} a, one predominating in water oxtmets little 
affected by preformed dicno tho other, in bufTor 
extracts more active in tho presence of preformed 
diene With fresh substrato in tho absenco of p 
coroteno the ratio of dicno conjugation producod by 
tho water extract to that produced by tho buftor 
extract was about 5 1 This is of tho ordor of tho 

comparable ratio for carotene bleaching as shown in 
Table I With preformed peroxido m tho system tho 
diene conjugation ratio is not lowered while the 
caroteno destruction ratio falls to about 15 1 as 

shown in tho table and may bo further lowered when 
greater amounts of poroxichzed Imolcato arc present 

It would appear that tho buffer extracts differ from 
tho water extracts in having more Upoporoxitlase 
activity (similar to that of cytochrome c) m that they 
use preformed Imolcato peroxide to bleach (3-carotcno, 
and in consequence destroy much more of tho pigment 
when auto-oxidized substrato is used Tho water 
oxtraots appear to blcaoh caroteno mainly by con 
current oxidation of hnoleato Tho nctmtics of both 
oxtraots were destroyed by heating ot 80"* C for 
3 ram 

In this system wo find that hrrmoglobm and to- 
chrome c ore moat ncti\ o about pH 3 8 Hawthorn 
and Todd 4 observed a similar optimum for catalase 
However buffor extracts of soya ha\ o a pH optimum 
between 6 and 0 in tho system So tliat whflo tho 
lipopcroxidaso factor resembles tho hrematins mon 
tioned in aoting on hnoleato peroxido, it appears to 
differ in its response to hydrogen ion concentration. 

A full account of this work will bo published else 
where 

Ono of us ( J A. B ) wishes to thank tho Department 
of Scicntifio and Industrial Research for partial 
financial support of this work and Alias Thelma 
Carnegie for technical assistance 

John A. Blain 
Edward O C Styles 


Department of Food Science, 

The Royal Collego of Science ond Technology, 
Glasgow 
May 18 


1 IfAfcr r P iEdT»Pt*l A L..J Jmrr OH Cl^n /jt, « « 

• BUh, J A. Hmwtlxmi, J Todd J S’ J Sd. /v *. ** 

» TookSrfll L. Wllxm. IE Lohm+r n. I- *** tn f w J u f* 
J AW CAnru, 330 

* IlAtrliwrn J md Todd, J 
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a-Oxidation of lndoleacetonitrile 

It is known that certain plant tissues can convert 
3-mdolj laeetomtrile to the highly active plant 
growth substance 3-indolylacetic acid 1-3 and wo have 
shown that other plant tissues are able to bring about 
an a-oxidation. of 3-mdolylacotonitrile to yield 
3-mdolylcarboxyhc acid which is vnactno 3 * 4 A 
recent publication by Thimann and Mahadovan 5 
describing the extraction of what is believed to bo a 
hydrolytic enzyme from the stems and loaves of 
certain monocotyledons (Gramineae), which is capable 
of converting 3 -indoly laeetomtrile to 3-indolylacetic 
acid, prompts us to report upon experiments using a 
cell-free extract of etiolated stems of a dicotyledon 
(Pisum) A clear demonstration of tho a-oxidation 
of 3-mdolylacetomtrde to 3-mdolylcarboxjhc acid 
is given by this extract 

Pea seedlings (var Alaska) were grown at 25°C m 
red light and harvested when 12 cm in height 
About 100 gm of stems from which tho terminal 
6 mm had been removed, were frozen at — 15°C. 
and then ground at this tomporaturo Tho tissue was 
allowed to thaw, 25 ml of phosphate buffer (pH 7 0, 
0 025 M) added, and the crudo extract stramed 
This extract was contrifuged in nylon tubes for 26 mm 
at 11,000 rpm (approx 14,000 <7) m a refrigerated 
centrifuge at 2°C The cell-free supornatant liquid 
was pipetted from tho centrifuge tubes and used 
immediately for the metabolic studies 3-indolylaco- 
tomtnle was dissolved in 0 2 per cent aqueous 
acetone to give a 20 ppm solution A 25 ml 
quantity of this nitrile solution was mixed with 26 ml 
of tho cell-free extract in a 200 ml glass stoppered 
tube and incubated for 12 hr at 25°C in darkness 
The contents of the tube were then acidified to 
pH 2 8-3 1 and extracted with peroxide-free ether 
The presence of 3-mdolylcarboxyho acid in this 
extract was shown on a two-dimensional papei 
chromatogram developed first in tsopropanol /ammonia 
(0 880)/water (10 1 1) and then m «sopropanol/acotic 
acid (glacial) /water (4 11) After spraying tho 
chromatogram with Ehrlich reagent, a pink spot which 
gave a characteristic rod fluorescence in ultra- 
violet hght slowly appeared This chromatogram 
was compared with one bearing synthetic 3-mdolyl- 
carboxylic acid developed simultaneously A cora- 


normally found in oxtrncts of pea tissuo. Tho 
natural occurrence of othor extractable 3-mdolyl- 
carboxyhc acid in pea tissuo lias pioviously been 
roported 7 Considerably reduced amounts of it were 
produced from 3-indolylacotonitrilo when tho enzymo 
inhibitors, lodoacotato and phonyl mercuric nitrate, 
wore added to tho solutions beforo incubation, and 
these indications that sulphydryl groups mav bo 
involved in tho a-oxidntion aro boing furthor 
investigated. 

By subjecting tho cell-frco oxtrnct to increasing 
concentrations of ammonium sulpliato at pH 7 0, a 
series of precipitates was obtained, one of which 
contained most of tho onzymo aotivity This active 
fraction, which was precipitated whon tho ammonium 
sulphate concentration of tho extract was raisod from 
forty por cent to sixty per cent saturated, was readily 
redissolved in phosphate buffor for metabolic studies 
Sinco a quantity of material was precipitated at 
ammonium sulphate concentrations below forty por 
cent saturated, this procedure proved to bo a useful 
purification method 

Whilst tho officioncy of conversion of 3-mdoIyI- 
acetomtrilo to 3-indoIylcnrboxyhc aoid was greatly 
increased by using this purified preparation, thoro 
was still no ovidoneo on tho chromatograms for tho 
production of 3-indolylacotic acid This confirms 
tho work of Thimann 1 and Seeloy cl al z and is in 
marked contrast to tho bohaviour of 3-mdolyl- 
acetonitrilo in wheat and maize coleoptiles 5 and 
with enzymo oxtracts of Avena and Hordcum tissuo* 
whore conversion to 3-indolylacotic ncid readily 
occurs 

All these results correlate well with thoso of bio- 
logical tests , thus, for example, 3-indolylacotonitrde 
is highly active at low concentrations as a plant 
growth substanco m tests using tho coleoptiles of 
Grammcao, but at these concentrations is completely 
inactive in tests using pea tissuo 1 ' 3 ' 8 . 

H F Tavlor 
R L Wain 

Agricultural Research Council 
Plant Growth Substance and Systemic 
Fungicido Unit, 

Wyo College (University of London), 

Nr Ashford, Kont. 

Juno 29 


panson of the 3 -mdolyl carboxylic acid content of 
different extracts was made possible by applying the 
.extracts to tho starting line of a chromatogram which 
was then developed once in tho ammomacal solvent 
^P r ^y e d with Ehrlich reagent to give pink spots 

g^^tn addition to showing the degradation of 3-mdolyl- 
acetonitrile to 3-mdolylcarboxyhc acid evidence was 
obtained of the presence of an aldehyde (i?p 0 79) on 
chromatograms developed m wopropanol/ammorua/ 
water and sprayed with a solution of 2 4 drnitro- 
plienylliydrazine hydrochloride This aldehyde was 
inseparable from synthetic 3-indolealdohyde by two- 
dimensional chromatography and it is likely that this 
compound, winch was also found m our earlier 
metabolic studies®, is on intermediate product in the 
conversion of 3-mdolylacetomtrde to 3-mdolvl- 
carboxyke acid 

vomin “' oxldatl °n of 3-mdolylacetonitrde was pro- 
of I_2In I n , boilln S the cell-free extract for a period 
tho amount 3 nrV" 0 t J le addition of the nitrile solution , 

othor extract \v^ n tb lylcarbox 5' he acid found m the 

no greater than the trace 
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Reaction of Formyl Porphyrins with 
Acetone-Hydrochloric Acid 

Acetone-hyurochloric acid has been w ldoly used 
to split hremoprotoins, including cytochromes of tho 
a type which contain formyl substituonts ui thoir 
prosthetic groups Results roported below show that 
formyl porphyrins and Juemins roact with neotone- 
hydrochlonc acid, and lienco it is nocossary to 
exercise caution in the use of this reagont For- 
tunately the reaction botweon formyl porphyrins 
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and acetone hydrochloric acid is a slow one (48—72 hr 
being necessary for complete conversion at room 
temperature) bo that if tho temperature is kept low 
and only a relatively short tuno is allowed for 
cleavage of hromoprotein tho amount of alteration of a 
formyl group is negligible 

A small amount of the porphyrin under investigation 
was allowed to stand at room temperature, in the 
dark, m acetone containing 0 7 per cent (w/v) 
hydrochloric acid, an) change in the Bpoctrosoopio 
properties of the porphyrin being noted by alteration 
of the position of tho absorption bands When the 
reaction was completed, as evidenced by the constant 
position of these absorption bands the porphyrin 
was returned to other and tho reaction product 
purified by alumina chromatography of tho meth>l 
ester Paper chromatography, according to the 
method of Chu Green and Cliu 1 , showed that the 
product was homogeneous. 

This reaction was carried out with five formyl 
porphyrins (monoformyl and diformyl-douteropor 
phyrrn, ohlorocruoroporphyrm, porphyrin, a*, and 
cryptoporphynn a*), and with monoacetyl and 
dlacotyl-deutoroporphyrin All the formyl porphyrins 
wore shown to react with acetone hydroemono acid 
while tho acetyl porphyrins wore recovered unolianged 
from tho reaction mixture It was also established 
that the use of iron complexes instead of the free 
porphyrin did not alter the result of tho reaction. 
The absorption maxima of tho acetone condensates 
of the formyl prophyrina are recorded in Table 1 
together with tno corresponding data for the parent 
formyl porphyrin 

Although aldol condensations aro usually associated 
with alkaline pH’a, it is known that similar type 
condensations can occur under acidic condition* 4 , and 
this seems to offer a probablo explanation of tho 
reaction of acetone hydroohlono acid with formyl 
porphyrins Thus the reaction might be summarized 
as i 

— CHO -fCHjCOCHj-* — OH«=»CH — CO — CHj -pHjO 
and such an alteration is in accord with observed 
spectroscopic properties of tho resulting porphyrins 
Further evidence in support of this explanation has 
been obtained by the treatment of the ooetono 
condensate of monoformyl-douteroporphynn with 
sodium hydroxide-iodine (iodoform reaotion) from 
which reaotion monoaorjlio aoid deutcroporphyrin 
has been obtained Tho identity of this degradation 
product was established by comparison of its 


Porphyrin 

M&oofonnyl dputeroporphyriu 
Acetone coDdetunU of 

inform yl denteroporphyrin 
Acetone coodamrie of 

Chkjrocrooro porphjri n 
Acetone oomenMte of 

Cryptoporphprin a 
Acetone eorwletmte of 

Porphyrin a 
Acetone condensate of 

SyntheUo monoacryUc acid 
deutem porphyrin LrimctUyl cater 

Degradation product from acetone 
coTvlerreuc of monofumtyl 

denteroporptiyrin 

With the exception of porphyrin a. It* condensate and the two 
aaraplea of moooieryUo acid deutcroporphyrin where ether waa the 
•otrent n*ed all •pectnjKoplo data were determined In chloroform 
•elation. 
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trimethyl ester with on authentic sample of this 
compound Both samples had the same Up value 
in two solvent systems 1 , and had identical visible 
spectra (Table 1) 

I would like to thank Dr R Lemberg for hts 
encouragement and od\ice and Mr J Barrett for a 
sample of raonoacryhc acid deuteroporphyrin trim ethyl 
ester A grant from the National Health and Medical 
Research Council of Australia is gratefully ncknav 
lodged 

P S Clezy 

Institute of Medical Research, 

Royal North Shore Hospital 
Sydney 
July i 
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Pyridoxal Phosphate a Coenzyme for 
Histidine Decarboxylase 

Although the rolo of pyridoxol phosphate an a 
coenzyme of ammo acid decarboxylaaos is generally 
recognized attempts to demonstrate its participation 
in the enzymic decarboxylation of histidine havo 
hlthorto been unsuccessful 1 

We have been ablo to demonstrate an activation 
of mastocytoma histidine decarboxylase by pyridoxal 
phosphate Tho enzyme source was the supomatant 
fraction obtained by centrifugation of a 1 in 2 
homogenate of mouse mastocytoma* m 0 3 M 
sucrose at 140 000 g for 2 hr followod by dialysis 
for 60 hr at 0° C against frequently changed 
distilled water Dialysis served to roraovo not only 
pyridoxal phosphate but also histamine and other 
amines present in this tissuo 

Tubes containing 0 3 ml samples of enTrymo 
solution wore moubated at 37° C in 0 2 AT phosphate 
buffer at pH 7 with several different concentrations 
of l (-) histidlno (70 140, 280 600 jigra /ml ) both 
with and without tho addition of 30 ggra /ml of 
pyridoxal phosplinte The total volume of inoubation 
mixture in each tubo was 1 G ml 0 3 ml samples 
were removed at 1 00 and 120 mfn after beginning 
tho incubation and acidlflod to stop tho reaction 
After neutralization the samples wore diluted with 
Looke solution and tho histammo content of each 
sample was estimated by bioassay on a strip of 
isolated guinea pig lloum suspended in Locke solution 
The results of a typical experiment are shown 
graphically (Fig 1) 
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Tins experiment has been repeated a number of 
times with the same result, namely that after pro- 
longed dialysis pyridoxal phosphate must bo added 
to the incubation medium for full activity of the 
enzyme to be observed On the other hand, after 
dialysis for less than 24 hr , adequate to remove the 
ammes, full or almost full activity of the enzymo can 
be observed without the addition of pyridoxal 
phosphate 2 

Tins investigation was supported by TJ S Public 
Health Service research grant No B-1470 from the 
National Institute of Neurological Diseases and 
Blindness and Grant No C - 2547 from the National 
Cancer Institute 

S Ono 
P Hagen 

Departments of Pharmacology and 
Pathology and Cluldren’s Hospital 
Cancer Research Foundation, 

Harvard Medical School, 

Boston, Mass June 22 
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Reaction of Mercuric Chloride with 
Plasmalogen 

It has been found that aqueous mercuric clilondo 
reacts with the enol-etlior double bond of plasmalogen 1 
to form a mercury-organic compound This roaction 
clarifies the mercuric chloride catalysis m tho Foulgen- 
Yoit-Scluff identification of plasmalogen 5 

Filter paper is spotted with 70 pgm (2 pi of 
solution) of a commercial preparation of beef heart 
lecithin (‘Lecithin’ (ex beef), Sylvana Chemical Co, 
Orange, New Jorsey) in 95 per cent ethanol which 
assays 52 per cent choline plasmalogen This paper 
is immersed for 30 sec in 1 per cent aqueous mercuric 
chloride Excess mercuric clilondo is remo\ed with 
five washes in 1 per cent sodium chloride and fivo 
washes m distilled water The presence of mercury 
in the lipid spot is dotected by immersing 2 nun in a 
0 1 per cent solution of diphenyl carbohydrazide m 
70 per cent ethanol which is 0 1 N in potassium 
jhydroxide After washing thoroughly m water to 
^remove excess diphenyl carbohydrazide reagent, a 
deep purple spot of the mercury salt is observed 
against an unstained background This test is sensi- 
tive to 1 0 pgm of plasmalogen in a spot of 1 cm 
diameter Other agents for detecting mercury may 
be used, for example hydrogen sulphide or ditluzono, 
bub these are less sensitive 

Tlie following hpids were tested by the same 
technique and were found to bo negative sphingo- 
myelin, cerebroside, cholesterol, strandm, oleic acid, 
hnoleic acid, linolemc acid, stearic acid, methyl 
oleato, myristic aldehyde, linseed oil and olive oil 
The site of reaction of mercuric chloride with the 
lecithin-plasmalogen mixture was determined m the 
following ways A negative reaction means that no 
formation of the mercury- CH ,OCO.R 


chphenyl-carbazide salt 
was detected in the lipid 
spot 

(A) When the beef heart 
lecithm-plasmalogenmix- 
ture was treated either (1) 
by hydrolysis in 90 per 
acetlc acid 3 , 1 hr at 
60 C or (2) byhydrogen- 


CHOC CH R' 
OH J[gCl 


CH. 

I — + 

OPO.OCH.CH^CH,), 

(Hi) 


ation with platinum oxido, 1 hr at 50°C , and tho total 
products spotted on filter paper, tho morcuric clilondo 
reaction carried out as described above was nogative 

(R) Filter papors after being spotted with tho beef 
lioarb lecitbin-plnsmalogon mixturo woro subjected to 
tho following separate treatments 

(1) 0 1 A 7 aqueous iodine, 2 mm at 25°C 

(2) 0 1 A T hydrochloric acid, 1 hr at 50°C 

(3) 0 1 A 7 aqueous bromine m 2 per cent potassium 
bromide, 2 min at 25°C 

After a thorough w ator w ash tho papers wero treated 
with mercuric chloride and then -with diphenyl 
carboliydrazido ns described nbo\ o In each case tho 
roaetton was nogativo 

(C) Filter papors spotted with tho beef heart 
locitlun-plasmalogon mixturo and treated with 1 per 
cent mercuric clilondo wero thon subjected to tho 
follow mg separate treatments 

(1) 5 per cent potassium cyanide, 5 mm at 25°C 

(2) 0 1 ;Y aqueous mdmo, 5 min at 25°C 

(3) 0 1 A 7 hy r drocliloric acid, 5 mm at 25°C 

In each case a nogativo reaction was obtained with 
diphonylcarbohydrazido 

All tho abov o series of reactions linvo been duplicated 
on a chloroform-motlmnol extract of total rat brain 
lipids* which contains plnsmnlogcns to tho extent of 
10 per cont of tho total lipids 

Theso reactions nro consistent with tho mow that 
tho mercuric chloride is reacting with a double bond 
which is labilo to acid hydrolysis and mild iodine 
treatment Tho morcuric clilondo ndduct formed is 
labilo to acid and morcuric eomploxmg agents Tho 
roaction of morcuric chloride with tho onol-othor of 
plosmalogens is analogous to tho reaction of more ionic 
mercury r salts with normal olefins 6 Mercuric clilondo 
reacts slowly" or not at all with simple olefins 6 , 
probably bocauso of tho low concentration of HgCl f 
ions The resonance form (H), of tho onol-othor 
structure mcrooscs tho nogativo cliargo on tho 
fi carbon making it much more react i\ o to olectroplulic 
additions of this typo 


J?> p 
R— O-CH^CH— R 
II 


4 - 

+~R — O 


=CH — CH— -A 


(I) 


(II) 


Preliminary" quantitative studios of tlio uptake of 
mercury in lipid spots mdicoto that tho reaction with 
tho a, 0-unsaturated ethor is almost instantaneous 
Howovor, after about 00 sec in 1 per cont morcuric 
chloride a slow reaction with other unsaturated bonds 
begins If the product of tho morcuric clilondo 
catalysis of tho Feulgen-Voit-Sclnff reaction 5 initially 
formed is tho hemincotal (HI), this exists m equili- 
brium with the free aldehyde (I 7 ), and lyBolocitlun 

CHjOCOR 

I 

CHOH 

+ 


I + 

OPO ,OCH ,CH ,N(CH.) , 
(IV) 


O = CH-CHZ2' 

HgCl 

(V) 
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This hypothesis lias been verified by the chromato 
graphic identification in the products of the plasma 
logon mercuric chloride reaction, of a free fatty 
nldehydo containing mercury and lysolocithin Also 
wo ha\o isolated in 21 per cent yield D-cliloromcrcun 
acotftldohyde* from the reaction of the model system, 
butyl vinyl ether plus aqueous mercuric chloride 
This reaction with morcuno chloride has been 
developod for histochemical localization of plasma 
logon (unpublished work) 

This work was supported by US P.ff S Research 
Grant B1(H)0(C4) and Interdisciplinary Grant 2M 
0418(C2)NI.MH 

William T Norton 

Department of Medicine, Division of Neurology 
and Department of Biochemistry, 

Albert Einstein Coilogo of Medicine 
of Ycahivn University 
New York 01 New York 
June 11 
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Hydroxylation of Prollne In Vitro 

While carrying out a study of hydroxyprohne 
synthesis in biological media, by hydroxylation of 
p rob no or pop tides containing proline wo havo also 
investigated the possibility of hydroxylation of pyrro 
hdino ring tn tufro We commenced our study by 
ascertaining 1 * * whothor or not cortisone inhibited 
the formation of freo hvdroxyproUno in animal tissues 
during their ombrj onal development and thus inter 
fered with the biosynthesis of collagen 

The possibility of incorporating free hydro xypro 
lino 4 * (and hydroxy lvsin in analogy* ’) into collagen 
proteins was domed in most papers However m a 
recent study by Mitoma et al • on the eamo axpen 
mental material ns in our case, proofs are presented 
that bound hydro xypro lino also originates from freo 
hydroxyprohne Furthermore the central significance 
of hydroxylation of proline for the synthesis of 
collagen arises in tho papers of Robertson* li and 
Gould 11 who have found proof for hydroxylation 
inhibition of proline in the case of ascorbic acid 
deficiency Tho possibility of hydroxylation of both 
aromatic 1 * and sterol rings 1 * has been proved by many 
authors 

Our experiments have shown that in tho roacti\o 
medium containing othylono diamine tetraacotio 
disodium salt Fe**, ascorbic acid, liy drogon peroxide 
and prolino, a substance forms which can bo deter 
mined by specific reaction on hydroxyprohne 14 By 
means of paper lonophoresis partition chromato 
grnphy, os well ns by isolation of hydroxyprolino in 
tho form of romeckate and by measuring tho nbsorp 
tion curves, wo havo found that the substance formed 
has properties inherent to hydroxyprolmo Hydro 
xylatiou does not occur cither m the absence of 
ascorbio acid or hydrogen poroxido ethylene 
diamine totraacotic disodiam salt and Fo^ - arc not 
cesontial, but in their presence, however, hydroxy la 
tion becomes moro intensive 

Hydroxylation is almost complotod within three 


minutes if the incubation lasts for more than 30 
mm the amount o f h vdro xyprol m o formed decreases. 
The presence of pure oxygon m the reactne medium, 
instead of hydrogen peroxide, also brings about tho 
formation of liydroxyprolme r however, the renotion 
rate is slow and not intensive 

We have found that tho optimal concentration of 
substances in the reactive medium and tho optimal 
conditions of reaction aro 8 X l(h* M forrons 
sulphate, 2 0 x 10 - * M ethylene dmrmno totrn 
acetic disodiuro salt, 8 y KH-l y lO* jtf ascorbic 
acid, 4 7xl0~* M hydrogen peroxide, 0 1-0 15 At 
solution of phosphate buffor, pH m tho range 4 5-5 0 
There is a definite relationship between the temperature 
and degree of hydroxylation (studied up to 56°C ) 
The amount of hydroxyprohne formed is related to 
the concentration of prolino in tho reactive medium 
and the degree of conversion is in the region of 
2-4 per cent \\ e have also studied the possibility of 
hydroxylation of prolylglvcino and prolylglutamy 1 
glycine and have found tho same degree of conversion 
as m prolrne 

Thus we have been able to show that In the 
reactive medium of tho samo composition os was 
used before by Udenfnond et al 11 for the hydro 
xylation of the substituted aromatio ring, hydroxyln 
tion of prolrne also occurs 

Further experiments aiming at tho biological 
utilization of these results aro being earned out 

M CltVATIL 
J Hubich 
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Microbial Degradation of Rutin 

Comparatively httlo work ou tho metabolism of 
rutin has been published 3 4 dihydroxyphonyl 
ncetio acid and liomovanillic acid aro found in urrno 
after oral administration of rutin to tho rat 1 * and 
protocatechuio aoid accumulates in rat kidney 
homogenates in tho prcsonco of quercetin* 

Wo ha\ e shown 4 Uiat a fungus, JPidlularmftrmcnlans 
vnr Candida 1 , forms phloroghicinol, protocatechuio 
acid and an unknown substance when cultivated in 
aqueous rutin solution. Tins unknown substance has 
now been identified as 2 protocatechuoyt phloro- 
glucmol carboxylic aoid 

Tho orgnmsm (about 50 mgm wet weight) was 
incubated with rutin (1 gm ) in 1 1 of 0 003 M 
phosphate buffer (pH 6*0) at 25°C for 6 days and tho 
liquid, was extracted with ether After removal of 
otiior, the remaining mass was dissoUed In hot vri'tor 
(00°C ), and about 0 1 gm substanco was obtained m 
white noodles after cooling In a %ts!uo 

subjected to paper chromarograp^J^^ unknot m 
of this substanco agreed well v> 
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substance, ns was roporlod previously, botli m 
n-butnnol/ncotic noid/wntor (4 1 2) and m 80 per cent 
plionol. 

This substance, after rccrystallizntion from hot 
water, contnmod 2 5 mol of water of crystallization 
and molted, effervescing at 174°C , and produced 
dark green dyes and rod orango dyes villi ferric 
chloride and with benzidine diazo reagents', 
respcctn oly 

Whon hydrolyzed with 10 per cont potassium 
hydroxido, tho substanco gave phloroglucmol and 
protecatochuic acid and it dissolved m a sodium 
bicarbonato solution evolving carbon dioxide, sug- 
gesting tho presonco of a carboxylic group m its molo- 
eulo Thoso facts suggest that this substanco is 
identical v ith n protocatochuoyl phloroglucmol 
carboxylic acid (anal calc for C u Hio0 8 2 5H.0 
C, 47 S7 , H, 4 30 , found C, 4S 44 , II, 4 39) 

Sinco this substanco easily loses tho carboxyl 
group on heating to 100°C , it vns mothylnted vith 
an oxcess of diazomothano and tho methyl other 
motlijl ostor vns obtamed ns colourless noodles, 
which molted at 144°C after recry stallizntion from 
absolute alcohol (anal found C, 00 91 , H, 5 10) 
Whon admixed with 2-verntroy 1 4, 0-dimothoxyphloro- 
glucmol carboxydic acid methy 1 ester (anal calc for 
C„H. 0 O a C, GO, G3 , H, 5*3G , found C, GO GO , 
H, 5 02), vliicli had been synthesized from 2, 4-dimo- 
thoxyphloreglucuiol carboxylic acid motliyl estor 
and vomtroyd chlondo, this methyl other mothyd 
ester did not show any depression of melting pomt, 
suggesting tho ldontity of thoso substances 

From theso results it is ovident that tho substanco 
produced by tho fungus is identical with 2-pro- 
tocatocliuoy 1 phloroglucmol carboxylic acid 

Wo aro grntoful to Mr M Yonoynma, Biological 
Laboratory, University of Hiroshima, for identifying 
tho fungus and to Dr M Hnsogawa, Government 
Forest Experiment Station, for his helpful advico 

S Hattori 
I aSToaucin: 

Botanical Institute, 

Uim orsity of Tokyo, 

Tokv o 
July 9 

fcumn C W Booth A X DeEd* F , and Jones i T , J Amrr 
B riiann -W bn , L 43. 301 (1051) 

Booth A h , Wurrai t V , Jones F T , nnd DcEds, F , J Hi ol 
f Cl ion 223. 251 (1050) 

Carl 1) llonchfl mid Hose Honan J Hwl CAfm„ 230, 025 (1058) 
Hattorl, S nnd NorucUI 1 hot Mag (Toh\o), 71, 43 (1058) 
\one\nmn M , Hot Mug (Tokio) 72,91 (1030) 

Llndstcdt, G Arid Chan Sennit , 4, 41S (1030) 

Chemical Nature of a Plant-Virus Inhibitor 
from Rice 

The inhibition of tobacco mosaic virus mfection of 
primary bean loavos ( Phascolus vulejaris L a ar Pinto) 
by extracts of various portions of uce plants lias been 
describod recently 1 Tho mlubitor or inhibitors 
present m rice resemble those dorivod from other 
plants suoli as spmacb (Sputacca olcracca L ) J , poke 
weed ( Phytolacca acinosa Roxb var csculcnta )», Now 
Zealand spinach ( Tctragonia expanin Murr )*, and 
sweet william ( DmtUhvs barbatus L ) 5 , m that the 
infection of test plants is inhibited vhen tho plant 
extract and virus inoculum are mixod and applied 
simultaneously The mlubitor m nco extracts differs m 
that it protects bean leaves against tobacco mosaic 
virus infection even whon applied to tho loaves 
(wlnoh are then rinsed with water) 1-3 days prior to 
inoculum application In so far as we are aware, tho 
only othor plant extracts that protected test plants 


against virus infection were dorivod from carnation 
(Dianihus can/ophyllus L )°, but tho timo between 
inhibitor application and inoculation vas only 
1-3 hr 

Experiments voro conducted to dotormmo tho 
gonoral chemical naturo of tho mlubitor ns a basis for 
subsequent moro dolniled choimcal investigation Tho 
source of tho inhibitor used vas nco polish, sinco tho 
inhibitor is concentrated in this readily available 
by-product in tho milling of rico Tho antiviral 
activity of tho various cliomicnl fractions of rico 
polish was dotormmed by r tho local-lesion lnoassny 
doscribed by Holmes 7 In theso assays one member 
of each pair of opposito primary benn leaves was 
rubbed with tho preparation plus tobacco mosaic 
virus nnd the opposito member vith a comparablo 
untreated control inoculum 

Tho inhibitor could bo extracted from tho polish 
with voter, hut not vith methanol, nnd addition of 
methanol to fho nnter extract caused com plolo 
inactivation vitli tho formation of a precipitato 
Centrifugation of tho cloudy nquoous oxtracL at 
15,000 i p in foi 30 mm gave a clear, slightly" yellow 
solution retaining all its nctiv ity Addition of 20 per 
cont tnchloroncotio acid to a finnl acid concentration 
of 10 per cent in tho extract completely destroyed tho 
activity of tho inhibitor, with tho formation of a 
slight precipitate Addition of cold saturated ammon- 
ium sulphnto solution to cold rico-polish oxtrnct to 
80 por cont saturation, followed by contnfugation, 
gavo a precipitato that vns found to he active Very 
slow addition of cold nbsoluto otlmnol to cold rico- 
pohsh oxtract, to give a final ethanol concentration of 
40 per cont, followed by centrifugation, gavo an 
active precipitate By mixing tho aqueous extract 
with various povdored adsorbents, it vas found that 
tho mlubitor was adsorbed on alumina, magnesium 
oxide (‘Sea Sorb’), nnd charcoal, but not on silica 
(‘Oolite’) Tho inhibitor fniled to pnss through a 
Visking membrano in 4 hr after tho oxtrnct vas 
placed m a stainless steel ultrnfiltmtion apparatus 
and 40 lb of nitrogen por squaro inch was applied 

Theso preliminary experiments indicate that tho 
virus inhibitor m rico polish is probably a protein, 
with a molecular woight grentor than 13,000 

Tho aqueous oxtrnct of nco polish loses its activity 
slowly upon standing, oven at 5-7° C, with tho 
formation of a precipitato which may bo denatured 
protein Tho frcsli oxtrnct is approximately neutral 
in reaction, but on standing, either m tho cold or at. 
room temperature, it becomes acidic, with consequent 
loss in activity 

Furtlior investigation of this vims inhibitor is m 
progress 


W A Jokes M Jacobson 


Entomology Rosenrch Division, 
Agricultural Research Service, 
U S Department of Agriculture, 
Beltsvillo, Maryland 

Plant Qunrantmo Division, 
Agriculture Research Sorvico, 
Y P Dopartmont of Agriculture, 
Glenn Dale, Maryland 
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Release of Ncm-Esterifled Fatty Acids from 
Adipose Tissue in Normal and Diabetic 
Rats 

From a Rumbcc of recent papers it appears that the 
mobilization and transport of fat from fat depots to 
sites of its further utilisation take place mostly in the 
form of non cstenfied fatty acids 1 Evidence that this 
is so is provided by Dole 1 and Gordon* who obaened 
during states with an inadequate utilisation of carbo 
hydrates an olevated blood level of non-estenfled 
fatty acid When the utilization of carbohydrates was 
increased (after ingestion of glucose or after admmia 
tration of insulin) the blood level of non esterified 
fatty acids decreased Experiments with adipose 
tissue in vitro also confirmed that under cort am 
conditions non-estonfied fatty aoids can be released 
Tho amount reloaded depends on whether at the 
moment the animal was killed the energy require 
ments wore satisfied from reserves Gordon and 
Cherkcs 4 have demonstrated an Increased release of 
non-estenfled fatty acids from incubated epididymal 
fat of fasting rats, while during satiety the release was 
insignificant It was also revealed that the release of 
non-cat en fled fatty aoids from incubated adipose 
tissue of normal animals is increased by various hor 
moncs added in vitro adronalm 4 noradrennlin, corti 
cotropin 4 9 while its release is arrested after the 
addition of insulin 4 Thus, it can be assumed that the 
adipose tissue of diabetic animals, which must mobil 
lze fat reserves will also, in intro, release more 
non-estenfied fatty acids than the tissue of healthy 
animals Our experiments confirm this assumption 

For crur experiments we used intact white rats and 
rata wdth alloxan diabetes weighing 100-120 gm The 
animals were killed after 10 hours fasting and a slice 
of about 50 mgm of epididymal fat was incubated for 
four hours in 4 ml of pooled post-absorptive human 
serum at 37° C with constant agitation Tho initial 
and final concentration of non estenfled fatty aoids in 
tho medium was estimated using Dole b motliod 1 the 
blood sugar lovol by Hagedom and Jenson’s method 
Tho results aro expressed in micro -equivalents of 
non-estonfied fatty acids released after 1 hour per 
1 gm of fresh tissue ± standard error 

We performed two separato experiments undor tlio 
®mo conditions. In the first experiment however, wo 
used diabetic rats 8 days after tho administration of 
alloxan, in the second oxpenmont rats 15 day's after 
the administration of alloxan, the human serum 
used ns medium being from a different group of 
donors From the tissue of tho control animals in the 
first expenment 2 32 ± 0 31 goquiv non-cstcnfled 
fatty acids were released dunng tho incubation, while 
in the diabotio rate the corresponding figure was 

4 07 -k 0 41 peqim In tho second experiment we 
obtained the following results control animals 

5 21 ± 0 51 poquiv non-e«torifiod fatty aoids, diabetic 
animals 8 58 ± 0 52 gequh non-ostenfied fatty acids 
The blood sugar lovol of tho diabotio rats was 170-340 
mgm per cent immediately before tho beginning of 
the expenmont, of tho control animals 70-110 mgm 
per cent The results ore shown in Tablo 1 

From theao experiments it appears tliat in animals 
with alloxan diabetes tbo release of non-osterified 
fatty acids from tho adipose tissno is significantly 
highor In earlier oxponments we established the 
direct correlation between non-eetenfled fatty acids 
lovol and blood sugar level in diabetic animals 1 In 
the expen ments carried out during the present work 


Table i Xo* K'tmniD P ATTT acid* Ril*i«id /x ox Firrr 
Txwrx or voexal on Aunxix Duimc run 


Experiment 

No 

( roup 

■\tunl*r 
of r*t* 

Non-r^twlfl^d 
*rid» production 
prquJrJiwi tt»«/ 
hr Mr* n ± a x. 

SUtUtfra! 

cunrr 

1 

Control 

DUbetfe 

12 

8 

•*32 ± 0 31 
ft ±0 41 

r < o*ooi 

2 

( oat rot 
DUjhotfc 

8 

8 

5-21 ± 0*31 

8 38 ± 0*52 

r < 0*001 


houevor, no relation between the release of non 
eaten Red fatty acids from the tissue and the blood eugnr 
loiol in tho alloxan diabotio animals was confirmed 
To elucidate the median mm of tho difference of non 
re tended fatty acids, roleaso from adipose tissue m 
normal and alloxan diabetic rats it will be nocessary 
to direct attention to changes in tho tissue lipoprotom 
lipase acti\ity this being the object of our current 
work 

J Wenreoi A 

J PA\ 


Institut of Human Nutrition 
Budojoiicka 800 
Prague 14 
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• Wenke M. WTenkoorA, J Bkrobal D MflhlloHiOvA, L. »nd C 
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Distribution of Enryme Systems Responsible 
for Steroid Metabolism In Different Tissues 
and Subcellular Fractions 


From their studies of tbo in mvo metabolism of 
various biologically activo and inactive) 1 1 oxygonnted 
steroids. Bush and Mnhesh 1 bellove that tho giuco 
oorticold activity of these storoids is duo to tho specific 
interaction of an 1 lfi hy droxy group on tho steroid 
moloculo with tho receptor sites for such hormones 
and that such an interaction does not involve 
oxidation reduction at C-l 1 However Talalay and 
co workers 3 obsen ed that various hydroxy steroids 
molu ding tho 1 1 -oxygenated ones, can act as co 
enzymes in tbo tranafor of hydrogen between pytidmo 
nucleotides In the presence of suitable steroid dohydro 
genases and thoy suggest that this is tho rnodo of 
action of steroid hormones In tho present study, tho 
metabolism of cortisol and cortisone has been in vest! 
gated in various tissues m order to determines tho 
distribution of enzyme systems responsible for tho 
metabolism of tho storoids, w ith tlio viow of finding out 
whether storoid metabolism is directly involved in 
hormone action or whether it represents stages in thoir 
detoxication and removal from tho body' 

Tho diaphragm of tho unfasted male albino rat was 
the first tissue to bo studiod One gram of tbo tissue 
was incubated with 100 ugm of cortisol in 10 ml of 
Krebs Ringer phosphate Duffer (pH 7 0-7 1) at 37 4° G 
for two hours m an atmoaphore of 100 per cent 
oxygen and tho steroids wrere extracted and then 
cliromatographod on paper according to tho methods 
described by Bush and Malieah 3 with minor modi flea 


tiona 


Storoid motobolitm wore, 
using blue tetroxoliuro reagent for a k 
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sodium hydroxide fluorescence for A 4 -3-ketostoroids 
and Zimmerman’s reagent for 17-ketostoroids 

Smce there was very little metabolism m the 
diaphragm, even in the presence of 5 X 10 -4 M 
tnphosphopyridine nucleotide, the study was ex- 
tended to rat heart, leg muscle, bram, stomach, small 
intestine, large intestine and kidney In these tissues, 
with the exception of the kidney, there was very 
slight reduction at C— 20 and oxidation at C— 11, even 
with the addition of tnphosphopyridine nucleotide or 
reduced tnphosphopyridine nucleotide, and no detect- 
able amounts of ring A reduced C— 21 steroids or 
17-ketosteroids were found In the kidney, the mam 
metabolites of cortisol were cortisone, lip 17a . 20 
21-tetra-hydroxy-pregn-4-en-3-one and 17a 20 
21-tnhydroxy-pregn-4-en-3 11-diono 

In the kidney, slices were most active m meta- 
bolism, mince was intermediate, and homogenate was 
the least active In two experiments, the average 
C-20 reduction m slices, mince and homogenate was 
48 2, 26 5 and 1 8 per cent respectively of the total 
recovered metabolites, whereas oxidation m the 
11-position was 62 5, 46 7 and 22 2 per cent respec- 
tively The losses of activity m the mince and homo- 
genate were only partly recovered by the addition of 
triphosphopyridme nucleotide or reduced triphospho- 
pyndme nucleotide Schnoider and Horstmonn 4 also 
observed a similar loss of metabolic activity in liver 
and kidney mince as compared to the respective slices 
In order to investigate further tho different meta- 
bolic activities of the various kidney preparations, the 
distribution of the enzyme systems in various sub- 
cellular fractions was studied Nearly all of the 
oxidation of cortisol at C-l 1 occurred in tho particulate 
fraction when the homogenate was centrifuged at 
104,000 g for 1 hour When tho whole homogenate was 
separated by differential ultracentrifugation into 
nuclear particles, mitochondria, microsomes and 
supernatant fractions, the activity was mainly associ- 
ated with the nuclear particles and microsomes, and 
there was very little activity m tho mitochondria 
There was a 13-fold increase m tho amount of cortisone 
formed when 100 pgm of cortisol was incubated with 
the nuclear fraction obtained from 1 gm of kidney m 
the presence of 5 X 10~ 4 M triphosphopyridme 
nucleotide In two experiments, tho average amount 
of cortisone formod from 100 pgm of cortisol was 
38 8 pgm in the nuclear fraction, 8 pgm in the mito- 
chondria and 20 6 (igm in the microsomes 

In order to determine whether the nuclei were 
responsible for tho metabolism of cortisol by tho 
kidney nuclear fraction, these particles were isolated 
by the method of Dounco 5 Tho nuclei exhibited very 
little metabolic activity as compared to the wholo 
nuclear fraction The part of tho nuclear fraction 
remaining after removal of the nuclei, and presumably 
consisting mainly of cell membranes, was highly 
active in metabolism This would suggest that tho 
enzyme responsible for C-ll oxidation is linked with 
the cell membranes and is destroyed partly by 
destruction of the cell structure 

When cortisone was incubated with various kidney 
preparations and cell fractions, the mam metabolic 
reaction was reduction in the C-20 position which 
took place to a much greater extent than with cortisol 
Furthermore, m the presence of reduced triphospho- 
pyndrne nucleotide, reduction at C-ll appeared to bo 
ess than 10 per cent as compared to a 60 per cent 
cortl sol to cortisone m the presence of 
°®P opyndma nucleotide This would indicate 


that the enzyme system is not freely reversible, a 
property which was not observod in the corresponding 
liver enzyme described by Hurlock and Talalny® 

A detailed report of this investigation will be 
presented elsewhere This work was supported m part 
by grants from the American Cancer Socioty and tho 
National Institute of Arthritis and Motabohc Diseases 
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An Effect of Selenium and C/stine on Lipide 
Peroxidation in Tissues Deficient in Vitamin E 

Two vitamin E deficiency syndromes in tho cluck 
are preventable by nutrients other than a-tocophorol 
Exudativo diathesis does not occur when tho deficient 
diot contains trnco amounts of selenium With diots 
simultaneously low in tocopherol and sulphur amino- 
acids, muscular dystrophy occurs which can bo pre- 
vented by cystine, methionine, or vitamin E , traco 
amounts of selenium (<0 5 ppm ) are ineffective 
Tho mechanism by vlncli solomum and sulphur 
ammo-acids roplnce vitamin E is unknown Since the 
only established biochemical action of tocopherol is 
that of an antioxidant, it npponred that possibly tlicso 
other nutrients may in some nny affect peroxidation 
of unsaturated fatty acids Thiobarbituric acid has 
been shown to bo a sensitno reagent for determining 
tho extent of peroxidation in nutoxidizing tissues 1 '*. 
Using this test as described by Tappel and Zalkin 5 , we 
hax o found tlint dietary selenium and cj stino signifi- 
cantly redneo peroxidation in certain tissues of 
vitamin E deficient chicks 

Day-old chicks were fed either of tuo xitamm 
E-deficient diots for 28 days Diet A contained 30 per 
cent of purified soybean protein, 6 per cont of salts, 
I per cent of ‘stripped’ lard, 0 3 per cont of cystino, 
and all vitamins except E Diet B contained 15 por 
cent of purified casein, 10 por cent of gelatin, 4 per 
cent of lard, 6 por cont of salts, and nil vitamins oxcopt 
E Glucose, to mako 100 per cent, was tho carbo- 
hydrate in both diets Control groups on each diet 
recoivod cc-tocopherol m tho diet Diot B, which was 
low in sulphur ommo-ncids, produced white musclo 
striations m all clucks Tho oxtont of peroxidation m 
liver and breast musclo homogonatos "was determined 
as indicated m Tablo 1 Threo separate experiments 
with each diet gave similar results , tho data from ono 
typical experiment are shown in Tablo 1 

Tissues from chicks fod oithor diet A or B with 
vitamin E gave no pink colour with thiobarbituric 
acid whon incubated alono or with ascorbic acid* 
Tho low values given for those groups (3 and 6) 
represent faint yollow solutions uncorrected for tho 
reagents Aliquots of homogenates from vitamin 
E-deficiont livers or muscles, before incubation, gave 

d™ T * W ii thl °barbituric acid which wore pre- 
dominantly yollow After incubation, bright pink or 
red colours were formed with thiobarbituric acid. 
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Table l PnoxroiAioa nr Hokootxates or Tissues as detekmctid 
•with TfuoiuBBmntic Aero (nu)' 


^ ... Mean TBA UftlUirtondnid 

Ukt Oronp Addition No of ermrt 

No chick* 




Liver P 

Howie 

P 

Nemo 

7 

373 ±73 \ 

181±12' 

l 

0*6 p.p.m 

100 mgm. 
vit E/igm. 

7 

135±12j <0*01 165± 8. 

foi 

4 

7**±16 

67 ±18 


Nemo 

0-3 percent 
L-cyjtioe 

100 mgm. 

7 

7 

302 ±78\ 

£48 ±49/0 6 

171±13\ 
117± bf 

<0-01 

3 

67 ±10 

33± 2 


vit. E/kgm. 


• Two mL of a 6 per cent homogenate In 0 1 il phcwphnte buffer 
pH 7*4 were Inca bated In air In a 60 ml. ttoppered flaak at 37*0 with 
ahaklna in a water bath for 1 hr One raL m then removed depro- 
telnlied with 10 per cent trichloroacetic add and the reaction with 
thkdmbltoric add run on 1 ml of irrpernatant, 
t One TEA unit -abaortmneyx 100 at 636 nWcra. freth Uwoe. 

7 Added a* aodlom selenite. 


With diet A, livers from chioka mgOBtmg selenium 
(group 2) produced significantly less ‘peroxides’ than 
did the control group (1) Three of these chicks had 
evidence of mild exudativo diathesis The difference 
between the muscles from those groups was not 
significant 

In group 4 which hod diet B alone, all chicks had 
varying degrees of muscle atrmtion These tissues 
gavo thiobarbitunc acid values significantly higher 
than those of the chicks in group 6 receiving dietary 
cystine (muscles without stria tions) With tho doubly 
deficient muscles there was no correlation between the 
seventy of stnations and the thiobarbitunc acid 
values Tho liven from groups 4 and 6 produced 
amounts of ‘peroxides’ not significantly different 

It is important to note that these observed effects 
of selenium and cyst mo ore independent of eaoh other 
Selenium shows an effect only with diet A which 
contains added cystine, and the liver but not the 
muscle is involved Cystine shows its effect exclusive 
ly with diet B and only m tho muscle As mentioned 
above, dietary levels of selenium below 0 6 p p m. are 
ineffective in preventing the muscular dystrophy It 
should bo pointed out that diet A is inadequate with 
respect to essential fatty acids but growth is normal 
at this age 

Homogenates of heart and brain have been studied 
to a limited extent It is of interest that although 
hoarts from chicks fed vitamin E did not form 
'peroxides aa tested above brains from such chicks 
gave just as high thiobarbitunc acid values as did 
brains from vitamin E deficient birds This tissue 
also formed more “peroxides than any of the other 
tissues tested It would appear that tocopherol docs 
not pass tho blood brain burner 

Those studies indicate that selenium and cystine m 
some way nltor tho composition of tissues so that the 
capacity to peroxidizo lip ides is reduoed This is not 
a direct action since wo lia\ e found that selenium and 
cystine when added tn vitro to homogenates do not 
reduce peroxidation. Maohlin et al * have reported a 
similar lack of effect for selenium It is also not 
probable that selonmm is acting by sparing tooopherol 
gmoe our expenenco has indicated that tho rate of 
depletion of vitamin. E from tissues is not influenced 
by biologically activo selenium 4 

John G Brum 

Laboratory of Nutation and Endocrinology, 

National Institutes of Health, 

Bethcsda 14, Maryland 
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PHYSIOLOGY 


Effect of Prolonged Thyroid Administration 
on Aged Male Rats 


The second phaso of on earlier study 1ms been 
completed and it was felt that a bnef note of tho 
results would complement the first report 1 Malo 
Holtzman strain rats (400 gm.) wore given orally 
purified thyroid extract ( Proloid’ Warner Chilcott) 
from 12 months of age until death at 21 months m 
three dail\ dosage series A, B, and O, equivalent to 
15, 00, and 240 mgm respectively for a 70 kgm 
human At necropsy, all the principal organs {tho 
same as those examined m the first phase 1 ) after gross 
examination were fixed in buffered 10 per cent 
formalin, paraffin processed, and stained m tho usual 
way and histocheraically for elastic collogenic, and 
reticular tissues and for neutral and acid polysao 
chandes, as in the first senes of experiments* -4 
Sections were compared with oach other, with thoso 
of untreated control animals of equal age, and with 
sections obtained from rats with hypothyroidism 
induced by iodine 131 Organs from 84 exponmontal 
animals were studied with spoctal regard, to tho 
vascular structures and the connective and epitholial 
tissues 


The examination of alterations in tho cardio 
vascular sections (heart and all vnscular levels) wan 
interesting in that the hypor and hypo thyroid 
physiological states were not rofioctcd histologically, 
with the exception of an increase of mtimal acid 
polysaccharides m the larger vossoln of tho hyper 
thyroid animals (most marked in B series) and in 
consistent medial fibrosis (aortic) m scries B and C 
Heart sections demonstrated no oo ns intent nrchi 
tectural or histochemfcal alteration Study of tho 
various connective tissues indicated that other than 
the usual changes of ago no consistent variations 
from normal wero present Polysaccharide changes 
in ground substonoe wore minimal between son os and 
not consistent Basically it appears that under tho 
conditions of this experiment, experimentally altered 
thyroid fimction does not affect tho fundamental 
integrity of tho connective tissues of tho ogod rat or 
alter the basio histological structure of tho vascular 


organs 

Microscopical examination of tho various opithohal 
structures in tho series indicated that tho abnormal 
thyroid physiological states woro not reflected 
histologically m any consistent mtmnor othor than tho 
oxpectod alterations of oxtromo hyperthyroidism in 
senes O The only major pathological state obsorved 
was inconsistent patohy degenorativo ohanges in tho 
suprarenal medullary regions m series 0 animals It 
would appear that in common with the vascular and 
oonnectivo tissues, induced hyperthyroidism under the 
conditions of this experiment has littlo offeot on tho 
overall epithelial structures in tho gastro intestinal, 
geni to- urinary, pulmonary, and exocrine glandular 
organs and only tho usual o fleets of timo hyperthy 
roidism on the endoermo opithelinl tissues in scries 0 

When these results are evaluated in combination 
with those of the first phase, it would appear that m 
spite of physiological manifestations of experimentally 
altered thyroid function, the baaio architecture of tho 
tissues and organa of the aged rat will not bo aflbe ' . 
except for certain endocrine organa in oxtromo toxm 
states 



1150 


NATURE 


October 10, 1959 


VOL 1 84 


The anatomical phase of this investigation was 
supported by research grant H-1907 ( O 3, 4), National 
Heart Institute, National Institutes of Health, 
United States Public Health Service 

John F Lhotka 
Lloyd Glenn McArthur 
Arthur A Hellbaum 
Departments of Anatomy and Pharmacology, 
University of Oklahoma School of Medicine, 
Oklahoma City 
July C 

1 McArthur G , Lliotkn, J , nnd llcllbnum, A Mature, 180, 1123 (1057) 
'Lillie It D Hlstopntholoslc Technic nnd Practical HIstochcmlMrj ' 
(lllnklston Compnnj, New \ork 1054) 

* Goldner, J Amtr J Path 14, 237 (1038) 

1 Lhotkn, J , nnd Mjhn B , Stain Tech . 28, 120 (1053) 


Blood Keto-acids in Kwashiorkor 


During desalting in an electrolytic desalter 
{Shandon Scientific Co Ltd , London) of urines from 
kwashiorkor patients, it was observed that a con- 
siderable amount of a black mercury amalgam was 
invariably formed Estimation of the concentration 
of ammonia in these urines confirmed that the amal- 
gam formation was due to a high ammonia content 
This was m agreement with a report, mado earlier 
by Platt and Heard that ammonia excretion was 
increased in protein malnutrition It was suspected 
at the time that this increased ammonia output mav 
be the result of an acidification defect due to reduced 
hydrogen ion excretion by the renal tubules or else 
to the excretion of increased amounts of organic 
acids Afterwards, while measuring serum trans- 
aminase-levels by the spectrophotometnc method 1 
it was noted that on the addition of malic or lactic 
dehydrogenase and reducod diphospliopyndine nu- 
cleotide to the buffered serum, the specimens from 
cases of kwashiorkor consumed more reduced di- 
phosphopydrme nuleotido than normal serum In 
many instances more than 30 mm wore required to 
produce equilibrium conditions nnd m most cases 
extra reduced diphosphopyndine nucleotide Mould 
have to be added m order to produce a steady state 
and a high enough initial spectrophotometnc reading 
With normal serum on the other hand, equilibrium 
was usually' attained in less than 10 mm and it is 
unusual for extra reduced diphosphopyridino nucleo 
tide to be required This observation pointed to the 
probability' that kotoacids Mhich are substrates for 
malic dehydrogenase and lactic dehy r drogenase must 
accumulate in the blood m kwashiorkor 

Paper chromatography' of kotoacid hy'drazones 
according to the procedure of McArdlo 2 confirmed 
that pyruvate mainly, and in some case a-keto- 
glutanc acid were present in increased concentration 
in the blood m kwashiorkor Blood pyruvate was 
then determined by the enzyme spectrophotometnc 
method of Segal et al 3 All the normal children and 
adults examined by this method had fasting blood 
pyruvate concentrations of 0 40-0 85 mgra /100 ml 
The twenty-five kwashiorkor patients examined had 
fastmg blood pyruvate levels ranging from 0 50 mgm / 
100 ml to 2 8 mgm / 100 ml , the value Mas more than 
1 00 mgm /100 ml in 14 of the 26 patients There 
was no correlation between blood pyruvate concen- 
tration and the clinical assessment of the seventy of 
the case 


a-Ketoglutanc acid was determined in the perchlonc 
acid extract used for pyruvate extimation by measur- 
mg the yellow colour of the hydrazone after pyruvate 

NormoT 11 1 destroyed with lactic dehydrogenase 
■Normal values ranged from 0 08 to 0 22 m^n /100 



liK 1 (1) Chronmtuprnm of blood krtimrliN on mlml-don Tbe 

cnulwilent or 0 H ml blood un 1 * nppllrd (2) tlironintournni of 
blood ketoncldH nftor patient lmd Ih-ui phrn tbr methionine 
FUppleniPiited blub rarliobvdrnK did Smut i|imntitj of blood 
ns In (1) 

A, kitoidntnrlr nclil spot, Jl, mill /J- p\ rmnte spots 


ml The knnshiorkor cases shoved much -variation 
but in only five of the tventy'-fivo cases vas a- 
ketoglutaratc clearh above the normal rnngo 
When pnticnts nre sutcessfullv treated Mjth milk 
and -vitamin supplements the blood pyTuvate re 
turned to normal level When they were fed forthreo 
days with n standard diet of high enrbohy'drato and 
low protoin content supplemented with 25 mgm 
thiamino dailv by r intramuscular injection ns woll ns 
other v itamins by f mouth the blood pyruvate did not 
show any' significant change In two cases fed for 
three days vitb the same stundard diet to winch was 
added 3 gm DL-mothionine daily', the blood pyu-uvato 
showed dramatic reduction Tho chromatograms of 
one of the cases is shown in tho nccompany'ing 
photographs (Fig 1), which wore taken under 
ultra-violet light after the papers were treated with 
2 per cent sodium hydroxide m 90 per cont othnno) 
The blood pyTuvnte m this case was 2 0 mgm /100 
ml on admission After three day's on tho diet 
supplement with methionine, tho vnhio had fallen to 
1 2 mgm /100 ml There is thus evidonco that tho 
accumulation of py'nivnto may be duo, at least in 
part, to deficiency of sulphy'dryd groups Tho matter 
is being further investigated in this laboratory 
I am indebted to Dr W H F Collis, head of tho 
Department of Child Health m tho Colloge, for 
clinical facilities to carry' out this investigation 

_ J C Edozten 

Department of Chemical Pathology', 

University College, 

Ibadan, Nigeria 
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Effect of Acetylcholine and Eserine on the 
Spawning of Hydractlnla echlnata 

It is usually considered that the responses of 
coelenteratea arc not mediated by acetylcholine 1 be- 
cause ( 1 ) there is no evidence of significant amounts of 
ucetylchohno or cholino oateraee in thoir bodies , 
(2) neither thc30 substances nor atropine nor curnre 
affects their neuromuscular activities* However I 
have recently found that acety Jcholino (Rocho) and 
physoetigmino (csenno , B D H ) affect the spawning 
activity of HydracUnta echxnata 

As pro\ lously reported* 4 spawning is induced by a 
suitable periodicity of lighting darkness conditioning 
the response which is triggered by light When 
isolated gonophores are subjected to sea water 
containing either acetylcholine (concentration 
1(H) or esonne (concentration 1(H) during the 
periods of darkness discharge is inhibited in 60-80 
per cent of the mature gonophores , but a number of 
treated gonophores both male and female spawn in 
the dark without light treatment Concentrations of 
both substances nbo\ e 10'* inhibit spawning com 
pletely and those below 10-* are ineffective 

As neither of the drugs acts when introduced at the 
beginning of illumination or even 6 mm before the 
illumination is due to start it is clear that the 
triggering process is insensitivo to them 

Time tbe\ appear to act m two ways in ono, by 
interfering with the increase m photoeensitivity 
during darkness and in the otlior by triggering off 
the final process of spawning It is also worth noting 
that sensitivity to either acetylcholine or esenne 
coincides m time with sensitivitj to calcium* 

Whether a truo cholinergic mechanism exists, and 
how it is related to calcium remains to bo discovered 
The work was done whilst holding a research 
fellowship of Bedford College and I am greatly 
indebted to Dr C H Mortimer and tho members of 
the staff of the Millport Marine Station for providing 
facilities 

M Yoshida 


Zoology Department Bedford College, 
Regent s Park London N \\ 1 
Tuly 1 


• B*&i 7 M., IUoi Rer tt, 73 (190 
■ ItOM, D M„ J Ktp Biot 21, fil (J MB) 

» JUllird W \V Blot BxtlSil, 329 (1042) 


\a*hkl«, M EijxritnUe 16 11(1969) 


from their motlienra before suckling occurred gave 
nogatn*e results at dilutions of 1/10 In this specie* 
the yolk sac persists to term and its abombryonfc 
wall remains intact* whereas m the rabbit guinea 
pig and rat the yolk sac is of the inverted type m 
which the obembryomc bilanunar segment is broken 
down and the yolk sac splanchnopleur is exposed to 
tho uterine lumen 

The voung of ruminants horse and pig are bom 
wnthout antibodies and in these species a rapid 
uptake of antibody occurs from the colostrum and 
milk during a 30 hr period after birth During this 
period the antibody titre of the serum of the young 
animal increases to become approximate!} equivalent 
to that of the maternal serum The antibody of tho 
colostrum in these animals attains titres which equal 
or exceed those of tho maternal serum In the 
hedgehog the antibod} titre of the first milk closel} 
approximates the maternal serum titre but with 
suckling the titre declines so that in tho nursing 
female six days after parturition it is about 25 per cent 
of the maternal serum titre In this species thoro is an 
uptake of antibod} from the milk by tho gut but 
even after sov oral days tho titro attained in tlm 
serum of the joung hedgehog is onl} n small 
frnotion of that in the maternal serum The highest 
serum titre so far obtained in a young animal is 1/20 
with partial agglutination at 1/40 at 0$ davs of ago 
the titres of the maternal serum and milk being 
1/040 and 1/160 respectivel} In this representative 
of a primitive mammalian order transfer of anti 
Brucella agglutinins does not occur prenatall}, and 
the postnatal transmission is of a very low order whon 
compared with other species in winch the }oung 
obtain passive irmmmit} after birth 

B Morris 


Department of Zoology 
Umvorsit} of Nottingham 


1 IT V., imer J ImT- 37 -133 (102fl) 

* DrambcU F VT R-, Iiemmlnj?* \V A., Hciidrr*on M, I «rr> H J 
Rtrwlandj \V T Pror Pof ^or II 138 131 (1010). 

1 ttwoe* J Thwlr, UnlTrrtltr of London (19 j~). 

1 F W R_, and lUlllday R_, Proe ho* Sor I) 145, 17<» 

(10.85) 

' .Mbrri* JJ., J Fmbrgol Erp Morph 6, 184 (1957) 


Release of Histamine from Rat Mast Cells by 
Blood Treated with D ext ran 


Transmission of Passive Immunity In an 
Insectivore 

The hypothesis 1 that antibodies are not transmitted 
tlirough placentro of the epitheliochorial and syndes 
mochonal types and are transmitted tlirough 
hiemoohonal and hfemoendothelml types was at one 
tune widelv noceptetL More recently it has been 
demonstrated m the rabbit* and guinea pig* m 
which tho placenta) are hremoohonol that the trans 
mission of antibodies occurs exclusivol} via the yolk 
sac In the rat transmission occurs by wav of tho 
v olk-sac endoderm and bv wav of the gut and in tins 
species some transmission across the htcmochonal 
placenta could not be excluded 4 

In tho hodgeliog tho placenta is hfemoclional and 
m the young of anunala immunized against Brucella 
abortus specific agglutinins could not be detected 
in the sera before suckling The females received 
immunizing injections before and during pregnane} 
and tlie maternal antibody titres during pregnancy 
wore of tlie order 1/640 to 1/1280 The sera of 10 
voung derived from 6 litters which were removed 


Haltern* has shown that tho injection of doxtran 
into albino rats causes increased capillary permeability 
and shock Coincident with tho appearance of shock 
there is a massive release of lustamino into tho blood 


stream of injected animals Tho liberated histamine 
probably nccounts for tlie greater part of tlie increased 
capillary permeability and shock resultuig from tlie 
administration of dextran It seemed of interest 
therefore, to investigate tho mechanism of the 
release of histamine It was found that dextran 
reacts with a plasma protein to produce a substance 
which acts on mast cells to release lust a mi no 

Peritoneal cavity cells Including most cells, wore 
obtained from the rat b} a method provuousl} 
described* To detect mast cell disruption one drop 
of the coll suspension was added to ono drop of rat 
serum or serum fraction at room temperature and 
tho preparations were examined under tho microscope 
Hurt a in mo assays were performed by the metluxl of 


lOwry ct al * 

Satisfactory results were obtninod onl/ 
olutions had a pH of km than 7 6 m 

ilood ooUecki <u>d c-uriTupnl ^ 
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A substance causing disruption of mast colls and 
release of lnstammo was present in the sora of rats 00 
min after mtrapentoneal injection and 30 min after 
intravenous mjoction of doxtran (‘Doxtravon in 
physiological salino, 30 mgm doxtran/100 gm 
body-weight) Greater concentrations of this act no 
principle appeared more rapidly m the sora of 
adrenalectomized rats after injections of similar 
amounts of doxtran Death occurred within 30 min 
m these animals Intraporitoncul injections of 
hydrocortisone sodium succinato (‘Solu Cortof', 
Upjohn, 200 mgm /kgm ) given daily foi f> days prior 
to challenge with dextrnn prevented death of the 
adrenalectomized animals The sera of those animals 
was comparablo in its activity on mast cells with 
sera from dextran-mjocted normal ints 

The active prtnciplo was also produced in vitro 
when dextran was added to serum from normal rats, 
adrenalectomized rats and l^drocortisono -treated 
adrenalectomized rats Its concentration was greator 
when the serum was obtmnod from adrenalectomized 
rats than when obtained from normal and hydro- 
cortisone-troated adrenalectomized rats The his- 
tamine-releasmg substance was produced rapidly 
at room temperaturo when the pH of the sorum- 
dextran mixture was between 7 0 nnd 7 5 but did not 
appear when dextrose (2 mgm /ml ) was added to the 
dextran solution bofore tins was placed in contact 
with the serum The addition of hvdrocortisone 
in vitro did not nffoit the concentration of the active 
principle Agaui, its production was not inhibited 
by inactivation of serum complement (00°C for 5 min ) 
or by lodoacotate, plionj lmorcuiic ncolute, sodium 
fluoride or sova bean trjpsin inhibitor (Nutritional 
Biochomicals) 

A p- and y-globulm fraction of rat serum prepared 
by precipitation with 25 jier cent cthnnol at — 5°C 
did not disrupt mast cells when dissolved at 7iH 7 0 
Addition of doxtran to the fraction produced an 
active histamine reloaso substance but tho presento 
of dextrose mhibitod tho interaction Similar results 
were obtained when nnotlior polysaccharide (zymosan, 
Nutritional Biochomicals, 5 mgm /ml sorum) was 
added to rnt serum in vitro nnd to the (3- nnd y- 
globulm preparation 

In earlier work it was shown that n polypeptide 
from nucleated colls acts on mast cells in vitro nnd 
causes thorn to disrupt with the reloaso of histnnuno 1 ’ 4 
The substance responsible for disrupting the mast colls 
is probably a histone or histone breakdown produot 
The mechanism suggested by tho present work in- 
volves the release of an activo substance from rnt 
serum or a serum fraction Tho nctiv o principle is 
produced m the serum of rats follow ing injections of a 
polysaccharide (dextran) It is also found in rnt 
serum in the absence of cells, when doxtran or nnotlior 
polysaccharide (zymosan) is addod to tho serum 


While it may be temptmg to suggost that an antigoi 
antibody reaction is involved (dextran versus a nom 
antibody to dextran in rat sorum), there is no pro. 
that this is the mechanism 


New South Wales Red Cross 
Blood Transfusion Service, 
Sydney 


G T Archer 


1 Halnern, T) N Clbn Foundation bjniposlum on Hintnmlnp 92 
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, aJoF p Thrrap , 112 , no ( 1954 ) 
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Transformations of Myxoma into Vaccinia or 
Ectromelia Virus in Tissue Culture 

Tnn Borry-Dodnck transformation 1 is known as Urn 
first instanco of what is callod genetic interaction 
between nnimol viruses, hut tho investigation of this 
phenomenon has boon restricted to a combination of 
activo hbromn nnd licat-killrd myxoma, oxcept for 
somo studies on recombination of tho influenza 
gioup 23 Jn a previous paper 4 , a new example of 
viral transformation was demonstrated using active 
ectromelia nnd heat mnet i\ nted v nccinin Tho present 
imcstigntion was undertaken to see if tho same 
phenomena could occur between the other viruses 
classified in the po\ proup 

Tho HID strain of vaccinia or tho Biken strain of 
ectromelia was hent-mnctnntcd nnd myxoma was 
used ns Ine virus (Tnblo 1 ) 


inhle 1 (OMiunisox or Ciiuucn nisTirt 01 \mc8rs U«»o 
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imlnnccd unit nolullon with 15 j«cr cent limine mrum 

5 (.rontli mi ilium 0 5 per irnt Inctalbmnln h>ilrol>intc and 0 1 pc f 
rent pint cxlrni-l in Hintra's hahneed i>ilt point Ion with 5 mreent bovine 
denim 


Mvxoma \irus obtained from skin tumours of 
domestic rabbits was passaged twice m the human 
amnion coll ( l'L slrnm), where tho virus could bo 
propagated fonmng cjtoplosnuc inclusion bodies 
7 dajs after inoculation tho titre of mtrncollulnr 
urns reached about 10° ID (m rabbit) 5 B 

Vaccinia nnd ectromelia were used after serial 
passage m L cclLs Tho infected monolayers were 
freeze thawed m the prcsenco of growth medium and 
ccntrifugod at 3,000 r p m for 5 min Tlio supernatant 
fluids from this centrifugation, which contained on tho 
average about 10° TG/D50/ml of \ irus, w oro heated at 
50° C for tw o hours (\ nccinin) or one hour (ectromelia) 
At this temperature, vaccinia can ho inactivated to a 
survival of less than 10-° within 30 min , while eefro- 
mclia can ho inaefixated within 15 min No active 
virus was found m tissue culture or in tho respective) 
host animal inoculated w ith these heated preparations 
Tho transformations were carried out in FL cells 
grown in 200 ml prescription bottles Cellular mono- 
layers (about 5 x jo® cell/bottlo) were exposed to a 
mixture of 1 ml of infectious myxoma (10 5 -10° ID 
in rabbit) and 1 ml of heat-inactivated virus prepara- 
tion of vacciniu or oxtromclin which had been added 
to 8 ml of growth medium Culture medium was 
changed twico woekly with fresh medium containing 
ml of heat-innclivnted virus preparations 7 days 
a r inoculation, infected colls wore disrupted by 
and ccntr| higcd 3,000 r p m for 5 mm 

2£o£U or l, i^r mntnnt transforrod mto 

or'octtomolm'was tho ’° 

md.o.le thav tho 
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vaccinia or eotromelia had taken place The trans 
formed virus was purified twice by limiting dilution 
passages The purified viruses had the same patho 
genicity for rabbits and mico os each original virus 
strain 

Preliminary work using fibroma \ irus showed that 
fibroma also could be transformed mto vaccinia by tho 
similar procedure 

With heat-killed vaccinia, poliomyelitis (Type 1, 
Bninhildo strain) and measles (Edmonston strain) 
could not lead to transformation when used as active 
virus Recently it was shown in our laboratory that 
myxoma was closely related serologically to vaccinia 
and ectromolm 7 These results may suggest that thero 
is a correlation between transformation and cross 
immunity 

HiDESABURG Hanafusa 
Tbruko Hanafusa 
JtotabO Kahahoba 

Tho Research Institute for Microbial Diseases, 

Osaka University, 

Japan 
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Protein Synthesis In Macrophages containing 
Eimerla tenella 

Regent studies on bacteriophage have shown that 
tho virus may stimulate anaboho protein metabolism 
m tho parasitizod bacterial oell and furthermore 
deflect metabolic processes towards tho production of 
bacteriophage nucleoprotein 
This is a preliminary report of a similar phenomenon 
in intestinal macrophages of tho chiok whloh have 
bocomo invaded by tho sporozoan Exmena teneUa 
Briefly the process of infection consists of swallowing 
the oocyst which breaks down in the small intestine, 
liberating sporozoites These invade the cells m the 



cffical wall and undergo schizogony within tho cells, 
liberating merozoites which re- invade tho gut wall 
This process was studied by standard histological 
methods and by histochemical methods in the cieca 
taken from a chick seven days after oral infection 
The parasite can be seen in largo macrophages which 
often entirely replace the lamina propria mucosio 
adjacent to this there is a conspicuous exudate 
composed mainly of red cells with a moderate number 
of eosinophil loucocytes The adjacent epithelial 
colls of the gut show numerous mitotic figures and 
many contain globules of secretion 

The parasitized macrophages are considerably 
enlarged (Fig 1) and filled with protein most of which 
appears to be ribonuoloic aoid ns judged by tho 
‘totraro* method and by pyronm staining using 
ribonucloaso as a control measure In tho early stages 
the ribonuoleoprotoin collects at tho centre of the coll 
surrounded by a palisade of developing schlzonts 
Later the cell fills with echixonta and tho ribonucleo 
protein is presumably incorporated within them 
The nucloi of the macrophages are greatly enlarged 
displaced to the side of the cell and show two or three 
big nucleoli This is an index of intense protein 
synthetic aotivity b> the cell Tho fato of tho macro 
phages is, at present, uncertain since it is unusual to 
find evidence of damage to these colls They may 
liberate the merozoites and sen e as a breeding ground 
for oven more 

Tho histological appearances suggest an onhoncod 
nbonuoleoprotem production withm chiok macro 
phages parasitized by Exmena tenella, and further 
more that this new protom is incorporated mto tho 
newly formod merozoites 

Further confirmation of this now will be attoraptod 
by tho use of fluorescent conjugates of chick and 
Exmena protein and tho results will be reported m 
due course 

We are grateful to Dr J Beattie and Dr L 
Horton Smith for the opportunity to study this 
material 

G A Gresham 
J G CruickshanJC 

Department of Pathology 
University of Cambridge 

HISTOLOGY 


Histochemical Use of the Cyanocarbon 
Organic Compounds 

Members of tho now group of organic compounds 
callod ‘cy anocarbons’ 1 appear worthy of investigation 
as histochemical localization roagonts on tho boats of 
preliminary studies made with one of tho senes, 
tetraoyanocthy lene Thoso compounds aro chemically 
quite aoti\o and will tnko part in a large number of 
orgarno reactions 1-4 For oxamplo tetroevnno 
othyleno may in proper circumstances, react through 
additions to its doublo bonding with such radicals 
os dienos ketones and hy’drogen, and through 
replacement of cyano groups it will react with tho 
alkoxy hydroxy and amlnooryl radicals The 
products of many such reactions aro coloured 
Tetracyonoo thy lene produces on intense y’ellow 
colour with benzene orange with toluene, and red 
with xylene Reactions with certain amines will 
produce 4 tTicyanovmy lammcs, a class of brilliant 
orange to bluo dyes 

Experiments utilizing mnrnnl and 
ttouea 10 per cent buffered formnlin ond ffouin* 
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fluid fixed and paraffin processed, suggest that 
tetracyanoethylene may well be an interesting protein 
localization reagent In general, fairly good color- 
ations are found at tissue sites usually associated 
vnth such complexes This does not, however, 
preclude its use m the localization of other tissuo 
components The solvent problem is a sorious one 
with tetracyanoethylene since it will react with most 
organic solvents Best results have been obtained 
with 0 5-2 per cent solutions m tetrahjdrofuran, 
etlijl acetato dimethylsulphoxido, or dimoth} lform- 
amide 5 Only the ftnost grades of these solvents 
should be used since impurities will introduce com- 
plicating side-reactions Staining times a ary and 
depend upon the strength of the staining solution 
but sections treated 2 hr m a 0 5 pci cent solution at 
room temperature show adequnte coloration regard- 
less of soh ent used Care must be taken during 
staining to avoid contamination of the solutions 
because of the active ehomieal nature of totracyano- 
ethylene The dohjdration process after staining 
should be done without unnecessary delay The 
localizations are usually jellou, suggesting the 
benzene ring, and at tunes are transient Especially 
strong colorations are frequently obtained at the sites 
of iron pigments It is important to remember that 
certain of the solvents may be quite toxic, and special 
care to avoid their fumes is necessary during tho 
stammg procedure Tho use of a hood is recom- 
mended Detailed experiments on tho liistochemical 
value of this series of compounds are non in progress 
Unfortunately, cyanocarbon chemicals are still in 
the experimental stage and are not readily n\ ailablo 
commercially However, in tho near future 1 1 icy 
probably will be placed on the market and maj be 
easily obtained b} interested persons 

I would like to express my appreciation to Dupont 
de Nemours and Co for providing tho tetraejnno- 
ethylene used in these experiments, to Dr B C 
McKusick and Dr T C Cairns for their helpful 
comments on the nature of tetracyanoethj lone, and 
to note that this investigation was supported by 
research grant H-1907 (C 3, 4), National Heart 
Institute, National Institutes of Health, United 
States Public Health Service 

John F Lhotka 


Department of Anatom} , 
University of Oklahoma School of Medicine, 
Oklahoma, 4 
July 4 
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Mast Cell Population of Lung of the Guinea 
Pig and other Tissues 

In 1941 Jacques and Waters mentioned the 
degranulation of mast cells in the liver of a dog 
undergoing anaphylactic shock 1 In 1952 Stuart 
stated that the shock organs of anaphylaxis m the 
dog, rabbit, and guinea pig all contain mast colls 
which degranulate when a sensitized animal is 
injected with antigen 7 Unfortunately, no details 
were given of the histological techniques he used 


More recently, Mota and Vugman hnxo reported 
some experiments from which it was concluded that 
anaphylaxis in tho lung of the guinea pig caused a 
marked reduction in tho number of mast colls 
histologicall} demonstrable in that organ 3 

In this laboratory an attempt to demonstrate mast 
cell degrnnulation in guinea pig lung following 
antigen administration to a sensitized animal led to 
a senes of surprising observations All tho tissues 
used m those investigations were fixed for 24 hr in 
absolute ethyl alcohol Pieces of lung, hvor and skin 
were embedded m paraffin and examined as sections 
10 pc thick Spreads of connective tissuo or plourn 
wore examined direct lv In all. four different stains 
were used to demonstrate mast cells in the tissues 
These were (1) tlnonin ns a saturated solution m 
50 per cent alcohol , (2) toluidmo blue ns an 0 5 per 
cent solution m 50 per cent alcohol , (3) polychrome 
methv lone blue ns an aqueous solution , (1) acotvlatcd 
Sudan black as a saturated solution in 70 per cent 
alcohol The first three stain metnchromaticallv tho 
hoparin m the mast cell granules anil the last-named 
stnins the phospholipid in tho mast cell granules 

Using those stains, mast colls were rendilv dis- 
cernible in most of tho tissues examined Abundant 
mast cells were found m tho mesenter} of the hnmstor, 
and a slightlj smaller number in the check pouch of 
that animal Spreads of mouse mesentery were 
found to contain a slight Iv smaller number of mast 
cclLs than hamster cheek pouch, and so also were 
sections of the abdominal skin of tho rat A srnulai 
number of mast cells wore observed in omentum, 
mesenterv and plcuia of the gmnen pig In the 
pnrenchvina of the lung around tho major blood 
vessels and air passages no mast cells were visible m 
sections taken from either normal or sensitized 
unshocked guinea pigs They were also absent in 
sections of guinea pig skin It was thus not possible 
to demonstrate mast cell degranulntion m lung tissuo 
of sensitized guinea pigs after intravenous challengo 
with antigen H herons mast cells in the omentum 
or mesenterv’ of the guinea pig showed no chnngo 
after annphylact ic shock a large ntunbor of tho mast 
cells seen m guinea pig pleura were disrupted or 
degranulatcd after antigen challenge Mast colls 
were observed m normal dog liver They wercshghtlv 
less numerous and not quite so well differentiated as 
in other tissues Only about half tho normal number 
were visible m sections taken from dog hver 1 hr 
after intravenous challenge under pentobarbitone 
nnicsthesia with a shock doso of nntigon causing an 
immediate fall in blood pressure from 130 to 10 mm 
morcurv No mast colls could bo demonstrated in 
rabbit lung adjacent to the point of entry of tho 
pulmonary artery 

Those observations invite one or two obvious 
conclusions Mast colls m tho hv er of tho dog undergo 
degranulation and disruption during anaphylactic 
shock thus confirming tho observation of Jacques and 
Waters The same is not truo of tho lung of tho 
guinea pig or rabbit, smeo, contrary to Stuart’s 
suggestions, in these experiments mast cells appeared 
to bo absent from tho respect ivo shock organs It 
thus seems not unlikely that tho lnstammo vdneh 
causes rapid onset of fatal bronchoeonstnction in tho 
guinea pig during anaph}laxis is derived from some 
structure other than tho connective tissue mast coll 
Anaphylactic histamine in tho rabbit is also most 
probably not of mast coll origin 



NO 4603 


October 10, 1959 


NATURE 


It ib possibly relevant that Mot a and Vugman 
who reported high mast cell counts in the lung of the 
guinea pig, need as a fixative a 4 per cent solution of 
lead subacetato in 50 per cent ethanol containing 
0 6 per cent acetic acid They then prepared frozen 
sections of the lung 50g thick which were stained with 
toluidine blue Gomon condemns the use of lead in 
frozen sections and states that whore as lead adsorbed 
m paraffin sections can be readily washed out by 
dilute acotio acid frozen sections may hold lead so 
stubbornly that oven prolonged washing m strong 
acetic acid cannot remove it completely* It is 
surprising therefore, to be confronted with evldenco 
implying tliat mast cells m the lung of the guinea pig 
can only bo detected after prior treatment of the 
tissue with lend even though they can bo readily 
observed elsewhero without such prior treatment, but 
worth noting, however that Bloom lias ro ported 
that mefnal giand cells of the rat uterus show definite 
motachromasia after fixation in lead acetate a very 
faint metachromosia after fixing in methanol and no 
motachromasia at all after fixation in other fixatives 
(Bloom personal communication) Alternatively 
Mota and Vugman succeeded in staining with toluidine 
bluo lead which had been adsorbed on to some 
morphological structure which was not a connective 
tissue mast coll 

XV G Surrs 

Pharmacology' Research laboratory 
fcmnderlind Teel ini cal College 
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* Stuart Snal K/r 112 304 (lto 


•llota and \ocman \aturr 177. 427 (10M) 

•domori "Jtlcttacoplc TTUtodieinUtry” (Cnlrpralty or Chicago i*r«i 


RADIOBIOLOGY 

Effect of the Level of Microbial Population on 
Isotropically Exchangeable Phosphate In Soil 

If a soii is Bhakon with a pJiospliate solution labelled 
with phosphorus-32 tho specific activity (phos 
phorue-32/phosphorus-31) Is reduced in consequence 
of isotopic exchange with tho exchangeable phosphate 
in the soil At equilibrium the following relationship 
holds pho8phonw-32/phosphonis-3 1 in the solution = 
phosphorus-32 /phoephorufl-31 m the exchangeable 
form in tho soil The specific activity in solution can 
bo determined by assay while the phosphorus-32 in 
the soil con be calculated by tho difference between 
the initial and final phoaphonis-32 contonts of the 
solution The amount of phosphate in the soil which 
has exchanged isotopicolly under the conditions of 
tho experiment con readily be calculated 1 4 It ib 
also possible to calculate the quantity of phosphato 
which is removed or sorbed’ by tho soil from the 
change in concentration of maotivo phosphate in 
tho solution Tho amount of phosphato which plants 
will absorb does not always boar a mroplo relationship 
to these quantities , bnt knowledge of exchange 
able’ or ‘sorbed phoephato in the soil can bo of valuo 
in the study of fnotors which control tho availability 
ofphospliate to plants 

It lias been assumed by previous investigators that 
the value of isotopically exchangeable phosphate 
would bo unaffected bv the level of microbial popu 
lation in tho system during the period of equilibration 
Until recontly tho evaluation of tho effects of micro 
organisms has been difficult to make since conventional 
methods for destroying mierd-orgamsms in soil for 
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example by means of steam or chemicals mn\ well 
modify surfaces on which tho exchange of phosphate 
occurs Tho y rays from cobaIt~0O now, howevor 
provide a convenient physical method for reducing 
the level of microbial population without causing an 
appreciable nse m temperature of the soil during the 
period of irradiation Accordingly the determination 
of isotopically exchangeable phosphate by the mothod 
of Russell cl aJ 1 has been investigated both m tho 
normal air-dry soil and m soil previously irradiated 
with y ray's from cobalt-00 

Samples of tho selected soil a Middle Lias loam 
from Banbury Oxfordshire (pH 7 0), were sealed 
into glass ampoules which were themselves sealed 
into separate polythene envelopes After irradiation 
with 10‘ reps of y rays from cobalt-00 the ampoules 
were removed from the polythene envelopes under 
aseptic conditions and put into tubes containing 
labelled phosphate solutions which had been sterilized 
in an autoclave at 1 5 atmospheres for 20 min 
Stenlo rubber bungs with glass rods projecting from 
their lower surfaces were inserted into tiro tubes and 
the ampoules were broken by shaking them simrplv 
against the rods Tlio irradiated soil was thus 
introduced into a sterile solution with the minimum 
risk of miorobml contamination Control samples 
which had not been irradiated were transferred in 
the same way 

Microbiological assav and measurements of ex 
clinngenble and sorbed phosphate were made 
after different intervals of time m two experunentH 
(Tablo 1) Using a dilution plate mothod tin* mioro 
biological population was shown to consist almost 
entirely of bacteria very few fungi wire doteetod 
(<1 colony per plate at tiro highest concentration) 
For the purposes of the preeont mveatigution tin re 
foro the bactenn! pinto oount has been taken a* an 
index of miorobml activity and while the short 
comings of this method were appreciated it was 
considered an adequate uidicntion of the relative 
abundnuce of viable micro-organisms Comp! t< 
stordity was not achioved by irradiation but a 
reduction of the bacterial population by a fa t >r 
greater than 1 000 was achieved in tubes examined 
after one day Tho population thereafter increased 
due njjjwmmtly to the multiplication of bnctona 
which survived irradiation but m all eases tho 
bacterial population was verv small by comparison 
with that in tho tubes which had not been irradiated 
Irradiation had no statistically significant offoct on 
the values for ‘oxcliangoablo or ‘sorbed phosphate 
although thore was a tendenev for tho latter vnluo to 
be decreased 

These oxperinronta givo clear e\ idonce that bacteria 
and probably other micro-organisms present during 
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the period of equilibration cannot account for any 
large fraction of isotopically exchangeable phosphate 
m this soil as determined by this method 

We are indebted to Dr R Scott Russell for much 
useful discussion and to Mr W Hutchinson of the 
Technological Irradiation Group of the Isotope 
Division, Atomic Energy Research Establishment, for 
carrying out the irradiation of the samples 

P Newbould 


Agricultural Research Council 
Radiobiological Laboratory, 

Grove, 

and 

Department of Agriculture, 

Oxford 

R L Lucas 

Department of Agriculture, 

Oxford 

1 Russell, It S , el a! , J Soil Sci , 8, 248 (1057) 

* JtcAnIHfe, C D, ft al Soil Sci Soe Amer I'm- , 12, 110 (1048) 

* Wlklandcr, L , Ann lion Acme. Coll Sweden, 17, 407 (1050) 

« Tallbudecn, O., J Soil Sci , 8, SO (1057) 


Pharmacological Suppression of Increased 
Capillary Permeability following Irradiation 
of the Intestine of Rats 

The syndrome of acute intestinal losions duo to 
ionizing radiation leading to an early death of the 
animals has been described by many workers 1-6 
The present work is concerned mth the incrcaso of 
the capillary permeability in tho intestinal tract of 
rats after irradiation and tho suppression of this 
phenomenon by the action of drugs affecting the 
esterase systems 

The increased capillary permeability following 
turpentine-induced pleurisy®, 7 and thermal bums in 
rats*,® can be inhibited by pretreating tho animals 
mth antihistamines and anti-esteraso drugs 

The increased permeability duo to irradiation was 
investigated in male rats woiglnng 200-250 gm , 
which were exposed, under nembutal anmsthosia to a 
dose of l,G0Qr of 200 kV X-rays given m II mm 
over a circular abdominal field of 1 5 m diameter 
At intervals of 1-4 days after oxposure a solution of 
trypan blue was injected mto the tad vem and tho 
animal killed 30 mm later® In the irradiated animals 
the dye left the capillaries and stained the intestine 
blue This phenomenon began after 24 hr and reached 
its maximum after 3 days Tho staining m different 
regions varied in intensity and m order to evaluate it 
the affected length was expressed as a percentage of 
the total length of the intestine 

Animals irradiated mth no pretreatment showed a 
progressive increase m the mtonsity and length of tho 
mtestme that was stained , at 24 hr 37 7 per cent, 
48 hr 73 4 per cent and 72 hr 92 0 per cent of tho 
gut was affected 

PretTeatroenfc of the animals immediately before 
irradiation with a single intramuscular injection of 
di-w?propylfluorophospliate,3mgm /kgm body weight 
m arachis oil, suppressed the staining of tho mtestino 
completely after 24 hr and at 48 hr reducod tho longth 
stained to only 20 per cent of tho whole Similar 
results were obtained mth (a) quinine diliydrochlondo 
(125 mgm /kgm injected immediately boforo irradia- 
tion, a further dose of 40 mgm /kgm given at 24 hr 
and 5 mgm /ml added to the drinking water) , (6) 
qumidme sulphate (250 mgm /kgm m propylone 
glycol given before irradiation plus 150 mgm /kgm 
at 24 hr after irradiation) , (c) chloroquine sulphate 
‘Nivaqume’, (40 mgm /kgm , before radiation plus 
25 mgm /kgm at 24 hours) 


Protreatmont with mepyrammomnloalo, ‘Anthisan’ 
(1 mgm /kgm and subsequently administered m tho 
drinking water 1 mgm /ml ), reduced tho longth of tho 
mtestino stained to 10 per cent of tho total longth of 
24 hr , but had no ohsorvablo effect nftor 48 hr. despite 
repeated administration of this drug Protreatmont 
with 2-bromo d -lysergic acid (BOL 148) had a slight 
effect on tho longth of tho mtestme stained at 24 hr, 
following radiation hut no offect at 48 hr 

Tho results, which will bo published m dotail 
olsowhorc, are strikingly similar to those obtained with 
similar protreatments to thermal bums Since tho 
effective drugs inhibit psoudo chohnestoroso, thoir 
action may bo duo to suppression of an estornso system 

I wish to thank Dr. H B Poll and Dr A 
Glucksmonn for thoir advice and oncouragcmont, and 
Messrs Sandoz for tho gift of BOL 148 

D A Wixt.ouoiiby 

Strongoways Research Laboratory-, Cambridge 
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• Quwtler, II , Lanrle, I, I , Ki Her, VI , ninl Otbomc, J W , 

Amer J Phvno! , 104, 540 (1051) 
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•Elllnper, I "Uedleal Radiation Ulologj” (C C Tliomaa, Sprlnp- 
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Decrease in Radiosensitivity of the Intact 
Mouse Spleen produced by Hypoxia 

The radio-protective effects of low oxygon tensions 
m tissues during exposure to X-rays has been 
described by Gray nnd his associates' Wright and 
Howard -Flanders 5 hare demonstrated the protective 
action of severe hvpoxia on tho irradiated mouso-toil, 
and Wright* has observed increased resistance of tho 
intact mouse thymus, irradiated while tho animal 
was breathing nitrogen 

An attempt has been made to dotermmo tho effects 
of severe hypoxia on tho intact spleen of irradiated 
mice 00-70-day old T 0 strain male mico, weighing 
22-24 gm were anesthetized with nn mtmpontoneal 
injection of 7 5 mgm ‘Avertin’ (tnbroinoothanol) in a 
volume of 0 3 ml In one group of animals at 
laparotomy a soft catgut nooso threaded through n 
polyethylene sloovo was placed around tho splenic 
pedicle, drawn tight and hold with a bulldog clip 
The spleen vv as then returned to the peritoneal cav lty 
which was closed with sutures After 10 minutes at 
room temperature, by vvjuch timo the sploon was 
almost block, tho animals wore oxposed to 800 r 
whole-body irradiation Tho ligatures were then 
removed nnd llio wound sutured Another group of 
animals had their splenic pedicles ligated after 
irradiation A third group of mice was irradiated 
after laparotomy alono, and a fourth untreated 
group acted ns control 

All mice wore killed by’ cervical dislocation 5 day’s 
after treatment Their spleens were removed and 
fixed ovornight in Bourn’s fluid, weighed after 
blotting dry and later examined histologically The 
assessment by woight of irradiation damngo to the 
spleon has boon described by’ Carter, Hnrris nnd 
Brennan 4 The splenic weights are shown in Table 1, 
together with their standard dovmtions and the 
numbers of animals used in brnokets 
Table l Meat vn lours or nxn> stufens (mom ) vnrn their 

STVXDARD DEVIATIONS, FIVE DAVS AFTER IIIUADHTJOS 

Untreated Irradiation Spleen Heated Imullntlon 

controls only tlien irradiated tlien ligation 

6S±8 24 ±8 70±14 22+7 

(12) (S) (8) (7) 
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As vascular disturbances followed ligation of the 
splenic podiole, direct comparison of splenic woighte 
wns only considered profitable between the two 
ligated groups A t test shows that the eploons of 
animals ligated and then irradiated woigh significantly 
more than those irradiated and then Ugatod (<*=7 2 
with 13 degrees of freodom , P< 0 001) 

Histological examination of the spleens confirms 
that the heavier group of spleens are less damaged than 
the lighter group In the animals which had the 
ligature applied after irradiation, no primary lym 
phatio nodules are present Groups of small and a 
few medium sire lymphocytes are observed m narrow 
penvasoular cuffs No lymphoblasts and vory few 
mogokaryooytes can be seen This group closely 
resembles the group irradiated after tho sham 
operation 

In the spleens of mice irradiated while the ligatures 
were in ploco, the normal follicular architecture has 
disappeared Howover, groups of lymphoblasts 
largo and small lymphocytes, megakaryocytes myelo 
blasts and polymorphonuclear leucocytes are seen 
and mitotic figures are present Vascular engorge 
merit is an outstanding feature of this group in 
comparison with the previous one, and must account 
for some of the difference in weight between them 
My thanks are due to Dr L H Gray for suggest mg 
these experiments and to Dr J S F Niven for her 
advice 

L Weirs 

Division of Experimental Biology, 

National Institute for Medical Research, 

London, N W 7 
July 14 
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PAL/EONTOLOGY 


(moluding E dcktujt), Placentietras (Crctneoou/?) 
Laoctms opahnum Remecko (Jurassic), Eoasi 
antics (?) ep Pscudorthoceras knoxenst an undeter 
mmed nautiloid (Pennsylvanian) Dolorlhoctms soctah 
(Ordov ician) 

Fig 1 allows in decalcified mother -of pearl from 
Nautilus macromphalus Kowcrby (Recent) a re 
ticulated shoct consisting of sturdy trabocuhe 
separating elongated or rounded openings of irregular 
outhnes Fig 2 represents a reticulated sheet from 
an unidentified Pennsylvanian nautiloid collected in 
the asplmltic formations near Sulphur (Oklahoma) a 
locality in which the origmal mineral ogi cal structure 
of amgomto has been preserved unaltered* Com 
parnon between Tig 2 and Fig 1, gives evidence of 
a great similarity of structure between Recent and 
Ponnsy h anian nnoroous conchiolin mombranea In 
some areas of tho fossil material the fabrics appear 
shrunk or flattened How over these modifications 
were also observed in the sheots of the recent Nauixlus 



Conchiolin Remnants In Mother-of-Pearl 
from Fossil Cephalopoda 


Elff. 1 Aartflii* maerompftalus SoweUiT fRwnt) IVcaklflrd 
motbw-of pearl Frtummt of a reticulated ih«t of tonchWIn, ] 
colbp*od by derteertloo on to a Formrmr rapport awl kluJow 
cart with pallid! am, ( x 12,000) 


Deoalcteication of in other -of pearl from recent 
molluscs leaves soft stratified mombranea of con 
ohiolin. Those membranes cleaved and broken by 
ultrasonic vibrations, appoar in the electron micro 
scope os fragments of lace hko reticulated idieeta or 
perforated leaflets 1 The pattern of those structures 
differs with the groups and species of molluscs Throe 
main patterns (nautiloid gastropod and polocypod) 
havo been provisionally recognized 1 Replicas of 
surfaces of mother of pearl prepared before and 
after corrosion by docoloiflera have shown that the 
reticulated shoots correspond to tho conchiohn 
membranes which nl tomato with the mineral 
lamolkc in tho stratified nacreous configuration 
and which separate the individual crystals of aragonite 
disposed sido by side m each lnmolla* 

Tho tliroo patterns of structure of conoluolln have 
been also detected in mothor-of pearl from Holoccno 
to Jurassic molluscs* 

Tho latter investigations havo been extended to 
40 specimens from 18 genera of Eocene Crotacoous, 
Jurassic, Pennsylvanian and Ordovician Cephalopoda 
(Ammonoidea and Nautiloidoa) In preliminary 
observations, reticulated sheets exhibiting tlio nauti 
loid pattern altered in different ways, were found in 
xnotber-of pearl from 3 sped mo ns of Eutisphoccra* 
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The results so far obtained indicate a great stability 
of the conchiohn patterns throughout considerable 
periods of time, m favourable burial conditions, as in 
Sulphur (more than 200 millions of years in the 
Pennsylvanian specimens) The results suggest also 
that recordings of the micro-architecture of conchiohn 
remains might give useful information about the 
identity of fossil shells, in which the fragments of the 
test avadable are too small or too dissociated to bo 
studied by the classical methods of palaeontology 
I am grateful to Prof Tove Birkelund, Dr G 
Arthur Cooper, Prof William M Furnish, Dr P L 
Maubeuge, Prof Nprman D Newell, Prof A Roson- 
krantz and to Prof Dr O H Schmdewolf for gifts of 
generous collections of finely preserved mother-of- 
pearl of Cephalopoda 

Ch OiiEaoraE 

Department of Biochemistry, 

University of Li£ge 
(Centre National de Recherches 
Mctallurgiques, Val-Benoit) 

June 21 

1 Grt-colre Cli , DucliSteau, Gh nnd Florkln M Arch intern Phyiwl , 
68, 117 (1950) .-Inn In*t Octanogr , 81, 1 (1956) 
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’ Gri%olre Cli lrt-/i internal Phynol Burch , 66, 074 (195S) , Bull 
Inn Royal Sc halur Brig 86, 1 (1059) 

* Stehll, F G , Science. 123, 1031 (1050) 


BIOLOGY 

Discarded Blood Bank Blood as a Source of 
Protein for Cultivation of HeLa Cells 

Most mammalian cell cultures require sorum pro- 
tein for continued survival and growth Serum 
protein is probably the most expensive component of 
tissue and cell culture media, especially if human cells 
are cultivated in homologous serum Wo lm\o 
studied the possibility of employing outdated blood 
bonk blood as a possible source of the protein neces- 
sary for the growth of HeLa cells Such discarded 
blood is available in fairly large quantities and if it 
could be successfully employed for cell cultures an 
expensi\e bleeding programme could be dispensed 
with 

In order to ascertain whether the fluid portion of 
such blood would support the growdli of HeLa cells it 
w as necessary to free the plasma of tho eitrato ion used 
as an anticoagulant Plasma was removed from the 
blood and placed in large ‘Cellophane’ dialysing tubes, 
80 mm flat diameter Plasma was dialysed against. 
6 to 7 \olumes of demineralized water The dialysing 
water was changed 0 times at 6-12 hour intervals 
Finally, the plasma was dialysed against Hanks’s 
balanced salt solution oiemight which replenished tho 
calcium and magnesium ions and permitted the 
plasma to clot Serum protein was removed and 
sterilized by filtration through ‘Solas’ unglazed 
porcelain candles, 02 porosity Such dialysed pre- 
parations obtained from blood bank blood were tested 
for their ability to support growth of HeLa colls and 
were compared with medium containing serum from 
fresh undialysed blood and also with Eagle’s medium 1 
Since dialysable components of serum are necessary 
for the growth of HeLa cells, the dialysed serum was 
supplemented with yeast extract which has been 
shown to have a serum-sparing effect 5 Yeast extract 
contains many ammo-acids and vitamins, is economi- 
cal, and can be autoclaved and retain its serum 
sparing effect 

For the tests, aliquots containing 60,000 trypsmizod 
HeLa cells each wore dispensed into 100 screw r -capped 
test-tubes, 16 X 126 mm The medium employed for 


dispensation was 30 per cent processed blood bnnk 
serum protein supplemented with 0 2 per cent yeast 
extract in Hanks’s balanced salt solution On tho 
following day, medium was decanted and cells washed 
3 times with balanced salt solution and tho indicated 
media added Tubos w-oro placed in tho roller drum 
and replicate tubes removed and counted at tho times 
indicated Each count represents tho n\oragc of 
three tubos Media was replaced every 48-72 hours 
The results, repiesonted in Table 1, indicate that such 
processed scrum protein, when supplemented with 
yeast extract, compares favourably with wliolo sorum 
m tho ability to support tho growth of HoLa colls It 
is also interesting to note that the dialysed com- 
ponents of sorum can bo replaced by yonst oxtract 
The failuro of Eaglo’s medium to support growth of 
HeLa cells when supplemented with such serum 
proteins is unexplained but may bo duo to tho 
extonsno dinlysis Tho Engle’s formula which wo 
employed did not contain inositol’ which has been 
shown to bo necessnry when extensively dialysed 
serum is used 

lAiur l 


■Medium ( ompodtlon 


Dlnl>RCd Serum 30% (u, b) 

Plnlvwd Serum 10% (a 1) 

W holt Romm 30% (b) 

W hole sorum 10% (6) 

Kaplc’s medium 00% 

Dlnlvsod soniin 10% (or) 

* AtoroRO per three tuln» 

(«) I’rocevKU from ouldnted human Wood Wink Idunm 

(6) With >cnst extract, 0 2 jkt cent Ilnnks s Imlnnn d salt solution 

Such dinly'sed serum preparations hn\o been used 
exclusnoly in this laboratory for over a y'car for the 
cultivation of HeLn colls with n considerable snimgs 
of expense Large pools of plasma are processed and 
the resultant serum proteins frozen until used 

This lmcstigntion was supported by' grant E-1678 
from the National Institutes of Health, U S Public 
Health Sort ice 

Bii.lv R Blakey* 
Ofouge E Giffokd 
Department of Microbiology', 

University of Florida, 

Gninestillo 
July 1 
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* Glflord, G J! , lloberlson H L nnd Sj terton, J T J Cell Comp 
J’hl/nol , 49. 307-378 (1957) 
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Age Determination in Wild Rabbits 

Potutation studies of the wild rabbit ( Oryclolagtts 
cumcnlup) in New Zealand nnd elsewhere bate 
emphnsized tho need for relinblo mothods of ago 
dotorminnt ion Since w eight is a sat isfnctoiy criterion 
of tlio ago of young rabbits up to 3-4 months, when 
they' becomo soxunlly' mnturo 1 tho scquenco of 
epiphyseal fusion of bones was examined in an 
attempt to determino tho ago of older animals This 
work was initiated by' Watson nnd Tyrndale-Biscoe 2 , 
who found that tho epiphysis nt tho bend of tho tibia 
fused at 41 weeks (range 31—44 weoks) Furthor work 
by Tyndalo-Biscoe 3 (and unpublished work) showed 
that the epiphyses of all other long bones unite nt 
about tho same ago or oarhor than do those at the 
bead of the tibia, but that tlie epipliy’sos of the vei te- 
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brai do not fuse to tho centrum until later in life and 
oould therefore provide an age critonon for older 
animals 

An attempt has now been made to dotormine the 
tuning of epiphyseal fusion of the vertebra? and the 
extent of individual variation The ideal method 
would bo to recapture from a wild population rabbits 
of known ago that had been marked and released 
when very young, but this was Impracticable No 
wild population free from control by man w as avail 
able, and moreover, it would Irnve been necessary to 
mark very largo numbers of joung, since only about 
2 per cent are Ukoly to surviv e until 2 years old 4 For 
these reasons It was decided to baso the work on 
skeletal matorial from captive animals of known age 
It had been found that growth m captivity did not 
effect the age of fusion of the tibial epiphyses 3 like 
wise, in tho present study the bone fusion of two wild 
rabbits marked and released as young and recaptured 
when 16 and 33 months old rcapeofcn ely, was similar 
to that of captive rabbits of comparable ago 

Young wild rabbits were obtained and their ago 
assessed in one of the following ways (a) captured 
when tho tibial epiphyses were still unfused and their 
age (d:0 weeks) determined by recording the time of 
fusion using X rays 1-1 , (6) dug out of burrows soon 
after vanning and aged (±1 veok) by weight 4 or (c) 
bred in captivity from wild parents, and oxaot age 
known 

In young rabbits tho disk shaped epiphyses arc 
separated by cartilago from tho anterior and posterior 
faces of the centrum Fusion is a gradual process and 
all stages oxist between epiphyses that are entirely 
separated bj cartilage and those that are mdistin 
guiehable from tho rest of the centrum For tho present 
purpose an epiphysis has been considered as fused 
only when the line of fusion could no longer be 
detect ed Tho anterior lumbar epiphjses are tho first 
to fuse followed by the posterior lumbar anterior 
thoracic and posterior thoracic generally in that order 
"Within each of these groups the epiphysis of tho most 
postonor vertebra fuses first and the others in order 
antoriorly 

Altogether 47 skeletons of rabbits of knowm ago have 
been examined, and these are grouped in Table 1 

Table 1 BTAflS or TUBJOS OF LUX BA* V DtTEBBAL KsnUIM Of 4" 
Wild Rabbit* oeoukd Accobdibo to A«k 

So ol r*bbU» frith epiphyte* 

Ajn* No Anterior epiphyte* Po*terlor epiphyte* 

(moot l*) 

mined " 0 643217654321 

0-14 10 

16-20 13 13 0 0 ? 

Sl-26 11 11 11 10 0 6 4 1 2 

-,-3* 0 6 6 6 0 6 6 6 0 1 

Z3 38 " 7 " - "- '- 708211 

according to age; tho number of rabbits with each 
lumbar epiphysis fused being shown Tho earliest 
fusion occurred at fifteen months, and although there 
was considerable variation with ago, fusion of tho 
anterior epiphyses progressed anteriorly until all 
were fused at tho age of 20 months The posterior 
epiphysis of the 7th lumbar vertebra was first recorded 
fused at 26 months, and that of tho Cth lumbar 
v ertebra at 32 months, and was fused m all rabbits 
over 34 months old For practical purposes any 
rabbit with both epiphyses of tho flth and 7th lumbar 
\ ert ehrtn can be considered ns over 33 montlis of age 
In two races of laboratory rabbits comploto fusion of 
all epiphyses is said to occur between 25 and 27 
months*, though this does not appear to take place in 


the wild rabbit till much later m life 

The present results make it possible to divide a 
sample of wild rabbits into four age groups based on 
tho degree of epiphyseal fusion of tho tibia and lumbar 
vertebra? 

(1) Less than 10 months proximal tibml epiphjses 
unfused 

(2) 10-25 months tibia fused all posterior ipi 
phjses of lumbar v ert obno unfused 

(3) 20-33 months postonor epiphvais of tin? 7th 
lumbar vertobra fused poetenor epiphysis 0 f the 6th 
lumbar vertebra unfused 

(4) More than 33 months postonor epiphysis of tho 
6th lumbar v ertebra fused 

Further work is in progress to obtain more precise 
information on the extent of individual variation and 
tho ages at which fusion of other vertebral opiphvecs 
oocur 

Age determination based on epiphyseal fusion lias 
already bocn found useful in studies of tho reproduo 
tion 7 and parasite burden* • of wild rabbits and also 
in assessing natural mortahtv 4 and effects of control 
measures 1 ® The mam limitation of skeletal critona 
lies in thoir reetneted value for field examination of 
live animals However a completely unfused tibial 
epiphjsia can bo felt with tho thumb nail m a living 
rabbit*, but unfused vertebral epiphjses cannot bo 
detected in this waj nor are they easily seen in X raj 
photograplia On the other hand a mothod of ago 
determination hosed on skeletal features has tho 
advantage that it can still bo used long after tho death 
of the animal concerned 

R IT Taylor 

Animal Bcologj Section 
Department of Scientific and Industrial Research 
Wellington 
Now Zealand 

’Bouthtnx.il A In* Ini LM 27. u00 (1010) 

■Wattou, J 8 awl Tyndall lllvon, 0 11 NJT J TV r* II 34 

43" (1053) 

» TyDdAk-RMnw C TT \JT J Tfrk 1) 37 40" (105j) 

* TyndAle-IlUM* C It aod BHauw R M 17) Vi Tttk ll 36 

661 (1M5). 

* Rdfcar R. L. J 11 ttdUfe Uanei 31 453 (105") 

•S*»to P D and IHeU, D 11 Ip Onmtbcrv. If (<-d ) -Jtodfrrw 

RTofogfo 215 (Brrffaj Pftrrs UMJ) 

’ Wataou, J fl \ Z J Sei TrrA D M 4,1 I1M") 

•Dull P O ood Taykrr Ik n Pro- \ JT Utl Soe 3 20 (IU56) 

* DoJL P C V J J Sri 1 280 (10j8) 

»* Wodilfil h and Taylor K II 5_T J Sd Tt r* D 3* 369 (10 j7>, 

Asexual Reproduction In the Enchytraeldae 

(Ollg) 

Asexual reproduction lias onlj recent lj been 
recorded in the Fnchytrondac 1 This inability of 
Enchytratxdae to reproduce aaoxually is in sliarp 
oontrast with the situation witlnn tho families* of 
baididac and Arlowmatidae Wo havo however 
found asexual reproduction to occur in three species 
of Enehytraeidat among tho 78 Danish species hitherto 
examined In one species asexual reproduction bv 
fragmentation and regeneration is tho only modo of 
reproduction whereas tho tw o other species are able to 
reproduce sexual lj as well as ascxunllj 

Oognrttin sphayneiorum ejd ) ftugm /Nielsen and 
Clinstenaen* comprises two cytotypca «~54 and 
n~160 Asexual reproduction was suspected to occur 
in this epecies because sexual lj mature worms are very 
rare at any season of the year in spite of tho high 
population densities encountered* (about 120 000 iK>r 
eq m ) , similar densities wore 7 1 yviSsn) 

Britain (personal communication hyp ha*i 

In the fow soxunltj mature 
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been available for examination it was found that tho 
eggs laid by the 54-chromosome typo develop up to a 
certain stage but that the embryos nover hatch , the 
cliromosomes of blastomere mitoses are highly con- 
densed and their number is very variable In tho 
160-chromosome type either one or two polar bodies 
are extruded In the former case a few cell divisions, 
with more than 300 chromosomes in the motapliaso 
plates, take place , m the latter case division does not 
occur, and the pronucleus remains in lnterpliasc In 
all cases tho eggs die within a day or two In this 
species sexual reproduction is, therefore, entirely 
absent and fragmentation is the only means of multi- 
plication The fragmentation is not preceded by the 
formation of a special budding zone and the fracture 
is always located near the middle of a segment Tho 
wound is closed by contraction of tho body wall , a 
blastema grows forward and forms a now body wall, 
the alimentary canal winch becomes attaohed to tho 
blastema forms a solid strand of cells, at an early 
stage its dorsal region differentiates into tho pharynx , 
at the same time the bram and blood vessel is formed , 
when the regenerate has reached a length of about two 
normal segments, it is sub-divided into 8 segments 
(sometimes only 7) by transverse grooves visiblo on 
the outer surface Internal septa are formed between 
segments iv and v and backwards to vm/ix , shortly 
afterwards septal glands bccomo visible as paired 
cellular aggregations on all newly formed septa , 
meanwhile the formation of seta; commences from 
segment n and proceeds backwards to nil , tho oral 
opening, buccal cavity and cesopliagoal lumon are 
differentiated from the solid cord which represents 
the prospective alimentary canal , the differentiation 
is now complete, and the worm begins to feed 

Among a total of 44 immaturo worms kept in 
cultures only 5 did not fragment within a month, tho 
remaining 39 yielded 124 smaller fragments, all in the 
process of regeneration Direct observations in tho 
breeding chambers 4 showed that the worms divided 
simultaneously into several fragments one fragment 
consisting of the original anterior end which only has 
to regenerate a new posterior end, a varying number 
of intermediary fragments which regenerate segments 
at either end and, finally, tho original posterior end 
Only the foremost fragment is able to move about 
immediately after the fragmentation, tho others re- 
mam immobile for a while and are incapablo of moving 
until the regeneration is nearly complete, thus forming 
a chain of fragments Evon an intermediary fragment 
consisting of only two intact segments and half a 
segment at either end is able to regenerate completely 
In Cognettia glandulosa (Mich ) the number of 
mature worms is high for a short period during tho 
autumn The chromosome number is n~54 and 
2n~108 , the eggs develop parthenogenetically and 
the diploid number is restored by fusion of second 
polar body and pronucleus In addition glandulosa 
is able to fragment and to regenerate a now anterior 
end, as in the former species by the addition of 8 now 
segments In breeding experiments r unnin g for one 
month 28 mature worms resulted m 25 worms of 
normal size, 10 fragments (derived from only 3 worms), 
120 cocoons (which were used for cytological purposes) 
and 30 newly hatched worms 

Buchholzta appendtculala (Buchholz) (n=19 and 
2n=38) also possesses the ability to fragment and 
regenerate Preliminary experiments have shown 
that the eggs hatch normally, hence, like O. glandulosa, 
this species is able to reproduce both asexual ly and 
via eggs but it remains unknown whether it reproduces 


parthonogonetically 

Tho three species reproducing asoxually represent 
two difforont genora but thoy aro uniquo m having tho 
genital organs displaced towards tho anterior end by 
three or, occasionally, four sogmonts Tho ovaries are 
attached to tho posterior sido of tho septum botwoon 
segments vm and ix, and tho testes to septum vii/vu i. 
Tho gonads, therefore, always arise from now tissue 
formed during tho regeneration 

Tho cytology of pnrthonogonesis and histology of 
regeneration will bo dealt with m greater detail 
elsewhere 

Tho work is being financed by a grant from llio 
Danish State Research Foundation, and is a com- 
munication from Molslaboratoriot, Fcmmollor, Don- 
mark and Institute of Genetics, University of 
Copenhagen 

B Christensen 

Zoological Laboratory, 

University of Copenhagen 
‘Bell. A W .Science 129,1278 (1050) 

* Melsen, C O , and Christenson, B , Xatura JullaruUcv, 8 (1050) 

* Nielsen, C O Naiura Jutlandica, 4, 1 (1055) 

1 Christensen, 11 , OUos, 7, 302 (1050) 

Variations in Earl / Cleavage of the Zebra 

Fish 

Living eggs of tho zebra fish, Braclnjdamo rcrio 
(Hamilton, formorlj’- Buchanan), havo been studied 
to detect variations in tho rates of clcavago bolweon 
eggs in tho same batch and botw’oon different batches 
In this tropical fresh -water fish a symmetric pattern 
of cleat ago favours tho prompt recognition of 
impending cytoplasmic furrows up to tho 32-cell 
stago 1 , boyond which tho stratification of blastomores 
and tlioir diminution m size make sufficiently procise 
observations impossible Coll dit lsion is synchronous 
in all blastomores from tho 2- to tho 32 coll* stage 

Tho stock fish woro maintained in aquarium tanks, 
each sox separately. For any ono experiment, eggs 
wore obtained from tho mating of ono malo and ono 
femalo brought together in a special breeding tank 
Egg-laying usually occurs within tho 2 hr after 
sunrise, and by persistent observation during this 
timo tho eggs could bo scon dropping through the 
water or, more usually, at tho raomont of their 
arrival on tho blackened floor of tho tank. Six eggs 
wero transferred to a ‘Porspox’ observation chamber 
mounted on a stereoscopic microscopo stago Each 
egg was placed in a separate concavity m tho floor 
of tho chamber, and afterwards could bo identified 
by a lottcr ongrnved in tho adjacent ‘Perspex’. All 
six eggs could bo scon simultaneously in the field of 
view at magnifications of X 8 or X 16 Tho transfers 
must bo completed before tho first cloavngo plane has 
formed , a period of about 30 mm from laying 

Tho temporature of tho brooding tank was con- 
trolled at 27 25 ±0 5°C by a mercury -tolueno 
thermoregulator. Tho observation chamber recoivod 
its heat from an outer jacket, through which circulated 
water from an oxtomal thormostat controlled by a 
mercury contact thermometer Tho tompernturo of 
the water in tho chamber was measured to 0 1°C at 
frequent intervals throughout oacli experiment, 
either by using a coppor-constantan tliormocouplo, 
or lator a thermistor In both cases a suitable 
circuit was arrangod to show tho thermal fluctuations 
as deflections of a galvonomotor noodle Tho water 
in tho chamber was kept within tho limits of 
27 25 ±0 5°C except during tho restoration of water 
lost by evaporation, when tho limits were temporarily 
exceeded Rapid cytolysis of whole batches of eggs 
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during preliminary experiments showed the need 
for activo aeration of tho ambient water This was 
provided as a Btream of mr bubbles which by its 
agitation also facilitated thormostasis 

Tho gnlvanomotor readings and a coded commentary 
on the progress of oleavago in each egg were recorded 
on magnetic tape An audible time base, in the form 
of a 'click' at 30-soo intervals, was superimposed on 
tho commentary and the base provided with a 
calibration point, by recording tho General Post 
Office ‘speaking olook’ once during every uninterrupted 
run of tape Using this method, developmental 
events could be tuned to tho nearest minute Since 
tho moment of fertilization was not known, the tunoe 
of formation of cleavage furrows were measured 
from the appearance of the first 
The individual developments of 30 eggs have been 
studied in 5 batches of 0 8 eggs did not oleave, 21 

progressed to the 32-cell stage and beyond, 1 cleaved 
abnormally with asymmetry An analysis of variance 
was performed on tho duration times of the 2 4 8 
and 10-cell stages within each batch In no batch 
was there any significant difference (P>0 05) between 
oggs, so the data within batches were pooled and the 
moan duration time of each stngo for each batch is 
shown in Table 1 There wore, however significant 
differences between stages m batch 3 (P <0 001) and 
batch 4 (P<0 01) Tho existence of interstage 
variation made it nooeasary to compare batches 
Btago by stage For example when this was done for 
batches I and 2, by using a t test, a significant 
difference wag found but only between the 16-cell 
stages (P<0 01) 
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I wish to thank Mr G 31 Clarke of tbo Long 
Ashton Research Station for statistical ndvico 
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The Sea Anemone ( Calllactis parasitica) and 
the Hermit Crab ( Eupagurus bemhardus ) 

In the well known associations between hermit 
crabs and soa anemones, tho crab is generally assumed 
to play an activo part in establishing and maintaining 
tho relationship This has been demonstrated for 
Adamsia palhata and Eupagurus pndeauxi' for 
CaHiadis parasitica and Pagurus arrosor *»* and for 
O parasitica and P stnatus 1 * 4 From this it might 
be expected that tho largo hermit crab of British 
waters, Eupagurus bemhardus , also aotlvolj assists 
the settlement of O parasitica on its shells Briof 
comments in a noto by Briglitwell* and a review by 
Davenport* suggest however, that theso authors 
novor observed such behaviour in E bemhardus mneo 
tliey both state that tho bolief t^at this crab places 
anemones on its shells requires verification 

I have investigated tho relationship between those 
two animals by introducing shells occupied b> E 
bemhardus, and/or unoccupiod shells, into containers 
where a number of Calliactts had scttlod on tho walls, 
floor, or on objects such as stones scallop shells or 
slates 8eveml different experimental arrangements 
were used, and in all, I recorded about 250 transfers 
of Calhactis to tho shells from their original positions 
Many of these wero followed visually but in no case 
waa a crab aeon to play any port in tho process Tho 
anemone, by sticking to tho sholl by its tentacles 
and spreading tho oml disk over a wide area, then 


Tho venations may bo due to tho biological material detaching tho podal disk and by bending tho column 

the experimental conditions or both There wero double bringing tho podal disk over to tho shell, 
differences in parentage, and, perhaps in precon climbed on sholls entirely unaided bj tho crab 
dlUomng of tho eggs within tho ovary It is also The visual experience was confirmed by results 
possible that some compensatory control of coll which show that Calhactis transfer to unoccupiod 
division is operating during cleavage 1 Records of shells just as frequently and as rapidly as they do to 
temperature fluctuations within tho desired limits shells occupied by Eupagurus In experiments where 
during each experiment, establish the ox is ten 00 of a choices wore givon, and In successive trials where 
different thermal history for each experiment and for occupied or unoccupied sliolls wore presented tinder 
most oggs (Bine© not nil the oggs m a batch develop otherwise identical conditions, there wore 153 records 
in phase) Finer temperature control and recording of settling on unoccupied, and 140 on occupied, 
will be necessary to assees tho importance of these sholls. Moreover Calliaciis which had Bottled on 
difforonoea aa a cause of variation It baa been unoccupied shells showed no tendency to deecrt 
shown for soa urchins of the genus Arbacia that the these for occupied sheila which wore presented later 
oxygen tension has a limiting effect upon tho rate of E bemhardus is generally found in empty Buceinum 
coll division when the partial pressure an the gaseous sholls carrying several Calhactis but living Buccmum 
phase falls bolow a value which Amber-son* places at ore seldom found in hfaturo with the anemone on tho 
coll division, when the partial pressure in tho gaseous shell Yot in theso experiments, Calliaciis scttlod 
phase falls below a value which Amberaon 3 places at very readily on shells of living Bucdnum and did not 
U 6 and Clowes and Krahl* at 15 mm morcury desert three later for sholls occupied by Eupagurus 
In the present experiments aeration of tho water was when the latter wore introduced 
as turbulent os was compatible with other require Tho tendency for Calhactis to settle on occupied 

or unoccupied shells is abolished if those shells have 
Cloavmg eggs of the zebra fish have been used for boon thoroughly cleaned by boiling In caustic soda 
tbo bio assay of cellular poisons* In any refinements This indicates that the stimuli which elicit Ruj 
of this technique aimed at quantitative comparison remarkable bohavioar pattern have » SJSSur 
of cytologi colly activo chemicals the possible existence component arising from tho organic matter ndJtcnns 
of normal variations should be taken into account. to the surfaco of the shell 
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A full account of the -work will be pubhshod 
elsewhere It was done at the Marine Biological 
Laboratory, Plymouth, and I thank the Director and 
staff for facilities and help I also thank the Couned 
of the Royal Society for a grant from the Browne 
Fund, part of which was used for this investigation 

D M Ross 


Department of Zoologs , 
University College, 
Gower St , London, W C 1 
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Acanthocottus lilljeborgl (Collett) 
in British Seas 

The Norway bullhead, Acanthocottus lilljeborgl 
(Collett, 1875), is a marine cottid (Toleostoi-Scloro- 
parei) endemic to the European boreal region It 
closely resembles A bubahs (Euplir ) (= Gottus bubahs 
Euphr ) in general appearance, wide attachment of 
branchiostegous membrane to isthmus, number and 
arrangement of opercular spines, and possession of a 
small barbel at each comer of the mouth, but is readily 
distinguished from A bubahs by the presonco of a 
second longitudinal row of ossicles, dorsal and parallol 
to that along the lateral line, a difference in polvic 
fin formula (12 instead of 13) and smaller maximum 
size (GO mm against 170 mm )' The distribution and 
development of A hlljcborgi have been reviewed by 
Braun : 3 Demersal juveniles and adults of this small 
fish are not often taken, and most records refer to 
pelagic postlarva; Outside British seas, tho species is 
known from the south and west coasts of Iceland, the 
Faeroes, Rockall Bank, Great Fisher Bank, the 
Norw egian coast to 05° N , and the Skagerrak and 
Kattegat 

Past British records aro very few , and bottom li\ ing 
older stages have been recorded only from tho Clyde 
sea area, where small numbers have been found at 
depths of 10-47 fathoms (18— 87m ) 4 - 8 Tho only 
definite British record of postlarvoc is given by Bal°, 
who obtained them off Port Erm, Isle of Man, in 
May, 1939 However, postlarva; from tho w est coast of 
Ireland (Tory Island and Donegal Bay m the north, 
Valentia Island m the south) and the east coast of 
Scotland (St Androws Bay and neighbourhood) 7 - 8 , 
all originally identified as Oncocottus quadrtcorms (L ) 
( — Oottus quadrtcorms (L ), have been assigned to 
A lilljeborgl by Braun 

In the Irish Sea, nothin the past eighteen months, 
demersal examples of A hlljeborgi have been taken by 
scallop -dredge in depths from 15-28 fathoms (28-51 
m ) off the south end of the Isle of Man Standard 
lengths ranged from 30 to 44 mm Tho bottom deposit 
at the places of capture is coarse, being mainly com- 
posed of dead shells and stones, except in one locality 
where there is a characteristic Modiolus opifauna 9 
The relatively wide distribution of the species over 
tins coarse ground, and the evidence of breeding in the 
(occurrence of postlarvro 6 and similarity of some 
scribed specimens to the mature male d'- 

established mSP B l us $ est that A hU Jeborgt i f 

I am 1 of ffrish Sea f 


the Manx material, and to Dr D W Tucker, of the 
British Museum (Natural History), for confirming tho 
identity of four of these fishes 

P J Miller 

Marine Biological Station, 

Port Erin, Isle of Man 
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Defensive Acid-Secretion in Some Marine 
Gastropods 


It lias been known for many years 1 (lmt tho opistlio- 
branclnate gastropod Plcurobranchus mcmbranaccus 
(Montagu) is able to produce acid secretions if roughly 
handled, and the obvious inference is that these 
secretions deter would-bo predators (especially carni- 
vorous fish) More recently, this inference was gi\en 
a scientific bnsis in experiments with pleurobrnnehids 
and marine fish in the Port Erm Aquarium 2 During 
tho past few months an attempt has been made to 
ascertain whether acids wore secreted by gastropods 
other than P mcmbranaccus, and tho purpose of this 
communication is to present some preliminary findings 

It lias been found that acul fluids of approximately 
pH 1 can ho secreted by the mantle and foot of 
Bcrtlidla plumula (Montagu) (Opistliobranchia 
Pleurobrancludne), fanncllana pcrspicua (L ) (Proso- 
branchia Lamellarudao) and Vclutma icluhna (Muller) 
(Prosobranchia Lamollnindae) The pH estimations 
were made with Johnson’s and BDH pH papers 
The acid secretion is produced only after rather 
violent treatment of the area of skin to bo tested 

In experiments with hungry' fishes (including cod 
Gadus moihua (L ), pollack Pollachms pollachius (L ), 
shanny' Plenums pholis (L ), fathor lashei Coitus 
bubahs Euphra9cn and plaice Pleuroncctcs platcssa 
(L ) ), these gastropods were invariably rejected as 
food Rejection frequently occurred only after the 
gastropod hod been in the fish’s mouth for some 
seconds Of the truth of tho inference that it is tho 
acid secreted by' the gastropods which is responsible 
for their rejection there can bo little doubt, sinco 
Bateson 3 found food soaked m a dilute acid for a few 
seconds to be ropollent to a vorioty' of fishes 

One of the most remarkable features of these tests 
is that the gastropod soldom shows anv sign of 
damage, ov'en though the treatment it appears to 
receive from the hungry fish is v lolent m tho extreme 
It is also worthy' of note that- tho ability' to seeroto an 
acid seems to liay'o evolved quito separately at least 
twico, for tho Plourobranchidae and the Lamellnriidae, 
although superficially' exhibiting many- parallels, aro 
m the opinion of modem malaeologists not nt all 
closely related 

The w ork hero described is financed by' a grant from 
the Levorliulme Trust and is part of an m\'cstigat ion 
into defensive adaptations in naked gastropods 
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Albinism In Coconut Seedlings 

In an article on inducing chlorophyll in albino 
citrus seedlings Mlnessy 1 lias recently shown by 
suitable grafting methods that chlorophyll formation 
was not blocked in the normal plant and that no 
chlorophyll irregularities appeared when albinos 
were grafted on to green ones He mentions that this 
result apparently seemed to contradict tho somewhat 
accepted view that albinism £s due to recessive genes 
as was claimed by Torres for the Szmkom mandarin 
Several other a oTkors, Patel 1 m tho caso of the coconut 
Bull* in tho caso of tho African oil palm, Posnotte 
and Croploy* in tho cose of the strawberry Rick 
tt aX * m tho caso of tho tomato, also bohe\ed tliat tho 
oauao of albinism wns duo to certain disturbed 
gonotical factors brought together by cross pollination 
Somo botanists ha\ e attributed the lack of chlorophyll 
to infection with nn unknown disease Pre treating 
citrus seeds with disinfectants such as Ceresan’ and 
‘Agrosan resulted in the production of soedlings 
which were nearly nil green. Albino avocado seed 
lings were shown by Wallace and Drake* to result 
both from seeds originating from off bloom or late 
sot fruit os well os from matured fruits Tagor and 
Cameron 1 on tho other hand, found that albinism 
oould be eliminated in citrus seedlings by tho remo\ al 
of seed coats before sowing, indicating that tho 
inhibitor of olilorophy 11 formation resided in the 
seed coats Furtado 3 lms mentioned ooconut seed 
lings exhibiting complete shoot albinism, attributing 
this to some internal faotor and chlorosis duo to lack 
of femigenoua products in the endosperm 

The logical inference from the nbovo review is that 
there is yet some other factor which induces albinism 
in plants Indeed somo of tho evidence roportod m 
the caso of completo or partial lack of chlorophyll m 
loaves refers to inadequate functioning of some 
physiological mechanism essential for the de\e!op- 
inont of plastid colour, a condition which is also 
brought about by tho genetio composition of tho 
plant That this physiological mechanism appears 
to bo the proper and optimum utilization of iron 
(and probably nitrogen and magnesium) is apparent 
from the results we liav e obtained in several attempts 
made to induce chlorophyll m albino coconut sood 
lings Although calcium, phosphorus and iron do 
not enter into tho composition of tho chlorophyll 
their variations in the sod are generally known to 
influence its production This also appears to depend 
upon the general vigour and tono of tho plant which 
in thoir turn ore influenced by the optimum avail 
ability and/or utihzabiHty of certain combinations 
and concentrations of theso olomonta 

Tho albino coconut leaf tissue contained rather 
liigh iron and high phosphorus contents The 
possibility of preventing the high phosphorus content 
hamponng tho availability of iron for tho biosynthesis 
of the pigment by sldo tracking the iron, as iron 
phosplvate was therefore exammod in three ways 
Iron (and magnesium) were supplied to tlio soil 
every week m the form of dictates (iron green 
J30 Fo NaFo as well as Na,Mg) singly and m 
different combinations to pot-estabUahod albino 
ooconut seedlings Dilute aqueous solutions (2 per 
cent) were used It was obsoivod that the central 
shoots began to de\ olop green colour from about tbo 
end of tho eocond wook and steadily progressed until 
tho whole loaf appeared healthy and green Tho 
green tmt developed from the base of tho loaf, pro 
oooding to tho tip, petiolo and midrib portions almost 


simultaneously E\en from tho timo of nppearnnoo 
tho emerging inner shoot had de\olopod clilorophyll 
just aa tho normal loaf \1 though development of 
chlorophyll and health of tho seedlings progressed 
with tho chclato application the plants gradunll\ 
faded and ovcntually died 

In a second senes of experiments tho tip of ono of 
the albino leaves was just cut and the cut end kopt 
dipped m a 2 per cent cane sugar solution On 
continuing tho feeding of the leaf with sugar for a 
week it was observed that tho inner lorn cs which 
dovelopod afterwards lmd green colour o\on as a 
normal leaf Tins may be attributed to tho organic 
matter suitably chelating the iron present in the 
leaf and rendering tho nutrionts mana\ ailable form 
thus paving the way for normal physiological pro 
cosses to occur In tho third oxpenment tho cano 
sugar was substituted by a 2 per cent solution of 
potassium chlonde for the foliar feeding since it a 
known* that iron precipitation by phosphorus could 
bo prevented bv a possible com craion of inorganic 
to orgonio phosphorus m tho leaf and/or by secondary 
effects on tho organic acid status and cell sap pH 
There was a remarkablo response to tho potassium 
treatment in that there was a progressne greening 
of tho inner shoot and inner whorl of loa\ cs 

These results show that inadequate availability 
iron duo probably to tho incapacity of the plant to 
utilize the iron already present m tho leaf do term in re 
the albinio condition Tho requisite mobilization of 
the iron appears to be the fnotor controlled by tho 
roee«si\o gene or £enes sinco albinism is an inherited 
character Albinism m tho coconut thus appears to 
follow tho general biochemical pattern of nutrient 
maladjustment which when corrected could onontoto 
the recessive genetical factors to ro adjust proporly 
the physiological processes concerned m tho bto 
synthesis of chlorophyll to their usual and normal 
courses Planned experiments to oluoidnto further 
theso aspects are m progress and will bo reported 
elsewhere 

Our thanks arc due to Mr M M Krishna Mamr for 
helpful discussions 

K 31 Pandalai 
R V PmLAi 

Central Coconut Research Station, 

Kasoragod 
India 
Juno 30 

1 JDnetay P 3 *t*re, 1*3, 653(1050) 

• 11 coon. K. r % „ and Paortalai, K. Tho Coronnt 1 aim —A 

Monograph 300 (Indian Central Coconut Committee EnmkuHm, 

India, 19 j1) 

•BdU.II XVnifor No *32(1034) 

4 l*oaoetle A, and Crupley. 1L, J /loy JIorL 30 00 Of 1 jo) 

• Hick, M C, Thompson A l.-» and Drattcr ()„ Atntr J « 1 

(IGjO) 

• Wallace J lt„ and Brake 31. J \car Book Calif Atoc. 8oe for 

1030, 1 W5 

• Tatar r J JL, and Cameron 8 TT . rhytUJ Vlmnlanim 10 302(1037) 

• lkille-Jooe# E \V„ riant and Soil tt, 129 (1053) 

Capsicum Species of West Africa 

TitEnE is still considerable confusion in the oldest 
fication of the genus Capsicum While somo authoritioa 
disagreo as to whother all tlio cultivated \anoties 
should belong to a smglo vnnablo species or to tho 
two species, C annum and O frutescaix recognized 
by Linmcus 1 -*, others ha\ o recogmzod more species’ • 
The number of pedicels per leaf axil has boon ono of 
tho main characters usod m tho classification o *• 
genua Recently Wllaon* fo ' Io "l7, R nc«i'"n" d 
Helaer*. has used 3-6 jxxHcolaefe..c6 iN rmit 
circular constriction at the lwc ^ 
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to distinguish a third species C smense Jacq in 
West Africa 

In the past two years I have collected Nigerian 
‘peppers’ and also have in my collection three types of 
C sinense Jacq received, among other species, from 
the United States by the kindness of Prof P G Smith 
of the University of California I have found, undor 
fertile medium and favourable growth conditions 
both outdoors and m an insect-proof greenhouse, 
that plants of the C sinense Jacq typo have 1, 2 and 
occasionally 3 pedicels at each node I havo observed 
that there are, as a rule, two opposite leaves or stem 
branching with opposite or near opposite loaves 
wherever the number of pedicels at each node exceeds 
3 Since Capsicum plants have altomate leaves, 
these nodes with opposite or near opposite leaves 
may be regarded as cases of short mtomodes 11 
There have not been more than 5 pedicels m any such 
case The maximum number of pedicels por leaf axil 
or true node appears therefore to bo 3 

I have also observed circular constriction of tlio 
calyx m the fruit of varieties with 1, 2 or 3 pedicels 
per leaf axil Varieties with the constriction com- 
monly have the greenish yellow or greenish white 
corolla typical of C frutcscens L 

Although embryo abortion of tho ‘soraatoplastic 
sterility’ type 10 lias been foimd in some crosses of 
G annmnn L and C frutcscens L, the two commonly 
recognized species of the genus, tlio species are, 
however, not completely mtersterile, and tlioir Fi 
hybrids have shown regular pairing suggestive of 
homologous chromosomes 11 So far I havo found no 
cause to think that the reported sterility bamor 
between G sinense Jacq and G frutcscens L, which it 
resembles in every aspect, approaches tho degroo of 
mterstenkty found between G annuutn L and C. 
frutcscens L Tho basis of separation of O sinense 
Jacq as a distinct species from C frutcscens L appears 
rather inclusive at least in the West African species 
Now that the species G abt/ssimcum A Rich , 
C baccatum L Holl , and G cordtformc Mill listed 
for West Africa 12 are no longer regarded as distinct 13 , 
it is suggested that until further work provides 
conclusive evidence of tho existence of other spccios, 
the West African ‘peppors’ should be limited to 
G annuutn L and G frutescens L on tho following 
basis G annuum, usually 1 and rarely 2 pedicels 
per leaf axil , white corolla Generally has thrifty 
growth for one season G frutescens, frequently 1 
and 2, and occasionally 3 pedicols por leaf axil , 
light greenish yellow to greenish white corolla 
Generally has thnfty growth for more than ono 
season 


C Oyoiat 

Agricultural Research Station, 

Ministry of Agriculture, 

Umudike, Umuahia-Ibeku, 
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ENTOMOLOGY 

Central Control of Interactions between 
Behaviour Patterns in a Hemileucine Moth 

Previous publications have described tho relation 
between proctirront flight performance and tho 
strength of a subsequent rhythmic settling responso 
{‘rocking’) in tlio neotropical sntumud moth Automens 
aurantiaca Woymor (Homiloucmfc 1 ) 5 Tlio strength 
of tho rocking response, moasured os tho number of 
completo oscillations of tlio rhythm, increases Imonrly 
with duration of flight, and m tho abscnco of further 
flight responses is stablo to retesting for periods 
of at least 90 mm Tho mechanism by which flight 
performance is thus registered and oxpressed m tho 
subsequent settling behaviour is of particular interest, 
for the relationship is similar to that between tho 
flight activity of foraging honcy-boes, and tho 
rhythmic distance-specific components of tho com- 
munication dance 3 

Tiireo factors other than flight duration influence 
tho strength of the rocking rosponso (1) ago from 
oclosion , (2) the presoncc of competing reproductive 
responses, thomsohes released by prccurrcnt flight 3 , 
which may bo eliminated by removal of tho abdomen, 
either before flight, or between flight and testing , 
(3) tho proximity in time between flight and tho 
sottlmg responso , closo temporal proximity between 
the two acts tends to diminish the strength of tho 
rocking responso 

If theso three factors are controlled by appropriate 
techniques, the numbor of oscillations which will bo 
performed after a gnon duration of forced, tethered 
flight 3 can bo predicted within lory narrow’ lumts 

Tho following operations performed before flight 
fail to interfere with tho process of registration (1) 
removal of tho antennre, including Johnston’s organ, 
followed by the ablation, by scraping, of tho wind* 
Bonsitive hairs of Eltringham’s organ, and tlio painting 
of tlio ontiro head with a lajor of shellac varnish, 
(2) section of tho indirect flight muscles, with or 
without bilateral excision of tho ving-basos, and 
removal of tho abdomen Thus neither extorocoptno 
nor propnocoptivo feed-back from flight-porformanco 
can mediate registration This conclusion is re- 
inforced by tlio fact that registration proceeds at tho 
same rate in freo-flymgand tethered, de nloted moths 

After flight, (3) removal of tlio nbdomon, followed 
by perfusion with Ringer’s solution nlono, and with 
amounts of up to 00 gm / 1 of added glucoso or 
trehalose fails to mtorfero wath tho stability of tho 
responso, oven after recovery from tho osmotic shock 
caused by tho stronger solutions Sinco tho mouth- 
parts are vestigial, and tlio motlis do not feed, theso 
porfusion tests confirm that registration cannot bo 
mediated by tho mteroception of tlio stale of metabolic 
resenes 

Tlio more removal of tarsal support in tho absonco 
of an onsuing flight responso is insufficient to induce 
registration No afloront pathways other than those 
implicated by the reloaso of flight nood to be stimulated 
for registration to toko place, moreover, activation 
of tho contral neural units which mediate tho excitation 
and maintenance of flight is a necessary part of tho 
process 

For technical reasons, it is unlikely that oxponmonts 
of this typo can bo apphod to tho lionoy-boo com- 
munication dance, oven in more moderate form 
Nevertheless, tho present results allow’ a strong 
presumption that tho distanco-spocific components 
of the bee s dance may bo controlled by similar 
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control interactions Such a hypothesis At least lias 
the merit of economy, m comparison with the 
alternative hypotheses requiring feed back from tho 
metabolic or norodynamio conscquonces of flight 4 
Part of this ntudj was made poesiblo bv a grant to 
tho Smithsonian Institution, Washington, D C , from 
the XT S National Scionco Foundation winch 
facilitated field work in tho Panama Canal Zone 

A D Blest 

Department of Zoology and Comparativ e Anntora\ 
University College, London, W C 1 
and 

Canal Zone Biological Area, 

Drawer C, Balboa 
July 13 

1 Micbeoer C D-, TtuU Amrr Altu \at Tllti Arv Tori 85, 339 
(1062) 

* Blest A D„ \at*n 181,1077(1058) 

' Blest A I> Ikkarlovr 13, 297 (1059) 

Ribbands, R. Behaviour and Bocbl life of Honeybee* (London 
1053) Dethkr \ O StUnct 125 531(1037) 

Insecticidal Effects of Activated Charcoal 
and Clays 

Briscoe 1 , Kitohner ef al •, Wigglesworth* and 
Parkin 4 hn\o studied tho inert’ dusts for their 
insoctioidal action Reports on the insecticidal 
properties of mart’ dusts, particularly of silica, coal 
ash, diamond. Carborundum’ dusts from blast 
furnaces, flint, felspar magnesite and dolomite are 
available 1 1 4 While screening samples of various 
clays, decolourizing carbon, gns absorbing carbon, 
silica gel and commercial sod conditioners for in 
sectioiaal effects, it was observed that most of the 
dusts passing through a 300 mesh had various dogreoe 
of insecticidal effects on Tn boh urn caetcncttm Hbst- 
adults, but activated charcoal and decolourirmg 
clays exhibited in general, quicker effects an insects 
than unaothntod dusts Samples of wood shavings, 
sawdusts, coconut sheila and kaolimo clays were 
activated therefore, for further studies on thoir 
insecticidal properties Activated charcoals were 
prepared by the zinc chloride activation method 1 and 
kaolmio clays were activated by acid treatment 4 
Dusts passed through a 800 mesh were used for this 
work The insecticidal properties of the activated 
and inactivated samples were toe tod against T 

Table 1 IltBECTICIDAL, Oas-absoujcto nm DE 


caatcneum by releasing adults on the dusts applied 
on glazed porcelain test plates and onuloemg them m 
glare rings for different exposure periods At tho 
end of exposure periods mortality counts were 
recorded. Cos absorbing capacities of tho samples 
were determined by Sian toll’s method 7 Decolour 
izing properties of charcoal samples were determined 
by suspending 0 1 gm samples in 10 ml of 0-01 per 
cent methjlene blue solution m distilled water for 
30 min and per cent transmission readings wore 
taken in a Lum.it ron photoelectric coloun meter 
using a 05O-tn(i filter on tho filtered aliquot diluted to 
10 times its volume with distilled water Blenching 
qualities of clays were assessed by tho method of tho 
American Oil Chemists Sociotj * The results obtained 
with the activated and inactivated charcoal and clay 
samples on their gns absorbing decolourizing and 
insecticidal qualities are presented in Tables I and 2 

Activated charcoal and clay samples showed in 
general high degrees of insoctioidal activity (Tables 
1 and 2) On activation tho gas absorbing capacity 
was increased m the samples as compared with tho 
inactivated samples The decolourizing property was 
also improved by tho activation treatments of the 
charcoal anti clay samples The results indicated that 
the msectioidal potency of the dusts is relatod to 
either the decolourizing property or tho gas absorbing 
capacity or both These aspects require farther 
olucidation. Activated charcoals wore found to bo 
boitor inaecticldos than the aatixated clnya or silica 
gel In our experiments, gas absorbing carbon of tho 
typo used in a gas mask canister resulted in 100 per 
cent mortality of the test insects within 4 lir ox 
posure , while the innctiv a ted charcoals from different 
timbers gave 30 per cent or loss mortality even aftor 
24 hr exposure of the test insects Tho clava on 
activation exhibited high degrees of insecticidal 
properties although tho inaotivated parent materials 
did not show appreciable insocticidal notions (Table 2) 
Howovor, prolonged exposures of 24 and 48 hr on 
inactivated clayB and 0 dajs post exposure incubation 
of the test insects on wheat flour, resulted in 10-80 
per cent mortality 

In a further study it was interesting to note that 
activated charcoal samples exhibited comparatively 

OLorauznra rBoraraa or Cuascoal Pakplei 


Canister carbon 1 
Canister carbon 2 
Activated carbon (Merck) 

Coconut shell carbon (I. A ) 
Coconut shell carbon (A ) 
DaOfrpto Mlfclia charcoal (T.J ) 
Ikiltxrfia ItltfoiiM charcoal (A ) 

T trio rut framtlt charcoal [I. A ) 
Tedonla fra milt charcoal (A ) 
AnooHstut laU/oila charcoal ) 
AnoctUtvt lallfoiia charcoal (A ) 
Coal (/-A ) 


SAMPLE 

Fuller's earth (tutor*]) 

Fuller's earth (activated) 
BaRCshpnr* day (natural) 
napwhpur* day (acUrated) 
Rail elay (natural) 

Rail day (acUrated) 
llebbur clay (natural) 

H ebb or clay (acUrated) 

H Uka gel (heated at 110 C.) 


Mortality • 

T eatltntum 
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Jt n ) 
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8 

16 
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1 £0 
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46 

08 
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0-05 

100 

28 
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0-70 
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0 

0 

0 

30 

0-07 

21 

30 

76 

100 

10O 

0 74 

06 

0 

0 

0 

28 

0 0j 

20 

30 

64 

83 
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0-tt* 

01 

0 

0 

0 

20 

0-01 

18 

25 

SO 
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0 69 

64 

0 

0 

0 

30 

0-50 

10 

0 

12 

23 

00 

0 60 

*4 

0 

0 

0 

0 
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18 


7 Am inactivated activated • 1-4 (control) 

IjCfZCTlCIPAL, OAS-AMORBUfQ ASP RXZACtinCQ PkOj>tB.TH3§ 0? CLAY* 


Mortality % Txatientun 
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(hr at 20 *Cm CS% IUI ) 
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15 
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48 

0 

43 
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refined groaratnnt 
oil. 0 6 gm clay 
tn 10 ml oil 



1168 


NATURE 


October 10, 1959 


VOL. 1B4 


effect on T1 multiplication Infected colls grown in 
heavy water incubated m normal media show a 
decreased burst size of questionable significance with 
TB and a marked increase with T 7 Wien the infected 
cells were both grown and incubated in media 
containing heavy water. To multiplication was normal 
whereas the burst size observed w ith T 7 was 
significantly increased With each bacteriopliago 
the latent period was significantly lengthened 

It is known that the modium contributes heavily to 
the synthesis of T5 doovyribonucleic acid* while 
such is not the ease with T1 10 Thus it is not sur- 
prising that To multiplication is affected when 
heavy water is present in the medium during the 
latent period It is possible that tho increased size 
of cells grown m heavy water is responsible for tho 
increase m burst size seon with Tl. Experiments to 
elucidate tho naturo of the observed effects nro in 
progress 

Tins work was supported by tho United States 
Atomic Energy Commission, Contract No AT(30-1)- 
2299 

E L Rouistein* 

L A MANSON 
R Hartzell, Jun 
David Kritctievsky 
W istar Institute of Anatomy and Biology, 
Philadelphia 4, Pennsj Ivania 

* fellow, Damon Runvon Research tund, American Cancer Soclet' 
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Galactose-sensitive Mutants of Salmonella 

hr a previous communication 1 pocubar mutants of 
Salmonella wore described, winch had been originally 
discovered and called ‘mutabile-type' (AT) by Muraso 1 
These mutants, when grown m tho presence of low 
concentrations of galactose, show a marked lysis in. 
ordinary media, and are converted to 'protoplasts' in 
hypertonic media Moreover, they are consistently 
non-fermenters of galactose 

Wo have recently studied tho location of the 
enzymatic block in tho metabolism of galactose Tho 
strains used were, Salmonella cnterthdis No II (wild 
type), 1I-1-M (M mutant derived from No II), 
11-1 -TB and ll-l~TW Tho last two strains woro 


galactoso-negativo, galactose-resistant mutants de- 
rived from 11-1-M Tho results of tho studies of 
galactose metabolism are summarized m Tablo 1 To 
measure the consumption of galactose, flyHHJlf 
galactose w-as added to tho growing colls m citrnto- 
ammonium modium Aliquots wero doproteini/od by 
banum hydiowdo followed In zinc sulphnto, and tho 
reducing sugar was dotornnned Tho slow utilization 
of gnlaetoso by iff and TB cells is not merely duo to 
tho simple intrncollulm accumulation smeo treatment 
at 100°C for 2-3 min 3 before dcprotcmi/ation did 
not altor tlio results Thou the enzymes on tho Leloir 
pathway 4 wore studied 

gnluctose + ndcnodne (rlplioxph'Uc — gninrtoie l-phosplmtc-f- 
mlcno-im diphosphate 
(giincfoMinse) 

gnlaclo'e 1 phosphate 4-ur)dlm diph'Hphoglncosr t- I’lucrvu 1- 
pIiosplnt(' + uridine dlplio-plmgalacto'e 
(galactose 1 plirnplmti undjt transferase) 
nridim. dlphfHpliognlnrlOM - drillin' <liplio«phoglncotc 
(iirldini dlpliosphogalncto < l-tpliiieri-' ) 

Tho ncti\il> of galaotokinnso was determined innno- 
mctncallv on the acetone dried preparation of the 
cells induced for 30 min by 0 1 per cent gnlaetoso in 
plain broth M colls had plenty of gnlactoktnaso , 
but its actmty was louer in tho galactose resistant 
mutants Then, it was found that a compound con- 
taining acid labilo phosphate was accumulated m 
iff colls grown in the presence of galactose This 
compound bohnicd in exactly tho same way ns tho 
authentic sample of galactose 1 -phosphate on paper 
chromatography with various solvents (including that 
of Hnrrnp 5 which wns found to bo able to separate 
clearly galactose- 1 phosphate from glucoso-l-phos 
phato) When tho accumulation of gnlnctoso-1- 
phosphato was determined as acid-labile phosphnto 
which was not adsorbed by charcoal, it wns found to 
bo less in resistant strains than m M colls Thoso 
results show flint (1) iff mutants ha\o high Joe els of 
galaeiokinaso, but nro blocked in tho later stop of 
galactoso metabolism as is ovident from tho accumu- 
lation of galactose-1 -phosphate , (2) ly tic effect is 
correlated with tho metabolism of gnlaetoso by 
galactokinaso, because tho less gnlnctokmnso a strain 
has, the more docs it seem to bo resistant to gnlaetoso 

To determine the prosonco of galactoso J-pliosplioto 
uridyl transforase (transferase), tho induced colls woro 
extracted by grinding with alumina and tho extract 
was incubated with galactose- 1 -phosphnto (0 2- 
0 4 gmolc), uridmo diphosphoglucoso (0 05-0 1 
pinole), tns buffer (pH 8 7), mngnesmm chloride, 
cystcmo and crystalline phosphoglucomutnso, Phos- 
phoglucomutaso was to convert tho produced glucose- 
1-phosphato to glucoso-G-phosphato After dopro- 
tcmizntion with 0 BN perchloric acid, tho formation 
of glucose C-phospbnto was determined ns tho dis- 
appearance of acid-labilo plus inorganic phosphate 
during tho incubation By tins method, abundant 


Table l Thu metadomsm or qalactosp nr \ aiuoos 

MLIAST STRAINS 

R lra ' n , . . . No 11 11-1-Jf 11-1-TB 11 

Lysis by galactose* — + delayed 

Acid production from galnctosct + — 

Consumption of galactose 

Ounoles/lOOmgm dry weight >75 20 G 6 4 

cel)s/30 min ) 

Activity of gatactokinaset 


No 11 

+ 

11-1-Jf 

+ 

11-1-TB 11-1 -Til 
delayed — 

>75 

20 6 

C 4 

0 

63 5 

21 4 

4 3 

0 

0 

1 20 

0 87 

0 

+ 

+ 

+ 

Not examined 


(gmolcs/100 mgm occtono- 63 5 21 4 4 3 0 

dried cells/ 30 min ) 

Accumulation of Gal-l-P 

(gnioles/lOOmgm dry weight 0 1 20 0 87 0 

cells/30 min ) 

Act!' ity of transferase + + Not examined 

Activity of cpimernsc + — 

* Tested in broth "1th 0 1% galactose 
+ Tested on BTB-galactosc agar 

T Tiic reaction mixture contained 10 nmoles galactose 4 nmoles 
adenosine triphosphate, 10 nmoles magnesium chloride and 00 umoles 
sodium bicarbonate in 2 0 nil Tho gas phase tvns 80 per cent nitrogen 
-20 per cent carbon dioxide 


trnnstomso was demonstrated m wild-typo colls 
With the extract of iff colls, the reaction procoodod 
rapidly nt first, but it soon renebod a plateau, and tho 
total amount of tho product formed w as far less than 
tho amount of galactoso-l-phosphato added Sinco 
in this assay system, undino diphosphoglucoso added 
m catalytic amount should bo quickly consumed if it 
was not regenerated by uridmo diphosphogalactoso-4- 
epimcrnso (epimoraso), this observation suggests tho 
presence of transfornso and the absence of epimoraso 

^rr° r0 -^ 10 -fr 1Iow mg rc3ulte confirm tins mter- 
n i ^ substrate amount of uridmo 

diphosphoglucoso (0 8 gmolo) was used almost 
complete utilization of nalncln 0 „ i i , nlmostl 

nhsm-vort (91 Who „ 01 S^Cwso-l-phosplmta WOS 

observed (2) The extract of tt mutant of i cohff-12 
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(IT 3000)*, wlnoh by itaolf did not allow any detect 
nblo transferase activity but is reported to contain 
abundant opimorase 7 was ablo to allow tho reaction 
to completion with the catalytio amount of undine 
diphosphoglucose, if combined with tho extract of At 
cells (But the form or loses its catalytio activity 
when treated for a few minutes at 100°C ) Thus it 
seems now obvious that At colls have a block at tho 
epimeraso lovcl Tins is 111 oontrast to the transferase 
lees mutants of E coh whioh are reported to show 
marked bactenost-asis but not lysis in the presence of 
galactose 7 We were very recently informed b> 
Dr H 31 Kalckar* tliat ho also had independently 
demonstrated by his more spocillo method of ossa} 
that tho metabolic block of ono of our E colt At 
mutants lies at the lovol of ep unerase 

Since opimerase is behoved to be responsiblo also 
for tho biosynthesis of galaotose tlie sugars in the cell 
wall hydrolysate were analyzed by papor chroma 
tography It was found that w ild typo colls contain 
a largo amount of galactose in addition to glucose and 
rhamnoso , but At cells did not contain galactose and 
rhamnoso at all This ia m agreement with tlie recent 
report of Kalckar and Kurahashi 7 thtit tlioir E coh 
mutant IF 3090, looking epimeraso, transferaso and 
gnlaotokmnsc docs not possess galactose and rham 
nose m its polysnccliorldes In the light of tins 
finding some peculiar features of At cells becomo 
intelligiblo jtf colls form somewhat rough colonies, 
tliey have greatly altered susceptibility to plrnges In 
the transdnotion using tempera to phngo PLT 22 and 
At mutants of Salmonella iyphtmurium LT 2 and 
LT 7, these various characteristics behaved all to 
getlier with sensitivity to and non formontation of 
gnlactoso Those characteristics had been interpreted 
as the ploiotropio expression of a einglo geno mutation 
but tboy can now be considered ns solely duo to the 
abnormal composition of tho oell wall induced by tho 
primary defect in epimeraso, and it servos to demon 
etrnto how for reaching the elToct of a singlo onxyrnatiG 
defect oould be 

The mochaniflm of lysis has not yet boon elucidated 
But considering the results* which show that tho 
synthesis of noithor cell wall lipocarbohydrate nor cell 
wall protom is quantitatively impaired by the 
presence of galactose, tho simplo inhibition of cell wall 
synthoflis* scorns rather unlikely In tho At mutant* 
of S typhxmurxwn LT 7 which cannot adsorb phage 
PLT 22 m contrast to wild typo cells, galactose 
appears to induce the do novo formation of 'normal* 
pi rngo receptors* It might be considered that the 
incompatibility betwoen the newly formed ‘normal 
cell wall and the pro-existing ‘abnormal’ ono might be 
tho direct causo of lysis by galactose 

Thanks are duo to Drs H M Kalckar and K 
Kurahashi for valuable suggestions and for supplying 
chemicals and mutant strains of IC 12, and also to 
Prof D Ushibtv for helpful discussions 

To sin o Fukasawa 
Hiroshi Nikaido 

Department of Bacteriology 
Koio University School of Medicine, 

Shmano machi Tokyo 


1 Futouwrra, T , oikI Mlcmldo IT., Sattnt 133, 1131 (ICkiP) 

* Mar***, W.. JaP J Jkict-, No 440,875(10351. , , 

• Hkikct>i*rB II V_ Cohen, O If Buitln O iod ttosod, I-> 

Inti. 1‘aylfnr 81 , 820 ( 18 ^ 4 ). 

« FokkRT H Adr In Exnrwof., » 111 (1053) 

* Huron FEU Aatirr 183,870(1058). 

125 114(1917). , . 

’ kidrkju- II M nod Karatuihi K„ mannrcrtpt ralinutteu for 
pablkatkm. 

• KajcWar H M (pcnvmal communication) 

» T., Bud Mkaldo IL (unpuMtihcil oh*«VAtlon) 


Factors in Forest-Tree Litter Extracts 
affecting the Growth of Soil 
Micro-Organisms 

It is well known tliat beech litter is less susccptiblo 
to decomposition than is tho litter of many othor 
species including maple One reason for this may bo 
tie presence or absence of certain factors inhibiting 
or stimulating microbial growth For example 
factors inhibitory to various fungi havo been shown to 
occur in leaf exudatos of cortrun plants 1 * * and in many 
plant oxtraots 5 * 4 whereas factors stimulating cortam 
mycorrhizal and saprophytic Hvmenomy cotes hnv o 
also been observed* Antibacterial factors Iinve been 
demonstrated in oxtraots of oak and maple leaves* 
spruce needles* and m other species 7 Autoclaving 
of the extract has boon shown to increase tho inhibition 
of fungi* and bacteria* under tho experimental 
conditions used 

Rather different properties of inhibition and stunul 
ation irere observed In tho folloirzng etudt in ahich 
newly fallen beach (Fagua grand if oha) and maple 
( 4ccr saccharum) leavos were extracted with cold 
water Tho dried leaves were milled, homogenized 
with ten times tlioir weight of cold water filtered 
and then centrifuged to remove suspended organic 
matenal Tho pH was adjusted to 0 8 and half of 
tho extract sterilized bv Seitz filtration and tho 
remainder by autoclaving Modi urn consisting of 
equal quantities of Difoo nutrient broth and loaf 
extract was then mooulnted with oaoh teat organism 
(Table 1) Fungi wore moubatod for 20 davs and 
growth dotermmed by drv weight measurements 
Bacteria wore incubated for two days and growth 
estimated by plate counts Tho results are shown in 
Table 1 

The fungi showed similar growth responses as also 
did the bacteria but tho two groups differed from caoh 
other Thus the fungi alone were inhibited by tho 
filtered oxtrnot but only that prepared from beech 
leaves was activ e in this way Tlie bacteria however 


T*blo 1 Giowtti op Fom Miato-ORtu.Tu.xa it \rranrrr Troth 
CoTTitsuio Tree Lett Litter Extract* Stoulhep it Two Wat* 


RMzopttt nfffnceas 

Coalrol 

waler 

KellX 

flttcrrd 

Auto- 

da\t\I 

Rdtx 

flUcml 

mum /23 rat 

4 1 

1 1 

51 4 

85 

nto>T 

mira/23 rat 

" 4 

1 7 

31 4 

41 1 

AaXohxffcr ijlVo x lOVmt 
Pteudowrortat fixortseew 

07 

32j 

1 

580 

No. X lO'/rnU 

170 

015 

14 

433 


Aulo- 


wore inhibited strongly by both autoclavod extracts 
which were stimulatory to both fungi tested Tho 
significance and mechanism of tho apparently separate 
bacterial and fungal inhibitors must await further 
inv estigatlon, but it is concoiv able tliat tho fimgistatio 
activity of tho filtered booch extract mav have 
ocological significance m tho field 

Roger Knowles 
Edward Laiskley 

Deportment of Agricultural Bacteriology, 

Macdonald College of McGill "University 
Province of Quebec 
July 28 
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FISHERIES 


Prediction of Selection Factors in a 
Tropical Trawl Fishery 


The discovery of a potential trawl fishery in an 
under-developed rogion may lead to the rapid 
expansion of the mochamzed fleet and the oxhaustion 
of the resource in a very few years , this has recently 
occurred in Liberia 1 and appears to bo hnpponmg m 
Ghana 2 If it were possible, in the oarly stages of 
development, to introduce appropriate mosh-sizo 
regulations (together with a vessel -liconsmg system) 
the exploitation of the resources might be placed on a 
more rational basis , but it is characteristic of such a 
situation both that the research facilities are limited 
and that the exploited stocks compriso a variety of 
species, each of winch will bo selected differently by a 
particular mesli-size Devoid 3 comments on such a 
situation, which has now arisen through tho intro- 
duction of modom trnwlors on tho Brazilian coast 
As an interim moasure, and as an alternative to 
legislation by intuition, tho derivation of selection 
factors ( S ) from tho length/girth (L/O) relationship 
appears to bo promising Graham 4 commends such a 
derivation, but the relationship botwcon L/O and S 
appears to liavo been little investigated , Margctts 5 
has made an indirect approach m tho caso of European 
haddock and whitmg, wlnlo Cassie 6 has made a 
direct comparison for tho New Zealand snapper 
Cassie postulated that tho CO per cent retention 
length (7/) for snapper would bo closo to tho longth 
appropriate to a girth equal to tho circumforonco 
(2iW) of tho mesh under consideration , for this 
species the calculated, or predicted, valuo of S was 

2 36, the best experimental estimato 2 32, tho moan 
experimental estimate for single twine cod-onds 2 35 
Agreement was thus much closor than in tho caso of 
Margetts’s work, which was based on much more 
sensitive girth measurements and calculations, but 
where the best estimato of S for haddock was 4 00, 
against the value currently accoptod by tho Inter 
national Council for the Exploration of tho Sea of 

3 30 


For Cassies’s postulate to be gonorally true it must 
be possible for a normally activo fish seeking to 
escapo from a trawl not to oxpand tho diamond shapo 
of the mesh nearly to its maximum aroa , an experi- 
ment in which a trawl not was anchored at tho surfaco 
in a 2-3 knot tideway has shown that tho force 
necessary to thrust a greased wooden cono through 
the mosh to its full expansion is surprisingly small — a 
sudden thrust of 2 kgm would appear to bo within 
the powers of an activo 10-12 m toloost, and expands 
tho mesh (m this case of single cotton twmo) to 
withm 7 per cent of the maximum possiblo without 
pulling the knots 

Tho L/Q ratios of the moro important domorsal 
fish off Sierra Leone have beon investigated and it is 
now possible to draw up a tablo of predicted valuos 
of S for these fish, based on tho calculation S=L'/M,L' 
being derived either from the equation L=nO±L 
obtained by least squares m tho case of good samples, 
or L=7iG in the case of small samples Those valuos 
are given in Table 1 

Concurrently with this investigation, covered 
cod-end experiments have been started using an 
open 2 8 -ft trawler , these will presumably require 
several years for completion, but preliminary data 
mako possiblo an estimato of tho accuracy of the pro- 
ai f ? r ? wo species In the case of gwangwa the 
on between, the two values is very closo 


Table X I’RvnicTT.n Sntrcnox Fvctors rap West Aitiicak 
Dlmehsai, Fish, ron a rliatiytli nrxiniJ wrsii of such matfeut, 
as Con-os, MAmla on Nalox 


Shcophcnd ( Prepane afneana) 1 41 

Spndcflflh U yhippu * Irppti) 1 44 

Cntflsli (Tacjiyniru* aambrnmt) 1 01 

Snapper (I’aarits ehrenberai) 2 40 

Crocus (Pnrtivoma jitbehm) 2 89 

Slilnenosc (GatcoUlrx Cera wctjlu *) 3 30 

Guanto'a IPuruilotoUthus rlongatits) 3 58 

Lndillsh (Pteudolohthn* eenegaleiuis) 3 00 

Whltim? (PffiitfoMiil/itis itneaitlln) 3 71 

Spanish (Polytlaettllne quadnfilu) 3 02 

Tcnm ( Mop* tenrgalm*!*) 4 22 

Ihidj Hull (Ptenitotolil/iit* macrognathn*) 4 20 
Sole (Cpnoglomi* gorctnsu) 4 50 


(Table 2) but in tho caso of crocus (olyrn ‘croakors’, 
Croolo?) the experimental valuo of 3 45 for a small 
samplo of 33S fish is not very closo to tho prediction — 
though oven so tho value of L' for tho mesh used is 
within 5 por cent of that predicted (19 5 against 
21 3 cm ) 


Table 2 rrrmcTTD axp ExrrriMFNTAL ncTrsnos Data 
for Givamwva 


1/ 




A” 

M 

S 

0% 

50% 

100% 

Series A 

Tx p 
ITcil 

2733 

0 70 

3 47 

3 48 

(13 0) 
13 0 

23 25 
23 33 

27-0 
31 40 

Series B 

Ftp 

l’rcd 

2070 

0 70 

8 40 

3 47 

(12 0) 
13 23 

23 75 
23 01 

23 0 
31 87 


Series A, 10 ImulH , series It, 10 lnuls, totalling together 40i hr 
tmwllnR time In the SIcrm I,eonc estuary A, numlwr of tlsh In each 
series, 3/, mesh In cm , //, p< rccutapc retention U ngth in cm , 


Tho disparity botwcon tho predicted values for 
gwangwa in Tables 1 nnd 2 arises from tho fact that 
over tho sizo rango of fish oxnminod tho slope of L/O 
has a significant posit ivo intercept — so that tho \nluo 
of S will vary slightly with the mesh si/o, Tablo 1 is 
based on moan figures for 1-, 2-, 3- and 4-in meshes 
and Tablo 2 on 6 70- nnd 0 79-cm meshes 

An attempt has also beon mado to predict tho range 
of tho soloct ion ogivo ; but hero tho ngreomont botw ecn 
prediction nnd oxporimont m tho snmo two species 
was rathor poor (Tablo 2) A sur\oy was mado of all 
available published selection ogives, from which a 
mean \nluo for tho rango (7?) in torms of tho ratio 
JR/L' was obtained — 0 79 for ronndfish, 0 53 for 
flatfish. Theso woro further brokon down into 7?, 
(tho rango 0-50 por cent retention) and R t (50-100 
per cont) , a mean for ronndfish w as calculated — 
7? 1 = 0 537?, 7? t =0 447?. For gwangwa, tho selection 
in fact proved to bo much shnrpor for 7?. than was 
predicted, nnd wars m tho region of 0 207?, wlnlo tho 
inclusion in tho cod-end of many a cry small fish 
stunned by tho largo and provalont scyphomodusffl 
of thoso waiters extended tho ogivo to tho low or limit 
of tho sizo-frequency distribution of tho samplo 
Tho groat range m tho valuos of S for thoso fish 
reflects tho dtversitv of tho commercial spocios nnd 
indicates tho difficulty of reaching rational exploit- 
ation of such stocks , but it is hopod that it will bo 
possiblo to uso thoso predictions to dotermino, to some 
extent, tho effect of mesh sizo in tho now rapidly 
expanding Sierra Lcono trawl fishory in which, 
subjoctivoly, tho size and fishing powor of tho fleot 
appoars to bo approaching tho limit which tho 
rosouiccs w ill stand 


Aean Tt Longithrst 


Fishonos Development and Kesoarch Unit, 
Freotown, Sierra Leono 
July 7 


, in A ocpi interior Fisheries Lcarict, 440 (1057) 

, ■n° ,ln M n r' F J 1 ’ 1 1,horl( u Department, Ghana, 1057 (1059) 

D °U05S) r ’ llcp 0ovt Bmlt on Hilicrj lllolosy F.AO llpt 70S 

* Graham, M J Conteil, 20 (1), 01 (1054) 

‘ MAractts A It / Conseil, 20 (1), 50 (1054) 

Cassie, R 3L, N Z ilnrlno Dept Fisheries JJulIctln H (1055) 
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GENERAL EDUCATION IN A MODERN DEMOCRACY 


I N his presidential address to the British Association 
at York on September 2 Sir James Gray pleaded 
strongly for a wider outlook in the teaching of ocfonce 
and stressed tho need for a considered judgmont as 
to tho proportion of our total oduoational effort which 
should be devoted to the training of scientists and 
technicians — upon whom we depend for maintaining 
or extending our standard of living — and the pro 
portion which should be expended on raising the 
intellectual standards whereby the bulk of the 
population forms its judgments on mattors which arc 
suBcoptiblo to personal prejudice or political propa 
ganda Sir James recognized the implications of Dr 
Tronoman’s inquiry into tho impact of the mass 
media and maintained that the key to tho problem 
llOA in the schools The responsibility resting on 
sooondary school teachers is not easily exaggerated, 
and Sir James pointed out that really inspired 
teachers, working with adequate but simple equip 
mont, would achiovo far more for general education 
tlian specialists In highly oqulppod laboratories 
In the concluding part of his address, Sir James 
Gray referred to the poesiblo contribution which tho 
British Association might make to the problem of 
gonoral oducation so far os science is concerned, and 
tho attention given to this question was a feature of 
the York meeting Apart from this no fewer than 
throe of the presidential addressee to Sections of 
the Association discusaod general or particular aspects 
of tho mam problem raised by Sir Janies. A provO' 
cat! vo address by Prof J Jewkea to Section F 
(Economics) for example, examlnod the question of 
balance between general oducation of tho population 
in soienoo and that devoted to the training of scientists 
and technologists In Section L (Education), Sir 
James Robertson, raised much the same issue in 
frankly discussing tho purpoeo of our educational 
effort, while, addressing the Assembly of Correspond 
ing Societioe, tho Countess of Albemnrlo discussed 
the question how tho ordinary citizen oould prepare 
himself or herself to live intelligently in a ecientiflo 
age, and tho sources of information and instruction 
available for that purpose 

The Countess of Albemarle suggested that there 
are three oesontial needs for the ordinary citizen 
awarenew of the character of the times in which ho 
lives , some understanding of tho methods of scientific) 
research , and some readiness or determination to 
koep abreast of scientific development and invention 
As Sir James Gray had already pointed out — and os 
Dr Tronaman’s inquiry shows-— the attempt to moot 
theso needs must begin in the schools and there were 
other papers road at York which wore oqually oon 
oernod with tho way in which this should bo dono 
Mr J Maitland, in Section J (Psychology), considered 
spociftcoll} the communication of science to the 
layman Mr N F Newbury dealt with tho place of 
scioaco in the primary school before Section L and, 


before the same Section, Dr Iv Layboum, in dis 
cussing the training of teachers of science and 
mathematics and what the schools require lafd his 
own emphasis on the importance of quality and 
the decisive contribution which an outstanding or 
inspired teacher in love with his subject and Ins job 
could make 


It is, however. Instructive to examine some of 
these fundamental issues debated at York in tho 
light of the Clayton Memorial Lecture which Sir John 
Wolf end on delivered to the Manchester Literary and 
Philosophical Society in 1968 He did not attempt 
a definition of education, but pointed out that it is 
on essential part of a teacher s duty to instruct his 
pupils in certain areas of human knowledge and skill 
This responsibility for instruction is inescapable and 
it is obvious that such instruction is what is in tho 
minds of thoso who raised these issues at York. Sir 
John, however, emphasized that oducation is among 
other things, the infiuonco of ono personality on 
another That has boon dearly recognized m tho 
groat schools and universities of Britain. It is 
implicit in the comments made at York as to tho 
importance and infiuonco of the great and Inspiring 
teacher 


Sir John Wolfenden in this lecture proceeded to 
discuss some of the implications arising from this 
influence of the touch or upon immature minds, and 
much of what he said is important not only in tho 
present context but also in that of the proposal 
recently advanced for giving votes to young people 
at eighteen years of ago He faces frankly tho 
difficulty of presenting truth objectively particularly 
in relation to judgments of valuo, and no less bo 
recognizes that the immaturity of tho minds of our 
pupils is a fundamental difficulty Because of that 
immaturity, they ore not capable of making up tholr 


minds for themselves when confronted with carefully 
balanced lists of credits and dobits, ami Sir Tohn 
believes that of all the demands made on Intelligent 
boys and girls nowadays, this la the ono which causes 
the most unhappmoes and strum It is not holpful 
to withdraw our experience and comparative maturity 
from them at this point. 

Nor does 8lr John behove that, in fact. It fa possiblo 
to do so There is no neutrality m many such matters, 
and there is force in hie suggestion that it may be as 
dishonest to pretend not to hold views which ono 
dace hold as to pretend to hold views ono docs not 
Moreover, tho significant influenoo on tho voung is 
what o man is and does, not what he says, and what 
he is and doco are Iruroparately fused with what ho 
believes with his oonvictiona, principles and faith 
Tolerance and an open mind are indeed essential to 
human thought and progress but they roust bo 
understood and practised ns positives, not a* 
negatives. It is no pert of real tolerance „ 

reminds OS, to balisvs tint .u opinion, are oqunDr 
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valid, or of a genuinely open mind to be empty 
Empty minds and closed minds are equally a reproach 
to the educator, and his final ploa is not for prefer- 
ential treatment for any one set of opinions or 
doctrines, but for a free, fair chance for all, accoptmg 
the risks involvod whoro immature minds are con- 
cerned, because m this way we come nearest to bomg 
faithful to our immature pupils and to the truth 
itself 

Sir James Gray suggested that the value of an 
educational system con bo judged by the extent to 
which it leaves people with a dosiro to know more 
about the world at largo, and aware of tho need — and 
the possibility — of satisfying this at least in part, by 
personal effort Obviously, too, a constantly changing 
environment involves a continuous review of tho 
general pattern of teaching , but apart from tins, it 
is a serious indictment of specialist training m science 
and technology that it so often leavos tho specialist 
not merely with no knowledge of the humanities but 
also with no desire to attempt to make good tho loss 
That of itself has not only destroyed tho catholicity 
of intellect without which civilization cannot survive , 
but it has also contributed to malco tho scientist 
and the technologist tho tools, first of commercial 
power, and later of tho impersonal pou or of tho 
State 

This argument is devolopod by R T Rolt m 
an appreciation of tho width of knowledge of I K 
Brunei with which ho concludes his biography of 
that distinguished and versatile ongineor, and his 
argument found echoes m a rocent address of Sir 
Solly Zuckorman on scionco and freedom, as well as 
in Sir Charles Snow’s thesis of tho two cultures Tho 
divorce of the scientist and tho ongineor from tho 
humanities involves a loss of proportion, and from 
that springs in some measuro thoir loss of mflucnco, 
while the door is opened to misunderstandings, doubts 
and fears which have both shakon man’s confidence 
and weakened his control over ovents Sir James 
Gray wisely remarked that no young scientist should 
bo allowed to forget that now discovorios tend to 
tense from tho borderland betweon different subjects, 
Wiore the discipline of one is applied to anothor , 
JT't that alone will not suffice It would seem to 
follow from Dr Trenaman’s study that this question 
of general education must be tackled m tho schools, 
before specialization begins, if anything offoctivo is 
to be done 

Sir James Gray’s address, no less than Sir John 
Wolfendon s, thus leads directly to tho central 
question which Sir James Robertson dismissed 
What are our schools for ? It may still be a more 
open question than is often admitted, how much of 
our educational effort should bo devoted to tho 
training of professional scientists and technologists, 
and neither Sir Jame 3 Gray nor Prof Jowkes domed 
that we might need to increase tho present pro 
portion What they did emphasize was that wo 
should have due regard to the cost, and before wo 
domed, in consequence, to a very muoh larger fraction 
of tho community a reasonable chance of “seeing life 
° ^ aiK * 418 a whole”, wo should be sure, on tho 


basis of impartial inquiry, that tho nood oxistod and 
that tho cost is justified 

This quostion, howovor, cannot bo ontiroly separ- 
ated from that of tho gonoral education of tho com 
munity If scionco is to bo of direct cultural signi- 
ficance, it cannot, ns Sir Jamos Gray said, shut itsolf 
off from ono of tho mam factors which liavo influenced 
men’s attitudo to social probloms, and implicit m Ins 
address was a suggestion for furthor inquiry into tho 
way in which scientists might rocoivo this gonoral 
education, possibly tlirougli the activities of tho 
British Association itsolf If this inquiry supported 
a voder, and perhaps moro biological outlook on 
genoral education, very far-reaching ro-orgamzation 
of both schools and universities might bo involved , 
but this could searcoly bo undortakon without giving 
a considered answer to tho quostion, what nro our 
schools for, if not to tho corresponding question about 
tho purposo of university education Even to urgo 
that scionco can only play its full part m furthering 
human wolfnro if it is used, at a vory oarly stage of 
education, os a moans of oncouragmg a dispassionate 
but optimistic attitudo towards all aspects of human 
affairs, mvolvos at loast an answer to tho first 
quostion 

Sir James Robertson's survoy was largoly inspired 
by tho viow tliat wo aro noglocting tho groator task 
of education for tho lessor, though not unimportant, 
task of instruction, and it should already bo clear 
that many of our prosont shortcomings ariso from 
this fact, porhnps m part, too, from a failure to 
loahzo that what ordinary children need most of all 
is neither tlus skill nor that smattering, but jiiBt to 
bo humanizod and liolpod ovon a liltlo way towards 
ciMlizod living It might woll bo urgod that without 
tlus the scientist and toclinologist, too, aro unhkeh 
to contribute much towards mooting tho real needs of 
mankind If, in fact, tho mam offort of tho 60condmv 
modem school is diverted from tho gonoral oducation 
of tho ordinary child, no irnpro\ omonts m tho oxtont 
or quality of fuithor education nro likoly to ropnn 
tho damago It is abundantly cloar already that tho 
fundamental reason only a small minority of British 
adults contmuo their gonoral oducation is not tho 
lack of facilities but tho dofocts m tho oducation they 
havo already rocoived It is in tho schools and tho 
schools alone that tlio basis of a sound gonernl 
education can bo providod, cither for tho ordinary 
citizen or for tho specialist 

Tho wholo trond of Prof Jowkos’s addross supports 
Sir James Robertson’s conclusion that until wo aro 
cont-ont to accopt cluldron as thoy are, wo will con- 
tmuo to lose tho chanco of developing tho gifts thoy 
havo, in our porvorso determination to make thorn 
manifest powors which in fact thoy do not possoss 
His second conclusion is ondorsod by Sir James 
Gray’s addross m its aims and emphasis our 
oducation should rofloct, as it doos not at prosont, 
tho inoscapablo truth that it is for most of us rolativoly 
easy to got a job and do it docontly, but tragically 
hard to bo good human beings in our communities, 
our homos and our solitariness It will not bo oosy 
to change tho omphasis from vocational training to 
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education for life, nor perhaps oven possible without 
a change of heart , hut until it ia done we can scarcely 
approach the problem of living "with scicnoo and the 
effective uso of tho spoken or tho written word and 
the visual image 

To eet Sir James Robertson's plea that the ordinary 
oluld needs to be humanized and to be helpod towards 
civilized living against Sir J ohn Wolfenden’s plea that 
it is not helpful to withdraw our experience and 
comparative maturity from our pupils when they are 
faced with judgments of valuo, sufficiently Illustrate* 
how much common ground oxista in these two 
approaches and how mu oh depends on the teacher 
That remains the koy problem, and especially how 
men and women of the right type oro to be found 
and produced Even if the need for Britain to 
produce more highly qualified scientists and tech 
nologiste is fully established the development of 
general education for tho ordinary citizen may still 
remain tho more urgent problem for at least two 
reasons The production of scientists and tech 
nologista of the required qualities is linked with this 
problem of goneral education in tho schools and the 
supply of appropriate toaehers Moreover, since the 
general citizen, as tho Countess of Albemarle observed, 
noods increasingly to ha\ e eomo understanding of 
what science is about, because decisions m public 
affairs nowadays usually in some measure and at 
some point mvoho an assessment of sciontlflo and 
technical data the appropriate measures to increase 
the supply of teachers — and In turn of scientists and 
technologists — depend very largely on the existence 
of on informed opinion capablo of understanding tho 
action required, and capablo of supporting it until it 
has boon carried, to a pat in factory conclusion. 


RESEARCH IN GAS DYNAMICS 

Fundamentals of Gas Dynamics 
Edited by Howard W Emmons. (High Speed Aero 
dynamics and Jot Propulsion, Vol 3 ) Pp xm+749 
(London i Oxford University Prose, 1958 ) 140* not 

T HE third volurno in the Princeton series, ‘High 
8 pood Aerodynamics and Jot Propulsion' is con 
corned with tho fundamentals of gas dynamics In 
his preface the oditor of the \olumo describes gas 
dynamics as ft rapidly developing branch of physics 
and applied mathematics Teion’e introductory 
chapter, a genoral development of tho equations of 
gas dynamics but dealing principally with tho fluid 
mochnnics of a continuum, amply illustrates tho 
importance of appliod mathematics in this fiold of 
study All possible combinations of compressible 
flows, fldinbatio or diabatic, irrotational or rotational, 
steady or unsteady are considered The last chan tor 
on tho flow of rarefied gases, by Sehaaf and ChambnS, 
defines ctcarlj tho regimes of go a dynamics, dovolops 
conations for free molocule and slip flows and pre 
senta experimental data for the slip flow and transition 
regimes This chapter omphafuzca that a broad 
knowledge of physics Is required by a worker in the 
fiold of high speed aerodynamics 

Yet any engineer concerned with problems in gas 
dynamics will question whether Emmons s definition 
is complete, for while tho need for a background in 


mathematics and physics will be agreed, the develop 
mont of any branch of fluid mechanics as complox 
as this one must depend upon verification of analytical 
work m engineering experiments Crocoo a ohaptor 
on o no -dim o nsional flow (a ‘book’ of throe hundred 
pages in itself) supplies a logical analytical develop 
mont but shows an awareness of this need for oxpen 
mental data It is surprising that eomo of tho now 
classical descriptions of ono-dimonsionni comprosmblo 
flows (for example, the Aowb in ducts with friction 
and heat transfer under varying pressure ratios) 
have not been bucked bj a great deal of experimental 
work. But Crocco lias gathered together some excellent 
photograplis of shock phenomena and presents the 
results of experiments tliat this reviewer has not 
soon before, particularly the work of Ftessol Some 
interesting experimental data obtained by Neumann 
and Lustwork for the *pseudo shock’ (the complox 
oblique shook wavo pattern with turbulent mixing, 
which occurs when the boundary labors are thick) 
are also included together with a rowew of tho 
work of Shapiro and his associates on the aero 
thormopressor , a device in which the stagnation 
pressure of a comprossiblo fluid flow may bo increased 
duo to tho abstraction of heat (by injootton and 
evaporation of water droplots) 

Hajoe’s chapter on shock waves and gas dynnmio 
discontinuities and that on shook wave interaction 
by Polochek and Seogor are well written and logically 
developed (This latter chapter contains some 
bountiful photograph* of regular and Maoh rofloxions 
and intersections and of shook refractions ) Stovor s 
ortiole on condensation phenomena again interesting 
and readable appears somewhat out of place m a 
volume in this series, for much of tho material donls 
with steam flow's Kantrowitz’s chapter on unsteady 
gas dynamics appears to be a littlo bnof to this 
reader, a non specialist in the field who found tho 
brevity of the last article on tho application of pres 
sure waves in heat engines disappointing especially 
ns tho quotod reforenoes on this eubjoot nro difficult 
to obtain (There are numerous references elsewhere 
m tho volurno to papers produood ‘internally bj 
laboratories This growing practice of referring to 
unpublished work is to be deplored ) Fmmorw s own 
individual contribution to the book on flow dis 
continuities associated with combustion ia a lucid 
piece or writing, although tho difference in notation 
between this sootion and tho Introduction on general 
aspects of combustion bv von K&rmrtn is a littlo 
confusing Sir Geoffrey Taj lor, with assistance from 
R. S Tonkin, pro\ ides a section on tho Chap man ' 
Jouguot theory of detonation 

One surprising omission is the lock of a chapter 
on the flow of real gases at high temperatures (that 
is to say, dissociated or ionized gases), although 
Crocco includes artfclos on the flow of gases with 
vnriablo specific heats nnd gn«os obeying van der 
Waals’s equation 

Most workers m the fiold of gas djmamic* v ill wish 
to know how this book compares with Shapiro s 
volumes on compressible flow published in 1953 
but tho comparison is a difficult ono to make for 
Shapiro’s book is largely devoted to tho touching of 
gas dynamics The present a olumo is mmod at 
reviewing tho state of research in gns dynamics, and 
will ho widely used bv specialist research workers 


n different fields . 

If any criticism maj bo nuido of rtU tj lor * 

b is tho usual criticism of a b°° ^<^1 »w>rf d ,frrr 

—tliat of duplication of confer 
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the article were more chemical and technological than 
it is, even though there are some useful references to 
chemical preparation 

“Non-oxide Ceramic Dielectrics” by P Popper 
would seem to contain rather too much theory which 
is not immediately relevant. However, it is useful to 
have information on this interesting now subject 
by an author who is actively engaged m research on 
it 

“Electrophoretic Deposition of Insulating Mater- 
ials”, reviowed by J B. Birks, is a practical subject 
which involves much chemical ‘feel’ Tho author 
succeeds m presenting the relevant theoretical back- 
ground of his subjects clearly and concisely, which is 
useful since colloid science is generally treated m a 
biological context The article gives a holpful 
survey of tho practical applications 

V Daniel 


EMBRYOLOGY 

A History of Embryology 

By Dr Joseph Needham Second edition, rovised 
with tho assistance of Dr Arthur Hughes Pp 30-i + 
18 plates (Cambndgo At the University Press, 
1959 ) 52s 6d not 

T TTTK new edition of Dr Neodliam s romarkablo 
contribution to tho history of scionco will bo 
widely welcomed Its first appoal is to professional 
biologists, who will (or should) want to know moro 
about tho way tlioir own scionco found its way out 
of abysmal ignorance and superstition towards greater 
knowledge and understanding, and lustorians of 
science will find it an mdisponsablo sourco-book 
But it is important for wider reasons It is impor- 
tant for the general historian, who will find in it 
numerous illustrations of the social relations of 
science One that I found illuminating was tho fact 
that m the seventeenth and eighteenth conturios 
there was a widely hold conviction (abundantly 
justified by later evonts) that research into tho naturo 
of generation would throw light on orthodox theo- 
logical doctrmos, such as that of ‘original sin’, and 
that this “led to an economic situation of valuo for 
biological development” To-day it is dovoutly to bo 
wished that the powers that bo, including public 
opinion in general, would oxtend this conviction and 
realize that research in biology Mill throw light on 
'^central problem of man’s nature and destiny 
le historian will also find many oxamplos of tho 
jirtunate political and social results of wrong 
^^fltudes to science and technology , for example, tho 
contempt of antiquity for the ‘base mocliamc’ and 
his arts, and the recurrent incomprehension of scionco 
and scientific method by governments and dominant 
classes As Sir Charles Snow has so pithily pointed 
out in his recent Bede Lecture this incomprehension 
between the professional scientists and the repro 
sentatives and products of so callod humane studios 
can be mutual, and in Britain has led to tho develop- 
ment of two cultures w-ithm tho one nation 

It would seem that the only way to hoal tins split 
is through some reform of education, auned at tho 
integration of the sciences and the humanities m tho 
cultural process, and many of us feel that for tins the 
metorico -evolutionary approach is necessary 
of hr„ eV Z hlt i 0naT Z concept links man with the rest 

With archwolnrrY 1111 V. ™ atter » contemporary history 
archeology, while the history of science and 


its gradual invasion of nov. Holds can bo tho bndgo 
between tho sciontific and othor olomonts m humnn 
history Books hko Dr Noodham’s nro of tho greatest 
valuo m helping to roahzo this procoss of our cultural 
ro-education and ro-mtegmt ion 

Julian Huxley 


FOURIER SERIES 

Trigonometric Series 

By Prof A, Zygmund Second edition Vol. 1 
pp xn + 383 Vol 2 pp. vn+354 (Cambndgo 
At tho University Press, 1959 ) 84s not each 

volume 

Z YGMUND’S authoritative treatise, which first 
appeared as a single volume in 1935, has been 
thoroughly revised and much enlarged for this second 
edition Tho first volume contains practically every- 
thing which w-ns m tho original edition Tho essential 
foundations on convergence and summability are 
dealt with in tho earlier chapters , tho reader needs a 
firm grasp of tho elements of point-sot theory and of 
Lebesguo integration The main result s nro illustrated 
in a good chapter on special Fourier series. Tho rest 
of tho first and the whole of tho becond volumo deal 
with special problems and topics, much of tho 
mntonnl in tho second volumo boing work dono during 
tho past thirty jears, showing, m particular, tho 
influence of Lift low ood and Pnloy Each chapter 
is closely pocked, and only the very indolent will 
ignore tho additional wealth of content available m 
the annotated exercises 

The author marshals Ins material skilfully A good 
example is Ins chapter on interpolation of hneni 
operations, where tho Riesz-Tliorin interpolation 
theorem and tho famous Biesz-Fischor, Hnusdorff- 
Young and Biesz theorems which interpret and 
generalize tho Parsoval formula 

j/|*d/ = S|c n j* 
o 

for a function / w r ilh Fourier coefficients c n , are 
neatly stitched together and cmbroidorcd with 
Paley’s romarkablo thoorem on Fourier coefficients 
and the Hardy— Littlouood theorems on ro-arrange- 
ment of Fourior coefficients His chapter on multiple 
Fourier series emphasizes tho need for significant 
ratlior than obvious generalizations 

Even whore tho ground hos been woll ploughed, 
somo problems remain For example, it is now more 
than oighty years smeo du Bois-Rovniond constructed 
a continuous function with a Fourier sones diverging 
at one point , tho extension to divergence at an 
ovorywhore donso sot of points followed easily enough, 
but so fm all such sots liavo boon of zoro measure 
Tho question still stands Can a continuous function 
havo a Fourier sones which diverges at all points of a 
sot of positive measure ? A similar problem was 
solved somo thirty years ago by Kolmogorov, with n 
delicate argument producing an mtcgrnblo function 
with a Fourier series diverging everywhere 

In its now r form, boautifully produced by tho Cam- 
bridge TJmvcisity Press, this book remains tho 
standaid and indispensable text for any analyst 
interested in Fourior sones for thou- own fascinating 
sa *° T A A BnoADnENT 
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Beltrage zur Neotroplschen Fauna 
Herausgegeben von Prof Dr Erich Titachaok und 
Dr Hons Wilholm Koepcke 1 Band, Heft 3 Zur 
Kenntnia dor Pseudoscorpioruden Fauna dos Anden 
gebietes Vcrn Max Beier Pp 185-228 Kntisohe 
Untersuchungen dor Newportia Art-cn Von Wolf 
gang BQcherl Pp 229-242 Em neuer Aathenes 
(Avefl, Fumamdae) von der Kfisto und dem west- 
liohen Andonabhang SGdperus Von Maria Koepcke 
Pp 243-248 Beitrfige zur Konntnis der Fisohe 
Pcrufl H Von Hans Wilhelm Koepcke Pp 240- 
208 (Jena Gustav Fischer Verlag, 1059 ) 10 95 
DM 

T HE first two papers in the abovo collection 
which continues tins important now publication 
aro of considerable interest to student* of the multi 
tudinous neotropical invertebrate fauna Dr Beier 
deals with a nch collection of psoudoscorplons from 
isolated region* of the Andes, especially Peru This 
region appears to be tho developmental centre of 
gonara like Stenolpnim and PoratotfMus, while in 
Chile the nearctio genera liko Dxnochtir us fade out 
There aro many ondemio species here, and Dr Beier 
has found it necessary to make several now genera, 
all of whloh appear to be soundly based Whether 
tho Pseud oscorpions show replacement of species by 
altitudo is difficult to detormino this is shown by 
such animals as somo of the Chilopods, hut unfor 
tunately few of Boier’s specimens havo altitudo data 
with them Tho new genus Teratolpxum is found at 
high altitudes only but conversely Pachyolpxum 
grantdatum Beier is found from 709 to 1,030 metres 
It is to be wished that, where a choioo was available 
the typo spociraen chosen should have boen one 
from a known altitude (cf Progarypus pentanva 
Beier) Problems for future investigation may bo 
glimpsed hero and them ; for example, Lampro 
e/isrnw, a genus of world wide distribution, lias a 
specie* high up in the Andes, wliilo Apolptutn 
vastum Beier has been found only on orchids 
Bhchcrl e -very important revision of tlio 8colopendro 
morph genus of Centipedes, Ncwpcrtia places the 
systematica of this group on a satisfactory basiB for 
tho first time The throe subgonora Newportidc*, 
ScolopendncUt and Ncwportta had boen used or not 
by previous authors almost according to taste or 
fancy Bhcherl shows quite conolusivoly that they 
apply to well marked groups of distinct geographical 
rango A really workablo key covom all the known 
species and sub Bpecies and entails soveral change* 
of attribution ana status F A Turk 

Crushing and Grinding 

A BibHogmphy Pp ix+425 (London HAT 
Stationory Office, 1958 Published for tho Depart- 
ment of Scientific and Industrial Reeooroh ) 35 j 

net 

T HIS bibliography will ho mvaluahlo to tho very 
many industrial users of tho processes of crushing 
and grinding and to research workers interested in 
comminution particle size determination and particle 
ol ossification The bibliography proper is preceded 
by short autkontatno rovlowa on fundamental 
aspects of crushing and grinding ; problems of 
breakage) and structure of coal , methods of particlo 
six© analysis , industrial grinding , crushing and 
grinding in the ceramic industry , grinding in tho 
cement industry , Crushing and grinding of minerals , 
grinding in the field of dyestuffs and organic chouu 


rals fire and explosion hazards in crushing and 
grinding operations The sections into which tho 
bibliography itself is divided (with the number of 
references in each section shown in brackets) aro i 
fundamental aspects (450) , crushing and grinding 
practice (364) , coarse reduction (154) , fine roduc 
tion (579) , non mechanical methods (03) , materials 
(744) , methods of particle sixo and surface area 
determinations (180) , classification (100) dnst and 
fire hazards (141) Nearly every reference is necom 
panied by a useful abstract There is a name index 
and a comprehensive subject index Tho Department 
of Scicntiflo and Industrial Research and tho small 
committee, under the chairmanship of Air A S 
Whito, appointed to adviso on the planning of tho 
work, together with Mr W H Bichlo, who undertook 
most of the detail of the work, are to be congratulated 
on this compilation This is the second bibliography 
pubhshod by the Department of Scientific and 
Industrial Research on unit operations — tho first 
was on industrial drying (1961) , it is to bo hoped 
that further similar bibliographies will bo pro 
duoetL 8 G Ward 


River Pollution 

1 1 Chemical Analysis By Dr Louis Klein Pp 
ix+200 (London Buttorwortlis ScientiGo Pubhcn 
tione New York Acadenno Press, Inc , 1959 ) 
30s , 3 60 dollars 

T EGS book is an expansion and revision of two 
chapters which appeared in an earlier work 
concerned with the general aspects of river pollution 
Tho pollution of tho rivers of Britain 1ms been widely 
discussed during recont yoars both in lay and scientific 
circles Whilo it may well be truo that ono photo 
graph, particularly if it is in colour may lx> worth 
a hundred dissolved oxygen samples in so far oh 
securing publio support or influencing a jury is 
concerned' , the satl&fncton resolution of tho many 
problems involved can only bo nohiovcd after recourse 
to analytical methods 

Dr Klein deals m this tost with physical and 
chemical methods for tho analvBis of waters, so wo go 
and trado wastes biochemical methods aro not con 
mdorod Tho recent recommendations of tho official 
“Methods of Chemical Analysis ns applied to Sowago 
and Sewage Effluents’ and tlvo “Recommended 
Methods for tho Analysis of Trado Effluents’ prepared 
by tho Joint Commit too of tho Association of British 
Chemical Manufacturers and tho Society of Analytical 
Cliomistry are incorporated No attempt is made to 
givo detailed procedures but tho many methods 
available arc discussed critically and tho most 
sultablo method for a particular problem is indicated 
The bibliography contains nearly 000 references to 
tho literature Tho appendix includes tables of 
saturation values for dissolved oxvgcn conversion 
tables for various unite of measurement, including 
degrees of hardness tables of alkali conversion factors 
and various volumotrio factors, and eomo typical 
analyses of waters and effluent* 

There seem to bo few errors one, common to 
many text-books, ia that ferrorn can bo used ns 
indicator in tho dichromato ferrous titration Unless 
an unusually high acid concentration is used ibo end 
point is poor Tho book would bo of greate r prs erienl 
importance had * detail fj 

tho moro widely ^ 

should certainly 
turc of this 
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Bumblebees 

By Dr John B Free and Dr. Colin G Butler With 
two appendices by Dr Ian H H Yarrow (The New 
Naturalist ; a Survey of British Natural History ) 
Pp xiv+208-f 25 plates (London. William Collins, 
Sons and Co , Ltd., 1959 ) 25$ not. 

I N their preface the editors oppress the hope that 
this book will widely encourage naturalists to take 
up the studj T of bumblebees, and it is indeed a 
stimulating work Much information is givon m an 
easdy understood form, and possible answers to 
problems as yet unsolved are suggested This cagor- 
ness to press forward on to untried ground does, 
however, occasionally lead the authors into making 
assumptions which are not entirely justified by the 
available experimental results Certain over-simph- 
fi cations also occur m places, as, for example, on 
p 66 in the description of an experiment by Dr 
Free, which was designed to test whether bumblebees 
entering a strange colony can be recognized by their 
scent alone Reference to tho original paper shows 
that the results were less clear-cut than stated hero 
Nevertheless, in assessing the overall scope and v aluo 
of the hook these criticisms provo to be relatively 
unimportant 

The development of colonies from tboir inception 
m the spring until tho final hibernation of the mated 
young queens is described and, as in other chapters, 
the descriptions are illustrated by numerous original 
photographs Among other topics discussed are tho 
division, of labour, collection of food, recognition of 
intruders m the nest, and predators and parasites 
Not only are the biology and behaviour of bumble- 
bees considered, however, for there is also an inter- 
esting chapter on their economic importance, m which 
then value as pollinators of crops and m plant-breod- 
ing is reviewed , various suggestions are also put 
forward for increasing their numbers m farming areas 
Two appendixes by tho authors on methods of 
collecting and rearing colonies contain much useful 
practical information, while a further two appendixes 
by Dr Ian Yarrow give a simple key to the British 
species of Bombus and Psithyrus and details of their 
distribution. M. Delia All ex 


Foundations of Set Theory 

By Prof Abraham A Fraenkel and Prof Yehoshua 
, Bar-HiUeL (Studies m Logic and the Foundations 
of Mathematics ) Pp x-J-415 (Amsterdam . North - 
■ Aland Publishing Companv, 1958 ) 42 guilders , 

is 


Axiomatic Set Theory 

By Prof. Paul Bemays With a Historical Introduc- 
tion by Prof Abraham A. FraenkeL (Studies in 
Logic and the Foundations of Mathematics ) Pp 
vn-f 226 (Amsterdam. North-Holland Publishing 
Company, 1958 ) 45s 

T HESE two books are the latest in the series of 
Studies in Logic and the Foundations of Mathe- 
matics, produced by the North-Holland Publishing 
Co The first opens with a short chapter on the 
paradoxes of set theory and then proceeds to the 
axiomatic foundations, including the axiom of 
choice; the axiom systems of von Neumann, and of 
Bemays and Godel are discussed. There is a chapter 
on type-theoretical approaches, containing develop- 
ments by Quine, Wang, Lorenzen and others, and an 
on 886 theon f s bafied on non- 
of the rather o'hp^ 1 " 6 ’ J n P articular, is a discussion 
rather obscure ideas of the Polish logicians, 
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Leimowski and Chwistok About seventy pages are 
devoted to mtuitiomstic conceptions of mathematics, 
and tho bulk of the discussion concerns, of course, the 
ideas of Brouwer Tho final chapter is concerned 
with motamathomotics and semantics Tho biblio- 
graphy, extending to fifty pages, covers comprehen- 
siv ely* tho years 1947-50, and will probably become 
the standard for tins period 

“Axiomatic Sot Theory” is, apart from tlio introduc- 
tion by Fraonkel, largely a presentation of n modified 
form of tho material published by Bomays over tho 
years 1937-54 in tho Journal of Symbolic Logic It 
Is a formal development and is carried out m detail 
in its applications to analysis, including tho theory of 
real numbers, and to cardinal arithmetic The 
book is, as tho author says, "designed for a roadi r 
who has some acquaintance with problems of nxio- 
matics and with standard methods of mathematical 
"logic” 

To tho hvorking mathematician’ these two volumes 
will indicate something of tho groat amount of effort 
which, m recent decades, lias been expended m the 
field of symbolic logic and tho foundations of mathe 
matics Tho situation is still v cry fluid, and it appears 
that "tho third foundational crisis that mathematics 
is still undergoing” is far from becoming a thing of 
tho past L S Goddakd 

Elementary Statistical Physics 

By Prof C Kittol Pp ixJ-228 (Now York • John 
Wiloy and Sons, Inc , London. Chapman and Hall, 
Ltd , 1958 ) 6 4s not 

T HIS book contains a short but concentrated 
treatment of a wido Cold of theoretical physics 
Part 1 (110 pages) deals with classical and quantum 
statistical mechanics and its relation t-o thermo- 
dynamics ; Part 2 (53 pages) with fluctuations, 
random processes m general (including tho Wicner- 
Kbinchmo theorem), Brownian motion, noiso and 
irreversible processes , and Part 3 (46 pages) with 
detailed balance, kmotic and transport theory. The 
three parts are divided int-o a total of 45 sections, 
many of which ore preceded by references to standard 
works and recent papers 

The exposition is usually clear and as simplo as 
the topic permits, though there is an exception on 
p 19 where tho law of increasing entropy is discussed 
before the entropy of a non-equilibrium state is 
defined Tho amount of application to particular 
problems is inevitably small m relation to basic 
theory Assemblies of non-interacting particles only 
are considered, except for nn example on a linear 
ferromagnot in the section on tho density matrix and 
an appendix proving tho virial theorem of Clausius 
However, where possible, the author discusses both 
knotty points and recent developments , ns examples 
may bo mentioned sections on tho thermodynamics 
of magnetization and negative temperatures, respec- 
tively. Problems are given, but some of these seem 
to bo intended more as inv itations t-o follow up the 
references than as exercises on tho text For example, 
after no more formal definition of a Markoff process 
than the statement that the two-event probability 
function p - “contains all tho information wo need” 
tho student is asked to prove the Smoluchowski 
(Chapman-Kolmogoroff) equation 
Tho book may bo recommended for readers who 
wish to find out shout somo of the great varictv of 
problems and methods m modem statistical physics 

G M Bell 
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MYXOMATOSIS PRESENT POSITION AND FUTURE 
PROSPECTS IN GREAT BRITAIN 

By Dr C H ANDREWES, FRS 

National Institute for Medical Research, Mill Hill London, N W7 
AND 

H V THOMPSON and W MANSI 

Ministry of Agriculture Fisheries md Food 


S INCE the introduction of myxomatosis into 
Australia and ita destruction of millions of rabbits, 
the situation thero has fundamentally ohangod, and 
with a startling rapidity The virus has become 
attenuated so that more rabbit* survive , and still 
more Important, natural selection has ensured that 
the present population of rabbit* has a greater innate 
resistance to the disoaBo As a result of these two 
factors, myxomatosis is no longer regarded as of great 
valuo m keeping down the rabbit* in Australia 
Workers in that country' 4 have etudied the changes 
in the virus and in tho rabbits in n moat imaginative 
and painstaking manner, and in consequence we ncm' 
liavo a fairly dear picture of development* there 
Course of events tn Britaui In Britain, the history 
of myxomatosis appears to bo following n rather 
different course This is doubtloss due mainly to the 
fact that the effective vector here is for the most part, 
tho rabbit flea ( SpilopayUus cumculi), whereas m 
Australia mosquitoes are the principal vectors and 
SpilopsyUus is not present 

When the disease first spread in Britain in 1954-65 
it did not swoop erver the country but was gradually 
distributed in a patchy manner and the natural local 
spread was slow but effective so effective that by 
the end of 1955, the groat majority (woll over nine 
tenths) of the wild rabbit* hod been killed by tho 
diseaso Of course, pockote of susceptible rabbits 
escaped infection and continued to brood, as did the 
animals recovering from infection 
Thore were fow reports of mvxomatosis in tho 
first months of 1050, but what maj be called secondary 
outbreaks wore soon evident and, as shown in Tablo 1, 
have fiinco appeared in many places Curiously 
enough, tho onlj English counties having llttlo or no 
secondary myxomatosis havo boon in the west and 
southwest whoroas tho only Welsh counties over 
reporting secondary myxomatosis havo been tho flvo 
on the west coast It was possiblo to say, in 1050, 
that there wore no really heavy rabbit infestations on 
tho mainland hut during tho past throe years rabbit* 
havo gradually increased so tlinfc there are now 
oonsidomblo populations in some areas and damage 
to crops is more frequently roportod 
Samples of myxoma virus collected in tho field 
havo boon rent to Prof F Fenner at tho Australian 
National University Canberra smeo Ootobor 1053 and 


Table l Ntnrent or Cotncmn r* Exolasd axd wait* xmr 
OtrnmiiKi or Mtxoxatosts 


Year 

YlnJent dbeM* 1 

1 Attenuated dUeaw (Ko of !ndden!«y 

3 PM , 

81 

I 6 

(24) 

3057 | 

88 

10 

(«) 

1058 

47 


(IOC) 


two or those, sent m September 1954 from Sussex, wore 
somewhat attenuated 1 Tho first ovidonco of oxten 
sive infection with attenuated virus was in Shorn ood 
Forest, Nottingham in Apnl 1955 » and other coses 
have smeo been found m many areas (soe Table I) 
The British attenuated or atypical myxoma usually 
produoes a nodular lesion with less diffuse ccdema 
than m typical cases During tho earl} Rtages tho 
nodules may contain fully virulent virus but u hen the> 
shrink and form scabs thev contain virus of reduced 
virulence By means of tho gel diffusion precipitin 
test* cases of typical and atypical myxoma may bo 
rapidly distinguished and tho stage of tho infection 
assessed 

The cormoxion botwoon tho virulent and attenuated 
strains is ot present by no means clear In tho 
Sherwood Forest area myxomatosis lias persisted 
continuously srnoe 1054 and both typical and atypical 
infections have been present smeo 1055 In tho 
Edanbridgo area of Kent, on tho other hand there 
was no secondary outbreak of disonso from 1054 
until March 1958 despite tho marked mcrcoao in tho 
rabbit population, although isolated cases of infection 
were found In 1058 tho Edonbndgo rabbits were 
greatly reduced by disease which was tvpicalij 
virulent for tho first four months after which tho 
presence of atypical infection inis also demonstrated 

Changes »n tiruhnce of the virus As Fenner and 
Marshall have shown the attenuation of myxoma 
virus in Auatraha is a logical consequence of tho 
relationships oristmg between virus host and vector 
A rabbit bitten by a mosquito which carries a relatively 
nvirulont \mis will Rurvivo longer than ono infected 
with a more virulent strain and will therefore, be 
able to serve longer os a reservoir of infection virus 
will thus bo camod by more mosquitoes to other 
rabbits In Australia natural selection thus tends to 
favour an attenuated strain In fact, fully virulent 
viruses dohborately Introduced into areas where less 
vioious ones are already prevalent will dominate tho 
scone for only a short time* tho loss virulent ones 
supplant them in a matter of montlis Virus w hich is 
too attenuated, howovor causes lesions winch npptvr 
ently cannot servo as a good source for virus : so 
the tendency Is towards domination b} strains of 
intermediate virulence 

As already mentioned attenuated myxoma virus 
has appeared in somo areas of Britain and is on tho 
mareaso, but modified strains havo not, as in Australio, 
steadily ousted the highly lethal ones After six 
yearn the latter seem to be at least os numerous os 
milder ones This might have been predicted from 
tho nature of tho v mia-flea-rabbit relationship 
which present* notable difference* from th* ' 
mosquito-rabbit system in Australia n 00 
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to the Australian situation, there is likely to bo some 
evolutionary pressure in favour of a virulent virus 
Fleas on rabbits infected with such a strain will 
naturally leave the rabbit when it dies and spread 
the highly lethal virus Where, however, a rabbit 
survives, the Spilopsylhis may have no occasion to 
seek a fresh host Even if the rabbit dies after a 
chronic illness, there may veil be only a little virus 
on the flea’s proboscis at that stage On a short-term 
basis survival of the highly lethal virus could thus be 
favoured Marshall and Fenner 5 have made sugges- 
tions on similar lines 

This, however, can scarcely be the end of the story 
For, as Theobald Smith taught, a parasite which kills 
all its victims will soon perish for lack of fresh hosts 
to infect There will thus be a counteract mg long- 
term tendency to perpetuate a not too virulent virus 
Tn practice there have been soveral instances where, 
at the begi nnin g of a myxomatosis outbreak, highly 
lethal virus has been recovered whereas m samples 
obtained later m the outbreak attenuated virus has 
predominated Rabbits with attenuated virus may 
be ill for a long time and the virus may persist in 
attenuated form by exchange of infected fleas in 
burrows The resultant of opposing evolutionary 
tendencies may well bo a mixture of highly lethal and 
attenuated viruses existing side by side m the same 
locality. Such a result could bo brought about 
if the favoured virus were one which, ns regards 
virulence, was genetically unstable , but what will 
in fact be the outcome, only time and alertness of 
investigators can reveal 

Changes in resistance of rabbits In Australia, a 
standard virus which originally killed 90 per cent of 
wild rabbits was only able, after the population had 
been exposed to seven successive epizootics, to kill 
30 per cent of currently caught young ones' 1 This 
tremendous increase m resistance seems to bo of more 
practical importance than any change m the virus , 
and infection with myxomatosis has now become a 
minor factor in controlling Australian rabbits despite 
the fact that there is usually an epizootic each 
summer The British results summarized above do 
not suggest that any such change has occurred 
among our rabbits One wonders, indeed, whether 
this would be expected m a population of hosts with 
an average kfe-span of about a year and with out- 
breaks of disease at irregular intervals which may, 
as around Edenbridge, be as long as four years 

Discussion The mam object of this article is to 
try to dispel the idea that myxomatosis here is 
bound to behave just os it does m Australia There 
is already good evidence that it is not doing so, and 
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possible explanations of this ha\ o been brought 
forward Wo do not know how tho virus persists 
between outbreaks and how it manages to re-appear 
after an apparent absence when rabbit numbers havo 
materially increased It could conceivably porsist m 
a modified form m an immune population or in some 
biting arthropod , but evidenco is lacking that either 
method is actually possible over a period of years 
It could also be introduced on rabbit fleas temporarily 
earned on migrating birds, or on wind-dispersed, 
infected Anopheles macuhpcnnxs (—A atroparws) 
sraco these mosquitoes are known to be vectors in 
southern England, though of minor importance 
compared with fleas Their role is belies ed to be 
rather greater m Franco, and if this is m fact so, 
mi xomatosis there may havo a different future from 
that in England There remains tho possibility of 
dehberato introduction by man, men though the 
Pests Act of 1934 made it an offence to use a rabbit 
infected with myxomatosis to spread diseaso among 
uninfected rabbits. Few would deny that the indis- 
criminate spreading of tho diseaso is undesirable, 
particularly m the absence of much more knowledge 
about the infection and tho long-term consequences 
of its introduction In any c\ ent wo must admit that 
wo do not know which, if nnv, of tlio agencies dipcussed 
are adequate to account for the persistence of tho 
diseaso and its re appearance at times after a con- 
siderable absence 

The increase m rabbit damage to crops in 1959 
serves as a reminder that, despite myxomatosis, the 
rabbit population of Britain is ngain rising. Much use- 
ful control lias been possible by tho concerted action 
of landholders through Rabbit Clearance Societies 
there are now 370 of these, covering se\en million 
acres of land or about 15 per cent of the agricultural 
area of Britain • it would bo most unwise to relax 
such efforts Aboi o all, it is of tremendous importance 
for tho futuro of farming in Britain that wo should 
learn more of the nntuml history of myxomatosis 
and the factors making for changes m tho virus and 
m tho rabbits Myxomatosis provides an unusual 
opportumtv to study and compare the evolution of a 
host-parasite relationship m the contrasting environ- 
ments of countries at opposite ends of tho Earth 

1 Fennrr, F , and Marshall, I D , J TIiv , Camb , 55 149 (1057) 
Andrewcs.C H Vnlrhcad-niomson.K C ,-ind Stevenson, J P . 
ibid , 54, 47S (1050) 

’ Htidjon, J It , Thompson, Ham- t , and Kami, W , Baturr, 170 
733 (1055) 

* Mansi, W , and Thomas, Valeric, J Comj> TaUt 68 ISS (1053) 

‘ Fenner, F , Poole W E Marshall, I D , and Dree, A h . J 
J3V0 , Camb , 55, 192 (1P57) 

•Marshal!, I D and Fenner, T , J BVU , Camb 66. 283 (1053) 

« Fenner F . Bnt ited JiuJl 15 240 (1050) 


INTERNATIONAL COUNCIL FOR THE EXPLORATION OF THE SEA 

SPECIAL INTERNATIONAL GEOPHYSICAL YEAR MEETING 


A S part of the oceanographic programme for tho 
I A International Geophysical Year tho onus of 
carrying out a Polar Front Survey m tho North 
Atlantic Ocean was placed by the Comitd Special do 
l’Aim&a Gdophysiquo Internationale (tho body estab- 
lished by the International Council of Scientific 
Unions for the planning of International Geophysical 
Year operations) on the International Council for the 


Exploration of tho Sea with tho help of tho Inter- 
national Commission for tho Northwest Atlantic 
Fisheries A sub-comrmlteo of tho International 
Council for tho Exploration of tho Sea undor tho 
chairmanship of Dr G Bohnccko (Federal Republic 
of Germany) co-ordinated tho research plans of tho 
different countries, and forty-six rosoarch and othor 
ships of eleven nations took part in the survey At 
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a mooting held undor the chairmanship of Dr J B 
Tait (Britain) at the Council's h raid quart era in 
Copenhagen during October 1-3, 1959, 45 papers 
'Tore preeontod dealing •with the first reeulta of the 
survey 

About bucIj attended the meeting, and Mr A- J 
Leo and Dr D H Cushing (Britain) acted os 
reporters 


Hydrography 

The hydrographical papers wore given in groups, 
according to geographical regions 

Barents Sea The paper by Prof I Hela (Finland) 
described Furnish work at the beginning of tho Inter 
national Geophysical Year Various sections wore 
worked, and can be compared with those of the German 
research ship Poseidon In 1927 Tho temperature 
and salinity of tho Atlantic water penetrating the 
Barents Sea wore hfghor in 1067 than m 1027 An 
inoreaso m salinity of 0 04 per ini llo on the standard 
values of all the homo water masses was observed 
surface tomperaturos and salinities were higher than 
tho average values given in the atlas by Dr Krause 
Mr A J Loo allowed that the volume irons 
port of the West Spitsbergen Current was below 
normal taking the International Geophysical Year 
os a whole, and that temperaturoe in tho south -eustem 
Barents Sea were subnormal He related this state 
to the abnormally strong development of the Polar 
high pressure system and the southward displace* 
ment of the atmoepherlo Aretio Front Norwegian 
work in the area during various reasons was doscribod 
in a paper by Mr L Midttun (Norway) which was 
road by title 

In tlio first of two papers on tho chemistry of 
Barents Sea water. Dr 8 Gripe nh erg (Finland) 
found that tho alkalinity /chi or uuty ratio was higher 
in tho Norwegian coastal water than in the Atlantic 
water or the East Spitsbergen Current, but that tho 
reverse applied when tho boron/ohlorimty ratio was 
considered this implies that most of the bono acid 
is bound up m organ! o complexes In the second 
paper Dr A- Voipio (Full ana) showed that different 
methods of analysis gave different results for the 
total iodine content of sea water and demonstrated 
how httlo we know about tho iodine content of soa 
water 

Greenland and Norwegian Seas Dra T I Gorah 
kova and E V Solyonkln (USSR) showed that 
tho deposits on tho sea bed, by differing in thoir 
chemical composition, particularly in their con 
tent of carbonates ana. of iron and manganese 
oxides, are indicators of tho hydrograpliio con 
d it ions prevailing in the basins of tlioeo two seas 
Dr J N Carruthorn (Britain) pointed out tho pioneer 
use by Otto Pottersson of this technique In a paper 
road bv title Dr G N Zaltsov et al (URS.R) 
havo computed the water and heat budget of thoeo 
seas When tho various components are summed, 
the difference between the heat input and output 
amounts to only 0 A per cent Tho authors tlion pro- 
coed to show tho relative importance of these different 
components in different parts of tho eons advectlon 
of heat bj currents is found to be the most important 
Finally, they havo computed tlio nutrient salt budgot 
Dr A P Aloksoov et al (U S S.E ) doscribod Russian 
hydrographic work in tho southern port of tho 
Norwegian Sea m 1058 In April tho East Iceland 
Arctic Current was strong, blocking the inflow of 
Atlantic water to below average in October the 


inflow was intensified. The waters near tho bottom 
m this area were found to have a salinity of 34 87- 
34 88 per mifle and tho authors assumed that thoy 
are rolatod to the East Iceland Arctic Current and 
flow from west to east It was pointed out by Mr 0 
Stolen (Norway) that theso salinity values aro lower 
than the standard vnluoe for Norwegian Soa bottom 
water Dr J B Tait (Britain) pointed out that tho 
water might havo boon Arctic Intermediate Water 
In reply to a question, Prof J V Preobragenski 
(USSR) said that the salinities had been do term mod 
by the Knudsen titration method. At this stage 
Ptof G Dietrich (Federal Republic of Germany) 
stressed that tho results collected during the Polar 
Front Survey should bo sent to tho International 
Council for tho Exploration of tho Soa as well as 
World Data Centres A and B Mr 8® ion doscribod 
Norwegian work in the same area in 1058, in March 
and October an intensification of tho inflow of 
Atlantic) water in the latter month was noted, as 
had been reported by the Russian workers A 
special feature observed was tho asoont of cold water 
along the continental alopo off Norway Finally 
Dr J Eggvin (Norway) presented a series of torn 
pornture, salinity and current charts for tho Nor 
wegian and Greenland Seas, and showed how tho 
Norwegian Sea bottom water is formod m tlio region 
north of tho Jan Mayen Ridge in some years and 
not in others depending on tho meteorological con 
ditions, and how this bottom water flow* southwards 
from the Greenland Son along tlio foot of tho Nor 
wegian continental slope towards tho Faroo-Iceland 
Ridge It was further shown tliat the temperature of 
the bottom water of the Greenland Sea Increased in 


temperature northwards from tho main area whore it 
is formed This temperature increase is a result of 
mixing with Atlantic wotor Tlio positivo differonoo 
between the temperature of tho bottom water of tho 
Arctic Ocean and tliat of tho Greenland Soa can 
therefore bo explained without ns previously, nssum 
ing a submarine ridgo (1,200-1,600 m.) between 
BpHsbergon and tbo north-eastern part of Greenland 
This is of interest in viow of tlio recent work of Dr 
L Balakshin (UR 8 R ), who bj in\ Mitigations on 
board loo breakers bos shown that tho sill depth 
between tho Greenland Soa and tho Arctic Ocean 
oxcoods 3,000 m In discussion of this paper it was 
pom ted oat that the sinking of water to form tho 
bottom water might set up a system of compensatory 
surface currents which would bo of Importance to 
tbo Baron tB Bon fisherire 

Sheiland-Faroe^Iceland Region Dr J B Tait 
and Mr J H A. Martin (Britain) had computed 
tho volumo transport through the Foroo-Shotland 
Channel over the period of tho International 
Geophysical Year and found it to bo high at tho 
beginning and end but low at other times Gulf 
of Gibraltar water seems to havo boon present 
In the oceanic water mass in June 1957 ana. June 
1958 In Juno 1657 tho inflow was cut into two porta 
by Arctic Intermediate Water which m moving 
southwards, and in Juno 1968 it was similarly dividod 
by a southerly flow of Norwegian Soa water Over 
spfll of cold Norwegian Soa water was noted along 
the Faroo-Iceland Ridge m Juno 1057 and March 
1058 but not at other times 

On the basis of sun eys made along the Foroo-Joe 
land B.dgo during 1051-B8, Dr J H. Stool" 
had como to tlio conclusion but 

ooid (0-2* C ) water » rare ™« , * r 

that tlioro in oontinuoun overflow 
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■(2-4° C ) watoi which is tho product of mixing of 
watoi mosses of Atlantic and Arctic types on tho 
top of the ridgo This overflow lias a geostropluc 
motion north-wostwai ds along tho southern side of 
the ridge, and it then turns southwards along tho 
eastern side of tho Roykj anos Ridge Tho total flow 
over the ridge is calculated as bouig near tho mean 
value of the Faroo-Sliotland inflow A discussion 
of this papor by Prof Diotiich showed that, on about 
50 per cent of the surveys of tho ridge, ovorflow of 
cold (0-2° C ) water has* beon formd Tho rolativo 
importance of ovorflow directly across tho ridge 
and outflow through tho channel bo tv eon Faroo 
and Faroo Bank vas debated by Dr Tait, Mr F 
Hermann (Denmark) and Dr Carruthors 

North Atlantic Ocean Prof Diotnch described 
various stages in tho ovolution of tho International 
Geophysical Year and considered tho noxt stago 
the exploitation of tho observations Ho suggested 
the prepaiation of an atlas of maps and sections of 
the North Atlantic Using German observations, ho 
demonstrated the existence of six water masses on 
the Cape Farowoll-Flomish Cap section In particular, 
he examined tho origin of tho North Atlantic deop 
water m the Labrador Basin and tho ovorflow of cold 
watei across tho Icoland-Greenland Ridgo, and showed 
how the latter could bo trackod ovor a groat distanco 
clinging to tho low or part of tho continental slope and 
not flowing along tho very bottom of tho bnsm Ho 
also showed how the winter surface isotliorins are a 
guide to the circulation of tho North Atlantic in that 
season 

A paper was givon by Dr W Krauss (Federal 
Republic of Goimany) showing that internal vavos 
can bo set up m tho dcop layers of tho ocean ns 
well as in the upper layers by tho action of tho 
wind 

From dissolved oxygon/potential tomporaturo dia- 
grams, Dr L H N Coopor (Britain) concluded that 
the water column in tho Bay of Biscay consists of a 
layered senes of rosident water masses rcsombling 
a pile of plates stacked ono on tho otlior Ho regarded 
these plates as being the rosult of tho overspill of 
boluses of cold water across tho Faroe-Icoland Ridgo 
He also demonstrated a secular cliango in dissolved 
oxygen content sinco 1922 It was pointed out by 
Prof Dietrich tliat the stopwiso structure described 
could also bo explainod by Dr Cooper’s earlier 
turbidity current theory, and that this structure 
had not beon as yot found m othor areas where very 
detailed hydrograpluc observations had boon made 
(for oxamplo, south-west of Iceland) Tho dating of 
the climatic fluctuation which had brought about 
the secular change m dissolved oxjgen content was 
discussed by Mr Loo and Dr Coopor 

French observations in the North Atlantic and 
DaviB Strait were described by M G Poluchon 
(France) Charts of tho currents m tho region of 
50° N showed tho meandoiing of tho current ns it 
leaves tho Grand Banks area and a decrease m tho 
meanders as the current proceods oastw'ards 

Dr J Joseph (Federal Ropubhc of Gormany) 
described his work with a transparency meter com- 
bined with a thermocouple The turbidity distubu- 
tion depends on local production on one hand and 
advective processes and turbulence on tho othor 
Connexions between tho turbidity soctions and tho 
temperature sections could bo soon Ho also showed 
that there is no cliange in turbidity at tho deep 
scattering layer In discussion a strong case was 
made for fish as being tho cause of this layor 


Dr H Weidomnnn (Fedora) Republic of Gormany) 
dosciibod work with towed olectiodos (GEK) botvoon 
Greonland and Iceland At a fixed station south of 
Iceland tho records collected ovoi a poriod of 30 hr 
allow od tho relation between w ind and snrfaco curront 
to bo investigated Tho results gavo a mean dofloxion 
of current to tho right of tho wind of 27° and a 
curront/w md ratio of 1 4—1 5 per cent Tho differonco 
botween tlieso values and Ekman’s theoretical values 
can bo explainod by assuming that conditions voro 
non stationary 

Mi F Hormann described Danish observations in 
tho North Atlantic in July-August 1958 West of 
tho Rojkjnncs Ridgo tho basin was largoly filled with 
sub-arctic mixed water, ns already described by 
Pi of Dietrich Cold water coming ovor tho Icoland- 
Grcenlund Ridgo was ngum found on tho bottom m 
tho western part of tho Irminger boa East of tho 
Rojkjanes Ridgo n bottom layer with a temperature 
below 3° C was found, consisting of mixod water 
doriv ed partly from ovoi flow across the Faroe-Icoland 
Ridgo, partlv from Atlantic water and partly from 
sub-arctic water Tins water circulated anti-cloekv iso 
around tho basin and crossed tho Ro^kpmcs Ridge 
to flow north on its wostvnrd sido and mix with 
tho overflow across tho Icolnnd-Grocnlnnd Ridgo 
In tho Davis Strait water which had ovoifloved tho 
Grcordnnd-BnfTin Island Ridgo but which does not 
contribute to tho North Atlantic circulation as a 
wliolo was detected 

Dr R A Cox (Britain) gavo an ucconnt of the 
work of R R S Discoicry II A section showing tho 
distribution of sihcato along lat 24° N had tliroc 
outstanding features tho depletion of silicate but 
not of phosphate at tho surface m tho Sargasso Sea , 
tho high Rihcato content of the bottom water of 
Antarctic ongin west of tho mid-Atlantic Ridgo , 
and tho very irregular bottom topography Work 
with Swallow’s neutrally buovant floats wost of 
Portugal blioved how oven m the dcop ocoan there 
are groat variations in current speed and direction 
Tho outflow of Mediterranean water from tho Straits 
of Gibraltar hnd also boon tracked bj these floats, 
and it was shown that a westward movomont of 
12 nautical miles/daj could exist closo to tho Spanish 
coast, but that farther south there wore large eddies 
Dr Coopor pointed out that tho sihcato distribution 
along lat 24° N show ed that Antarctic bottom water 
must mako a contribution to tho bottom wators east 
of tho mid-Atlantic Ridgo, and Prof T. Braarud 
(Norway) did not think tliat tho sihcato deficiency 
prevented phytoplankton production m tho Sargasso 
Sea Tho phospliato budget of tho Mediterranean Sea 
was discussed by several speakers Mr Salon then 
described Norw ogian w ork carried out in collaboration 
with R R S Discovcn/ II wost of Portugal Current 
measurements from an anchored ship allow od tho 
tidal strenms to bo analysed , tlioy wore present to 
tho bottom (7 CO m ) and showed no docioaso in 
velocity with depth, but there wore indications of 
somo differences in tho direction of rotation Tho 
residual curront, how ovor, decreased with depth 

Prof N Monondo7 (Spam) gave an account of 
temperature and salinity conditions along tho moridmn 
of Tanfa m August 1958 Sections wore woikod at 
different states of tho tido and tho distributions 
found could only bo explained m torms of changing 
mixing conditions doponding on tho strength of tho 
tidal streams 

Mr L V Worthington and Mr IV G Motcalf 
(USA) oxammod the sahmty/potontial tomporaturo 
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relationship in tho North Atlantic deep -orator using 
tho % ory precise salinity data that Iiave now becorao 
ft\aOablo with tho development of conductimetne 
techniques A salinity /potential tomperatur© curve 
for tho wostem North Atlantic bolow the 4° C 
potential isotherm has boon established and its shape 
accounted for in terms of water mosses Departures 
from this curve in different parts of the Atlantic 
can bo used as indicators of water movement The 
outstanding features shown by tins form of analysis 
were the formation of the newest Atlantic doop water 
in tho Labrador Basin, tlio part played by the 
South East Newfoundland Ridge in preventing tho 
Antarctic bottom water from reaching tho Labrador 
Basin , tho water of tho Norwegian Boa origin on 
the oajrtom slopo of tho mid Atlantic Ridge tho 
butflow and spreading of Mediterranean water and 
the fact that the western basin of tho South Atlantio 
is tho source of tho deep cold water found m tlie 
rest of tho Atlantio, communication to the eastern 
basin being through the Romnnclio Trench 

A paper by Mr J R Lumby (U 8A ) read by 
Dr Tait showed tliat thoro were largo differences 
m the dissolved oxygen values at comparable stations 
worked b\ American, British and Russian ships 
during the International Geophysical Year Mr 
Worthington said that such differences oould depend 
to some extent on tho tvpo of water bottlo used, 
and on the mothod of standardisation of the 
sodium thiosulphate solution used for titrating tho 
samples 

Baltic and Aorfh Soas In a paper on the southom 
Baltic Soa, Dr A Majowski (Poland) showed that 
tiie inflow of oceanio water had decreased sinco 
1951-62 and that at the ond of 1058, tho salinity 
jn the Baltic basins had readied its lowest levol 
sinco 1952 Tho year 1058 had boon a cold one bo 
far as the Baltic was concerned Similarly in a paper 
on the North Sea by Dr J Filarski (Poland), rood 
by title, the wmtor and spring of 1958 were shown 
to have l>ecn cold, but bv tho autumn of 1058 thoro 
wore positive anomalies of temperature Dr Y V 
Botin and Prof J V Proobragonala (USSR) Bub 
mittod a paper whioh was road ljy title on ice research 
in tho Baltic during the International Geophysical 
Year Aircraft were used to make synoptic surveys 
of ico conditions Tho curves of accumulated tom 
porature ice extension and ice accretion so produced 
wore found to be related 


Biology 

Prof E Stoomnnn Nielson (DonmArk) presided 
over tho biological session 

Productivity Threo papers were presented Tho 
first- was bv Mr Grim Borgo (Norway) on the pro 
duotivity of tlie Norwegian Sea using besides carbon 
14 measurements, an ostimato of productive capacity 
derived from measurements of transparency A 
continuously recording transparency motor was 
deem bod It was shown tliat in 1968 tho quantity 
of production as measured by ‘prod noth o capacity ’ 
was different from that in 1954 In reply to a question 
ns to wli other there was a correlation between pro 
ductavo capacity and standing stock, Mr Bergo 
rophod tliat there was, hut that tho relationship was 
different in different water masses Prof Brnorud 
commented on tho marked changes noticed from 
year to y oar and thoir apparent relation to hydro 
graphic processes 


Mr Vagn Hanson and Prof E Stocmann Nielsen 
described carbon 14 measurements and chlorophyll 
measurements in the North Atlantic and m tho 
Greenland Sea Mr Hanson sliowod that from Capo 
Forcrwoli to Ireland greater counts of carbon 14 
were obtained towards Creenland and abovo tho 
Roy k janes Ridge This was associated with greater 
quantities of chlorophyll Prof Stocmann Nielson 
demonstrated the relationship between carbon 14 
count* and quantities of olilorophvll a which was 
biaaod by the possible presonco of dead chlorophyll 
Mr G Murphy' (U SA ) eskod whether trnnapnrenov 
might not be a better method of measuring pro 
duotivity if the constants in tho equation wore 
known Prof Stoomann Niolson replied that this 
would be a good mothod m oceanic waters but m 
coastal wntera the qunntitv of inorganic material 
was high. Dr M Gillbricht (Federal Republic of 
Germany') pointed out that onl\ one third of the 
turbidity in tho Irminger Sea was duo to plank 
tom Mr Borgo said tlmt tho quantity of inorganic 
partioloe ordinnrily was conkant and bo the 
variations due to production differences oould be 
estimated 

Biophysics and Biochemistry Dr H. Schnofer 
(Federal Republio of Germany) described tho dis 
trlbution of ammo acids m red fish (Scbastcs) and cor 
tain othor fish for a numbor of stations at soa It 
was shown that the variation in relativo composition 
of certain ammo acids was much greater than that 
which might have boon expected from studies m 
freshwater Ash Mr Murpliv noted tliat n similar 
result hod appeared in tho work on tho Californian 
sordino 


Plankton Dr L T Wiborg (Norway ) described 
tlie distribution of zooplankton jn tlie Norwegian 
Sea Ho noticed that tho distribution of rov orbemtion 
on tho ocho so unci ora at full gain corresponded fnirlv 
well with the distribution of ouplmusiids and flak frv 
The distribution of oopopodito stages boro some 
relation to hydrographical conditions In response 
to a question, Dr Wiborg said that smalh r fish have 
smaller eggs and spawn later 

Drs E A Pawstikfl and L N Grutzov (USSR) 
presented a paper on the distribution of plankton 
in tho Norwegian Sea Tins distribution corn) 
sponded roosonablv woll xwtli tlmt presented bv 
Dr Wiborg 

Dr J H Fraser (Britain) described indicator 
species m tho Faroo-Iceland Ridge region ntul from 
tho presence or abeonco of certain long lived animals 
concluded tliat the International Geophysical Year 
was not a normal yoar Mr Loo pointed out that 
during tho first eight months of 1958 the Polar 
Front lav well to tho south, presumably holding 
back tlio northward flow of Atlantio water 

Dr Gillbricht gnvo a detailed account of tlio 
distribution of phytoplankton zooplankton and 
organic particles on a Beet ion botwcon Nowfoimdland 
and tho Azores. Counts wore modo from small wator 
samples of 0 3 ml for phytoplankton and of 5 mf 
for zooplankton By converting nil quantities to total 
carbon and comparing these with phytoplankton, ho 
wns able to distinguish tltroo water massee Prof 
Stoomnnn Nielson asked whether tho organic particles 


were artefacts, because if tlio earno toclmiquo is used 
in Danish waters many organic particles wore donvod 
from tho destruction of phytoplankton Dr If 

Einarasmv (ToeWf) notio ed tW J” 

of c t'ollootrtl f f v. . - 

in tho T '™ n F 
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colloclod With a G-ml wntoi sainplo m the sumo 
area 

Mr J Corlott (Bntnm) dosuibcd tho zooplankton 
collected nt w oathor stations I and J and showed 
that tho total quantities wore greater in 10/58 than 
m 1057 Mi Hanson noticed that Evadne nordmaniv 
had also boon found in tho Norwegian Sea Dr 
Fiasoi said that Thalia dcmocraticct found by tho 
Plankton Evpcdit ion in 1S88 off nest Scottish coasts 
appealed for tho first tnno off west Scottish coasts 
in 1058 

Di W Hdlinok (Fodoral Ropubhc of Goiniany) 
prosontod an mtoiostmg papor on tho quantity and 
types of fungi in tho soa and on tho soa boil Tho 
majority of samples tnkon showed doiolopmont of 
hyplito 

Fisheries Dr Eggvm jnosonted a papor bj Mr 
L Midi tun on echo suriots in tho Barents Sea In 
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general, there was a relationship botwoon tho dis- 
tribution of echo-traces and isothonns m tho Barents 
Soa 

Conclusions Thoro appeared to bo two main 
conclusions from tho biological pnpors 

(1) Tho International Goophjsical Year differed 
in two respects Horn somo othor yoms, in indicator 
spooios and m quantity of hying material 

(2) Throo advances m product nit a studios A\oro 
lovoalcd (a) tho uso of tnmsjmroncy ns an mdo\ 
of jiroduotivity under certain limited conditions, 
(b) tho fmrh dose lolntinnslnp between standing stock 
(as (hloro])h\ 11) and productiMty (as carbon-14 
count) , (c) tho uso of \orv small samples of phyto- 
plankton (0 8 ml ) and zooplankton (5 ml ) to gi\o 
bensihlo estimates of cm bon in living matonal 

A ,1 Lit 
D H Gushing 


EFFECTS OF FOREST AREAS ON WATER RESOURCES, 
AND THE TECHNIQUE OF LYSIMETRY 


B ETWEEN Soptomboi 8 and 13, two BMuposia 
woio hold in Gormum by tho International 
Association of Sciontifie lljdrology, at IIanno\ orsch- 
Mundon, wlioro tho Forest ry School of tho Umvoisifv 
of Gottmgon is established 

Ono swnposnun concornod tho mfluonco of wmoded 
areas on tho elements of the watei balance Thirtt- 
fivo pnpors wero prosontod, ten from tho USSR, 
oight fiom tho United States, fom from Great 
Britain, two each fiom Finland and Poland and ono 
each fiom tho Belgian Congo, Czochosloinkia, Den- 
mmk, French Africa, Gorinnny, Holland, Himgmy, 
South Afucn and Sw itz.erlnnd 

Tlio othor symposium donlt with tho tochniquo of 
h'sunotry and tho causos of error in results obtained 
Thoro woio sovontoon papors, four from tho Uniter! 
States, throo from Holland, two oncli from tho Belgian 
Congo, Gormany and tho USSR, and ono oncli from 
Austria, Franco, Hungaiv and Great Britain 

Tho papors woro mndo availahlo m printed 
form at tho mooting and have smeo boon placed 
on sale by tho Association* Most of them nro 
written in English, and tho fow othors m French or 
German 

The symposia w'oro attonded by moro than a 
hundred liydi ologists, fiom othor countries ns well 
as from tlioso which contnbutod papors Thoro was 
naturally a strong Gorman leprosontntion, wlulo both 
tho Umtod States and Groat Britain had important 
teams It was logrottod that, while the USSR 
had sont sovornl vnlunblo pnpors tlioir authors wero 
not prosont to introduco thorn 

Below is givon an appreciation of each of tho two 
symposia and of a two day visit paid nfiovwaids to 
Gorman fiold-stations concornod with one or othor 
of tho two subjects that had boon discussed 

It is ovpocted that tho discussions of tho papors 
will bo loportod briefly in tho quarterly issues of 
tho Association’s Bulletin, tho pneo of which is 
150 Bolginn francs a oai ly 

* Publication No 4S (Vol 1 W 
300 Belgian francs Publication No 
160 Belgian (Vanes Obtainable fror 
riaco, London, W C 2, or tho Sccretn 
of Sclontlflc lljilrologv, prof L J, 
bruggo, Bolglum 


ator and AVoodlamls) rp 340 
40 (Vol 2 Lyslmctors) l'p ICO 
a ifr Arthur 1 Bird, 00 Ohandos 
rj of tho International Association 
Tlson, 01 Ituo dcs Bonces, Gont- 


Watcr and Woodlands 

In many countries, increasing concern with tho 
provision and nmintonaneo of adequate water supplies 
in tho faeo of continuously increasing domnnds lias 
stimulated considerable interest in tho sciontifie 
management of this most \ ital of our natural 
resources With fuller nppicoint ion of tho importance 
of form of land use m catchment areas, much attention 
has naturally boon dncctcd to tho role of a forest 
oo\or Compnrod with other countries such as tho 
United States and German a , Britain is a rathor late 
entrant into this field, but within recent years, tho 
problem has <oine aoi^ much to tho fore nnd thoro 
um ho no doubt, espocinlh' m mow of tho recent 
diought, that wo shall haio to do\o<o very much 
moro attention to this important issue As olso- 
whoro, differences of opinion ovist as to w bother, 
Fiom tho lrydrologicnl point of mow, our catchments 
aro hottoi under forest, than, say, imder pasture Tho 
answer is by no moans as clenr-cut ns somo would 
make out, tho lrvdrologicnl rolnt lonslups imolvod 
nro mod complicated nnd objective quantitatno 
assessments besot A\ith considerable practical difll- 
inltios It was thoroforo most timely that under 
tho auspices of tho Intel national Association of 
Sciontifie HvdrologA' much of tho oxporionco nnd 
prosont knowledgo m this Hold could bo sur\ovod 
nnd discussed 

Almost half tho contributions wero concerned with 
investigations on tho (.ntchmont scale In punciplo, 
thoso invoho tho monauromont of precipitation nnd 
l un-off (both surface and subsoil), normally by 
stream gauging, despite tho substantial cost of 
installation and maintenance, and, \ery often, diffi- 
culties m ensuring absence of leaks and a reasonable 
standard of precision, this approach is still essential 
for tho jiroMSion of tho bnsic lmlrologienl data 
appropi into to tho problem ns a whole As an 
alternative to tho ‘straightforward’ comparison, snj, 
between forested and non-forosted catchments, 
Idson (USSR) preferred cont muons moasuromonts 
on an aioa under tho mfluonco of a varying forest 
cover Bocmiso of tho w oil-known difficulties m 
ensuring comparability between catchments, tins 
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lattor Approach would generally &oom to bo the more 
rolmblo ono , the regression todnuquoe used by 
Ideon and by Anderson and Hobba (U SA ), in 
which run off is related to tho arious meteorological, 
soil or land uso factors which influence run-off, offor 
an approach which allows for a more comploto 
interpretation of the complex relationships involved. 

In thoso countries where snow forms an important 
source of wntor there was general agreement as to 
tho bonoficial influence of a forest cover , tho data 
of Anderson and Hobba (U SA.), Good oil (U SA ), 
MartmoUi (U SA ) and Sozykm (U 8.S.R ) clearly 
allowed tliat tl trough accumulation and tho shelter 
provided, tho forest retards thawing, reduces the 
danger of spring floods and prolongs tho supply of 
molt water Tho difficulties of measuring snowfall 
and tho need for further investigation were mado 
clear m tho papers of M&rtinelh (17 SA.) and Sepfinnen 
(Finland) 

General recognition was also given to the 1 ugh or 
permeability and greater storage capacities of soils 
dov eloped under forest, leading to reduced surfaco 
run-off, loss erosion and a moro prolonged yield 
of wator during drought Anderson and Hobba 
(U 8. A), Valek (Czechoslovakia) and Banky (Hun 
gary), among others, clearly demonstrated the 
regulatory effect of the forest on stream flow , Bodier 
(French "West Africa) showed that flood peaks woro 
8-12 times lower from forest than from savannah, 
and tho importance of this ofifoct wos recognized by 
Wfcht w his published recommendations for the 
management of catchment areas m South Africa 

So far as absolute quantities woro concerned most 
contributors were prepared to accept a somevsliat 
lower yield from a forested area as compared with 
areas under other vegetative covers Mogmnis 
(XT SA.) provided one of the more oxtrome oxomplc* 
from tho cl nasi cal Cowoo ta experiments in North 
Carolina, where clear cutting of mountain hardwood 
forest increased the annual yiold by 11-17 in and 
cutting of tho slirubby understory by 2 in To 
conserve water in the south western Urntod Statoe, 
Horton recommended the clearance of phraatophytoe 
(vegetation with permanent cocoas to ground water) 
along streams and rivers While such loeece from 
foreet stands were generally attributed to higher 
levels of transpiration, usually bocauso of deeper 
rooting and access to water dunng drj periods, some 
would attempt to explain at least some of the losses 
to interception of precipitation by the foliage Thus, 
Eldmonn (Germany) stated that because it intercepts 
appreciably leas rainfall a beoch forest conserves 
raoTe water than a spruce forest The implied assump 
tion that intercepted water means a corresponding 
loss to tho soil wos contested by Leyton and Carlisle 
(Great Britain), who produced experimental evidence 
indicating, as might be expootod, a marked fall in. 
transpiration following wetting of the foliago , Atten 
tion was also directed to tho possibility of rather large 
errors in the estimation of through fall in a stand 
using a limited number of gauges, and the increase 
in accuracy obtainable when these were replaced by 
troughs with larger collecting areas The papers of 
Bochkov and certain other Russian contributors pro 
vide-d an interesting contrast to tho generally prevail 
mg opinion that a forest covor means a lower yield 
of wot or These authors argued that, bocauso of 

deep groundwater movement in forest soils, tho 
gauging of small streams draining small catchmonts 
may undor -estimate the yiold and that over large 
areas, in certain cases at least, yield from tho forest 


may bo even higher than that from open land. Sokolov 
sky (USSR) also claimed that an increased water 
loss from forest by transpiration may be balanced 
by reduced evaporation from tho soil It is possible, 
therefore that even in the cose of water v leld, final 
judgment on tho effect of a forest cover may have 
to be postponed , from the point of view of energy 
relations, at least one would not expect large dif 
feronces in the lose of water from different types of 
vegetative cover 

A number of contributors described other means of 
investigating quantitatively the hydrological rela 
tiona of a site Yisser (Holland) explained his Boil 
inoisturo flow approach which provides on estimate 
of tho water bolanoo from measurements of rainfall 
potential evaporation and tho ground water level m 
the soil and in ditches Lebedev (U S.SJt ) also 
provided an interesting analysis of ground water 
dynamics under forest and grass covers From 
measurement* of water loss from detached shoots of 
Soots pino Rutter (Great Britain) gave evidence of 
transpiration values apparently exceeding Penman’s 
ostimnto of (potential evaporation from grass) 
this, combined with his observations that tho trees 
oontmued transpiring even down to a toil moisture 
deficit of 7 in or more, introduces still further 
problems in our interpretation of forest hydrological 
relationships Aa yet another approach to tho ostimn 
tion of water loesoe from forest stands, Leyton (Groat 
Britain) discussed tho possibility of measuring the 
volume rate of sap flow in tree stems by the heat 
pulse method originally introduced by Huber It 
wna regretted that, apart from a few words in dis 
mission by Baumgartner (Germany) there was no 
opportunity to learn of the present status regarding 
the energy balance approach. 

In summarizing ono’s general reaction to tho 
papers reported above and to the subsequent dis 
missions one cannot but bo impressed by the mag 
nitudo of tho efforts mado to gain a better understand 
ing of the hydrological relationships of tho forest 
At the same timo it is evident that much still remains 
to bo dono So many aspects have to be considered 
and so many factors ore involved that it is usually 
not possiblo to oxtrapolato findings from one area 
to another , m this respect tho uso of regression 
analysis to dofino certain underlying relationships 
has a very promising futuro It is also clear that 
most countries do not look at tho forest simply as a 
potential dram on water supplies, to bo avoided 
wherever possible As H C Storoy, director of tho 
US Forest Service Division ofWaterahed Management 
Research, pointed out, the orapliasia must bo on tho 
multiplo uso of tho forest Lrunbor (Poland) echoed 
the same theme in. his recommendations for a water 


economy plan based on the proper appreciation of 
the comprehensive role of a forest cover 

Following tho symposium, on excursion was made 
to various forest catchment experiments in the area. 
Eidmann (Duaaoldorf) demonstrated two of his 
seven stream -gaugo Installations set up in small 
catchmonta to inveetigato the mfluenoo of various 
types of forest cover and of forest practice, primarily 
on water yield , at Lahnhof, beoch and spruce forest 
ore being compared and at Holgerndorf, coppioo and 
high foreet The Rulirtalsperrenveroln, the orgon/za 
tion largely responsible for supplying water to the 
Ruhr industries, has runo similar installations' 
which, on the Runkhauserhach (99 PfC-iwor* * ,f *° 
and the K 5 nlgswa«wr (97 p*r oon 
inspected 
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Coming from & country with similar water problems, 
Put without a single catchment experiment designed 
specifically to investigate forest influences, one is 
greatly impressed by the enthusiasm with which those 
problems are being tackled in Germany It is not 
difficult to criticize many of those installations , 
precipitation measurements, stream-gauge design, the 
possibility of leaks and questionable comparability 
of catcliments, all raise problems winch could readily 
intimidate the ultra-cautious, particularly in view 
of the costs involved Nevertheless, with the example 
set by the Americans, Germans and other nationals, 
and with access to their knowledge and experience, 
can we in Britain afford not to set up similar experi- 
ments of our own ? L Leyton 

Lysi meters 

A Iysimeter is an apparatus used for measuring 
the quantity or quality of water which has percolated 
through a container which is filled with soil or similai 
material It is easy to see that, within such a defini- 
tion, lysimeters can be used for such a variety of 
specific purposes that each installation must bo 
considered on its own merits , an ever-present danger 
is to interpret what is measured by means of the 
Iysimeter as being representative of any conditions 
other than those obtaining in the Iysimeter itself 

Lysimeters are commonly installed to throw light 
on what happens m the field, where many different 
factors affect the amount of percolated watoi The 
position is essentially similar to that encountered m 
measuring temperature, rainfall and other meteoro- 
logical factors, where, however, arbitrary standards 
of measurement have been accepted for purposes of 
making comparisons between values obtained at 
different sites So far, standard conditions have not 
been accepted for Iysimeter installations and readings, 
and indeed comparatively few suggestions have boon 
put forward for standardization of observations 

It is thus not surprising that several of the papers 
read at the symposium described lysimeters which 
could throw some light on what happened, with the 
passage of time, only in particular circumstances 
Various ingenious and, in some cases, expensive 
installations have been set up, in which care has 
been taken to avoid such tilings as disturbance of 
the natural soil profile, or of the homogenoity of the 
vegetation cover But m almost none were there 
lacking unmeasured variables which, even though in 
some cases a correlation with adjoining fie2d conditions 
could satisfactorily be established, allowed of auy 
trustworthy comparison between one site and another 

W C Visser, of the Netherlands, was one of those 
who read papers pointing out that conditions in a 
Iysimeter are essentially artificial, and that the 
factors introduced by this artificiality need to bo 
measured or eliminated Visser particularly recom- 
mended water-flow potential measurements m the 
field to ‘calibrate’ the Iysimeter measurements , this 
involves measuring ground-water depth, tension in 
the capillary zone, tensions in the plants, and vapour 
pressures in the air K Uhell, of Hungary, placed 
emphasis on the need to have constant records of 
the temperature gradients m the field and in the 
Iysimeter Harrold and Dreibelbis, m describing some 
of the work at the well-known installations at 
Coshocton, Ohio, showed themselves vividly aware 
of difficulties, which have failed to he understood 
by some who have quoted the Coshocton results too 
uncritically 
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Lysimotors can broadly be dividod into tlioso 
measuring volume and thoso measuring weight 
Thoro is much to bo said for tho lattor, bocauso not 
only do they help to ovorcomo tho problom of changes 
in the amount of water stored in the Ivsimotoi, but 
they also enable changes to bo rocordod as continu- 
ously as is dosirod , lysimotors working on volumes 
of outflow water nocessarily have by contrast a much 
more consideiablo time-lag Several spoakors, how r - 
over, pointed out tliat woighmg lysimotors woro not 
the complete answoi which somo had incautiously 
considered them to bo , for examplo, ono is not 
sure whetlior what is being weighed at ono soason is 
strictly comparable to tliat bomg weighed at another 
time of the year 

E J Winter (Groat Britain) read a joint papor 
by P J Salter, G Stanhill and himsolf describing 
tho installations at tho National Vegetable Kosoaicli 
Station m Warwickshire Besides directing attention 
to somo interesting and significant rosults wlnoli noed 
further investigation, ho strossod that much satis- 
factory and adoquato practical advico can now bo 
given to growlers, oven though moro rosoarcli is 
needed to olncidato tho mochnnisms of, and varia- 
tions m, tho water balance 

G F Makkink, m describing tho various installa- 
tions m tho Netherlands, made tho following useful 
summary remark “It is considered tho final nun 
of Iysimeter rosearch to gam an insight into tho watoi 
balance of any natural soil-piofilo as a function of 
climate, vogotation and movomont of tho ground 
water Tins aim widely surpasses tho limitod scope 
of tho lysimotor observation of tho sopamto institu- 
tions who own tliom” Tho recognition of tins has 
led to appreciable progress in tho Netherlands m 
co-ordinating results 

Sovoral spoakors, particularly G L Duprioz 
(Belgian Congo) and F H W Green (Groat Britain), 
emphasized tho valuo of first obtaining observations 
of potential ovapo-tmnspiration, under ‘standard’ 
conditions, at a network of stations Clioap oil-drum 
lysimotors wore found to bo qiuto ndoqunto for this 
purposo, if both sited and handled undor comparablo 
conditions Greon pointed out that, by simple sub- 
traction, one could got reasonably roliablo values of 
the seasonal differences in ‘water doficit’ and ‘water 
surplus’ from station to station, evon whero tho 
absolute values of potential ovnpo-transpirntion and 
of rainfall woro open to doubt In this connoxion, 
several speakers omphasizod the difference botwoon 
tho rainfall measured in ram-gaugos at tho standard 
height and that falling on tho ground In both 
Britain and Germany this seomod to bo of tho order 
of rather more tlian 5 per cont , gi ound-lovol gauges are 
therefore installed at most Gorman lysimotor stations 

Ono of two woek-ond excursions at tho ond of tho 
symposium was devoted primarily te visiting lysi- 
motor installations Tho first of tlioso visited was 
in the Senne heathlands, near Biolofold, and was 
operated in connoxion with tho water undortalung 
of that town It consisted of four weighing lysimoters, 
one metre square cross section, fillod (m throo cases) 
with ‘monolith’ blocks from throe difforont soil profiles 
found m the area (the fourth was a ‘disturbed’ block 
from ono of tho areas) None of tlieso lysimotors 
was irrigated, so that, particularly in a dry voar liko 
1959, the lysimotors could supply facts but not 
explanations 

The second place visited was to an ingenious forest 
installation at Bossendorf, near Haltorn, m West- 
phalia Hero, in addition to a more orthodox 
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lyBiraeter in an adjoining arable field, were two 
batteries of four lysimotera each, ono under a stand 
of conifers and one under a stand of broad loavod 
troos These had boon made by pressing Jorge ram 
gaugo -shaped lysimotora upwards into tho eod under 
the troos, from a horizontal gallery, painstakingly 
excavated to avoid disturbance of tho natural 
conditions The aim was limited to measuring 
differences in rates of recharge of soil water but they 
ha\ e not been operating long enough for tho results 
to bo assessed 

Tho third visit was to tho installation of the 
Dortmund Waterworks at Goisooke on the Ruhr 


Here thore are batteries of (a) volume lysuneters, 
and (6) weighing lymmeters, filled with different 
matenals and with different vegetation covers 
Although undoubtedly useful information is obtained, 
tho results from type (a) might be quenod in view 
of the verv largo amount of bare concrete surrounding 
the tanks while in both types (a) and (6) reasonable 
homogeneity with the surrounding vegetation was 
achioved only m certain of the tanks In foot, tho 
series of records from each of these lysunotors 03 at 
some other installations, could be considered only 
separately, and not safely compared with those from 
any of the others F W Gbeen 


OBITUARIES 


Prof H J, Backer 

Uilmaji Joeax'tes Backter was bom at Dordrecht 
on January 13 1832, and died at GUmmen, near 
Gromngon, on April 29, 1959 Ho was a pupil at tho 
Gymnasium in Dordrocht and studied at the Uruvor 
slty of Lovdon under Franchimont in chemistry and 
H A- Lorentz m phvsics His doctoral thosis was 
ontitlod “Do Nitrarmnen en liunno Eloctro-chomischo 
Roductio’ Ho also worked with Elba at Giossen on 
tho technique of electrochemical reduction and later 
in the Davy Faraday Laboratories at the Royal 
Institution in London- After two to three yours on 
tho staff at Leyden and a similar period in industry 
and m Go\ eminent servico, ho was callod to tho chair 
of organic chemistry at Groningen in 1910 ns sue 
cessor to J F Eykman His colloaguo, Dr J Strating, 
said that Backer Boon showed his capacity for hard 
work, for concentration and for utilizing every' free 
moment, and yet it seemed that the passage of years 
only increased his broad humanity 

A survey of his researches (1005-55) reveals an 
increasing occupation with compounds containing tho 

gO, — group This can bo correlated with tho earh 

work of Franohlmont on a-sulphopropioiuc acid 
which Backer and Franchimont resolved m 1914 
by means of strychnine Backer then prepared and 
resolved a chloro and a brotno sulphoacetio acids 
a-selenlnopropionio acid o sulphobutyrio acid, several 
a araenoenrboxy he acids and also chlorobromoacctio 
acid. 

About 1930 ho began a study with Strating of tho 
unsaturated cyclic sulphones formed from sulphur 
dioxido and butadienes Tho close relation of these 
compounds to the thiophon* lod to a study of tho 
oxidation of thiophon homologues m the hope of 
obtaining the corresponding sulphones Thiophon 
itself, on oxidation, gives a 'sesquioxido* presumably 
formed by 1 4-addltion between tho unstable mil 
phoxido and snlphono of thiophon It was found 
that certain diolkyi and dipheny 1 thiophens gave mil 
phones on oxidation totraplieny Itluophen had long 
been known to do so This was attributed to the 
presence of tho substituents which increased tho 
electron avail abilrty on the sulphur atom In some 
cartes a scsquioxide was formed. On the other hand, 
electron attracting groups in the benzeno nucleus 
of 3 4~d lpheny 1 thiophon inhibited sulphono forma- 
tion. 

In 1952 Backer began to study hnenos of tho typo 
(B SO,), C-C-NI? , which are very reactive Three 


of these have recently been n ubmittod to X ray 
analysis by Wheatley, Bullough and Daly m Leeds 
with very m tore sting results 

At the boginnmg of the occupation of the Nether 
lands in 1940, Backer gave much help and advice to 
his students whose whole world had suddenly fallen 
to piocos He kept in touch with all thoso who wore 
forcibly doportod to Germany sent them pnrcols and 
encouraged and advised their parents When 1 
visited Backer in 1947 ho referred only briefly to 
his imprisonment in 1945 and said nothing of the 
physical violence which he endured during infer 
rogation. Tho other occupant of his coll was shot 
The liberation of Groningen probably saved Backer 
from tho same fate 

Later on, two of my research students visited 
Gromngon at Backer’s invitation, lived in his house 
for some weeks and worked in his Department Dr 
A. Ash wrote “It was his habit to hn\ o students 
lodging with him and he liked nothing better than 
for students to call in the evening for a short talk , 
help or advice were gladly given He interested 
himself also in their social life He methodically 
inquired of his students progress ov cry morning and 
imparted an impressive practical technique par 
tioularly rich in devices for facilitating manipulation 
of small quantities’ Dr A. G Lowther has said 
Ono s immediate impression on meeting him was 
that hare was a man who demanded one’s respect 
and affection. This was not only a first impression — 
it was there among his students— thoy had a real 
affection almost lovo, for Prof Backer Ho never 
appeared to bo hurried, was most courteous and had 
a quiet, but real, sense of humour I never hoard 
one word of criticism of him there was a 

sorenitv about him and his house’ 

Dr Strating wrote 1 “Nothing could prevent him 
from helpmg a friend or a student who waa m need, 
and this, no doubt lod to his arrest ’ Backer was a 
knight of the Order of tho Netherlands Lion, a 
member of the Royal Academy of Sciences in 
Amsterdam, a correspondent of the Paris Academy 
of Sciences and an honorary member of tho Solvnv 
Institute in Brussels. He received honorary doctorates 
from tho Universities of Ghent and Lille 

When those who knew him recall Backer’s achieve 
manta as a man and as a chemist, his great capacity 
for friendship and for hard work, his fearlessness and 
hia quiet mind, they fool that he wont far ^towards 




1188 


VOL. 184 


NATURE October 17, 1959 


Prof E S. Salmon 

After a long illness, Prof Ernest Stanley Salmon 
ed on October 12 at the age of eighty-eight 
Anyone unfamiliar with mycology might bo par- 
ked for thinking that Ins reputation rested on the 
eeding of new varieties of the hop ( Humvlus 
milus L ) Yet when he came to Wye College 
Jmversity of London) m 1906, he had already 
rtablished himself as the authority on an important 
oup of fungi Researches at the J odrell Laboratory , 
ew had led to the publication, in 1900, of “A 
[onograph of the Erysiphaceae”, a work which 
imams fundamental for systematic mycology and 
hick was reproduced as microcards only a few 
lonths ago After further study in the laboratory of 
■rof Marshall Ward at Cambridge, he demonstrated 
tie very highly developed specialization of parasitism 
l the same group , accounts of this may be found 
i the Transactions of the Royal Society, 1904 and 

905 , 

Salmon was appointed to Wye College to study 
liseases of plants and so was probably the first pro- 
essional plant pathologist in Britain There were 
hen few helpful text-books, but it was not long 
jefore he had combined laboratory work and field 
ixpenments to good purpose His first papers, which 
nay even now be read with profit, describe in some 
letail a selection of the diseases of crop plants , the 
nain emphasis being on apple scab (Vcnluna tn- 
lequahs (Cooke) Wint ) and other pathogens of fruit 
Bordeaux mixture and lime sulphur, fungicides which 
ire still in use, were introduced to Kentish orchards, 
while he conducted a vigorous campaign in the Press 
and elsewhere which led to the passing of the 
Destructive Insects and Pests Act in 1907 

He was elected president of the British Mycological 
Society in 1911 , appointed reader m economic 
mycology in the University of London m 1912, pro- 
fessor of mycology m 1925 and emeritus professor in 
1939 He was made Fellow of Wye Collego in 1948 
When, soon after the First World War, the 
specialist advisory service in Britain began, he was 
appointed advisory mycologist of the Wye Province 
Until he relinquished this appointment in 1937, he 
led a series of investigations on diverse plant diseases 
Particularly noteworthy are the contributions on 
fruit and hops with which are associated his col- 
leagues, Drs H Wormald and W M Ware 

Salmon arranged a programme of hop breeding in 
1907 and followed this without a break until his last 
illness From the beginning, one of his mam aims 
was to produce varieties with exceptionally high 
preservative values , such varieties would enable the 
British grower to compete with imported American 
hops In order to have at command a wide range of 
diverse types, he assembled male and female plants 
from different parts of the world , this unique col- 
lection, together with selected progeny, for long 
occupied about an acre of ground at Wye Collego 
Of the many thousands of seedlings raised, his earliest 
success was the English-grown American, Brewer’s 
Gold This was FI from an English male hop and 
a wild hop from Morden, Manitoba Paradoxically, 
the variety has been more widely grown m Canada 
and the United States than m Britain The varieties 
Bullion and Northern Brewer which have become so 
popular with the British hop industry during the 
past decade are FI and F3 seedlings, respectively, of 
parents from the same sources Other seedlings of 
his raising proved to be tolerant to hop wilt ( Verti - 


cdlium albo-atrum Reinke and Berth ) and those 
have been of great value for planting in infected soil 

In recognition of his work on hops ho received in 
1955 the Horace Brown Medal, the highest honour 
which the Institute of Browing can bestow 

After the manner of the pioneor, Salmon was a 
strong individualist and, in his later years at least, 
showed httle enthusiasm for gatherings, -whether 
scientific or social Ho found relaxation m literature 
and m his small garden of raro plants 

H H Glasscock 

Prof J Zenneck 

Prof Jonathan Zenneck, one of tho oarhost 
pioneers of radio science, died m Munich m April, a 
few days before Ins eighty-eighth birthday Prof 
Zenneck was bom m 1871 in Wurttomberg, Gormany, 
and studied mathematics and natural science at 
Tubingen, where ho obtained his doctorate in 1894 
In tho following year he became an assistant in 
the Physical Institute in Strasburg , lie moved to 
Dantzig in 1905 to become assistant professor, and 
later (1911) professor of phyBics in tho Institute of 
Technology His acadomic careor -was continued by 
his appointment m 1913 to the chair of physics at 
the Technical High School of Munich, whore he 
remained until Ins retirement 

Most of the basic contributions of Prof Zenneck 
were made m the days when spark transmitters wore 
used for wireless telegraphy, concurrently with tho 
development of high-frequency machines and arc 
generators to produce undamped oscillations for 
radio-telephony. Among the earliest of his achieve- 
ments was the establishment of tho first radio-link 
for navigational purposes botweon Cuxliavon and 
Heligoland in 1899-1900 His basic experimental 
and theoretical contributions to wavo propaga- 
tion were of great importance in tho early develop- 
ment of wireless communications Ho expounded 
the first theory on wave propagation along the Earth 
(Zenneck wave) which explained tho effect of tho 
ground constants on polarization and absorption of 
the waves Also well known are his basic contribu- 
tions to ionospheric research, which ho initiated in 
Germany ; and he was tho foundor of tho first 
German ionospheric research station, Herzogstand, 
in Kochel, Bavaria, which was in operation until 
1945 

Dr Zenneck’s interests wore not limited to radio 
He also contributed to othor areas in tho general 
field of applied physics such os acoustics and gas 
discharges He was tho author of tho first Gorman 
text-book on wireless telegraphy, “Electromagnetic 
Oscillations and Wireless Tclograpliy”, pubbshed m 
1906, which was the classic work m this field for 
many years He was also the editor of the Eoch- 
Jrequenztechmk tind Elektroakuslik, the leading journal 
of the world during the early days of radio 

His second book, entitled “Wireless Telegraphy”, 
was pubbshed m Germany m 1908, and a second 
edition appeared four years later It was translated 
into Engbsh m 1915 by A E Seelig, and published 
m London and New York, forming one of tho most 
useful text-books available to students at that time 
on the generation, propagation and detection of 
electromagnetic waves in the radio part of the 
spectrum 

He received many honours and medals from 
academic and professional societies, including an 
honorary doctor’s degree from the Institute of Tech- 
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nology at Dresden Ho wna made a fellow of the Union, and was eloctod vice president of that Com 
Institute of Radio Engineers (NY ) In 1015, received niitteo m 1038 All those who had the pleasure of 

ite modal of honour ui 1928 and was a member of mooting Prof Zenneck at international conferences 

the board of direct ora and vice president in 1933 will ro member lus charming personality and bis 

Ho was honorary preeidont of tho Q or nu ui National modest simplicity, comb mod with wittmoss and 

Committee of the International Scientific Radio quickness of repartee R L Smith Rosb 


NEWS and VIEWS 


Nobel Prize for Physics for 1959 

Dr Emilio Segre and Dr Owen Chamberlain 
Dr Scgro and Dr Chamberlain who have been 
awarded tho Nobel Pmo for Physics for 1959 have 
collaborated in resoanh in high-energy physios for a 
number of years at tho Lawrence Radiation Labora 
tory of the University of California at Berkeley 
Dr Segre woe bom in Italy in 1005 and was a member 
of Fermi b remarknblo nuclear research school in 
Romo Ho emigrated to tho United States before the 
War Dr Chamberlain is thirty nine and, like Dr 
Segre, ia a distinguished experimentalist Thoir 
collaho ration at Berkeley 1ms been associated with 
tho groat accelerators wlnoh have boon built there 
over the years. Thoy wero the loading mo in here of a 
team engaged in experiments on nucleon nuclear 
interaction with the help of the 184-in. svnohrocyclo 
iron, and in particular made a detailed studv of 
polarization phonomona in high-energy scattering 
Tlie v ork which lias now beon lionourod by the Nobel 
award lias, however, been thoir discovery in 1956 of 
the antiproton in experiments with the 0 GeY proton 
synchrotron the bevatron The existence of tho 
antiproton had beon confidently postulated for many 
years the discovery of the positron in 1032 and its 
interpretation on tho Dirac theory, also implied tho 
existenoo of other anti particles including a negatively 
charged proton Antiprotons stubbornly oluded 
drsoovery in the v ery high energy (but very low 
intensity) bombardments of cosmio radiation, and ono 
reason for building the bovatron was to have an 
intense boam of sufficiently energetio protons to 
create proton-antiproton pairs in the laboratory 
The actual discovery, however, involved a long 
series of painstaking experiments with very elaborate 
detection equipment which had to be specially 
developed The dev olopment of effective techniques 
for beam separation and detection for use with 
machines of very greet cnorgy ia a field of reeeorch in 
itself The antiprotons produced when a beam of 
high-energy protons falls upon a target in a machine 
like the bevatron are very greatly outnumbered by 
other charged particles produced with very broad 
momentum spectra in tho relativistic region Tlieso 
background particles would cause impossible con 
fusion in the detection apparatus if they were not 
systematically eliminated Their elimination in the 
experiments of Segre and Chamberlain was a major 
programme in exjierimenta! physics The final 
apparatus UBod was elaborate and refined. Chargo 
and momentum separation of antiprotons from the 
mixed beam of particles was achieved by magnetic 
deflexion and focusing in separate lenses, and velocity 
selection was aided by time-of flight and Cerenkov 
radiation technique* When some forty events had 
been accumulated which corresponded witlnn accept- 
able margins of error with tho properties of tho 
antiproton, it could bo said that tlie antiproton had 
been discovered As is usual in hich-ennrtrv re search 


with largo machines, team work by large numbers of 
physicists and engineers whs involved the award of 
tho Nobel pmo to Sogro and Chamberlain underlines 
tho fact Unit tho bnlhant individual worker is still 
needed to inspire and diroct tho work 

Royal Society Medals for 1959 

The following awards of medals have been made 
by the President and the Council of the Royal Society 
Copley Modal to Sir Macfarlano Burnet, director of 
tho Walter and Eliza Hall Institute Melbourne, 
Australia, for his distinguished contributions to 
knowledge of viruses and of immunology Davy 
Medal to Prof R B Woodward, of the Department 
of Chemistry, Harvard University, Cambridge Mossa 
chusetts, for his distinguished researches in organic 
chemistrv and particularly for his contributions to- 
the structure and synthesis of natural products 
Hughes Medal to Dr A B Pippard, rendor in phyBics 
in the University of Cambndgo, for his distinguished 
contributions in the field of low temperature physics 


Genetics at Cambridge Prof J M Thoday 

A graduate of the University Collego of North 
Wales Bangor Dr J M Thoday, who lias recently 
been appointed to the Arthur Balfour chair of 
genetics in Cambndgo, began his research career in 
tho Botany School, Cambndgo, under tho guidance 
of Dr (now Prof ) D G Catchoaido Theee early 
studies of the action of ionizing radiations on 
chromosome structure were interrupted by war 
service m the Royal Air Force to bo resumed after 
the War at the Mount Vernon Hospital and Radium 
Institute, where, in collaboration with Dr J Read, 
Thodav demonstrated the effect of oxygon tension 
on the frequencies of chromosome changes following 
irradiation During 1047 ho moved to Sheffield to 
take up on appointment as lecturer in cytogenetics, 
becoming senior lecturer in charge of the newly 
founded Department of Genetics there in 1954 In 
Sheffield his research moved towards the field of 
population genetics, particularly in relation to the 
genetics! control of stability in development and to 
tho action of disruptive selection. His experiments 
with Drosophila have been especially rewarding in 
the light they have thrown on tho power of disruptive 
selection to conserve variability and to build up 
polymorphisms within populations They are showing 
us for tho first timo under controlled conditions how 
polymorphisms can come into being and how thoir 
gonotical structure reflects the selection which has 
brought them about Prof Thoday’s breadth of 
experience and originality of approach augur well for 
the future of genetics in Cambridge 


Genetics at 

Dr. J A. 
(Sheffield) os 
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enetics Dr Ropei graduated m chemistry at 
hefflold m 1945, and was trained in bacterial bio- 
hemistry under Krebs and Mcllwain He joined the 
[enetics Department at Glasgow m 1948 and played 

very important pari; in the development of that 
2 I 100 I of genetics For Ins ability as a teacher, and 
is engaging personality, lie is well liked by the 
budents At Glasgow he introduced, with groat 
access, group discussion methods Dr Roper was 
Rockefeller Fellow in 1953 at the California Institute 
f Technology, and has lectured at various times 
1 a number of American and European universities 
le is secretary of the Genetical Society 

Dr Roper’s training in chemistry and microbial 
loohemistry was a good foundation for the research 
1 microbial genetics on which he embarked at 
Hasgow He played a major part there in a team 
mrlTing on the genetics of Aspergillus mduiane A 
lost decisive contribution was the first dehboiate 
jaroh for, and hia demonstration of, what could bo 
ailed the ‘splitting of the gene’ {Nature, 166, 956 , 
950) Soon after he designed a way of synthesizing 
eterozygous diploid strains in filamentous fungi 
Ins was the first step whioh made possible tho dis- 
overy of the ‘parasexuaP cycle and the development 
f genetic analysis via mitotic segregation. In the 
ast three years Dr Roper has become interested 
\ investigating extra-nuclear inheritance in Asper- 
ittus Dr Roper’s ability in teaching and research 
nil be given full opportunities in tins now ohair, 
>om m a most favourable environment 

*he Animal Health Trust 

H M the Queen has graciously oonsented to 
lecome patron of the Animal Health Trust The 
>ust was founded by Dr W R Wooldridgo in 
.942 for the purpose of improving the general health 
tandards of all types of domesticated animals, and 
b approaches the task in two ways First, by means 
if scientific investigation of the many disoase prob- 
sms of such animals , secondly, by stimulating the 
low of framed personnel into the ranks of the 
etermary profession through financial grants to 
,eedy students and by furthering the higher educa- 
ion and specialization of veterinary graduates Four 
esearoh centres have been established by tho Trust 
or the study of disoase in horses, dogs, poultry and 
arm animals, respectively, the latest of which — tho 
i’arm Livestock Research Centre at Stock, Essex — 
ras opened by H R H Prince Philip in December 
1957 (see Nature, 181, 70 , 1958) A new surgical 
unt to mark the patronage of the Queen is to be 
milt at the Equine Research Station, Newmarket, 
it a cost of about £30,000 

The Office of the Lord Privy Seal 

With the appointment of Lord Hailsham as the 
Munster with general responsibility for science and 
technology, including atomio energy, the Atomic 
Enorgy Office and the Lord President’s Office will 
bo combined The new Office will be in the charge 
of Mr F F Turnbull, whose appointment as 
deputy secretary, to succeed Sir Friston How in 
charge of tho Atomio Energy Office, was announced 
some months ago It will be organized m two 
Divisions (1) a General Division, under Mr R N 
^uirk, under-seoretary, corresponding to the previous 
aord President’s Office , and (2) an Atomio Energy 
division, under Mr M I Michaels, under secretary, 
orrespondmg to the previous Atomio Energy Office 


Parliamentary Responsibility for Science and Tech- 
nology 

The Primo Minister made a statement m tho Houso 
of Commons on October 30 regarding tho responsibili- 
ties of the Lord Privy Seal and tho Minister for 
Scionco, stating that other Ministers would remain 
responsible for the scientific establishments within 
thoir own Departments, but that the Minister for 
Science was to bo responsible for broad quostions of 
scientific policy outside tho sphore of dofonco, and -was 
advised by the Advisory Council on Scientific Policy 
on general quostions which rolato to tho whole field 
of civil scienco On Novombor 3, Mr Maomillnn 
indicated that tho arrangements for answering 
questions in the House of Commons which fall within 
the responsibility of the Mmistor for Scionco would 
be as follows quostions about the Modtcal Rosoarcli 
Council and radiobiological hazards, tho Minister of 
Health , Agricultural Rosearoh Council and Nature 
Conservancy, tho Minister of Agriculture , nucloar 
energy, the Department of Scientific and Industrial 
Research and general scientific matters, tho Mmistor 
of Education , spaco research, tho Minister of 
Aviation Whore questions about tho development 
of nuclear energy rolato to mattors for winch somo 
other Mmistor is responsible, that Mmistor would 
answer them For ovamplo, quostions about nucloar- 
powered merchant shipping would normally bo 
answered by tho Minister of Transport, and about 
nuclear power stations by the Mmistor of Powor 
Mr Macmillan had oarlior defonded tho exclusion of 
the new Mmistor of Powor from tho Cnbinot, but 
neither that arrangement nor those for answering 
questions for the Mmistor of Scienco in tho Houso of 
Commons wero well rocoived 


Scientific Developments in Britain 
Replying to a question in the Houso of Commons 
on November 2, Mr J B Godber, os representing tho 
Lord Privy Seal, said that a small temporary station 
is to be established near Cambridge to oxpnnd tho 
work already being done at the Low Temperature 
Research Station and elsowhoro, and he hoped it 
would be in operation by the ond of next year 
Meanwhile, the Agricultural Rosoaroh Council is 
considering the wider issues raised by tho proposal to 
establish a permanent centre for moat research In a 
written answer on Novomber 5, 'the Mmistor of 
Education, Sir David Eccles, ns representing tho 
Mmistor for Scionce, stated that the now Hydro- 
dynamics Laboratory of tho National Physical 
Laboratory had cost about £2 milhon, and its staff 
was nearly 70, mcludmg 10 scientific officors The 
Laboratory would provide up-to-date facilities for 
testing ship dosigns, particularly m reproducing more 
realistic sea conditions, and rosoarch would bo 
conducted to extend basio knowfiodge of the resistance, 
propulsion and sea going qualities of ships, while now 
ship dosigns would bo tested for industry 

In a written reply to a further question on Novem- 
ber 5, Sir David Eccles said that commissioning trials 
of the fast reactor at Dounreay had proved more 
difficult than, expected, due to chemical ongmooring 
problems, but enriched uranium is now being loaded 
and the reactor is expected to becomo critical witlnn 
the next fow weeks Tins reactor, he said, is an 
experiment m the development of fast breeder 
systems, and successful exploitation will depond upon 
the operating results the development of the fast 
reactor wffi ocoupy the resources of the Dounreay 
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establishment for many y oars The Admiralty 
submarine reactor development programme at Dmin 
rooy ib now getting under way and firms in tlio north 
ot Scotland with tho necessary eoientific and technical 
oxporfonco would bo given the opportunity of tender 
mg for any development work which could bo lot oat 
to industry 

inauguration of Merlin 

When H.R.H the Duke of Edinburgh formally 
inaugurated Mcrlm the nuclear research reactor built 
by Associated Electrical Industries Ltd. (see Nature 
September 6 p 11) at Aldermaston on November 6 
an underwater closed-eirouit television camera 
specially designed by E.M.I Electronics Lid made 
possible the observation of activity inside tho reactor 
This camera, which is 30 in long, 2i ax. in diaraotor 
arid enclosed in a pure aluminium water tight housing, 
is a permanent part of the equipment of Merlin In 
addition, a standard E M I camera has been mounted 
above the reactor on the second floor of tho reactor 
haU This provides a continuous view ail around 
MerUn and ensures tliat no unauthorized staff aro 
near the roaotor when it is in use Two 14-m 
receivers, one for each camera, have been ruck 
mounted in tho control room on tho ground floor and 
another receiver has been installed on the second 
floor for observation inside the reactor A 17 in 
console receiver, capable of selecting a picture from 
either camera, lias been installed in the reactor 
conference room. Throe more E.M.I cameras and 
soven more receivers wore used at the opening 
ceremony to give the audience on uninterrupted view 
of the proceedings from tho moment the Duke of 
Ed mburgh entered the reactor hall on tho ground floor, 
while he was inspecting the top of Merlin from the 
second floor, and upon his return to the ground floor to 
start the reactor and unveil o commemorative plaquo 

Joint British Committee for Vacuum Science and 

Technofogy 

Fonno vying tho Institute of Physic®’ London 
Conference on high vacua held in April last various 
suggestions were made for arranging regular meetings 
m Britain on vacuum soionce and technology, and for 
British participation in international conferences m 
this field As a result of informal discussions a 
Jomt British Committee for Vacuum Science and 
Technology has now been formed Tho Committee 
consists of representatives from each of the following 
bodies Institute of Biology , Institution of Chemical 
Engineers, Royal Institute of Chemistry, Institution 
of Eloctrical Engineers, Iron and Steel Institute, 
Institution of Mechanical Engineers, Institute of 
Metals, Inst i tut o of Petrol oum, Physical Society and 
Institute of Physics Its objects ore (a) to co ordin 
ate and holp to initiate meetings in tho whole field of 
vacuum science and technology arranged by consti 
tuent bodies , and (b) to act in the collective interest 
of the constituent bodies by maintaining liaison with 
the International Organization for Vacuum Science 
and Technology and with national vacuum societies, 
and otherwise The Institute of Physios has agreed 
to provide the secret ariat for the jomt committee 
communications should bo addressed to the Secretary 
of the Joint British Committee at 47 Belgravo 
Square, London, S \V 1 

Scientific Policy In South Africa 

The first and second annual reports of tho Advisory 
Council on Scientific Policy of the Union of South 


Africa cover the periods December 1950-Decombcr 
31 1957 (pp 6) and January 1-Docember 31 1058 
(pp 7), respectively (Pretoria Advisory Council on 
Scientific Policy, 1958 and 1950) Tho Council 
which has nine members, including Prof H O 
M6nmg os chairman, was appointed late in 1950 to 
enquire into and report on all matters referred to the 
Council by tho Minister of Economic) Affairs It is 
required to acquaint itself with scientific develop 
monte and policy in other countries and to advise 
tho Minister concerning any action necessary in 
South Africa to take note of all international 
scientific conferences and mako recommendations 
regarding representatives, and to investigate coses 
of overlapping of research and other activities 
referred to the Council by the Munster and 
mako recommendations as to responsibility for the 
work 

In it* first report the Adv isory Council, attributing 
tho shortage of scientists and technologists fun da 
mentally to weaknesses in secondary education, 
recommended that tho Government should increase 
both funds and faoflittes available for training 
scientists at tho universities, as well as actively 
promote the training of technologists and improve the 
salaries and conditions of employment of scientists 
A surv oy of tho country’s requirements for eoiontists 
and technologists by the Research Bureau of tho 
Department of Education, Arts and Science was also 
recommended, and tho Council s consideration of tho 
oondition and organization of research issued in a 
recommendation for the appointment by the Covern 
ment of a commission to investigate the organization 
of agricultural research and the cstablisliment of an 
independent Agricultural Research Council The 
Advisory Council does not consider its rcaponsibilrtv 
regarding attendance ot international conferences 
can be satisfactorily discharged under tho present 
arrangements or that tho set up permits adequate 
access in general to Cabinet lo^ol 

In its second report tho Advisors' Council recoro 
mends the compilation and maintenance by the 
National Bureau for Educational Research of a 
National Register of Scientists and Technologists 
Somo consideration was giv on to tlio relation between 
the Council for Scientific and Industrial Research 
and the universities, and at tlio request of tho South 
African Chemical Manufacturers "Union the Council 
considered tho desirability of Government support for 
research on tho processing of agricultural products, 
but concluded that tho proposal wua undos trablo and 
that developments in this field should bo loft with 
the Council for Scientific and Industrial Research 
An inquiry into overlapping of State- aided research 
requested by the Treasury led to the rocommondn 
tion that the Government Metallurgical Laboretory 
should bocomo an institute of the Council for Scion 
tifio and Industrial Research. A Cabinet Committee 
has been appointed to investigate tho short ago of 
man power in science and means of reducing this 
shortage, and a commission 1* investigating tho 
desirability of an independent Agricultural Research 
Council, but otherwise no action appear® to hnv o 
boon taken on tho recommendations suggested m 
tho first report 


Inland Telegraph Service 
The Committee appointed during ho 

under the chairmanship of Sir XfjL ^ rturr , 
advise tho Postmaster ^ of **«• 

tho inland public tolegrop** ~ r ' 
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communication facilities of the United Kingdom”, 
does not consider that, subject to keopmg undor 
review the extended use of the telephone for sending 
telegrams over the shorter distances, further integra- 
tion of telegraphs with telephones, as recommended 
by the Bndgeman Committee of 1932, would bo 
justified at present, though there may bo scope for 
further integration with the telephone service or 
possibly with the telex service later The number of 
telegrams has steadily declined from 53 3 millions 
in 1947-48 to 18 7 millions in 1950-57 and an 
estimated 16 9 millions in 1957-58, and the loss per 
telegram has rison from 14 2 d to 40 3d in 1956-57 
and 48 2d in 1957-58 This is mainly duo to the 
relatively small gap in the communications facilities 
of the United Kingdom filled by the service and this 
gap is being reduced m size by othor Post Offico 
services Foreign administrators face a similar 
problem and the traffic is expected to continue to 
decline Although the semco is only of marginal 
importance to business estabhslimonts and only 
occasionally used by the public for social purposes, 
in its report the Committeo recommends retention 
of the service to handlo a proportion of overseas and 
emergency telegrams and for other roasons (Report 
of the Advisory Committeo on the Inland Telegraph 
Service, 1958 Pp m-fll London HM Stationery 
Office, 1958 Is net) Increase of the tariff is recom- 
mended and the new structure should bo one of a 
basic charge plus a charge for evory word The Post 
Office, it is suggested, should consider the elimination 
or reduction of the deficits duo to Pross traffic and 
telegrams to the Irish Ropubhc and should arrange 
to charge the British Transport Commission with the 
cost of Railway Pass telegrams 

Meldola Award 

It is announced that the next award of the Meldola 
Medal will be made early in I960 to the chemist who, 
being a British subject and undor thirty years of ago 
at December 31, 1959, shows the most promise as 
indicated by his or her published chemical work 
brought to the notice of the Council of the Royal 
Institute of Chemistry before December 31 The 
merits of the work may be brought to the notice of 
the Councd, either by persons who desrro to recommend 
the candidate or by the candidate himself, by letter 
addressed to the President, Royal Institute of Chem- 
istry, 30 Russell .Square, London, W C 1, from whom 
further information can bo obtained 


Royal Society of Edinburgh : Officers for !959-6( 

At the annual statutory meeting of the Roya 
Society of Edinburgh the following officers anc 
members of Councd v. ore elected President 
Prof E L Hirst, Department of Chemistry, Urn 
veraity of Edinburgh Vice-Presidents Dr' D P 
Cuthbertson, Mr A W Young, Prof T Neville 
Ueorge, Prof J R Matthews, Dr T R Bolam 
f>r Douglas Guthne General Secretary Prof 
Norman Feather, Department of Natural Philosonln 
Umvorsity of Edinburgh Secretaries to Ordma'n 
Meetings Dr A W Greenwood and Dr Mowbra^ 
Ritchie Treasurer Dr, J, R Peddie Curator 
Dr R Schlapp Councillors Prof A M MacBeath 
Prof R A Rankin, Prof A E Ritchie, Prof Y C 
Wynne-Edwards, Prof E G Cullwiek, Prof G 
Pontecorvo, Prof M M Swann, Prof H A Bruck 
Prof T S Westoll, Dr H R Fletcher, Prof G L 
Montgomery, Prof W L Weipers 


Announcements 

The Munster for Transport and Power for the 
Ropublic of Iroland has appointed Mr J Connor, of 
the Department of Transport and Power, to bo 
chairman of the National Committeo for Geodesy 
and Geophysics in succession to Mr A 6 Coinncnm 

Mu R Levtn has beon appointed doxclopment 
planning oxocutivo at Aspro-Nicholas, Ltd , of Slough, 
Bucks Mr Lovm was formerly chiof pharmacist, 
Research and Development Dmsion, and Inloly 
manager of tho Technical Information Department 
of tho Distdlors Co (Biochomicals), Ltd Ho is tho 
author of “Tho Pharmacy of Silicones and their Uses 
in Modicmo” 

Following tho resignation of Dr C E Dalgliesh 
as secretary of tho Biochemical Socioty, Dr- P N 
Campboll, Courtauld Institute of Biochemistry, 
Middlesex Hospital, London, becomes socrotary to 
tho Committeo, and Dr W J Wholnn, Lister 
Institute, Chelsoa Bridgo Road, London S W 1, has 
boon appointed meetings secretary 

The National Collection of Industrial Bacteria has 
been transferred from the National Chomical Labora- 
tory' to tho Torry Research Station (Department of 
Scientific and Industrial Research) All futuio 
inquiries and correspondence concoming tho Collection 
should bo addrossed t-o tho Curator, National Collec- 
tion of Industrial Bacteria, Torrj Rosearch Station, 
Aberdeen 

A svxrrosiUM on lixematology has boon organized 
by tho Umvorsity of Cnmbridgo Post-Graduato 
Medical School, and w ill bo hold during December 7-9 
Furthor information can bo obtained from tho 
Secretary, Medical School, Tonms Court Road, 
Cambridge 

The U S Offico of Naval Research has announced 
that tho second Conforenco on Semiconductor 
Surfaces will bo hold at tho U S Naval Ordnanco 
Laboratory, White Oak, during December 3—4 
Further information can bo obtamod from tho 
chairman of tho Steering Committeo, Dr J. N Zomol, 
U S Naval Ordnanco Laboratory', White Oak, Silver 
Spring, Sid 

The Indian Society' of Theoretical and Applied 
Mechanics has annoimcod tho Fifth Congress on 
Theoretical and Appliod Mechanics, to bo hold at tho 
University of Roorkoo during December 23-20 
Further information can bo obtained from tho 
Secretary-Treasurer, Indian Society' of Theoretical 
and Applied Mechanics, Institute of Technology, 
Kharagpur, India 

The autumn general meeting of tho British Iron 
and Stool Institute vail bo held m London during 
Decembor 2-3 Tho sessions, some of wluch will run 
simultaneously, will bo hold m tho Great Hall, 
Caxton Hall, SW1, and in tho Hoaro Momonal Hall, 
Church House, S W 1 Furthor information con bo 
obtained from Mr K Heodlam-Morloy, Iron and 
Stool Institute, 4 Grosvenor Gardons, London, S W 1 
All applications must bo returned by Novembor 27 

Ekbatuxi In tho article ontitlod “Transmission of 
a Virus to Stray berry' Plants by a Nomatodo 
(Xiphmenia sp )” in Nature of September 20, p 902, 
line 5 in par 2 should not have boon inserted Tho 
phrase should read “ tlio causal virus of xellow 
crinkle and of mosaic was transmitted by moclinmcal 
mo ci a ion from plants of a number of strawborry 
varieties, including . ” J 
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INTERNATIONAL UNION OF PURE AND APPLIED CHEMISTRY 

COMMISSION ON GEOCHEMISTRY 


T HE Commission on Geochemistry of tho Inter 
national Union of Pure and Applied Chemistry 
hold a mooting m Munich during August 26-27, 
during tho twentieth Conference of the Union 
Attending the mooting wore tho following members 
of the Commission : Prof T F W Barth {president), 
Or F M Vokes {acting secretary) Prof C Bum 
Prof C IV Corrons, Prof S I Tomkeieff, Prof L R 
Wager, Prof F E Wiokman and three observers of 
the Commission Prof A. P Vinogradov, Prof K. 
Sugnwam and Prof E Ingorson. 

The Commission dismissed at length its future 
objects and aims, particularly with regard to the 
work of its sub-committoofl The o ha omen of the 
throo existing sub-committoos reported on their 
activities , theee comprise tho subcommittee on 
obstructing translation and information j the sub 
committee on the chemistry of tho oceans and the 
sub committee on rock analyses It was decided to 
broaden the scope and work of the Commission by 
forming sub -committees on “tho organic compounds 
In tho crust of the Earth” and “the beginning of the 
biosphere ’ 

It was also considered highly desirable that bo mo 
form of code should be compiled which could 
bo usod to indicate the exact analytical methods 
which hod been employed in mineral and rock 
analyses reported in publications It waa decided to 
seek the co-operation of the Sections of Inorganic 
and Analytical Chemistry of the Union to further 
this encL The question of education and training 
for geochemistry was also discussed at some length! 
In particular, it was agreed that the oducation oom 
mittoo of tho Geochemistry Society should be on 
couraged to produce a definitive report on thlB subject 
as a basis for further discussion. 


The subject of future symposia on geochemistry 
came in for a considerable amount of discussion It 
was decided to offer the Commission’s co-operation 
m reepoct of the proposed symposium of the Inter 
national Union of Geodesy and Geophysics to bo 
held in Holsmki In July 1000 and that of the Goo 
chemical Sooiety to be held in Copenhagen in August 
I960 For the Copenhagen symposium it was sug 
gested that the Commission should be responsible for 
organizing a section of the geochemistry of eodi 
mentary oarbonato rooks 

Prof A. P Vinogradov of tho Vernadsky Institute 
of Moscow gave the members present a short sum 
mary of tho current geochemical work being earned 
out at the Institute He also mentioned that dis 
missions were taking place regarding tho formation 
of a Russian geochemical society which he hoped 
would in time be able fully to co operate with similar 
bodies outside Russia Prof IC Bugnwnra also gave 
a short account of the position and acti\ ltiee of tho 
Japanese Geochemical Sooiety 

Election of Members In order to replace those 
members due to retire at the end of the present \ oar, 
the following wore elected members of the Com 
mission Prof L H Ahrens Prof E Ingorson, 
Prof KL. Sugawara and Prof A, P Vinogradov 
The officers elected for the session beginning 1000 
were President, Prof C W Corrons (Gottingen) 
Vice President, Prof A- P Vinogradov (Moscow) 
and Secretary, Prof E Ingerson (Austin Texas) 
In addition it was docided to invite sevon nou 
observers to servo with the Commission Tho 
president-elect, Prof Corrons, proposed a voto of 
thanks to the retiring president Prof Barth, for 
his" work for tho Commission daring his term of 
office and this was carried with acclamation 


SCIENCE AND PHILOSOPHY 


T HE fourth annual conference of tho British 
Society for the Philosophy of Sdonoe was hold 
during September 25-27 at Newnham College, Cam 
bridge and was attended by about eighty members 
and guests Dr M B Hesse was conference secretary 
Four symposia were held x 'Soientiflo Research 
and tho Philosophy of Science “Biology and 
Physics”, ‘ Classification Concept formation and 
Language’ , and “Knowing and Being’ 

At the first session with Ur J O Wisdom in 
tlie climr, it was argued whether ‘philosophy of 
science’ can be hold to refer to anv activity not 
properly subsumed under ‘scientific research , and, 
if it con, whethor tluit activity is relevant to research 
Prof H Dingle mentioned various questions of value 
and purpose as well as of method papers on which 
were unlikoly to bo accepted for publication in journals 
concerned with particular sciences. Prof H C 
Ixmguot-Higgms, on the other hand, argued that, of 
tho product of plulosophors of science, port was 
Boionoo, part was philosophy, and the remainder wns 


of no use to man or scientist This aroused bo me 
consternation, ns members consulted thoir own 
credentials and invoked those of others but in duo 
course a consensus emerged that scientists have to 
think critically about their thinking, and tho com 
parntive study of modes of scientific thought may 
Kelp them to do bo 

In the second session. Prof J H. Woodger de 
scribod an abstractive hiorarchy of terms character 
ired by a one-many relation, and its use ns a con 
ceptual framework m biology With some klornTchioa 
of cells, every coll Is a distinct lifo » with others, only 
tho first coll in each hiorarchy elaboration occurring 
on subsequent lovols- Morphology was the study 
of tho arrangement and differentiation of parts 
physiology was tho study of tho oxistential dependence 
of parts Ganotics was concerned with tho process 
in nhloh tho first number or n hlorarchj »**“" 
from tlio conjunction of two mom 
luornrohios Dr E M ^ 

fromorrork tho soquonco cMbl, ^ 



1194 


NATURE 


VOL. 104 


decay each new atom produced was similarly time- 
extended, stemmed from a parent atom, and consisted 
of existentially dependent parts, but it was not 
dependent on its environment analogously to a coll 
In elementary-particle theory, explanation might 
amount to little more than classification, or an 
enumeration of possibilities, and might have little 
more predictive power than comparable biological 
models with tlieir over determination and multiple - 
causation The chairman, Prof C F A Pantm, 
referred to the occurrence, m biology, of morpho- 
logical modols that can be interpreted at more than 
one level in an organizational hierarchy In dis- 
cussion it was suggested that the predictive pov or 
of a theory might not always be manifest at tho time 
of its original formulation , it might liavo to await 
development of deduction There was much interest 
in the relative importance of the past history of an 
entity in biology and m physics historical existential 
dependence appears to be a function of complexity 

In the third session, with Mr G Buchdalil in tho 
chair. Miss M Masterman and Mr R M Needham 
presented the strategy, and some of tho tactics, of a 
method of analysing language by assimilating it to 
a library classification system m which concepts are 
arranged on a finite lattice ordered by a single, weak, 
‘concordance’ (inclusion) relation They furthor 
suggested that the formation of scientific concepts 
is a development of language according to tins model 
There was some discussion as to whotlior tho mothod 
is a technology for mechanical translation, or a 
science, or a philosophy of language, and it was 
suggested that it could bo viewed as a scientific 
model of language, containing the partly unintor- 
preted concept ‘inclusion’, and capable of being 
tested by experiments on translation and on analogy- 
finding. 

In the fourth session, under the chairmanship of 
of Dr W H Thorpe, Prof M Polanyi presented a 


October 17, 1959 

way of talking about tho primary process of know mg 
by perception, tho pro-articulato act of know mg, 
which paitakos of tho uniquoness of tho mdi\ iduul 
porcipiont, tho unspocifiablo personal knowledge 
from which any specifiable, potentially public, 
knowledge is derived by a process of abstraction 
Complex ontitics were commonly porcoivod and 
recognizod as wholes before particulars had boon 
identified , tho pioccss of discovery, m fact, might 
bo rogarded ns nn alternation of analysis, recognizing 
particulars, and integration, recognizing tho relations 
of parts to tho w’holo. Prof R B Brnithwnite sug- 
gested that too narrow' a view might bo tokon of 
specifiability, and that somo lovols of subjoctivo 
experience, however vaguo, could bo convoyed 
by language — for example, ‘Oblomov’ convoys the 
experience of laziness , beyond that, ho differed 
from Prof Polanyi in his uso of tho term ‘Joiow lodge’ 
for what was unspocifiablo In tho subsequent dis- 
cussion tlicro was somo rcluctnnco to focus on tins 
ratlior undemocratic modo of tacit awareness, nnd a 
preference for talking about what can bo made public, 
wsth tho implication thnt tlio progressive refinement 
of sciontifio languago tends to eliminate tho un- 
spocifinblo 

In conclusion, it is perhaps worth direct ing attention 
to tho unusualness of a scientific conference at which 
spoakors aro not armed with specified and verifiable 
data but attend primarily to make ns oxplicit ns 
possible how they think, and to recoivo criticism of 
tho process thereby rovonlod, especially from those 
who aro not working in tho samo field Tlio coherence 
of this univorso of discourso was illustrated by tho 
frequency of reference fiom one discussion to anothor, 
tho esprit d'cscahcr from ono session often finding 
its outlet in a later one , its range, by tho frcquoncy 
of spontaneous quotation, not only from Shakespeare 
and Wordsworth but also from Swinburno (and early 
Swinburne, at that). G E Denyeti 


FOURTEENTH ANNUAL CALORIMETRY CONFERENCE 


T HE fourteenth annual Calorimetry Conference, 
held at Yale University in tho Sterling Chemistry 
Laboratory during September 10-12, was attended 
by more than one hundred scientists from the United 
States, Canada and Europe Under tho chairmanship 
of Dr David White (Ohio State University) thirty 
papers were read and discussed Those included 
heat capacity measurements at temperatures as low 
as 0 1° K and as high as 1,400° K , precision re- 
action and bomb calorimetry , solution calori- 
motry , and determinations of stored energy in 
sobds 

Most of the papers woie concerned with 
recent developments m calorimetry How ever, as 
calorimetric techniques aro extended to more ex- 
treme conditions, the problems that lod to the 
founding of the Conference remain under new guises 
The need for better temperature measuring dovices 
was emphasized m sevon papers that reported on 
research at temperatures below 11° K No device 
comparable to the platinum resistance thermometer, 
now in general use for measurements above 11° K , 
is yet available for the very low temperatures at 
which some of the most important calorimotrio 


research is now being done Howovor, tho reports 
on a dovico that may extend precision thermometry 
to at least 1° K., namoly, tho gonnaruum resistance 
thermometer developed m tho Boll Telephone Lab- 
oratories, wore recoived enthusiastically Tv oh o of 
those thermometers had been provided for a calori- 
motry conference test programme involving eleven 
different laboratories. Tlireo papers at tho Yale con- 
ference described the first results of tho investigations, 
which were so promising that tlio Conference plans to 
seok a manufacturer of additional units for a more 
oxtonsivo testing programme 

Special addresses wore given by Profs Georgo S 
Parks (Stanford University) and Lars Onsagor (Yale 
Uruvorsity) At tho annual banquet. Parks dolivorod 
tho Hugh M Huffman Memorial Lecture, “Somo 
Remarks on tho Thermodynamic Properties of 
Organic Compounds” Parks nnd ono of his fust 
graduate students, tho late Dr Huffman, started tho 
first systematic calorimetric studios of organic com- 
pounds at Stanford more than flinty yoars ago 
Enlivening lus remarks with many porsonal anoedotos, 
Parks traced tho history of thermodynamic research 
on orgomo substances and tho rolo improvement 
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of calorimetric methods has taken m the remark 
ablo progress mado In the past three decades Prof 
Onsager gave the principal lecture of tho technical 
sosmona on “Co-operative Phenomena”, a field in 
which he has dov olopod much of tho basic theory 
Many papers at each Calorimetry Conference describo 
experimental studies of co-operative phenomena, and 
Onsager outlined the approaches one may take in 
socking a theoretical understanding of such offocts 
Admitting that three-dimensional treatments of 
critical phenomena by statistical mechanics seem 
hopelessly complex, he dwelt mostly on more eim 
phfiod treatments that give results 

In addition to tho objectn e of promoting better 
calorimetric research, the Conference also is concerned 
with publication policies relating to calorimetric and 
thermodynamic artioloa A ‘Resolution regarding 
Published Calorimetric Data” adoptod by tho oighth 
Conference in 1063 has proved to bo valuable to 
editor* and authors alike in establishing consistent 
policies based on the opinions of experts in tho field 
Because calorunotrio research has expanded into 
many areas not covered by the 1953 resolution, the 
fourteenth Conforonoo established a committee headed 
by J P McCullough to consider revising and extend 
mg the oar her recommendations Drs Edgar P 


Oestrum jun. (University of Michigan) and Stig 
S tinner (University of Lund, Sweden) presented a 
proposal of tho Commission on Thermodynamics of 
tho International Union of Pure and Applied Chem 
istry for a joint meeting in 1901 of the Calorjmetn, 
Conference and tho Sub commissions on Experimental 
Thermochemistry and Experimental Therm odyn 
amics The Conference unanimously approved the 
proposal for a joint meeting to be held either boforo or 
after the biennial meeting of the Union that year in 
Montreal, Canada Plans will begin immediately for 
what should be ono of the most important conferences 
ever held in the field of calorimetry 
At the annual election the following members 
woro appointed to Conference offices j Chairman 
Dr J P McCullough (Petroleum Thermodynamics 
Laboratory, Bureau of Minos) , Chairman Elect, Dr 
D W Osborne (Argonno National Laboratory) / 
Directors, 1969—62, Dr N E Phillips (University of 
California, Berkeley) and Dr J M Sturtovnnt (\alo 
University) Other officers include Secretary 
Treasurer, Dr C E Messer (Tufts University) and 
Directors, Dr David White, Dr D H Andrews 
(Johns Hopkins University) Dr J E KunzJer (Boll 
Telephone Laboratories), and Dr J A Morrison 
(National Research Council Ottawa) 


SECOND AUSTRALIAN SPECTROSCOPY CONFERENCE 


T HE second Australian Spectroscopy Conference, 
convened by Dr A, L G Rees (Division of 
Chemical Physics, Commonwealth Scientific and 
Industrial Research Organization) and held in tho 
Cliomistry Department of tho University of Mel 
bourne during June 1-3, was opened by Prof J S 
Anderson, who welcomed tho 110 participants and 
tho four oxhibitors of commercial spoctroscopio 
equipment The first suasion of the conference wor 
devoted to ultra v ldot spectra and began with a 
review by Prof N S Baybas (Chemistry Deportment, 
University of Western Australia) of recent thoorotical 
work on solvent offocts Ho directed attention to the 
calculations of Polonsky on the interaction between 
two H atoms which predict a red shift in the atomic 
spectrum beyond a critical distance and a blue 
shift at closer distances to the calculations by 
Longuot-Higgms and Pople of the red shift in tho 
spootro of non polar solutes in non polar solvents 
arising from chsporsivo forces and to McRae’s 
formulations of tho case of polar eoluto and polar 
solvent The McRae formula predicts a frequency 
shift between absorption and fluorescence arising 
from tho chango of dipolo moment between tho 
ground and excited states, thus providing a mothod 
for measuring tho dipole momonts of excited states 
for comparison with calculated values 

One sot oF contributed papers in this section dealt 
with tho spectra of aromatio hydrocarbons Drs 
G R Hunt and I G Ross (Physical Chemistry 
Department, University of Sydney) discussed a 
vibrational analysis of tho 7000 A and 3500 A 
absorption systems of ozuleno which appears to 
confirm tho predictions of Paneor and of Moffltt 
ooncoming tho nature of the excited states. Dr L E 
Lyons and Mr G C Moms (Physical Chomistry 
Department, Umvoreitv of Sydnoy) presented results 
on the absorption of anthracono vapour (38,000 to 


00 000 cm.- 1 ) They confirmed tho second rr-rr transi 
tion as allowed and also observed four members of 
a Rydberg senoe converging to an ionization poton 
tialofO 81 eV Dr N S Ham (Division of Chonucol 
Physios Commonwealth Scientific and Industrial 
Research Organization) reported some calculations 
by the freo-oloctron modol, with electronic interaction 
of the spectrum of tho perinaphthonyhum cation 
C 1# H t +, whioh agree well with tho reported spoctrum 
and also predict an urrroported absorption band at 
about G00p 

Studies by Dr I G Ross arul E J Wells (Physical 
Chemistry Department, University of Sydnoy) on 
tho interesting tetrahedral moloculos 0*0 < and RuO t 
failed to reproduce tho oxtonmvo fino structure 
reported in tho room temperature spectra by Longsoth 
and QviUer in 1934 Tho authors gavo a vibrational 
analysis of tlioir spectra and used tho onergy Iovol 
echo mo of BaHhauson and Liohr to assign tho tv o 
allowed transitions A thoorotical paper by Dr E G 
MoRao (Division of Chomicnl Physics, Commonwealth 
Scientific and Industrial Roeearch Organization) 
was concerned with oloctromcallv excited states of 
aggregated identical molecules , tho intro-molecular 
vibrations wore oxphcitlv included Two limiting 
coses woro rocogmzod, depending on whether tho 
Interaction energy was large or small with respect 
to tho vibrational onergy An Interpretation of tho 
J band of N,N -diothvl pseudo cyonmo was offered 
on tho basis of this theory 

Dr H A. McKenzie (Div imon of Food Preserve 
tion and Transport, Comroonwoolth Scientific and 
Industrial Research Organization) spoko on tho dif 
feronco epoetin in acid solutions and m urea solutions 
of bov ino serum albumin ovalbumin anil co rmlbumimi 
Dr L E Lyons (Physical fSiemistrv I >p« rt ( 

University of Sydnov) In »- , 

state spoctroscopv <- ‘ r 
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observed in ionic solids and semi-eonductois Sncli 
effects include structure in the absorption edge of the 
conduction band, hydrogen-lilto absorption senes 
due to excitons, the high intensity of the conduction 
band absorption of germanium duo to tho Ion effec- 
tive mass of tho electrons, intervalonco band tians 
ltions in germanium, and tho magnotic splitting 
of the conduction-levels in InSb Tho uso of 
cyclotron resonance in determining the picsenco of 
excitons and m evaluating effective masses w as also 
noted Crystal field effects in tho spectra of inorganic 
complexes and the Davydov splitting m molecular 
crystals were also discussed 

Dr J A Friend (Chemistry Department, University 
of Tasmania) and Dr Lyons have identified two 
transitions m the crystal spectrum of sodium nitrate, 
an allowed one at 2000 A and a weak ?i-— transition at 
2870 A Dr J Ferguson (Division of Chemical Physics, 
Commonwealth Scientific and Industrial Resenich 
Organization) has analysed the polarized spectra of 
microcrystals of some cobalt (II) tetrahedral and 
octahedral complexes The absorption spectra of tho 
tetrahedral complexes of tho type CoPy,X, nro 
modified by lntermoloculnr interaction m tho crystal 
while the octahedral complexes can bo interpreted 
by simple crystal fiold theory Mr J E A Aldoison 
(Physics Department, University of Western 
Australia) discussed the luminescence spoctra of 
thallium-doped potassium lodido in tho spectrum 
range 600 A to 2500 A recorded on a normal incidence 
grating spectrometer with a photomultiplier as detec- 
tor Dr L E Lyons, Dr J R Walsh and Mr J W 
White (Physical Chemistry Department, University of 
Sydney) presented the polarized visible spectrum of 
single crystals of phthalocyamno An attempt was 
made to calculate tho crystal spectrum using tho 
Davydov theory, but the error m estimating tho 
dipole vector is too large to allow an unambiguous 
assignment of the crystal levols 

Two papers on vacuum spectroscopic tochniquo were 
presented One by Mr R S Crisp (Physics Depart- 
ment, University of Western Australia) described a 
grazing incidence, photon-counting grating spectro- 
meter, working m the range 40-1000 A It has boon 
found that tho soft X-ray band omission spectra 
obtained with this instrument change with tho 
material of tho grating (aluminium to glass), with 
time, and with the ordor in which tho grating is used 
These effects have no explanation at tho moment 
J V Sullivan (Division of Chemical Physics, Com- 
monwealth Scientific and Industrial Research Organiz- 
ation) described a double-beam photoelectric 1 m 
grating spectrometer, which has been tosted down to 
1500 A The monochromator employs a concave 
grating in a new type of mounting m which deviations 
from the Rowland circlo lead to no detectable loss 
m resolution Tho double-beam system involves 
grazing incidence reflexion to split tho exit beam and 
two electronically coupled photo -multi pliers to record 
tho spectra Examples of spectra recorded ovor tho 
range 1500—6000 A wore presented 

The second day of the conforonco began with a 
review of some of the infra-red, Raman and microv avo 
work of 1958 by Prof A N Hambly (Canborra 
University College) Topics discussed mcludod 
accurate determination of molecular geometries from 
gasoous Raman and microwave spectra , information 
on torsional modes barrier heights, barrier tunnolling 
and rotational isomerism from spectra m tho ctesium 
iodide and microwave regions , pressure induced 
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transitions in gasos Poi tin balion effects and solvent 
offocts need further study, foi tho roviowor pointed 
out that despito considerable work on the subject, 
tho intensities of infra-red bands m polar solvents 
still do not accord with tho thooiios 

In arcsoaich papoi Prof Hambly and J G Allpress 
(Chemistry Dopartmont, Univorsity of Molboume) 
showed that infra-red spoctra can bo usod to follow 
some solid stato reactions Thoy illustrated thou 
1 onmtks by show mg spoctra of tho pi oduets of reaction 
botween U 3 0, and alkali or alkahno-oarth liahdcs 
Thoy could dotoct differences that were not discoi- 
niblo in X-ray powdor patterns 

Dr E Spinner (Australian Xational UmvorsiU 
Canberra) discussed tho \ jbration spectra and struc- 
ture of tho hydrochlorides of urea, thiourea and 
acetamide Infra-red and Raman spectra suggest 
that tho cations are fonned by tho addition of a 
proton to tho nitrogen rather than to tho oxygen 
atom and that the C — X bond m on nnudo is a pun 
singlo bond Drs N S Ham and J B Willis (Divi- 
sion of Chemical Physics. Commonwealth Scient ifi< 
and Industrial Research Organization) dealt with the 
infra-red and Raman spectra of somo lsotlnoeyanates 
Thov have identified tho svmmotricnl NCS stretching 
frequency m — CH,NCS t\ pes at about 670 cm and 
at about 980 cm •* in aromatic — NCS compounds 
Thoy also go\ o a dotailed intorprotat ion of tho complex 
structure of tho strong NCS characteristic band near 
2100 cm -1 A J Cost oulns (Department of Cliomistn , 
Uimorsily of Now South "Wales) pare a complote 
vibrational assignment for mot hyl-iBOthioc\ mint e 
Ho agreed with Ham nnd "Willis in tho reassignment 
of tho band at G7G cm -1 to tho symmetrical NCS 
stretching frequency 

Prof A N Hambly nnd R H Laby (Chenustrv 
Dopartmont, University of Melbourne) discussed some 
criteria for allocating displacements of X — H bond 
stretching froquoncios to tho formation of hydrogen 
bonds These are a doublo absorption band for w enh 
mtermolcciilar H-bonds nnd most weak mtramoleculai 
H-bonds, a doublo absorption band at low concen- 
tration in non-polar sohonts for strongor intor- 
moleculnr H-bonds, nnd a largo displacement of 
frequency but no doubling on dilution for strong 
intramolecular H-bonds Somo oxcoplions wore 
illustrated by tho spoctra of somo ortho amino 
acotophononos and antliranilic ostors Tho stable 
conformations of a scries of mothyl-cyc/o-hoxnnols 
wore report od by Dr A R H Colo and G T A 
Mullor (Cliomistry Department, University of Western 
Australia) Small but significant differences in the 
stretching frequencies of axial (3027-32 cm -1 ) and 
equatorial (3G22 5-23 cm -1 ) hydroxyl groups were 
used to dot ermine tho conformations Tho mcthjl 
group was found to have a greater tondonev to be 
equatorial than tho hydroxyl group A G Moritz 
(Dopartmont of Organic Chemistry, University of 
Adolaido) has oxammed tho overall appearance of the 
3000 cm -1 region m tho infra-rod spectra of a number 
of mothyl-substitulod polycyclic hydrocarbons He 
has confirmed tho gonoral applicability of tho corre- 
lation botwoon tho pattern of this region nnd tho 
free valence number of tho position of substitution m 
tho paront hydrocarbon, a correlation first obsorvod 
by Fuson and Josion for tho mothyl-1 2-bonznn- 
thraccnos 

Tho results of a normal co-ordinnto analysis of the 
33 planar vibrations of naphthalono werp presented 
by D E Froomnn and Dr I G Ross (Pliysicnl 



NO 4004 


1107 


October 17, 1959 NATURE 


Chemistry Department University of Sydney) An 
iterative procedure of adjusting the force constants 
V.T 1 S used to force agreement With seven of tho 
frequencies tho assignment of winch is most certain 
This necessitates some reoseignrnonts, and tho result 
ant interpretation is m general agreement with the 
work of Luther 

Tho simplest molecule discussed at- the conference 
was hydrogen deutendo the weak dipole vibration 
spectrum of which was the subject of a paper In Dr 
R A Dune (Coal Research Station Commonwoaltli 
Scientific and Industrial Research Organization) The 
intemuolenr distance and tho onliarmomcity con 
stonts wore calculated from measurements of the 
rotational structure of tho (1 0), (2,0) and (3 0) 
vibration bonds Dr D W Posenor (Division of 
Electrotechnology Commonwealth Scientific and 
Industrial Research Organization) presented tho 
only paper on microwave spectroscopy Ho has 
measured the olootnc field gradients at the oxygen 
and hydrogon nuclei m HDO and D,0 and has 
begun a measurement of the magnetic hyperfine 
.splittings 

Tho following papers which wore general!} con 
corned with spectrograph io apparatus and methods 
wore also presontod Dr H Gollnow (hit Stromlo 
Obsorvatory, Canberra) described a precision photo 
olectrio setting dovlco (accuracy about 0 5p) for tho 
measurement of diffuse spectral lines A fast scanning 
infra rod (l-5p) spcctrometor oqiupped with a cooled 
load-tellurium detector was described by Dr J Tre 
gall as Williams (Defence Standards Laboratories, 
Mhribymong) Another paper from the same Inborn 
torios by G L White discussed the application of 
polynomials fitted by ‘least squares methods, instead 
of tho Fnedel-MoKmney equation, for the calibration 
of infra rod spectrometers Somo moloculor spectra 
eroded by shock wav os were shown by Dr 0 L Cook 
(Weapons Research Establishment Salisbury), and 
tho part played by a photographic spectrograph in 
routine control in tho stool industry was outlined 
by J E Savage (Australian Iron and Steel Port 
Kembla) Another paper on omission spectroscopy 
was given by J M Nobbs (Dofonce Standards 
Laboratories, South Australia), who described 
somo of tho effects of pulso shape on tho 
spectral cliaracteristicfl of pulsed dischargee He 

pointed out that tho exponential shapes com 
moidy used yielded lower sensitivities than most 
other sliapes 

Tho final morning Bosslon of the conference took tho 
form of a small symposium on atomic absorption 
spectroscopy, with a review and fivo research papers 
on tho subject A Walsh (Division of Chemical 
Physics, Commonwealth Scientific and Industrial 
Reeoareli Organization) rov lowed tho present status of 
omission and atomic absorption spectroscope Recent 
odvancoe in emission spectroscopy include hotter 
sources tho uso of photomtiltipliors and tho avail 
ability of vacuum instruments Tho uso by Margoshes 
and Scribner of a plasma jot os ft spectroscopic 
source was a now development winch will bo fol 
lowod with great interest Howovor, tho need for 
standards remains This results essentially from 
throe typos of interference namely , chemical, radiative 
and oxoltalivo Atomic absorption spoctroscopy 
avoids two of those but not tho chemical interferences 
In the opinion of tho reviewer tho valuo of atomic 
absorption spectroscopy has been established and it 
Hocms that any analysis that can bo done by flamo 


omission methods using atomic linos con bo done 
as well and often hotter bv atomic absorption 
methods 

J E Allan (Department of Agriculture, Hamilton 
New Zealand) described tho anahsis of mngnoeiurn 
by atomic absorption Tho measurement is earned out 
simultaneously with flame emission analyses for 
calcium, sodium and potassium the other major 
cations present m plants and soils Tho magnesium 
determination can bo performed with tlio same case 
as and probably with greater reliability than calcium, 
sodium and potassium determinations Tho minor 
dements zinc iron and manganese have also been 
determined by atomic absorption directly on plant ash 
solutions or soil extracts but copper present 
requires prior extraction with on organic solvent 
D J David (Division of Plant Industry Common 
wealth Scientific and Industrial Research Organiza 
tion) spoke about some of tho chemical interferences 
encountered m applying atomic absorption to the 
analysis of plant material and soil extracts In plant 
material analyses ho finds no interference for zinc 
iron copper and magnesium but he finds that calcium 
absorption is depressed by phosphate aluminium 
and silicate This interference is eliminated with 
0 0 per cent magnesium ions and 2 per cent, volume/ 
volume sulphuric acid With soil extracts the 
atomic absorption analysis is straightforward for 
sodium, potassium and magnesium but m this case 
the interference with calcium is controlled by 0 1C 
per cent strontium ions Three two papers showed 
tliat many analyses important in plant and animal 
nutntion can be earned out sucoossfully bv thi 
atomic absorption method 

Dr J B Willis (Division of Chemical Physics 
Commonwealth Scientific and Industrial Research 
Organization) discussed tho determination of blood 
serum calcium and mognosium levels by otomic 
absorption Largo quantities of strontium ions or the 
di sodium salt of ethyleno diamine tetrocotio acid are 
needed to overcome the interference of phosphate 
and protein. Duplicate measurements for calcium 
and magnesium can bo m&do directly on about 
0 25 ml of serum dflutod 10-20 fold Dr P Brown 
well (Botany Department University or Adolaido) 
ja interested in analysing for very small quantities 
(about 0 01 p pun.) of sodium, which is a micro 
nutrient for A triplex vesi canct Tho flamo photomotric 
results are misleading when tho calcium concentration 
exceeds 0 02 M The atomic absorption method using 
*Si ro spec , a simplo instrument designed bv Box 
and Walsh for this purpose at present ennbles 
accurate measurements of about 1 p pjn- sodium 
in the presence of largo excesses of calcium (4 H7) and 
potassium 

Tho final contribution by Dr B M Gatohouso and 
Mr A Walsh (Division of Cliomical Physics, Common 
wealth Scientific nnd Industrial Research Organiza 
tion), was concerned with the direct analysis of metals 
and alloys By sputter mg from a motal surface in tho 
presence of about 1 mm mercury pressure of noon 
they were able to obtain a calibration curvo and to 
delemuno 1 ppm silver in a copper-silver alloy 
Thov suggested that tins method may bo suitable for 
elements such as aluminium and boron which do not 
give atoms in the flamo 

In a concluding discussion members 
unanimously that a standing commit too 
sot up to orgnruzo similar « 7Tav 

intervals 



1198 


NATURE 


October 17, 1959 


VOL 184 


PROTEIN BIOGENESIS 


A COLLOQUIUM on “Specificity in Protom 
Biogenesis” -was held in Louvain during Juno 
8-9 by the Centre mteruniversitaire de Rochorchos 
enzymologiques, a govomment-sponsorod association 
grouping several Belgian biochemical laboratories 
The aim of the organizers was to bring togothor 
scientists actively engaged, m research on protein 
synthesis and to establish new contacts with tlio 
Belgian groups interested in this field The meeting 
was arranged on an informal basis and tlio speakers 
were asked to discuss freely the current work of 
their laboratories , the lectures will not bo published 
Present ideas on the relationship beta eon deoxy- 
ribonucleic acid and protein structures wore lucidlv 
summarized and discussed by C Lovintlial (Mass- 
achusetts Institute of Technology) Since deoxyribo- 
nucleic acid and protein are both linear polymors, 
it would seem that a simple relation should exist 
between the arrangement of the ammo-acids in tlio 
protein and that of the nucleotides in deoxyribo- 
nucleic acid of the corresponding gene — probably a 
point-to-point correspondence botwoon the two 
sequences Some of the characteristics of tho codmg 
system serving to translate one soquoneo into tho 
other can bo deduced from what is known about 
deoxyribonucleic acid and protein structure It 
seems feasible at present to check experimentally tho 
idea of colhnearity between the structure of the two 
types of polymers Find an organism in which gonotic 
maps can be established with great accuracy, choose 
an enzyme molecule of moderate size producod by 
this organism and devise a good selection principle 
for recovering the useful mutants Isolate several 
mutants of the genetic locus of the enzyme, map the 
mutation sites, isolate the abnormal proteins, if any, 
which are producod m place of tho normal enzyme 
by the mutants, and locate tho differences within 
the protein molecules This gives a test of tho 
correspondence between deoxyribonucleic acid and 
protein fine structure 

C Levmthal described the progress of lus own 
work on the genetic control of tho formation of a 
phosphatase in E coll Thirteen different mutants 
resulting from mutations within tho locus of tho 
phosphatase have been isolated so far , tho linear 
order of tho mutation sites has been established bv 
a very interesting use of tho transfer of genetic 
material during bacterial conjugation Unfortunately 
only one of the thirteen mutants produced a recogniz- 
able modified phosphatase protom Both tho normal 
and tho abnormal enzymes have boon isolated, and 
their structure is now being studied Future develop- 
ments along this line of research will be watchod 
with great interest 

In bacterial systems, genotic analysis is ahead of 
chemical knowledge In man, on the other hand, 
where genetic analysis is at a great disadvantage, 
brilliant success has been achieved on tho chomical 
side J Hunt (Cambridge) reviowod tho mam results 
obtained by the Cavendish Laboratory group on tho 
structure of abnormal hemoglobins This W'ork will 
undoubtedly become a classic of genetics and bio- 
chemistry Haemoglobins S and G differ from tho 
normal protom m only one detail tho roplacomont 
of one glutamic acid m the fl cham by valrno or 
lysine respectively Haemoglobin E differs from 


normal hremoglobm by tho roplacomont of anothor 
glutamic residue by lysine , m hremoglobm G, still 
anothor glutamic is roplacod by glycino Thus 
genetic differences presumably arising from muta- 
tions can result in tho roplacomont of individual 
ammo acids at specified places m tho polypeptides 

J Hunt further described in dotail his rocont work 
on fcetal hremoglobm He lias shown that ono of tho 
two polypeptide chains of foetal hremoglobm (cliam a) 
is identical with that of normal adult hremoglobm 
Tins discovory opens now porspoctncs and will 
certainly givo important information on tho mech- 
anism of the genotic control of protoin structure, 
for hero is a simple caso of differentiation at tho 
molecular lovol Tho structure of fcctal hremoglobm 
of infants carrying goncs of abnormal adult hremo- 
globtns will bo vor} mformatno It might indicate 
whether tlio switch from fcetal to adult hremoglobm 
during development results from tlio inhibition of 
tho activity of a gone and tho unveiling of another 
gone, or whether tho change occurs somewhoro 
between tho gone and tho protoin-mnking sjstom 
and consists in a cliango of expression of tlio samo 
go no 

Other aspects of the control of tho synthesis of 
specific proteins wore discussed by B Magasamk 
(Harvard Umvcrsitv ), wlio considered tlio phenomena 
of enzvino induction and repression and tho function 
of ribonucloic acid m tbo synthesis of bacterial pro- 
tein B Magasamk reported results obtained m his 
laboratory on various mutants which roquiro nmmo- 
acids, nucloic acid precursors, or certain onorgy 
sources By a very ingenious ilso of theso mutants, 
several aspects of the correlation between ribonucleic 
acid content and lovol of protom synthesis were 
checked Increased rate of protein synthesis goes 
together with an mci cosed content of tho bacteria in 
both soluble ribonucloic acid and ribosomo ribonucleic 
acid This is comparable to tlio woll known relation 
found m higher organisms Studies on ribonucloic 
acid and protom synthesis during adaptation, 
especially in ‘dmuxic’ experiments, indicate that the 
synthesis of now ribonucloic ncid does not accompany 
enzyme adaptation Tlio results nro compatible with 
a catalytic function of ribonucloic acid in protein 
synthesis, and wilh tho view that induction and 
ropTossion of enzyme synthesis rest upon tho control 
of the activ lty of pro-oxisting protom- forming centres, 
rather than on the formation or destruction of Buch 
systems 

Tho oxistenco of specific ribonucloic acid molecules 
capablo of carrying some sort of gonotic information 
is established by tho discover}' that puro virus ribo- 
nucleic acid is able t-o causo infection Prcsont 
knowledgo on tho struct nro of tobacco mosaic virus 
was summarized by H Fraenkol-Conrat (Univorsity 
of California), who prosentod results of lus current 
work on tbo molocular sizo of tlio virus ribonucloic 
acid End-gioup determination m tho virus acid by 
a combination of tracer mot bods with spocific 
onzymic degradation and controlled chomical oxida- 
tion indicates that each virus particlo might contain 
ono smglo moleculo of ribonucloic ncid made up of 
some 0,000 nucleotides in ono chain Tlio polypoptido 
chain of tho virus protom contains only about 
100 amino acid residues It would soom, therefore, 
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that the ribonuoloic acid of the virus is largo enough 
to carry much more information than that which is 
required for controlling tho primary structure of the 
protein unit contained m the finished virus This 
raises several problems for future research H 
Fraenkel Conrat also reported vory interesting results 
on a spocial state of tho virus ribonucleic acid at 
the beginning of infection 

Another approach to the spocific function of 
ribonuoleic acid in protein synthesis ib the artificial 
modification of the structure of tho acid This has 
been done b> chemical means in the caso of virus 
ribonuoloio acid In bacteria, composition of the acid 
can bo changed by growing the organisms in the 
presence of analogues of the normal p urines or 
pyrimidines F Gros (Imrtitut Pasteur, Paris) ga\o 
a very clear account of research on the effects of 
fluorouracil on protein synthesis in E colt Incor 
poration of all the individual amino acids does not 
roepond m tho some way to fluorouracil For example, 
tho incorporation of prolino and tyrosine is depressed 
whoroas that of nrginino is stimulated These changes 
appear to reflect qualitative os well as quantitative 
modifications in tho proto in equipment of the organ 
ism, indicating that the analogue may actually 
interfere with the agents which control protein 
structure A phosphataso formod in the presence 
of tho analogue lias a normal enzymic activity 
although it contains loss prolmo than the normal 
enzyme , thus it is probably slightly modified at a 
placo which is not important for the catalytic pro 
portion of tho protein. On the contrary, (3 galactosidaeo 
synthesis ib abolished and replaced by the formation 
of some related inactive protein It is striking that 
fluorouracil specifically reducoe the fixation of prolmo 


and of tyrosino on soluble ribonucloio acid at the 
same time ns it reduces tho incorporation of those 
same amino acids into tho proteins This indicates 
that soluble ribonucleic acid plays an important part 
m the specificity of protein formation Theso results 
also support current views according to which 
activated ammo acids aro bound to soluble nbo 
nucloio acid before condensing into polypeptides 
T Hultin (Wanner Grcn Institute, Stockholm) 
reported observ ations on animal tissues which indicate 
that another pathway of ammo acid incorporation 
might exist beside that passing through soluble ribo- 
nucleic acid That tho latter must also bo operate o 
was shown by several of lus results which agreo with 
the classical scheme However, he obtained by 
means of new techniques of isolation of nbosomos 
and by fractionation of supernatant preparations, a 
system in which amino acids are incorporated into 
proteins in tho particles m tho absence of sohiblo 
ribonucleic acid A protein of the supernatant is 
required for incorporation with this system Protom 
synthesis which can occur in isolated mitochondria 
or nuclei appears to depend on the presonco m these 
cell organelles of particles closely resembling tho 
ribosomes of the cytoplasmic ground substanco 
Of great benefit to tho mooting was the presonco 
in tho audlenco of biochemists from different countries 
who had taken part a few days before m Brussels in 
tho So I v ay Conference on Nuclooprotoins All tho 
lectures were followed by very good discussions 
Tlio meeting was olosed by a general discussion 
which concerned the function of tho various 
ribonucleic acid fractions tho transfer of information 
from gene to protein, and coding problems 

H. ClIANTIVENNK 


PROGRESS IN GAS CHROMATOGRAPHY 


A N informal symposium of tho Gaa Chromato- 
graphy Discussion Group (associated with the 
Hydrocarbon Research Group of the Institute of 
Petroleum) was hold at the University of Bristol on 
September 25 under tho chairmanship of Mr 0 S G 
Phillips 

Dr F H Pollard commented on the enthusiasm 
and free interchange of ideas among workers in 
this field which was undoubtedly responsible for 
tho present advanced stnto of tlio art Having 
regard to tho success achiovod by him in the field 
of inorgamo separations by paper cliromatographj it 
was not surprising that he should mention tho possible 
separation of such materials bv gas chromatography 
The outstanding feature of the meeting was tho 
demonstration by Mr R P W Scott of tho 
presentation of gaa cl iromatograpluc data with a 
high persistence cathode ray tubo With capillary 
columns it is possiblo to effect separations at speeds 
much greater than the response of conventional 
recorders, and in order to tako full advantage of the 
tochniquo in its application to kmotic and olhor 
studies a moans of high-speed recording is essential 
Mr Scott, using a 7t^ ft column, demonstrated 
separations of 100° C boiling range samples in leas 
than 1 mm with his apparatus which inclusive 
of automatic repetitive samplo injection system, cost 
lees than £80 for materials 

The discussion which followed a paper by Mr 
C L A Hivrboum on quantitative determinations 


showed that this oapoct of the subjoct is one that 
affects most ubctb of tho tochmquo As yet, howovor 
if one uses the published literature as a guido it 
would appear to have receivod vory little attention. 
Tlio well prepared paper covered methods of pooh 
measurement, sourcoe of error and repeatability of 
calibration, internal standard, and normalization 
methods, and interpretation of unresolved peaks 
Recent developments in integrators and the use of 
analogue computers and tape recorders wore also dis 
cussed. 


Some of the practical aspects of tho measurement 
of retention volumes were dealt with bj Dr G W A 
Rijndcrs, and Dr C R Patrick mentioned somo of 
the problems attachod to 'seal mg up* analytical 
columns to sizes capablo of handling up to 10 gm 
samples Tho values of hoight equivalent of a 
theoretical plate (H E TJP ) increase and tho much 
higher volumetric flow rates necessitate modifications 
to the design of hot wire detectors Mr D H Dcsty 
read a paper by Dr J Jannk, who unfortunately was 
unablo to bo proeont, describing tho application 
of gas chromatography to the identification of 
structure of tnvolatilo substances b> pyrolysis and 
subsequent analysis of tho products 

Members attending among whom were some from 
tho United States and Europo wore ablo to 
and see working a good ooloction of tho ^ <3 
instruments now avnilnblo for Inborn r ^ fiooTT - 
control work 
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Sir Geoige believes, however, that a Government 
department can function as the directing authority 
of a great operating service like tho Hospital Sorvico 
in. Britain, and the vast expenditure involved could 
not and should not bo removed from the diroct 
control of a Minister responsible to Parliament If, 
however, the Hospital Service is to remain tho 
direct responsibility of a Munster and a Govern- 
ment department, Sir George considers that more 
attention must be given to the staffing of that 
department and to the arrangements for liaison 
between it and tho decentralized formations, and 
that a central intelligence organization must bo pro- 
vided Further, he suggests that on all threo points 
lessons can be learned from tho experience of othor 
Government departments which havo responsibilities 
in relation to operating servicos 

On the first point, lie does not seo how tho Ministry 
can give the understanding leadership wluch is 
required unless tho highest posts on its staff are hold 
by officers who have had practical oxpoiionco of 
hospital administration at operational level, and m 
support of lus argument ho quotes tho staffing 
arrangements of the Fighting Sorvico Ministries and 
of tho Colonial Office Sir George pays tributo to tho 
value of tho work done by many officers appointed 
before such experience was availablo, and ho docs not 
advocate immediate wholesale clmngo but rather 
exchanges of staff on the lines of tho Colonial Office 
arrangements His stress is laid on tho quality of 
the officers availablo to fill tho various posts and tho 
need in the National Hospital Sorvico for now 
administrative skills, for which tlioro is at present 
no readily available source of supply Tins last, as 
he recognizes, is a need which ofton occurs olsowhoro 
to-day as a result of modom dovolopmont, and tho 
Hospital Service must tako deliberate action to moot 
this need as private enterprise has done m tho Gold 
of industry 

It might be observed hore that if tins neod for 
statesmanship is to bo mot in tho Hoalth Sorvico, in 
industry, or elsewhere, those who moet that need 
must be treated as statesmen Thoro is no place for 
the type of party politics which Books to misrepresent 
opponents or those who may bo entrusted with tho 
execution of schemes or policies which aro not m lino 
with party doctrine It is significant that in sup 
porting the Acton Society Trust’s proposal that tho 
Munster m charge of the Hoalth Sorvico should have 
a seat in tho Cabinet, Sir Georgo strossos the dangor 
of frequent chango of office, and his own proposals 
would make the chief permanent official in tho 
Mimstry a professional man 

This does not moan that Sir Georgo is hore advo- 
cating that the expert should bo permanently at the 
top , but his suggestion goes far beyond llio claim 
that the expert should be considorod for tho highest 
administrative posts It imphos that tho expert by 
virtue of his expertise is particularly suited to supply 
the type of specialized administration needed Ho 
must, of course, possess administrative capacity 
there is nothing in Sir Georgo Schuster’s pamphlet to 
countenance incompetence m management or ad- 
ministration, but much to stimulate moro thought 
about the way in which to meet tho nood for 
administrators and the type of training and experi- 
ence they Bhould receive 

On the second point, that of liaison botwoon the 
Ministry and the hospital authorities. Sir Goorgo 
suggests that there are lessons to be learned from the 
best traditions of the inspectors of schools under tho 


Ministry of Education , but hero again Sir Goorgo 
ploads for constructive thinking and roframs from 
spocific proposals His stress on joint consultation 
at tho contro and onco again on tho quality of tho 
liaison officors clearly hns implications far boyond 
tho Hoalth Sorvico, and his strongest criticism is 
reserved for tho porfunctormoss with which liatson is 
often troatod Positivo measures and constructive 
thought nro always roquirod to pro\ido an offectivo 
two-way flow of ideas. 

Sir Goorgo Schuster ’s major proposal is m regard 
to his third point and, m lino with a mam recom- 
mendation of tho Guillobaud report, ho recommends 
tho establislimont of a contml mtolligonco and 
statistical department Tins, liowovor, should ho an 
integral part of tho oxocutivo, with its own crcativo 
role ns a dotoctor of problems and a productive 
source of wisdom Sir Goorgo has in mind something 
on tho linos of tho Office of Sponnl Enquinos and 
Boports under tho direction of Michael Sadlor at tho 
Ministry of Education, oquipped w ltli an mtolligonco 
staff which would koop under constant review tho 
dovelopmont of hospital practice, in its social ns w oil 
ns its modical Bolting, in Britain and othor count rios, 
and winch would publish a sories of reports wluch 
might bo accoptod throughout tho world as authori- 
tative With such a staff tho Ministry could not only 
carry out its own investigations, but could also 
provide valuable stimulants to work by tho hospital 
authorities Particularly in its social aspects, tho 
rosoarch hore required noods control guidance and 
co ordination, and Sir Goorgo’s own oxporionco as 
chairman of a regional hospital board has convincoel 
lum of tho groat flow of ovidonco of clinical, human 
and social interest which requires recording, co- 
ordination and interpretation 

Boyond this Sir Goorgo points to tho need for 
croativo thought, such as demands tho services of 
mon of -wisdom and comprehension, combined with 
knowlodgo of medical affairs How to produce such 
mon and womon is one of tho roal challenges which 
this rapidly changing world makes on professional 
organizations to-day, and thoro is much indeed m 
Sir Goorgo Schuster’s comment a that dosorvos careful 
study by professional mon and womon of professions 
othor than that of modicmo So far as tho National 
Hoalth Sorvico m Britain is concomod. Sir Goorgo 
Schuster’s investigation suggosts that this is vory 
seriously understaffed as regards first-class adminis- 
trators m comparison woth largo industrial organiza- 
tions, and somo improvomont boro may woll bo tho 
first step requirod to implement lus moro spocifio 
proposals to remedying tho nllogod weakness of tho 
voluntary committeo system and to promote tho 
mtonsivo oxport study of tho hospital cost structure, 
tho full use of efficiency techniques by tho hospital 
authorities, including tho introduction of work -study 
mothods, and tho application of operational rosoarch 
to somo of tho probloms of tho hospital sorvico 

Those last aro clearly proposals limited specifically 
to tho Hospital Sorvico and to somo of thorn an 
interested gioup of members of Parlmmont is already 
giving attention Tho Minister of Hoalth hns statod 
that tho Ministry’s prosont oxporimontal organization 
and mothods unit is to bo enlarged and made per- 
manent, and tliat ho lias accoptod tho offer of a group 
of management consultants to undortuko a sorios of 
survoys, at thon own expense, to demonstrate tho 
economies and improvomonts m officioncy wluch 
could bo no hiorod in tho hospital sorvico by work 
study 
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PREVENTING JUVENILE DELINQUENCY 


S EVERAL years Ago tho United States Children's 
Bureau, an part of its programme on ju\orulo 
delinquency, published a report about tho offoctivo 
note of measures m delmqucmcj prevention The 
analysis was based on ovnluativo studios conduotod 
over tho provious twenty five years or so 

Tho rot jow iod to tho conclusion that programmes 
for tho provention of juvendo delinquency had not 
been notably offoctiv o This oonoluslon was tempered 
by two facts First, few programmes, relatively 
speaking had boon evaluated, and most of those 
not adequately Secondly, many of the evaluative 
studios woro out of dato smeo they dealt with pro- 
grammes and methods that to-day might not bo 
considered tho best Horoov or, thoro wore hints that 
good results luvd boen achieved with certain types 
of dolinquont children m certain circumstances 
This -was notably tho caso m child guidance work 
and was perhaps also true of tho kind of neighbour 
hood work associated with tho name of Clifford 
Shaw 

Some of tho newer programmes and methods 
momed, however, to give promise of more favourable 
findings Among thoso mentioned In the report woro 
vonouB devices for ‘reaching out* to youngsters and 
their parents with services they- woro unlikoly to eeok 
for themselves , for oxample group- work with 
delinquent and predohnquont gangs caso work or 
group work with ‘roe latent’ fnmihoe Thoso and 
other nowly devised programmes Boomed to be sue 
eoodrng where older ones had faded and to bo 
benefiting both from the orporfouoo of thoir pro 
doooesors and from recent advanoee in knowledge 
about human behaviour and motivation. 

In an issue of tho Annals of the American Academy 
of Political and Social Science, measures of dolin 
quency prevention and thoir effectiveness aro oon 


tinuod with reports from practitioners and research 
workers who liave been oloeely associated with these 
efforts (322 March 1959) 

The most striking change according to Ho] on L 
WUmor, of tho XJ S Department of Health Education 
and Wolfare is in tho lovol of sophistication shown 
in the reports This is shown in tho way tho work 
with delinquent youngsters and thoir parents is 
earned on, in the psychological and sociological 
knowledge underlying the work, and in tho methods 
employed in its evaluation. Much lias boen learned 
in all theee areas in roceut yoare Thoso artiolos show 
programmes of delinquency prevention both bene 
fiting from that advance and contributing to it 

Perhaps tho most important contribution of this 
senes of art i dee lies in the picture it provides of tho 
lands of young peoplo who aro likely to bocomo 
chronically delinquent and of the kinds of homos and 
neighbourhoods they live in The picturo is not a 
new one but is drawn in a way that reveals, more 
vividly than usual, the fears the discouragement 
and tho wish to be like other peoplo that characterize 
thoso young people and their parents Tho treatment 
measures described, both those that would improve 
the environment and thoso that are direotod toward 
tile individuals tako their direction from this know 
lodge Tho knowledge itself is rooted both in the social 
sciencoe and in psychology and demonstrates thoir 
interred todnoss. 

The articles dool with small programmes and. In 
part, short-lived efforts Few of thorn report scion 
t ideally established results Nevertheless, m thoir 
conception of what needs to be done and in thoir 
suggestions for eomo way's of doing it, thoy hold the 
Jxjpo that tho problem of delmquonoy can bo reduced 
if communities aro willing to put tho effort required 
into the work. 


THE ORIGINS OF LOVE 


P SYCHOLOGISTS, (sociologists and anthropologists 
commonly hold the view that tho Infant loams 
to love through tho association of tho mother’s face, 
body and other physical characteristics with tho 
ntloviation of interna! biological tensions, particularly 
hunger and thirst Psycho analysts have tonded to 
emphasize tho importance of attaining and suoking 
at the broaat as the basis for offeotional devolopmont 
Recently a number of child psychiatrists have 
questioned such simple explanations So mo argue 
that affectionate handling m the act of nursing is 
a variable of importance, wberooa a few workers 
suggest that tho compos it o ootmtios of nursing, 
contact dinging and oven Boeing and hoanng work 
together to olicit tho infant s lovo for lus mother 
It is difficult, if not impossible, to use human 
Infants as subjocts for tho studies neoessnry to brook 
through tho present speculative impasse For several 
years a group at tho Primate Laboratory of tho 
Uni verm tv of Wisconsin has boon using baby rhomia 
monkeys in a study that has begun to yield sig 
nificant insights into tho origin of the infant’s love 


for his mother A report has boon prepared by 
Harry F Harlow* 

The interest In infant-monkoy love grow out of a 
rosoarck programme tiiat involved tho separation of 
monkeys from their mothers a few hours after birth 
Tho investigators woro impressed by the doop personal 
attachments that the monkeys formed for the diaper 
pads, and by the distress that tlioy exhibited when 
the pads woro removed briefly once a day for the 
purposes of sanitation. Tho behaviour of the infant 
monkeys was reminiscent of tho human infant’s 
attachment to Its blankets, pillows or rag dolls 
These observations suggested o senoe of experiments 
to compare tho import anco of nursing and all asao 
cioted activities with tiint of simple bodily contact 
in engendering tho infant monkey's attachment to its 
mother Two surrogate mother monkeys were 
prepared One is a bare welded wire cylindrical form 
surmounted by a wooden head with a crude f ,Vo ° 
In tho other the welded wire is mishfonod ^ r" 
sheathing of terry-cloth. Right new bom 

• ScU*tiJU AtHtTicen, to 0 6U o*- 
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were placed in individual cages, each with equal 
access to a cloth and a wire mother Four of the 
infants received their milk from one mother and four 
from the other, the milk being supplied m each case 
by a nursing bottle, with its nipple protruding from 
the mother’s ‘breast’ 

The tv, o mothers quickly proved to he physiologic- 
ally equivalent The monkeys in tho tvo groups 
drank the same amount of milk and gained weight at 
tho same rate But the tvo mothers proved to bo 
bv no means psychologically equn alent, Records 
showed that both groups of infants spent far more 
time climbing and clinging on their cloth-covered 
mothers than thev did on thoir wire mothers As tho 
monkeys grew older, the\ tended to spend an increas- 
ing amount of time clinging to and cuddling her 
pliant terry-cloth surface Those that secured thoir 
nourishment from tho wire mothor showed no 
tendency to spend more time on her than feeding 
required, contradicting the idea that affection is a 
response that is learned or dorn ed in association with 
the reduction of hunger or thirst These results 
mdicate the importance of bodily contact and tho 
immediate comfort it supplies in forming the infant’s 
attachment for its mother , tho cloth-covered 
mother surrogate is an eminently satisfactory mothor 

The time that the infant monkeys spent cuddling 
on their surrogate mothers was a strong but perhaps 
not conclusiv e index of emotional attachment Would 
they also seek the inanimate mothor for comfort and 
security when they were subjected to emotional 
stress f With this question in mind tho monkey 
infanta were exposed to tho stross of fear by present mg 
them with strange objects, for example a mechanical 
teddy bear vhich moved forward, beat mg a drum 
Whether the infants had nursed from tho wire or tho 
cloth mother, they overwhelmingly sought succour 
from the cloth one , this differential in behaviour 
was enhanced with the passago of timo and the 
acquisition of expenenco All tests show that tho 
infant monkey’s relationship to its surrogate mother 
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is a full one Comparison with tho bohaviour of 
infant monkeys raised by thoir real mothers confirms 
this A 10W 

While bodily contact clearly plays tho prime part 
m developing infantilo affection, othor typos of 
stimulation presumably supplement its effects A 
search has boon mado for theso factors. Western 
culture parents appreciate that rocking a baby 01 
walking with him somohou promotes his psychological 
and physiological voll-boing Tho responsiveness of 
infant monkoys to two cloth mothors, ono stationary 
and ono rocking, vas now compared All preferred 
tho rocking mother, though tho degree of preference 
varied considerably from day to day and from monkey 
to monkey Motion docs appear to enhaneo affection, 
albeit far less significantly than simple contact Tho 
act of clinging, m itsolf, also seems to havo a role in 
promoting psj chological and physiological woll-boing 

Still other cloments in tho relationship remain to 
be imestigated systematically Tho warmth of tho 
mother’s body would appear to play its part m 
strengthening tho infant’s ties to tho mother Obser- 
vations havo not yet confirmed this hypothesis 
Heating a cloth mothor does not seem to increase 
tho attracts eness of tho mothor to tho infant monkov 
and infants readily abandon a heating pad for an 
unheated mothor surrogate Visual stimulation may 
forgo an additional link It is also poxsiblo that 
particular sounds and ovon odours may play somo 
part in tho normal dc\ elopmont of response or 
attention 

Tho depth and persistence of attachment to tho 
mother depend not only on tho kind of stimuli that 
tho young animal receives but also on when it 
receives them Experiments with ducks show' that 
imprinting is most effective during a critical period 
soon after hatching ; beyond a cortain ago it cannot 
take place at all From preliminary experiments with 
monkeys it lias boon found tlint thoir affoctional 
responses develop, or fail to dovolop, according to a 
similar pattern 


NORTH-SOUTH ANISOTROPY AND ANTICIPATORY INCREASE 
OF INTENSITY ASSOCIATED WITH THE COSMIC- 
RAY STORM OF FEBRUARY II, 1958 

By Dr V SARABHAI* 

Physical Research Laboratory, Ahmedabad, India 
AND 

R. PALMEIRA 

Laboratory for Nuclear Science, Massachusetts Institute of Technology, Cambridge, Mass. 


T 3TE time variations of cosmic rays havo been 
measured during the International Geophysical 
Year with standard instruments at a largo number 
of places on the Earth, and several studios hove 
been made of tho energy dependence of tho primary 
variations and the anisotropy which is often associated 
with primary variations of intensity From an 
examination of Forbush-type decreases, Fenton 
Fenton and Rose 1 have come to the conclusion that 
the cause of the transient intensity decreases is 
variable in its energy dependence from a few BoV 
to more than 30 BeV The variation in response to 
* Sometime gueit of the Massachusetts Institute of Technology 


transient decreases observed with similar oquipmont 
at difforont stations suggosts that n primary aniso- 
tropy is prosent at those timos Lockwood 1 has 
examined tho dotaded structure of sovoral Forbush- 
type decreases in tho intensity of local noutrons 
during 1955-58 He finds that in most of tho docroases 
there was a magnotic storm at tho onsot Flaro 
activity during tho preceding 30 hr was high and 
there was somo indication of an intensity maximum 
during the 12-hr period preceding tho start of tho 
decrease Ho comments that such an anticipatory 
effect might bo duo to tho albedo of tho moving 
magnetic gas cloud, but that further results nro 
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Table l CiutovoLoar or Etotts associatzd wrrn rira Fordusb Dccciiii or Tkbxvxrt 11 3Dj 8 
AC and AH nwpectlrely Indicate the otune» of coimlo-rajr Intonalty (OR) and of the horizontal component of &eom*cnetlc flekl at Virginia 



3o\*r event 

nr 

Ten frit rU) effect 

Co*mlc ray feature* 


•2* Flare 

Type UI and 


•2* Flare with major burst 
radio nolle W 07 S12 


Jla4Jo fade-out 
Radio fade-ont 


Radio fade-out 

2100 CR raaxinmxn 

+ AC Ps + 1 per cent 


0120 8 O. atorm 
0120 + AH - A0 

0130 Aurora 
0164 + AH - AC 

0300 CR minimum 

0022 3 ray AH -0 
0035 Maximum abaorptlon. cal 
actio nolie of Is M0./1 

0~30 X ray end* 

0350 A -ray and AH 
1000 Maxima aurora 
1100 OR maximum 


(I) Anticipatory Increase at equator 
only related to liigli energy 


12) Decrease lUxti at high latitude* 

(3) 0300 minimum at equator 

(4) 0500 mlnlnmm In mason* 

(6) 0700 minimum at high latitude* 

(fl) Imnrnie commence* 

Seen In Instrument* with high and 
low energy response Not 
obeerred In station* In 1AT L 
belt, nor In tho loutliem 
hemisphere 


rtooded. to substantiate any anticipatory effect 
McCracken and Persons* havo mado a very interest- 
ing analysis of a Forbuah typo event which occurred 
on October 21, 1057 Thoy found that there was a 
p mb mi nary depression prior to the commencement 
of the Forbush decrease and they comment that it 
was not duo to tho arrival of solar matter at tho Earth 
since it occurred before tho magnetic disturbances 
Thoy concludo from studios made at several stations 
tha t the preliminary depression must be attributed 
to a cause located at eomo distance from the Earth, 
and since it ifl not observed simultaneously at all 
stations its explanation requires flomo rather special 
form of short -lived primary anisotropy McCracken 4 
has analysed tho anisotropy of a number of Forbush 
typo decreases ■which wore preceded by docreoeea 
Yoshida and Wada* ha\e directed attention to in 

Table t. Paiotouiam or cosmio-IUT Nedteoe hoettoe statioes 

TOED IE AHELTE1B 

Oode Button Ooog. Qtomug. Inmtlgntor 

lot. Lnt, tong. 

A ItoretUKra 80* K TO* IT 1S*E. Dr A. E. gonditrom 
U*, Brreden 

B Churchill 60* N t«*K II IV 5> ; O. C»md» 

O Loodr 63* N 67* H !•_ Dt J O WlUon, EnsUnd 

p Bulrtrarltl. M K 68* IT 116* W Dr D O «w (invU 

B 'WrWmn <6* K 40* K 0* E. Dr A. Elioiert Oerminy 

F Ott.wm 46* K 67* IT 76* W Dr D 0 Eni« Co nodi 


32* E- DrDV Thcmton JJy»nd* 
147* E. Dr A O Fusion Robert 
75 W Dr J A. Blmpvm Chicago 
10* E. Dr A. JL Vtnwljk Iler 
mama 
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Lot. 

ut. 

A 

MorehJwra 

80*K 

TB*X 


Ray 



B 

Ch urchin 

50* N 

69* X 

0 

Lfrfrdl 

53* X 

67* X 

D 

B 

Salrttiur Jit. 61 X 
Wrueenxu 46* N 

63* X 
49* N 

F 

Ottawa 

46* X 

erit 

O 

Jit Norl 


S6*N 


Jrore 

86* X 

H 

EodaDan*! 

10* X 

1 N 

I 

Jtakrrere 




ColifrB® 

0* 

2* 8 

J 

Lae 

C* 8. 

10* 8 

K 

Hotncwyo 

12*8 

1 8 

h 

Uermxnu* 

34 B- 

S3 &. 

if 

Jft. Wen 


45*8 

lnrtnn 

41*8 

N 

In re rear gill 4tr 8 

62*8 

O 

JI*w*on 

6r b 

73 8 


14/ i*. A* « JttlWU.DUWl 

ICS* E Dr N V Ryder New 
Zeatand 

C2* E Dr A. 0 Fenton Hobart 


71 J,K Eormtor 0-r 
HOD DlRh 40- 
E N O latitude 73* 

D F K 'W'emt 

longltnae 
0 E. I O-Longltudo 
J ii v lui 

kmritode 

A S O Northern 

hfrinl 26- 
*pliere 76" N 
L M O Southern 

hemf 33- 
iphere 73* 8 


creases of intensity which occur after tho onset of 
cosmic ray storms They hollo vo that tho mcroosoH 
are mainly isotropic and havo on energy -dependence 
nearly tho same as that of the decreases 

In connexion with the Forbush type docroaeo in 
cosmic ray intensity which occurred on February 1 1 
1968 we have fortunately a large number of other 
solar and terrestrial observations which givo us a 
unique set oFdnta for following tho ovont from the 
time it occurred on the Sun. These have been sum 
manned by Trotter and Roberts* During its socond 
passage on February 0, 1958, a region 58 B at 16* F 
holiographio latitudo then at the central meridian 
suddenly underwent very rapid changes in plage 
brightness and sunspot growtlu Tho region flared 
rapidly throughout the day half a dozen of tho 
flares were Class 1+ or greater Five of these caused 
completo short ware radio fade-outs of considerable 
duration In addition, those events were associated 
with unusual solar radio noiso burst activitv on 
2,800, 470 and 107 Mo /s The flux density on 107 
Mo /s was very high during February 7-0 An 
extremely large number of high speed dark surges 
were observed on tho solar disk, moat of them in 
association with small flares Tho moan integrated 
coronal (6303 A ) intensity was low during tho period 
Region 68 B, which had very Intense activity during 
tho second passage in February, perorated with 
pronounced octu ity during tho third and fourth 
passages In March and April respectively 

Tho strongest goomagnotio storm with sudden 
commencement (ex ) of tho present solar ejelo 
began oorly on February 11, and almost sunul 
taneously o very spectacular aurora that persisted 
throughout tho night lit up tho northern sky as far 
bo utli ns tho 35 tli parallel. It was visiblo on the 
following night oa well In Table I, tho important 
erenta observed on tho Bun and on tho Earth are 
summarized In chronological older 

We havo examined the offoct in cosmic rays from 
data of tho high counting rate meson dotoctor at 
the Massachusetts Institute of Technology and 

from a gnd of neutron monitor Btnt.onEtlmtrnjutra 
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0-32° E and 147-168° E , and (3) in the northern 
and southern hemispheres In Table 2 are indicated 
the stations "which are included in the grid, par- 
ticulars of their location and the name of the principal 
investigator at each station through whose kindnoss 
the data have been made available to us Assuming 
that the variations can be dependent on tlio primary 
energy response, on local time or longitude and on 
the hemisphere, we have grouped stations so as to 
study one variable at a tune with, so far os possiblo, 
an equal contribution in each group due to tho othor 
two variables The stations from which data have 
been combmed for the various analyses are indicated 
in Table 2 

Fig 1 shows the percentage deviations m the bi- 
hourly counting-rates of tho neutron monitors during 
successive bi-hourly periods m tj T from February 9- 
12, the deviations in each caso being taken with 
respect to the mean intensity on February 10, which 
represents a period of 24 hr immediately pre- 
ceding the onset of the Forbush decrease early on 
February 11 It is clear from Fig 1A that the varia- 
tion is strongly dependent on primary energy It 
will be noticed that the meson dotoctor at tho middlo 
latitude exhibits a variation which is intermediate 
between the variation of tho neutron monitor in- 
tensity at the equator and at the middle latitudo 
stations The middle latitude stations have a 
much larger percentage doorcase than the stations at 
the equator A minimum intensity is reached at 
0300 tjt, at 0500 ttt and at 0700 tjt at tho 
equator, with tho meson detector and at tho middle 
latitudo stations respectively Moroovor, about 12 
hr after the initial decroaso, at tho oquator tho 
intensity returns almost to normal boforo it decreases 
agam , on the other hand, the roeovory occurs only 
partially at middle latitude stations 

A most interesting aspoct of tho prosont evont is 
the increase of intensity at 2100 u t on February 10, 
observed at equatorial stations only, about 4 or 6 hr 
before the arrival of the solar plasma at 0120 u t , 
indicated by the storm with sudden commonccmont 
and a number of other terrestrial effects Tho second 
increase, or the recovery of intensity at 1100 tjt 
on February 11, is seen to be much more significant 
at the equatorial stations and in tho meson dotoctor 



Fig 1 Cosmic-ray Intensity changes and associated solar and 
terrestrial eabets for the cosmic-ray storm of February 11, 1968 
Relationships of clianges are indicated separately in A for low 
and medium lntitadea and primary energy response. In h for 
meridional Boctlons and In 0 for hemispheres 
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at Cambridge than at tho middlo latitudo stations 
It would thus appoar that both events, which appear 
to bo increases, are particularly characteristic of tho 
high-energy component of tho primary radiation 
In contrast, tho first minimum of tho Forbush evont 
is larger and occurs lator for Iow-onorgy than for 
high-onorgy primaries 

In Fig IB tho variations of intensify at stations 
in tho throo meridional holts aro compared It is soon 
that there aio significant difforoncos in tho initial 
decroaso, indicating tho ox i stance of an anisotropy 
The most remarkable foaturo is tho comploto absonco 
of the second mcroaso at 1100 tjt on Fobruary 11 
at stations in tho east meridional soction (147° E 
to 168° E longitudo), as also at stations in tho 
southern homispboro for which a comparison with 
tlie northern hemisphere is shown in Fig 1C Tho 
socond mcroaso of intensity is thus characterized by 
a strong anisotropy not only parallel to tho ocliptic, 
but also perpendicular to it Tins is perhaps tho first 
ovidonco for an anisotropy of tho lattor typo In 
contradiction to tho viow of Yoslnda and Wada, 
we boliovo that tho socond mcroaso is mamly aniso- 
tropic and lias an onorgy dopondonco different from 
the mamly isotropic Forbush docroaso 

Tho mam event obsorvod early on Fobruary 11 
in cosmic rays, m goomngnotism, m tho aurora and 
in X-rays at high altitudes ib undoubtedly related 
te tlio major solar outburst from region 58-7? botwoon 
2053 and 2139 ttt on February 9 Wo would hko 
to suggest boro that solar plasma roacliod tho inter- 
action distance of tlio geomngnotic fiold at about 
0120 tjt on Fobruary 11, but that for so\ oral hours 
prior to that, there was a cosmic-rav effect which 
involved an mcroaso of tlio radiation During the 
socond mcroaso of cosmic-ray intensity on Fobruary 
11, wo have an mcroaso of cosmic-ray intensity 
occurring with a strong aurora and chnngo of tho 
horizontal component H of tho goomagnotic fiold 
Tins contrasts With tho association of tho aurora and 
tho chango m magnotic fiold with tho largo docroaso 
of cosmic-ray intensity about 10 hr oarlior From 
othor geophysical ovidonco it is boliovod that tlio 
mam plasma outburst stroamed past tlio Earth in 
10-12 hr and it appoars that tho second mcroaso 
of cosmic-ray intensity is rolatod to tlio departure 
of tlio plasma cloud There was a 2+" flare with 
major burst of radio noiso at 67° W lioliogrnplnc 
longitude, winch occurred at 1 325 tj t on February 
10 It is north wlulo oxamming w bother tho socond 
mcroaso is rolated te tho arrival of fresh solar par- 
ticles from tlus flare If, in order to explain tho 
terrestrial mfluonco of a solar ovont far removed 
from the central monchan to tho v\ est, ono postulates 
tho presonco of a guiding path of solar magnotic lines 
of forco stretched out to tlio Earth by earlier streams 
or an outward solai wend, it would bo difficult to ex- 
plain the 24-lir dolay for solai particles ofovon a few 
MoY energy". Wo are thus inclined not to associate tho 
second ovont with tho solar outburst on Fobruary 10 

Wo boliovo that m the two increases and tlio mam 
decroaso obsorvod with tho cosmic-ray storm of 
Fobruary 11, 1958, wo have essentially' tlireo types 
of modulation process Ono is directly associated 
with the moving plasma, probably rolated to tho 
magnetic fields in tho shock front and gives increases 
as well as decreases of intensity along with anisotropy 
Tlio socond givos docroases of intensity and is related 
to a process which has a sharp onset but a relatively 
long timo constant of recovery Tlio first is often 
more offectivo for high primary" energies tlian low, 
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but tiro ftocond is much moro offeotiv© for lor? tlian 
for liigh energies 

Tho largo anisotropy porollol to tho north-south and 
oast- west directions in tho second incrooso poses on 
important problem Tho different motions of solar 
pnrticloe trapped by the goomagnotic field havo boon 
dismissed by Gold 7 , and beforo avomgo conditions oro 
ostablisliod round tho globo tlioro is probably a basis 
for major differences in conditions over tho liemisphoro 
and at different meridional sections immediately 
following tho arrival of a now cloud of solar part icles 
But the timo invohod is very short compared to the 
observed effect which shown up over periods of eei oral 
hours Moreovor, even though changes m tho Van 
Allen radiation belts could perhaps provido an ode 
quale mocliomsm for the perturbation of tho geo 
magnetic field and tlvrough it alter cosmic raj 
intensity, a quant vtatw o evaluation of tho effect has 
not so far been undertaken 

Wo oro grateful to Mr 8 R Tlinkoro and to the 
computation section at tho Physical Research Lab 
oratory and to Mum Britt at the Massachusetts 
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Institute of Technology for holp in analysing data 
One of us (V 9 ) wishes t-o express gratitude for tho 
hospitality of tho Laboratory for Nuoloar Science 
Massachusetts Institute of Technology, and for 
financial assistance from tho Department of Atomic 
Energy of India The work at tho Massachusetts 
Institute of Technology has been assisted In tho 
joint programme of tho Office of Na\al Research 
and the UR Atomic Energy Commission and one 
of us (R P ) js supported by a fellowship of tho 
Consolho Nocional de Pcsqumas, Brazil, wlnoh 
are grate full > acknowledged Wo ha\ o had 
many stimulating discussions tilth B Rossi and 
T Gold 

•Ponton A. 0 Ftnton K. D and Bo*e D 0 Caaad J Phv i 
35 824 (IOoSJ * 

• Loclcwood J A. Pkyt Etc 11 2 1750 (1953) 

• MeOrmeken K. Q and P*rsont N IV Pkrt Tin 112 1798 (1053) 

4 McCracken K. O PtLD thoiU (1953) 

• Yoahlda 8 and Wadfl 1L Atterc 183 381 (1959) 

•Trotter D E , and Robert*. W O . Solar Activity Summary I 
ITor 1 1953 Report by Nations I Bureau of Standard* 

T QoW T NoUt4 1M 355 (1950) 


MEASUREMENT OF THE EFFECTS OF PISTON MASS AND 
BURSTING PRESSURE ON THE MOTION OF A PISTON 
IN A HYPERSONIC GUN TUNNEL 


By B J BELCHER 

Department of Aeronautic* Imperial College of Science and Technology London SW7 


A HYPERSONIC gun tunnel 1 ia essentially a 
blow down tunnel with a shock compression 
heater to generate a high temperaturo reservoir of gas 
Thin heater consists of a high pressure vessel separated 
from a long barrel by a diapliragm and light piston 
(seo Fig 1) When the pressure is lugh enough the 


diapliragm bursts and drives the piston down tho 
barrel A shock wave forms ahead of tho piston and 
is reflected from the almost clewed notxlo end of tho 
barrel, causing Bovoral compressions of tho gas witlun. 
the barrel and raising tho temperature Tho piston 
finally comes to rest with tho pressures on both 
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Fig 2 Typical oscilloscope record 


sides equal Both the mass of the piston and the 
bursting pressure will affect the performance of the 
tunnel 

One of the investigations into the operation of the 
gun tunnel at the Imperial College of Science and 
Technology, London, was to find how the bursting 
pressure and piston mass affect the motion of tlio 
piston down the barrel Tins was done by a micro- 
wave technique 5 , the barrel being turned into a long 
resonant canty by coating the face of the piston with 
a conducting material, either a silver colloid paint 
or by gluing and screwing on a dural disk Micro- 
waves are injected at the nozzle end and resonance 
occurs with the piston at every half wave-length 
By detecting and recording these resonances an 
analysis of the piston motion is possiblo 

The generator is a 200-mW , 10 cm klystron feed- 
ing a wave-guide directional coupler To reduce the 
tendency for the klystron frequency to follow tho 
changing resonant frequency of tho barrel cavity, an 
attenuator is inserted between the klystron and the 
directional coupler The purpose of the directional 
coupler is to sort out signals according to their 
direction, so that only the reflected vavos coming 
from the barrel reach tho diode Power is fed from 
the klystron to tho probes mounted in the nozzle 
insert through a co-axial cablo These probes aro 
arranged not to interfere with tho normal working 


of the tunnel while still exciting a radially symmetric 
mode [TM oi) m tlio barrel During a run the probes 
aro protected by a nylon block Tho probes are 
matched to tho barrel cavity bo that undor conditions 
of resonance there is little power reflected back along 
the co axial feeder However, wbon tho piston moves 
from tho resonant position tho subsequent mis- 
match causes power to he reflected and is detected 
by tho diode on tho directional coupler Hence a 
resonant point is indicated by a drop in the voltage 
output from the diode Tlio drop m voltage is 
recorded by an oscilloscope and camera About fifty 
resonant points have to bo measured and, as one 
swoop of tho cathode ray tube has insufficient resolu- 
tion, a raster typo of display was used with a Becond 
oscilloscope providing the vertical timo-basc Oscillo- 
scope 1 was arrangod to sweep continuously but 
with the beam blankod off, and oscdloscopo 2 
brightened up tho first beam when triggered from a 
bursting signal picked up by a microphone Tho 
time-baso from tlio second oscilloscope was then 
added to tho diode output to displace eonsecutivo 
lines on tho recording tube, producing a raster display 
One trouble encountered was that tho timo-base 
voltago biased off tho diode and reduced tho signal 
to nothing This was cured, with tho attendnnt 
advantages of a larger signal, by inserting a small 
self-contained transistor isolating amplifier between 
the diode and tho adding resistors (sco Fig 1) Tho 
amplifier has a voltago gam of 17, a frequency 
response of 15 c /s to 500 kc /s ±3 db with a high 
mput and low output impedance Two OC 45 tran- 
sistors aro used A similar amplifier was also used 
as a microphone amplifier Becauso of tho resulting 
‘ring’ and general noise of a hurst, several traces 
wore suponmposed for each run ns the second oscillo- 
scope triggered more tlinn once To ensure that only 
one trace was obtained a trigger and gate system 
was adopted This amplifies and shapes incoming 
signals from tho microphone and passes them to a 
gate A pulse coming from this gate closes tho gate 





Fig 3 Variation of piston velocity wit R mass 





Mg 4 Variation ofphton velocity with bunting pressure 
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and triggers tho second oscflloeoopc Hence only one 
trace ie posaiblo before tho system is reset by opening 
the gate manually 

A typical record is shown in Fig 2 Starting at 
A, which is arranged to bo on a resonant point for 
reference, tho distance between pips becomes less, 
indicating acceleration of the piston, until tho third 
lino down whore after a rapid deceleration the wave 
shape is soon to reverse at £, indicating that the piston 
has reversed and is now going the othor way down the 
tube On the fourth line at O another reversal is 
evident The resonant points are indicated by positive 
pips becauso the amplifier reverses the sign of the 
signal 

Theee film records were analysed to give a plot of 
piston position (x) against time (t) From Buch plots 


the maximum piston velocity is taken. Figs. 3 and 4 
summon ro those results Initial acceleration was also 
measured from the x—t plots assuming tho acoelera 
tion to be constant over the first few stations tho 
results being 


Ban tins prownr® 
(l!)^*q In ) 


486 

000 

826 


Accelerttlon 


4 DOC* 

6 4 (XV 

7 

16 0 00* 


I am indebted to Mr J L Stoilory for his direction 
and holp in the foregoing work, and to Mr P D 
Church for his analysis of tho traces 


1 Cox, R, ff and Winter OFT Advlionr Group Aero Re*, and 
DereJep Report /To 290 
* FnnneltfflotJ L. Natwt, 183 146 (I960) 


A STRUCTURAL MODEL FOR MONATOMIC LIQUIDS 
INCLUDING METALLIC LIQUIDS 

By Dr KAZUO FURUKAWA 

Rweirch Institute for Iron Steel ind Other Metals Tohoku University Sendai Japan 


A LTHOUGH the melting pomt (T w ) la generally 
determined thermodynamically, it is interesting 
that Lindomann'e geometrical law 1 is effective 
in determining tho melting condition of solids So 
we ha vo studied the structure of liquids at their 
melting points in the hopo of finding uomo similar 
law 

So far, radial distribution curves for 18 monatomic 
liquids near thoir melting points have been obtained 
by X ray or neutron diffraction measurements and 
they give co ordination numbers (Z) and tho distance 
(rfi of the nearest neighbour However, tho values 
of Z so far obtained are lew reliable than those of tq , 
it is probable that in some coses we obtained low 
values Tliorefore, we calculated Z from r j and the 
bulk density (measured) assuming a quasi face 
centred cubic lattice Tho caloulnted values Z&. \ were 
between 10 and 11 5 (mean value 10 80. about 
90 per cent of 12 Table 1) 


T*ble i. data toe Radial diet mb on ox Curts* sear T«* 



MA.) 


r„, 

(A ) 

Ami. (A )* 

r(t) 

He (a) 

3 86 

10-6 

10 5 

2 85 

8 36 

— 

Ar (6) 

3-66 

se 

10-6 

3-40 

3-37 

— 

Xe (e) 

4 43 

9 4 

10 A 

3*64 

8 87 

- — 

U(<0 

S-24 

9 8 

it r 

7 -t0 

2-63 

2 74 

»*(f) 

3 83 

0-6 

11-2 

8-21 

3 34 

*-4* 

KLO 

4-64 

8-0 

10 8 

3-95 

4-05 

4 -J 6 

An fir) 

3 86 

21-0 

10-4 

3 45 

2*40 

2-62 

Jin Id) 

2- 94 

10 8 

13 7 

2-33 

£-67 

t'iO 

Cd id) 

*■06 

8 * 

10 4 

2-60 

2*67 

2 72 

He (A) 

3 10 

8 8 

10 3 

£ 68 

2 70 

2 78 

Xl Id) 

2-96 

10 6 

11*6 

2-60 

I 58 

2-50 

GMe) 

1 77 

lt-Q 

0 6 

2-43 

£ 42 

2 45 

In (d) 

3 SO 

8-5 

11 3 

2 86 

2 88 

2-96 

Tl(y) 

3 SO 

8-0 

10 1 

2 86 

2-85 

3-06 

Go (?) 

£ 70 

8-0 

— 

2-26 

2 86 

2 37 

Bn (() 

8-23 

0 1 

10 7 

£ 70 

t 82 

2 77 

PbU) 

1*40 

9-4 

10 3 

5-93 

2-96 

3-02 

Bl(j) 

*•40 

8-0 

9-6 

2-90 

C-07 

3-04 


(a) Gordon Bhaw and Daunt J PAr*. Ohtm SolUt 6. 117 (1058) 
(A) EUwmtelo and GineHth.PAi*, R*+ , 63, £61 (1015) U) Campbell 
and nudebTMKl J Cktm PAjo 11 3$4 (1913) (J) G»nmt<reMer 

J CAon,PA*t 0,450(1011) («) Trimble and Olnffrkh, PA jr* Jin 
62 £”8 (1938) (f) ThomM ww Glflcrkb. J Ckm Pkft 6 411 

(1938) and fllnrilcb *nd W»I1 PAy* tttv. 66 336 0930) (?) lie mini, 
t frettone A. j5 605 (1047) (A) Vineyard, J CA<* PAW. 23 1666 
(10M) (f) T*XeochI and Fnnikair* MMUnR or Japan lent, 

MotaU (April 1968) CO BHamh and Smith J C\em PAy*. 21 
(10W) 


The shape of the curves was analysed by Wall’s 
theory* using the spherical free volume of radius a 
According to this theory, fri ~ a) =* A corresponds 
to the position on tlio shorter side branch at n 
height of 34 4 per cent of the maximum value m 
the first peak of tho curve 4nrp(r) where p(r) is the 
atomic number density at a distance r from any 
6 tom Henoo ve measured Al ot from radial distribu 
taon curves and obtained the empirical formula 
r,/A ob ° (1 6) 1 /* (Table 1) 

Assuming a molecule to bo a sphere (nearly rigid) 1 
of diameter A at T m the following model can bo 
postulated i Let V, bo the volume at closest packing 
of spherical molecules of diamoter A, then tho v olumo 
of liquid at Tt% is 1 G F # for quasi face-centred cubic 
lattioe But about 10 per cent of tho sites in this 
quasi lattice are ompty, and these spa cos are dis 
tributed through all interstices, explaining tho second 
peak at 1 0r t of the distribution curves Tlius tho 
total v olumo is about 1 05 l 7 , 

Using this modol of a reduced form independent 
of matormls, Beveral properties of liquids can bo 
explained as follows Self diffusion and viscous 
flow in liquids are easily explained Tho self-diffusion 
cooffioiont of a liquid at its molting pomt moy 
ho expressed* 4 as D n «=* y r t * exp(AiSo/.fl) 
oxp(— HdJRT*), whore yr,* is the mean square of 
jump distances, v m tho frequency of tho liquid nt 
T m and A Sq and II jy tho activation ontropj ond 
energy of diffusion respect ivolj How y &S& 
HolETm and Dm!(ri 9 v»») must all be constants mdo 
pendent of tho material If vm is caloulnblo from 
Lmdemann’s formula, n*»28 x 10** T 9 11 * M-* 1 * 
where iff is tho molecular weight nnd Vt* tho 
molar volumo, DmKr 1 ^*,) is obtainable from 
experimental values of D m , and is nearly constant 
(Table 3) 

Tho experimental values of IIj)jT m and IJr./Tw* 
are also nearly independent of tho mntorfrd w ore 
Hr, is an aotivation energy of •»■ Ucoeltr j,nr 

Differences between tho .TT 

malerml ms, bo rocpWnod bv 
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Table 2 self-diffusion and Viscosity Data (cos) Table 3 Entkopi o> Liquids at T m (cu, /deo /vole) 


(Djr ,*r m )x 10’ nr>!RT m im\RT, n 3 m , ob xlQ’ y 10. 


Na 

Hg 

0 

0 

72 

83 

(fl) 

(a) 

3 

o 

28 

15 


0 

1 

2 (d> 

41 id) 

0 

2 

71 
1 < 


0 

2 

69 

07 

In 

0 

73 

fa) 

2 

83 

(a) 

1 

80 

<c> 

1 

94 

M 

1 

97 

Gn 

0 

79 

(a) 

1 

85 

(a) 

1 

01 

Id) 

o 

14 

Id) 

1 

(33 

Sn 

I 

32 

(t>) 

3 

00 

16) 

1 

78 

(f) 

1 

95 

(e) 

o 

10 

Ag 

0 

74 

lc) 

3 

30 

<c) 

1 

01 

if) 

3 

SS 

]f) 

4 

00 

Ar 

0 

98 

(a) 



3 

12 

(?) 

0-28 

(?) 

0 

11 

N, 





3 

09 

(?) 

0 

31 

(?) 

0 

23 

CO 







3 

50 

(a) 

0 

32 

(?) 

0 

23 

CH, 







4 

14 

(A) 

0 

23 

(A) 

0 

20 

c,n. 

0 

41 

a) 

4 

00 

a> 

4 

31 

<*) 

0 

S3 

(0 

0 

00 

o, 





3 

70 

(?) 

0 

SI 

(?) 

0 

27 

CCl, 

1 

87 

(a) 

0 

00 

(a) 

4 

74 

O) 

2 

0 1 

’5) 

0 

55 


(a) Soo ref 12 concerning the experimental values of D™ (6) Carcrl 
and Paolettl, Nuovo Cun , H, No 3, 674 (1056) (c) Yang, Kndo 

and Derge, Trans Mel Soc A { M A , 212, 028 (1058) id) Liquid 
Metal Handbook’ (1962) (e) Culpln, Proc Phys Sot 11, 70, 1009 

(1057) <J) Geblmrdt and WCrrnvg, Z Metl 42, 358 (1051) (?) Rud- 
onko and Schubnlkow, Pht/s Z Soujct , 6, 470 (1934) (A) ibid , 8 170 
(1935) (t) Grunbcrg and Nissan, 2 rati* Farad Soc 45,125 (1040) 

(j) Thorpe and Rodgen, Phil Trans Roy Soc , A, 185, 307 (1804) 
(A) Seo ref 0 


efficients the ratio of which is of the order of 10' 1 
In fact, under the condition of constant volume 
HolBTm becomes 2 14 for CC1 4 6 , and 1 2G for 
C,H 0 «, from isobaric experiments, and becomes 2 07 
for Hg 4 , 1 63 for Ga «, 1 66 for CCl 4 6 and 1 40 for 
C e II 0 e by computation from isothermal oxpori- 
ments using 8 their expansion coefficients and com- 
pressibilities 

So putting HolRT m = 1 6 at constant -volume, mo 
obtain A Sd/7? = — 3 1 ± 0 3 independent of the 
materials from their values D m l{r x s v m ) of Tablo 2 
&Sn < 0 can easily bo oxplamod by a moro 
regulated activated-complex configuration composed 
of planar 4 or 6 atoms in the closest contact than tho 
ordinary irregular configurations Considering tho 
above, it is of interest that A nearly comcidcs -with 
the metallic bond-longths of co-ordination numbor 3 
calculated by Pauling’s theory 7 (r (3) m Tablo 1) 

Combining these facts until the Sutlierland- 
Emstein formula 8 , Di) — LTj(2~A), u-e can easily 
deduce Andrade’s formula* ijm = 5 7 x 10 4 J\I lli 
T m 'l* F m -V* puttmg D m l(r\ v m ) = 0 0067 Tho 
calculated viscosity coefficients at T m , 7 ) n)ca i , aro m 
good agreement with tho experimental values -q m 0 b 
(Table 2) 


Calculated Observed 

Calculated Observed 

At 12 458 12 694 (a) 

Xo 18 704 10 04 (6) 

LI 11 170 11 001 (e) 

Na 15 130 16 607 (e) 

K 18 154 17 810 (e) 

All 23 013 23 32 id) 

A1 10 820 17 00 (rf) 

l*b 22 412 22 28 id) 


(a) CIuslus and Imnk, 7, Llellrochcm , 49, 308 (1943) (6) Cluslu* 

and Roccoblnl.Z phys Chem ,3815,81 (1037) (e) Lvami c( «l ,J Ret 
Kal Bur Stand ,65, 83 (1055) (d) Soo Borcllus, ’’Solid Stnto 1'lij s ", 
6, 55 (1058) 

Moreover, using Wall-Harasima’s freo volume 
theory*' 10 , and adding tho entropy of random arrange- 
ment of vacancies as a crudor treatment of this 
modol, tho cntropios of tho liquids at their molting 
points u-ere calculated , tho values agreed with the 
observed onos (Tablo 3) 

Tho abovo discussion shows that tho motalhc 
liquid is not a special liquid Tlius wo noed 
not consider tho ionic unit 4 ' 11 13 in tho transport 
phenomena 

Tho modol will become moro complolo when com- 
bined with tho rocont uork of Bernal’ 3 , ulio explained 
the essential difference botw oon regular and irregular 
close-packing arrangomenta having a volume differ- 
ence of about 10 por cent, winch agrees with our 
model 

A detailed description including further applica- 
tions Mill bo published elsouhcro 

' Llndomann. P A , Phys 7 , 11, 009 (1010) 

* Wall, C N , Phvs Bet . 64, 1062 (1038) 

* Zener, C , J Apr Phys . 22, 372 (1951) 

4 Naclitrlob N It , Symposium on "Liquid Mctnls anil Solidification" 
(Chicago, 1957) 

4 Watts, II , Alder, 11 J , nnd Hildebrand, J II , J Chem Phys , 
23 059 (1955) 

* Hlraokn, II , Osugl, J , nnd Jono, W , Her Phys Chem , Japan 28, 

52 (1059) 

I Pauling, L , J /liner Chrm Sot , 09 542 (1047) 

* LI, J O , nnd Chang, P , J Chem Phys , 23, 518 (1954) 

4 Andrade, E N dn 0 , Phil May , 17, 497 (1934) 

” Unmslma, A , nnd Ogiirl, It , I'roe Phys Math Soc Japan, 25 
425 (1943) Unrailmn, ibid , 25. 634 (1943) 

II Glnsstonc.S .Lnldler.K J ,nnd Eyrlng H , "Tho Theon of llnte 

Processes’ , 495 (1941) 

14 Mackenzie, J D ,nnd ITlIllg, W B ,J Chem Phys , 28, 1259 (195S). 
14 Hcrnnl, J D , Mature 183. 141 (1059) 


POLYNUCLEAR COMPLEXES OF MOLYBDENUM(ll) 

By Dr J C SHELDON 

William Ramsay and Ralph Forster Laboratories, University College, London, WCI 


A LTHOUGH molybdenum(H) chloride and its 
co-ordination complexes have boon known for 
a century, they have received but bttle attention 
As a result of the virtual absonce of physical studios 
on these compounds, not only was nothing known of 
their constitution untd a few years ago, but mconoct 
molecular formulie were oven adopted Tho relatively 
recent X-ray diffraction studies by Brosset 1-3 have 
done much to impiove the position, though the 
bonding present in molybdenum(II) chloride deriva- 
tives has never been seriously discussed and many 
simple physical measurements remain to be done 
and correlated with the proposed structures A 
re-investigation of these compounds is now par- 
ticularly important as they appear to possess a 
stereochemistry quite different from that indicated 


for d* metal complexes by ligand fiold theory There- 
fore molybdomim(H) chloride and its derivatives 
are being re-examined and it is now possiblo to 
summanzo some now experimental losults and pro- 
pose a bonding scheme for tbeso compounds This 
bonding scheme is ablo to explain why only cortnin 
typos of ligands form molybdonum(H) chloride 
comploxos 


iho crystalhno compounds studied by Brossot 
woro formulated on tho basis of his sti ucturo determ- 
inations as [(Mo s Cl,)((OH) 4 (H t O) t }] 12H.0 1 and 
[(Mo 6 Cl s ){Cl t (H 50 ) j]] CH.O 1 Tho structuro of tlio 
(MOsCl,) 44 - group, fully namod octa-gj-chlorohoxa- 
molybdonum(H) and honcoforth roforrod to as tho 
chloromolybdenum(II) group, is g t von in Fig 1 It 
is convomont for most purposes to rogard tho group 
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-as a regular face- centred cube and it is presented in 
this manner in the figure Though the octahedron, 
described by the molybdenum atom* ia almost 
regular, the cube described by the ohlormo atoms is 
somewlwt distortod and it is poesiblo that the 
deviation from striot cquivalcnco of tliese cl Ucrr me 
atoms may bo of some chemical significance B rosso t 
has omphasixod that six groups given in braces in 
the fomuilm above, appear closoly associated with 
tho oldcrromolybdenum(ll) unit Fig I shows that 
■oaoh molvbdonum atom is surroundod by a square 
planar configuration of chi on no atoms, and can 
accept one ligand normal to tho cubo face to achie\ e 
co ordinotlvo saturation The effective co-ordination 
number of each molybdenum atom, taking mto 
account tho four molybdonum close neighbours 
would bo nine, and it is therefore improbable that 
more than one ligand could donate to each molyb 
donum atom Thus six Uganda may bo accepted by 
the old or om oly bdonum (II) group along tho axes xx 
yy' and z z' 'Whereas tho identity of the central 
(MojCl,) unit is seldom affected, the six ligands are 
freely variable There Is possiblo a novel range of 
octahedral complex os, their general character being 
of the typo familiar to the morgamc chemist, but 
possessing a polyatomic nucleus 

The chloromoly bdenum(II) group is stable over a 
wide rango of conditions In tho form (Mo a Cl B )OI 4f 
that is. Mo Cl |, it is not affected by boiling aqua regia 
or concentrated Bulphurio acid heated to fuming 
other than tho displacement of the chlorine ligands 
It is stable to more than 800* C tn cacti o with prob 
a bio disproportionation to motal and higher halides 
above this temperature It is not oxidised by air 
below 300* 0 , but above this temperature a dark 
product is formed However it lb much more 
sensitive to aqueous alkali giving molybdenum (V) 
hydroxide and hydrogen. At room tomporaturo and 
pH 12, a chloromoly bdonum (II) solution shows some 
signs of decomposition in about 10 hr , though at 
higher pH and temperature decomposition can be 
complete in a few minutes It is noteworthy that 
tho reagents most disruptive for tho (Mo,Cl,) group 
are the strong olectronegntiv e complexing agents, 
namely, OH~, F - ’ and NCS“, though attack by thoee 
is rapid only at lngh temperatures It is therefore 
possible that tho decomposition of tlie chloro molyb- 
denum (II) group under thoeo conditions proceeds by 
tho formation of an unstable substituted chloro- 
molybdenum (TI) nucleus As this group retains its 
identity under most conditions, it is proposed to 
designate it ns ‘Af in formulrc 


The proaent work strongly supports tlio \ien\ that 
the oliloromolybdenum(ll) group invariably possesses 
six groups bound to it The followuig aro typical 
examples of the now compounds isolated [A/Ci. 
(C,H,N),] , [Jra. ((C^T,)^J)J and 
OH t O Compounds with compositions corresponding 
to the following havo also been reported 4 p/Cl. 
(B^OJ PfCMCiH.OH),] KdA/Cl*] OH.O 
[AfBr 4 (H,0)J and (H.OJdA/Br.] 6H,0 Tho 
parent aoid of the hoxachloro ddoromolybdemun(ll) 
senoe lias boon known m the crystal) mo form as 
(HjOJJA/CI,] OH,0 for some timo* It is tho most 
soluble hexncliloro -complex, tlie salts of this acid 
being sparingly soluble or completely msolublo 
Typical salts include tlioso of tho alkali metals 
ammonium and pyndmium 4 Tho insolublo Rails 
derlvod from Jorge organic cations for example, 
tetraethylammonium and triphenylphoaphomum, 
havo been prepared in tho present work Tho salts 
of tho hexabromo- and hexaiodo-acids aro less well 
known but are undoubtedly similar to those of the 
hoxachloro neid The hoxalinlogeno -acids and thorn 
salts aro rapidly hydrolysed in aqueous solution and 
an excess of hydrolialogomc acid must bo maintained 
for stable solution Solvolyais of theeo compounds is 
not observed in othanol and solubilities often provo 
to bo much higher in this solvent 

In addition to ATC1 it has now boon possible tn 
prepare MBr it Afl < and Af(OH) 4 by heating tho 
appropriate hoxahalogeno-acid or hydrated chioro 
molybdonum(ll) hydrondo tn vacuo at 260° C As 
there appears to be only four ligands per chloro 
molybdenum (H) nucleus it is reasonable to supposo 
that thoeo compounds aro polymeric using somo 
ligands for bridging between chloromoly bdonum (II) 
groups and thus satisfying tho proposed octahedral 
requirements However it is interesting to noto that 
Brosset has shown tho hydrate* of AfCl 4 and Af(OH) 4 
to consist of discrete octahedral complexes. In 
passing it may bo mentioned that tho four simple 
cliloro molybdenum (II) compounds referred to nbo\ e 
are found to be hygroscopic and undergo a lightening 
of colour on gaining water Tlie materials may bo 
obtained anhydrous a gam by reheating in vacua 
Complexes of tho tvpo [ililOH)*]*" 
and [M (NCS)d*" aro of interest but attempts to pro 
pare solid compounds of the first two havo failed so far 
Suoh compounds undoubtedly exist in solution as 
cliloromolybdonum(H) hydroxido is *olublo in 2 N 
acid and 0 01 N alkali It has boon poesiblo to con 
firm the existence of [A/IOH)*] 1- in solution by tho 
pH titration involving tho precipitation of tho 
hydroxide by standard acid from a standard alkalmo 
solution Fig 2 shows a typical titration curvo in 
which two oqiuvnlonts of nitno acid procipitato ono 
of if (OH) 4 Thus chloromolybdonum(IJ) hvdroxido 
dissolves in alkali to gt\e tho complex [Af (OH),]*- 
Tlio addition of [AfCI,]* - to a concentrated potassium 
thiocyanate solution gives a crystalline procipitato 
possessing a chlondo and thiocyanate content reason 
ablo for K,[Af(NCS)i] GH,0 Howovor tho com 
pound is soluble in water, precipitating only m oxcoss 
thiocyanate, and attempts to froo tho procipitato from 
tho contaminating potassium thiocyanate ha\o not 


proved successful so far 

Tlie ideas expressed abovo might bo criticized on 
tho grounds that tho chloromoly r bdonum(II) nuoleus 
or its proposed co-ordination oomploxee are in fact 
ionic assemblages rather than ^ 

Though this is inconsistont 'with t jo ^ ^ttlo thl» 

already given, th*ro i» good 
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Volume of 0 1 N acid added In ml 

Fig 2 The precipitation of 3-29 x 10-* moles of Af(0H),nlI,0 
occurred In the region between the arrows 

point Brosset has established that the hexachloro- 
acid exists as [MCI*]*" in ethanolic solution by an 
X-ray diffraction technique’ Molecular weight 
determination of molybdenum(II) chloride in boiling 
ethanol has been found to give just over half the 
required value for MCI, * TJhdor theso conditions, 
it is very probable that some alcoholysis occurred, 
but ionization to a degroo suggested by Jlfr (Cl - )* as 
the true constitution of molybdenum(II) chloride is 
ruled out Thus, in a moderately strong solvating 
solvent, like ethanol, the M — Cl bonds retain their 
identity A number of chlorine-36 exchange studies 
to determine the lability of the chlorine atoms m tho 
[MCI,]’ - ion have boon carried out m the present 
investigation The first experiments wore carried out 
in 5 65 N hydrochloric acid to avoid hydrolysis The 
hexachloro-acid was allowod to exchange with 
labelled hydrochloric acid, and tho complox separated 
from solution either by freezing out at 0° C ns the 
crystalline acid or precipitated as tho triphonyl- 
phosphomum salt The Bret separation method gave 
a very pure material, the second gave a rapid 
quantitative precipitation It was found that the 
exchange fraction corresponded closely to tho 
exchange of only six out of the fourteen chlorine 
atoms in [MCI,]* - for exchnngo times of 2-800 mm 
at 25° C For times of exchange less than 2 min , less 
than six out of fourteon chlorine atoms exchanged, 
but the data are inaccurate It is reasonable to 
conclude that all fourteen chlorino atoms in [MC1,]’ - 
are covalently bound, but tho ligand chlorine atoms 
are much more labilo than the nucloar chlorine 
atoms in 6 65 N hydrochloric acid Tho inertness of 
tho eight nuclear chlorine atoms is striking, for on 
refluxing the hexachloro-acid for II hr in hydrochloric 
acid, only six out of fourteen had exchanged 
At this pomt it is logical to consider whether 
chloromolybdonum(II) should havo a cliomistry 
analogous to some mononuclear cation, or whother 
the resemblance is superficial It is true that if the 
molybdenum(II) atoms were held together by a cage 
of shared chlorine atoms, it may well bo that tho com- 
pounds resembling octahedral complexes could bo 
isolated However, those would have tho properties 
expected of divalent molybdenum, frequently dis- 
playing paramagnetism, ligand field spectra and a 
strong tendency to oxidation This is in striking con- 
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trast to what is observed, for chloromolybdonumfH) 
complexes are very stable to oxidation and are all 
diamagnotic Solution absorption spectra give no 
indication of ligand field spoctra, only one or more 
bands at about 300-350 mg, c ~ 3 v 10’, nhich 
account for tho doop yellow colour of tho compounds 
It is possiblo, however, that theso charge transfer 
bands may bo suporimposod on some vary weak d-d 
transition bands Fig 3 givo9 tho absorption curvos 
assignod to tho species [MCI,] 1- and [MBr,]*~ in 
6 N hydrochloric and hydrobromic acid, rospoctivoly, 
and [M(OH),]’ - m 0 01 N alkali It is important to 
boar m mind that tho properties suggested abovo for 
molybdenum(H) aro hypothetical os no paramagnotic 
molybdonum(II) compounds are known and com- 
plexes of tho typo [Mo(II)X,], from which [MX,] 
might bo considered to bo donved, do not exist 
Furthermore, mononuclear molybdonum(II) com- 
pounds aro very rare (soo bolow) If molybdenum (II) 
is spin-paired m chloromolybdonum(II), accounting 
for its diamagnetism, combination of this group with 
carbon monoxide-liko ligands would bo oxpoetod, and 
again this is not found There is no ovidonco that 
MCI, is affected by carbon monoxide at 40 atm and 
110° C. or by triplienylphosphmo at 200° C It is 
significant that among tho few mononucloar molyb- 
denum(EI) comploxos known, [Mo(n)(diareino) 
(CO), I j, [Mo(II) (diarsino), (CO),I+] I - and similar 
compounds havo recontly boon prepared by Nyliolm 
and co-workors by hnlogonation of totracarbonyl- 
(o - phonylono - bza(dimothylarsino))molybdonum(0) 7 
Theso compounds aro diamagnotic, contain carbon 
monoxido-hko ligands and possess ligand Cold spoctra 
and co-ordination numbor seven Therefore, tho 
chloromolybdonum(H) group bohavos quito differ- 
ently from that reasonably oxpoetod on molyb- 
denum(H), and moreover, differently from any 
transition motal other than ono with a d° configura- 
tion It is then justifiable to regard tho cliloromolyb- 
donum(II) group as a particular and distinct cliomical 
entity and not ns on assemblage of atoms in a rather 
special geometry 

The non-appoarance of typical transition motal 
properties is not difficult to oxplam Tho mtormolyb- 
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don uni distance is 2 03 A to be compared 
2 73 A for molybdenum metal, and therefore 
Mo-Mo bonds must exist along all si dee of the Mo, 
octahedron. The highly symmetrical arrangement of 
the Mo, group allows oon\ oniont consideration of the 
lntcrmolybdonum bonds as delocalizod and beet 
represented by mol ocular orbitals For the purposes 
of discussion tho [MCI,]* - complex will be considered 
Each molybdenum atom is surrounded by a tetra 
gonal pyramid of chlorine atoms, bonded probably 
by d(*« fysp* hybrid orbitals Of the remaining four 
ri -orbitals, the da and dyz possess loboe directed 
exactly along tho intermolybdonum axes and it is 
possible for each of four co planar molybdenum atoms 
to comb mo ono of these orbitals to givo a molecular 
orbital system There ore throe such sets of oo-planar 
atoms, each forming such orbitals The contribution 
of two d -electrons per molybdenum atom to forming 
such lntormotallic bonds gives molybdenum a valency 
higher than tho oxidation number two The dis 
position of the two remaining electrons in the 
and dt* orbitals must be consistent with tho obsorvod 
properties of chloromolybdenum(II) compounds. 
Pairing tho oloctrons m ono of tho two remaining 
orbitals may account for diamagnetism, but possibly 
not tho other properties Furthermore, the proximity 
of tho molybdenum atoms to each other also suggests 
that there would bo eomo repulsive interoction 
between non bonding pairs in either the or d? 
orbitals It is concluded that the two remaining 
oloctrons occupy tho orbitals singly, and that these 
contribute a littlo more to tho mtcrmolybdenum 
binding by coupling their spina 

Tlioroforo, oJiIoromoIybdenum(H) can boat bo 
regard od as a compound of molybdenum (VI) employ 
ing oil nine orbitals This is quite consistent with 
crystallographies ovidenoo, for Brosset reports that 
each molybdenum atom poeecesoo nine neighbours 


all closer than 2 7 A. Tho hexavaloncy of molyb 
donum explains the absence of observable d-d 
transitions m spectra and the inability to form 
oomploxee with tc bonding ligands The apparent 
conflict of tho stereochemistry of ohloromolyb 
denum(II) with ligand field theory is removed. 
Though tho theory suggests a number of favoured 
arrangements for d* oomplexes, it seems unablo to 
account for the arrangement m ohloromoly bdemim(H) 
This difficulty disappears when the compounds are 
reoognized as d* complexes 

In conclusion, tho following points are re-emphos 
ix od Molybdonum(II) chloride complexes contain 

the ohloromolybdonum(II) group, (Mo.GJ,)‘\ which 
functions as a nucleus for octahedral complexes of 
tho form [3fXJ Tho chloromolybdonum(II) group 
exhibits intormetallic bonding and though the 
oxidation number of molybdenum is two, the vnlenov 
is effectively six Consistent with tho d* character 
of tho molybdenum is co-ordination number nino 
Furthermore, this d* character explains tho dia 
magnetism, absence of both ligand field spoctra and 
complexes with a bonding ligands of ohloromolyb 
donum (II) compounds 

I wish to acknowledge the award by tho University 
of London of on I.CX Research Fellowship dur ing 
the tenure of which this investigation was conducted 
and also to express my indobtednoes to Prof R S 
Nyholm and Dr J Lewis for their suggestion and 
support of the research 
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MASSIVE INCORPORATION OF 5-FLUOROURACIL INTO 
A BACTERIAL RIBONUCLEIC ACID 

By Du. JACK HOROWITZ and Paor ERWIN CHARGAFF 

Cell Chembtry Laboratory Department of Biochemistry College of Physicians and Surgeons 
Columbia University, New York 

I N the course of studies on the correlation of the catalase and succinate dehydrogenase, increased , 
mechanisms controlling the production of cellular tho induction of p-galactoaidoso by lactose was, 
high polymers, wo have investigated the effects of on the other hand, almost entirely blocked in the 
G fluorouracil on the synthesis of protein and nucleic presence of 6 fluorouracil The fluoropyr un idl n e 
acid m several strains of Eschcndna coli We have prevented, moreover, any further rise of the £ galac 
reported elsewhere (ref 1, and unpublished work by tomdase activity in oolls that had previously been 
the same authors) on the ability of the fluoro com treated with the induoer or in a strain of E coh m 
pound to substitute, m part, for uracil in a mutant which this enzyme is constitutive Othor observe 
requiring this pynmidmo In the absence of uracil, tions, soon to bo published in collaboration with 
the addition of 5 fluorouracil resulted in the doubling Drs F Goodman and J J Saukkonon, showed that 
of the protein content ; a slight Increase m ribo 5-fluorouracil prevented the multiplication of T2r 
nucloio add, but none in deoxyribonucloia acid took b ac ten o pb ago and the Intracellular synth eels of the 
place In E coh , strain B f os woll as m the uracil phage nuoleic ooid m E coh, stram B, whereas it 
aaxotroph supplemented with uracil, the fluoro had less influence on the growth of T3 
pyrimidine inhibited tho synthesis of deoxyribonucleic Those findings, as well as tho recent reports on 
acid completely, but permitted tho formation of both the incorporation of 5-fluorouracil into tho ribo- 
protein and ribonacloic acid nucleic acids of animal tissues' • and of tab nooo 

The formation, in tho presence of G-fluoro uracil, of mosaic virus 4 made it of interest to nseertn m ™ 
several constitutive or inducible enzymoe was also also m E colt the biological t, y its 

oxairuned Tho activity of two of the oniymee, compound are acoompan 



1214 


NATURE 


October 17, 1959 


VOU 184 



Fig 1 Elution diagram of the hydrolywitc of the ribonucleic add of £ coli, Btmln 1 ), 
fonned In tlio presence of B fluoroumcll Dowcx 2 formate' (8 times), 200-100 mesh , 
28 cm x 0 9 cm diameter , gradient elution (mixing chamber BOO ml water , 
roscrvolr 2 5 A’ formic acid) , 7 ml frnotlons 


introduction into the ribonucleic acid The results 
presented here show that a considerable amount of 
this uracil analogue does indeed find its way mto the 
ribonucleic acid of the organism, whore it may 
replace nearly one-lialf of the normally presont 
uracd 

To cultures (37°, glucose-salts medium, early 
logarithmic phase) of E c oh, strain B, or of the 
uracd-deficiont mutant G3-8G, supplemented with 
uracd (20 pgm /ml ), 5-fluorouracil (50 (xgm /nil ) was 
added and the cell suspensions were kept at 37° for 
varying periods If the action of the inhibitor on 
the uracd auxotroph was to be tested m the absence 
of uracd, the cells were harvested and starved before 
the addition of the fluoropyrimidine 1 At the 
conclusion of the treatment, the organisms wore 
collected and prepared for analysis (removal of 
mononucleotides, lipids, etc ) by procedures described 
previously 6 The hydrolysis of the ribonucleic acid 
was carried out with 0 3 N alkali (30°, 18 hr ) with 
the use of either sodium hydroxide, in winch case the 
hydrolysate was acidified with hydrochloric acid m 
order to precipitate protein and deoxyribonucleio 
acid, or of potassium hydroxide , m the latter cose 
perchlorie acid was employed, care being taken to 
avoid losses through the co-preeipitation of nucleo- 
tides during the removal of potassium perchlorate 
in the cold The ribonucleotide composition was 
determined by electrophoresis on filter paper or by 
ion -exchange chromatography 
A typical elution pattern (Fig 1) shows five 
components, with the new nucleotide leaving the 
column after uridyhc acid, as expected for a mixture 
of the 2'- and 3'-phosphates of 5-fiuorouridmo 3 The 
combined eluates of this component collected m 
several runs were again subjected to chromato- 
graphy , the experimental conditions were as m 
Fig 1 except that N ammonium formate was used 
for gradient elution A single Bhorp peak was 
observed and the nucleotide identified as 6-fluoro- 
uridylic acid The hydrolysis of the compound with 
72 per cent perchloric acid (1 hr,, 100°) liberated 
5-fluorouracil, which was identified by chromato- 


giapliy and spoctiopholomctiy , 
tlio molar ratio of 5-fiuorouraul to 
phosphorus was found to lie I 1 17 
Tho treatment of tho nucleotide 
with prostate phospliafaso resultod 
m tho liberation of 5-fiuorourjdino, 
which was identified by the com- 
parison of its spectral and electro- 
phoretic (0 1 M borate buffer of 
pH 9 2 *) properties with those of 
tho nuthontio nucleoside Tho ratio 
of 5-fiuorouridino to phosphate ro- 
Icascd by tlio on/vmic hydrolysis 
was 1 11 That tho nucleotide 

consisted of a mixture of the 2'- 
and 3 '-phosphates of 5-fluorouridmo 
and had, thoreforo, formed part 
of a polynucleotide, was shown 
by its behaviour towards 3'- and 
t j'-nuclootidnses It was not at- 
tacked by tho 5'-nuclootidnso of 
Russell's \ipcr venom, whereas 
T-nucleotidnso" In drolysed about 
GO per cont of tho nucleotide to 
tluorouridino within 20 lir 5- 
Fluorouridyhc acid has its absorp- 
tion maximum at 2G8 mji m 
0 01 N hydrochloric and with a 
molar extinction coefficient of 9,400 , the absorb- 
ance ratios in tho same solvent aro A« t0 /A. tB , 0 G4 , 
-d-so/-d3«o, 0 82 , .4j,s/i.|oi 0 32 

Tho nucleotide composition of tho ribonucleic acid 
synthosized, both in tho presence and tlio absence of 
5-fluorouracil, by tho two E coh strains undor 
investigation is shown m Tablo 1 It will bo scon 
that ono-quartor to nearly one-half of tho nucleic acid 
uracil can bo replaced by tho fluoropyrnnidmo Tins 
takes place without an essential disturbance of tho 
equality of tho molar sums of G ninino and of G-koto 
nucleotides 10 Tho largo quantities of 5 fluorourncil 
built mto the nbonucloio acid of strain B offer a 
convenient mothod for tho preparation of tho 2'-, 3'-, 
and 5'-phospbates of 5-fluorouridmo It is note- 
worthy that 5-fluorouridylic acid was also found m 
tho nbonucloio acid of the uracil-requiring mutant 
incubated with tho fluoropyrmudmo in tho absence 
of uracil, although tho amount of nucleic acid syn- 
thesized under these conditions is slight (rof 1, and 
unpublished work by tho same authors) Owing to 
the relatively small number of analyses it is not yot 
clear what importance should bo attached to tho 
fluctuations m nucleotide proportions recorded m 
Table 1 , nor is it yet known whether 5-fluorouracil 
is incorporated preferentially into any particular 
fraction of tho total ribonucleic acid or mto certain 
positions on the polymer chain 

In contrast, to tho known metabolic fate of uracil, 
we have found no indication that 5-fluOrouracil gives 
rise also to a 6-fluorocytidylio acid component of tlio 
nueloio acid Preliminary evidence would, in fact, 
seem to speak against tho presence of the latter 
fluoro nucleotide, at least m amounts comparable to 
those of 5-fluorouridylic acid Noithei elution peak 
nor chromatographic zone corresponding to 5-fiuoro- 
cytidylio acid was seen , tho spoctra of tlio separated 
nucleotides showed no ovidenco of Buch a con- 
taminant Moreovoi, orienting experiments on tho 
uptake of uracil-2- l ‘C by tho ribonucleic acid of the 
uracil auxotroph exclude tho occurrence of apprccmblo 
quantities of 5-fluorocytidyho acid As shown m 
Table 2, 5-fluorouracil depresses tho incorporation of 
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Table i "VircuaTiDH CoicrosrnoiT or RiBomra.*To Aci d or £ edi Stuuks 




Analytical 
procedure t 

lTolc* prr 100 mole* nudcotldc In rfbonudclc add 



AdeoyUc 

add 

GuanjlJc 

acid 

Cytldyllc 

ado 

Uridyllc 

add 

S-naorouridytle 

acid 

I 

Btnla B normal 

I 

26 3 

29 0 

25 1 

10-0 


3 

9tn»|nB treated with 5-flu or our*c 11 21 hr 

n 

23 I 

30-4 

25-2 

11 4 

o a 

3 

LJrmcll *iuotroph 53-M normtl 

m 

23 7 

32-6 

£3-0 

20 8 

. — 

4 

Uracil auxotroph M-6C tree led with L-fiaorCfuracO 
fn ((ioprt*eocti ofurocif 3 hr 

m 

24 •« 

30 4 

24 3 

16-0 

4-8 

5 

Uracil autotroph 83 -M, treated with 5-flaorouracU 
In the *b*eno* of ur*dl 16 hr 

n 

23-8 

32 7 

re. 

17-4 

4-0 


* Tho figure* for No 1 average* of mu nr determination* are taken from a rrtrrion* publication (ref 8) tbojr for No 8 mb baml on 
*erveml hydrol]nl» experiment* 8pedmen* No 2 < and 5 trcrc ilngje preparation*. Prcparatton# of ttnla 63-83 treated with 6-Cuotxxmdt 
fn tho ptrwcncfl or ur»dl for 1 and 2 hr raw remit* Tory •lmllar to tfttmr reported for apeetoeD No 4 

t The following procedure* were omrJoyod (I) chromatography on Alter paper In the Jrobotyrate aolvent (nf 8), (III aeparatkin of 
nadcotlde* liberated by sodium hydro lido on Dower 2 formate column* by gradient elation with form If add (ref 3j (Jill *epa ration 
of nucleotide* Liberated hr potaaalnm hydroxide through rteetrtrnhoreaU on filter paper In 0-03 Af dtrate bolTVr of pH H (ref 0) In the 
last- mentioned eyitam tmdylfa and 5-fluorourIdyllo arid* migrate together The flnoroBuclcotlde waa therefore, determined *er*r»te)y by 
electrophorealiln 0 1 Jf borate buflfer ofpll 0 16 In which It ml grain aa the futejt component (ref 4) and the eatbnatw of nrtdyUc add were 
anltahlr corrected 


uracil into the undylio acid, but not its utilization 
for tlio cytidylio acid, of tho rlbonucloio acid of 
the mutant It may also be mentioned that v?o 
havo encountered no indication of the entrance of 
5 fluorouracU into tho deoxyribonuoleio acid of 
B coit 


Table t. Error or 6-Fuioaobiucn. oif IyootroxATios or Uaicn^ 
2 • o IXTO F. evil lUBOytJOLDO ACID 

Exponentially trowing cell* of the E coil mutant 63-80 were *fl*hed 
ana * tarred or uracil (ref 1) After the addition of maeil>Z 0 
(20 ^crTTL/ml apeclfic actlrity 25 000 o.p the preparation 

WM divided into two equal part* one or which repaired 5 -flnornuradl 
(60 ftguL/ml ) During the »ub*equ«nl InenbfttloD at TT 0 for 3 hr 
equal amount* or ribonucleic acid were formed In both preparation*. 
Tim radioactivity found In the purine nucleotide* and In O-ftoorouridytlo 
add amounted to te»a than 6 per cent of that Incorporated Into the 
pyrimidine nucleotide* The result* are reported per ml or cell 
*ut pension 


Spcdiucn 

Uradl-S-'Hl Inoorporated 
m. mole* per mb) 

In corpora tlon 

ratio uridyllc 
add to ortl 
dyllcadd 

Uridyllc add 

Cytldyllc add 

Normal 

25 1 

20 6 

0 85 

Treated with 
S-floorouradl 

14 3 

30-0 

0 48 


We are indebted to Dr J A Aesohlimonn, Hoff 
mann Ha Rocho, Ino , Nutioy, N.J , for specimens of 
the fluoro compounds usod in these studies Tlio 
uracil requiring mutant originally isolated bv Prof 
B I) Davis of Harvard University, tras given us by 
Dr E Borek, We are grateful to Dr J J Saukkoncn 
for helpful discussions and to Mr R L Cooper for 
technical assistance The work was supported by 
grants from the United States Public Health Sortjco 
and the National Science Foundation 
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MEASUREMENTS OF TEMPORAL ADAPTATION TO SPATIAL 

DETAIL VISION 

By A J SEYLER and Z L. BUDRIKIS 

Research Uboratorla, Po«ma«»r^tneral J Department, Melbourne 


T HEBE ia neurophj-eiologiool ond psychological 
evidence'-’ that temporal oa well as spatial 
adaptation prrocoesoa are mvolvod in visual por 
c option From this wo argued that aftor the presanta 
tlon of a now visual pattern a certain thno may bo 
required for a viower to rooognizo spatial dotail In 
tills now pattern 

A qunntitatn o measure of tho porceptual tima delay 
versus Uie sire of dotail would l>o a sigmOcant dosign 
paTamotor for a varioty of control ond communication 
systems involving tho human eenso of vision. 
Tncblstoscopio nsuol recognition tosts and reaction 
timo meosuromonte havo boon reported but wo think 
that these havo a different significant, bocauso tho 
ohjoct, and thus tlio design, of the experiments are 

different ...... 

Tho idea behind our experiments was that, u the 
viewer requires a definite adaptation time to porcoive 


rpatiol detad in a nowly prOHontod usual soeno it 
rhould bo poasiblo to measure this offoct by presontmg 
he now scone in suoh a way that tho dotail sire is 
iocroaeod progressively In timo after tho instant of 
presentation In other words, the now soeno is 
blurry’ when it Is presented to tho -mowing Buhjoot 
md is mode mcroasingly ‘eharpor* ns fimotion of time 
Lf this temporal increase in objootivo uliarpnoss 
occurs faster than tho subjoctrvo adaptation to tho 
perception of detail tho viewer will not notice tho 
effect If, howovor, tho temporal adaptation process 
of tho viewing subject proceeds foster than tlio 
objective mcroaso In sharpness, it will bo noticed by 
tho subject that tho econo had boon blurred imtinllj 
It will bo recognized that this 
certain olemonts of transient response ^ p n /ie 
olectncnl systoms whine , TTTwtivn" h’ thn 
transition (fa time and am «> 
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convolution of excitation and. trims for function 
Hence, for our tests, we argued tliat the finite tem- 
poral increase in sharpness "will not ho noticed, "when 
the perceptual tune response to it is not noticeably 
slower than what it would have been to a scono which 
was shar p from the instant of its presentation 
(response to an ideal stimulus) 

Because the ‘sharpness’ of a picture can be con- 
veniently varied (along the horizontal dimension) by 
varying the band-width of a television picture signal 
using a variable low-pass filter, television-type 
presentation was chosen This also facilitated rapid 
change-over from one scene to another by electronic 
means The test scenes were stationary (slides) while 
between presentations of these was displayed an 
‘interlude’ of a normal television programme without 
sound received from local stations This, wo found, 
prevented staring at the display area, provided 
relaxed viewing conditions with no specific bias 
towards any one fixation point and introduced a close 
similarity to actual viowrng m everyday situations 
The experimental conditions were as follows 
Television pictures m accordance with tho C C I B 
Standard (625/60/26) having a maximum signal band- 
width of 6 Me /s wero displayed on a studio monitor 
of 9 in x 12 m picturo dimensions The monitor 
was surrounded by a flat grey surfaco, 48 in X 68 in 
Indirect ambient lighting was used m the test aroa 
The brightness of the surround was 0 2 foot-lambort, 
picture peak white 4 foot-lambort and picture block 
0 1 foot-lambert (measured with ^/-Photometer) 
Two different viewing distances wore used, ono at 
four times, the other at oight times, picturo height 
Correspondingly, the maximum picturo dimension 
(width) had a subtended anglo of 19“ and 9° 30' 
for the two distances and minimum dotail size for 
any signal band-width of B Me / s is given by 11 4/B 
and 5 1 IB minutes of arc respectively 

By means of a voltage controlled continuously 
variable low-pass filter® tho signal hand-width was 
varied from a minimum B m Me /s at tho timo of 
scene change-over, t = 0, to tlio system band-width of 
/?, c= 6 Me /s at t = T in accordance with the 
following time function 

B(t) = B m ex p(yji Io 6 2^) Sic /s , 0 < t < T 

Thus the minimum detail size m minutes of arc 
subtended angle varied for the two viewing distances 
as 

11 4 6 7 

8{t)i = m and = m 

The minimum band-width B m (degree of blurrmoss) 
and tho recovery time T as woll as the tost slido 
were preset by the experimenter without tho subject 
knowing the conditions After being prompted by 
the experimenter tho subject pressed a control button 
by which the interlude scene was roplacod by the 
test scene The equipment was controlled so that 
change-over took place during tho suppression interval 
(of approximately 1 6 msec ) botwoen television 
frames following the pressing of tho button This 
instant being time t = 0 was also the beginning of 
the recovery of tho filter from the preset minimum 
to full system band-width, winch caused the increasing 
of the objective picture sharpness over the interval 
0 < £ < T Shortly afterwards, the subject announced 
by ‘Yes’ or ‘No’ whether a blurring of the picturo was 
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‘seen’ or not Tho tost slide display was then changed 
back to tho mtorludo by the oxperimentor before the 
next experimental condition was established An 
average of not more than 150 decisions woro mado by 
each subject during a single session m order to provont 
tiring Tho soquonco of tho tlrrco oxpoumontal 
paiamoters was soloctod from a tablo of random 
numbers 

In tests of this naturo it is desirable to liavo 
approximately equal frequencies for ‘Acs’ and No 
Wo thoieforo 'earned out exploratory tests at a view- 
ing distance of four timDB picturo hoight by which 
wo intended to find values for B m for wlncli tho 
decisions wont from 100 por cent ‘No’ to 100 per cont 
'Yes’ when T was varied For B m ranging from 0 28 
to 4 Me /s and T from 20 to 2,000 msoc , full liansi- 
tions from 100 per cont 'No’ to 100 por cent ‘Yes’ 
could only bo obtained for B m less than 1^ Me /s 
At this particular sotting tho porcontago ‘No’ novoi 
fell below 60 per cont and soemed to vary m an 
unsystematic way for recovery timos oxceodmg 1 see 
Wo thoioforo concontratod on tho two \alucs of 
0 28 and 0 5 Me /s for B n „ corresponding to 40 G 
and 22 8 minutes of arc for tho maximum dotail size 
at four times picluio hoight and 20 3 and 114 minutes 
of arc at oight timos picture hoight viewing distance 
The minimum detail sizo for tho two distances and 
t > T was 2 28 and I 14 minutes of arc For each 
setting of B, n oight different recovery times weTO 
used, bomg 50 < T < 2,600 msoc and 40 < T < 
2,080 msec for B m ~ 0 28 and Bm = 05 Me /s 
respectively 

Throo different tost shdos n era displayed Ono 
of thoso depicted a group of tlirco children, tho second 
an aerial view of a city and tho tlurd a stono hut , 
all throo contained fino dotail and sharp contours of 
good contrast but different distribution over tho 
picturo area Smco tho experiment was not concerned 
with a semantic recognition, tho pictorial content 
of tho slidos was of loss significance than tho avail- 
ability of detail to which tho subject’s perception 
would adapt itself 

Four male subjocts belonging to tlio staff of the 
Laboratories woro tested Thoy wero all familiar v, itli 
the oxporimont and tlio appoaranco of tlio roducod 
detail presentation Thoroforo, they may bo classed 
as skilled and critical obsorvors 

The ‘percont not soon’ (‘No’) for each experi- 
mental condition woro computed taking tlio decisions 
of all subjects on all test slidos togothor Tlio resulting 



ftocoiory tlmo T (msec ) 

Fig 1 rorcontoRo not Boon vorsus recovery time Viewing 
dlstanco, four tlmo3 picturo height I, (O - O) "05 .Mo /n , 
SmK-assmln of arc , II, (•-•), Jin «, 0-28Mc /» 

= 40 0 mlu of arc 
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30 SO 100 tOO 50010002000 
llecomrr timo T (suec.) 

Flpr 2 . P* rten U cpi no re r*u» recovery time VictricgdlitAnr* 

eight time* picture height- I (O-O)Ri, - 05 lie./*. Sm* ~Z 
SH ntln. of mo n (•-«) B m - 0-U8 MoJ*. -aos 
min. of arc 

experimental pom to were fitted to a normal difrtnbu 
tion versus tno logarithm of recovery time {T) as 
shown in FigB 1 and 2, using the method of least 
squares Each point ropresonte 90 decisions Tho 
pem uaa Cble recovery tunoa for which the initial lack 
of sliarpnoss in detail was not Boon in B0 per cent of 
tho proeontations aro listed with tho respective 
experimental conditions m Table 1 

Although within tho some viewing distance the 
permissible recovery timo increases approximately m 
tho sanio ratio as tho initial detail size decreases, for 
tho doubling of the viewing distance (that is, halving 
of detail Biro for tho same Bn) the recovery tune 
increases only by a factor 1 25 
From what is known about human sensual 
phenomena we cannot oxpect linear behaviour over 
any extended range of inputs and stimulus conditions 
Hon co we consider it unjustified to attempt an extra 


Tabic 1 


Viewing dltUoce (picture 
hfllfzfit) 

4 time* 

8 times 

jnntoum detail (tnln of 
atr) 

2-ea 

1 14 

J&ulmum <]«(*}) (min of 
arc) 

40-6 22 8 

20 3 

11 4 

RccoTOry time (mice.) for 

60 per cent No 

' 

1 CO 290 

200 

360 


polation from the rostnotod data at our disposal at 
this time However, the mam conclusions winch 
we may draw from tho results of tho experiment 
are that a certain time is required after tho present a 
tion of a now and remaining visual display before 
tho perception threshold for fine dotail is roachcd, 
and that duo to this effoct it is possible to oxpand 
tho time interval within which detail in changing 
complex visual displays is offered to the viewer 
without noticoably interfering with tho normal 
perception process 

It must be left to further extended oxponmonta to 
attempt a determination of tho functional relation 
Bhlps Detwoen the relevant paramo tors 

We are mdebted to the Supervising Engmocr 
Research, Postmaster General s Department of 
Australia, for permission to publish tho material 
contained in this communication. 

1 A Art An E. D The Plrjilcal Bnckgrcmnd of Perception” The 
WAynflete Lector** (Clarendon Ptcm Oxford 1016) 

* Monnler VI. J Nevro pVy* 15 460 (1052) 

* Brandt H F The PtycJwlogy of Seeing” (Thllo90phle*l Library 

Nee- Tort 1045) 

*C2ierry E. a, On Homan Communication (Technology l’Mi 
Mksachnaett* Injtltntc of Technology 1067) 

' Quaatler H "Information Theory in Piychology" (Die Free Trtta 
Olencoe HI. 1055) 

* Bejl«r A, J mm 3 Larpel X Slftironle Enf *1 10 (1050) 


EFFECT OF OXYGEN TENSION ON H/EM AND PORPHYRIN 

BIOSYNTHESIS 

By J E FALK, R. J PORRA and ANN BROWN 

Dlvbion of Plant Industry Commonwealth Scientific end Industrial Research Organization Canberra 

AND 

F MOSS and HELEN E LARMINlE 

Biology Department, Unlvenlty of New South Wales Sydney 


T HE adaptive synthesis of cytochromes in ocrobio 
and anaerobio conditions of culture is wail 
known 1 It has boon shown by on® of us* that as tha 
oxygon tension In tho culture medium is increased, 
tho syntlteeis of cytochrome a, by Aerobaclcr aerogtnet 
increases to a maximum, and thon decreases whon 
still higher oxygen tensions ore applied. Tho 
maximum mas rooohod when tho oxygen ooncon 
trntion in tho medium teas of tho low order of 0 1 M 
It wan suggested that a self regulatory meohnntem 
may operate, tha formation of cytochrome a, being 
controlled in aoeordanoo with the respiratory roepure 
meats imposed by the prevailing oxygon torrnon 
It occurred to us that prosthetic group synthesis 
might bo aiTooted by the oxygon tonsion The 
prosthetic group of oytoohromo a, is an uon-ohlonn*, 
and nothing is yet known about the biosynthesis of 
this cytochrome or its prosthetic group It has now 
been found however, that tho biosynthesis of 


protoporphyrin and hsem. in chicken orytlirooyte 
preparations rn mtro, appears to bo regulated by 
oxypon tension 

Whole blood (2fi ml ) from normal ohickons was 
shaken with glyelno (final concentration 0 050 if) 
and 1 mgm. oooh of heparm, pomoillin and atropto 
mymn, at 38“ 0 The goa mixtures all contained 
6 par cent carbon dioxide and tho relevant concon 
tration of oxygen i nitrogen was used as diluont Tho 
mixtures were mode m aspirators, and by displaco- 
raent with water were bubbiod tlirough tho incubation 

mixture at tho rate of 2 1 /hr The conical meubat ion 

flasks were closed with Bunson valvos and frothing 
was controlled by a few drops of octanol When 
washed cells were used, 26 mL of blood was rontnfUg«‘ 
and tho scrum and tho huffy 
crythrooytos wore washed 

sodium chloride and resimpendod fo «mt 

chloride to n final rofume ot 
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Central fixation 

nt lit 1 


Fixation point in tho 



Absolsu® tlmo , ordinates oyo displacement during trials From more thin 2,000 
records of conditioned oyo movements In the dark of six subjects, In various givon 
directions from 0° 20' to 36° off tho centre In tlio horizontal piano Optically elicited 
and conditioned changes In fixation ore prcccdod by latent periods of about 0 16 sec 

Int per *= latent poriod 


to (a) the number of single eye jerks in it (for oxamplo, 
from 1 to 3, and up to G jerks in the total saecade), 
(b) the size of these jerks (varying, most generally, 
from 30 to 100 per cent of tho total fixation movement, 
and in extreme cases from 15 por cont up to 120 per 
cent of its total size), (c) tho duration of pausos 
between successive jerks in tho saccados (habitually, 
from 0 04 to 0 7 sec , and up to 1 92 soc ), (d) tho 
angular speed of the eyo movomont in jorks of equal 
size (from GO to 140 per cent, and not infrequently up 
to 200 per cent of its mean valuo) In some cases 
reversals have been observed m the usual succession 
of diminishing jerks, and in some other casos excossivo 
jerks have been recorded, followed by corrective 
jerks in the opposite direction 

Such a fundamental variability of tho composition 
of equally directed saccadic fixation movements 
characterizes conditioned eye rotations of evory size 
in the horizontal plane as woll as in vertical and m 
diagonal planes We may conclude that conditioned 
eye movements of equal total size and direction, just 
like motor acts of the organism as a whole, are 
generally produced by essontially variable sequences 
of innervation impulses, which is inconsistent with 
tho innervation theory On the other hand, tho now 
well-known propi locoptors 8 of tho extrinsic eye 
muscles are the only sonsory organs firing during eye 
lotations m total darkness, and tliia proprioceptive 
feedback is usod to bring tho position of tho eyes 
into accordance with the temporary central changes 
brought about by the conditioning stimulus Thus 
the observations strongly support tho hypothesis 
that the ‘muscle sense’ of the eyes is mainly controlled 
by temporary changes m the higher proprioceptive 
centres, and it must be noted that such a mechanism 
would form a physiological basis for visual illusions 
arising in cases of dissociation between the actual 
eye position and the evaluation of the 1 me of regard, 
whioh m fact depends on conditioned fixation reflex 
training 

Because of the restriction of nerve connexions 
engaged and the constancy of mechanical load during 
movement, the conditioned eyo fixation reflex may 
be considered as a simple physiological model of moro 
compkcated motor behaviour acts 

It appears that to remove appaient contradictions 
between ‘peripheral’ theories of behaviour control 


(like Shorrington’s) and ‘central’ 
theories (like Helmholtz’s), Pav- 
lov’s theory must bo applied to 
sensory arcs of the conditioned ro- 
fiox Fig 2 represents a hypo- 
thetical sohomo based on Pavlo\ ’s 
concept of temporary corobral km- 
{esthetic feedback Tho external 
stimuli, having formerly coincided 
i\itli reactions fulfilled and io-m- 
forcod, on oliciting a reaction by tlio 
way of its cfTootory centre, simul- 
taneously produce m tho higher pro- 
priocoptivo centres changes just hko 
those which, boforelmnd, became 
romforcod at tho fulfilment of tho 
reactions During tho course of tho 
reaction, tho impulses asconding to 
tho highor propuocoptno centres 
from tho sensitive ondmgs m the 
offoctory organs nro constantly ro- 
eodified according to tho functional 
stato of these centros and, being 
thus transformed into signals of coi - 
roction, take part in tho regulation of tho ronetion un- 
til its fulfilment and repeated roinforcomont Tims, 
it appears that behaviour acts romain on tho whole 
adequately drroctod, because of tho regulation dui mg 
their courso of tlio efferent norve supply hv the 
highor propriocoptivo centros, according to change-, 
brought to tlioso centros by conditioning stimuli 



Fig 2 Hypothetical schomo of tho contra) sensory control 
of beliaviour , 1, cortical representation of the conditioning 
stimulus , 2, oortlcal contro of tho unconditioned rcnctioii 
3 cortical effcelory and 4, cortical Bonsory centre of tho condi- 
tioned reaction 6, cffoctory organ and 0, sensorj ondlngs In It 
i, 8, subcortical centres Arrows show the supposed directions 
of the main Innervation flows engaged 

It is only in the frame of tho conditioned changes 
in tlio highor sonsory centros that tho afibront impulses 
from tho ofieotory organs got thou full moaning for 
tho organism ‘Muscle sonso’ avisos from co-operation 
and mutual control, as hohaviour acts are going on, 
of cortam sensory events of oxtornnl and internal 
origin, tins co operation and mutual control being 
rondored possible by tho conditioned reflox moohan- 
lsms Thus, the mechanisms of elaboration of 
temporary changes in tho highor proprioceptive 
centres may ho regardod as probably tho more 
general physiological bnsis oi psychic space percep- 
tion plionomona 1 

' Pavlov, I p , Pti/efiological Iter , 39, 97 (1932) 

* Sherrington, 0 S , Brain, 41, 332 (1018) 

nandhuch der physlologischcn Optlk" 


3 Aufl. 


Helmholtz 11 v 

(Voss, ladpzlgi lOioj 
‘ MaoKny, D Jf , Salute, 181, 607 (1058) 

Qurevitch, B JCh , DoUady Akad Sauk SSSll 11K non /iq"-, 
* S . and Daniel. M P , Brain y, ’ 82 ° 
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FORTHCOMING EVENTS 

( VeeHag* nujrtfd vitM an atleritk * art open to Die j>*Wur) 


Monday, November 30 

Botal Bocirrr (at Burlington Horae Piccadilly London W 1) 
at £.30 p m. — Anniversary Meeting 
IKSHTUT* or Metal FcnsHrva (In the Canterbury Room of the 
Charing Cioti Hotel London W 021 at 2 45 p.m —Mr A A B 
Harvey “The Role of the Scientific Society" (Presidential Addreaa) 
HvmssiTT Oolleq* (in the Physiology Theatre Gower Street, 
London. Will) at C pm. — Prof E. P Kennedy (Uni Feral ty of 
Chicago) "The Biosynthesis of Oomplex Lipids • (Flnt of two 
lecture* In Bloehemlitry Further lecture on December 7 ) 

Rotal iasrmmoir Ununv Circle (at 21 Albemarle Street 
London W 1), at 6JW P.m — Dr L. Pearce WlUlami Taraday 
Through HU Mamucrlpt* 

ROYAL GBOOTUThical Society (at 1 Kensington Gore, London. 
S W 7) at 8.30 p tn. — Prof 0 von FQrcr Halmendorf Sh*rp<u ox 
Eaitern Nepal" 


Tuesday December I 

Umvitaxrr or Lokdot (In the Anatomy Theatre Unlrcnlty 
College Govrer Street, London W 0.1) at 1 15 p.m.— Prof R. E. D 
Bishop Vibration Problems In Engineering” • 

Itrimrunow or Electrical SvQnrxKts lriAStnumcrr and 
ElkOTROXIOB SEcrroH* (at Saroy Plaoe London W 02), at 6.30 p.m. 
• — I>r L Esaon Mr J \ L. Parry and Mr J MeA. Steele Fre- 
quency Variation* of Quart! Oscillator* and the Earth • Rotation In 
Term* of the N ILL. Cieelum Standard" 

U myna? rrr or London (at Imperial College of Science and Tech 
nologr London 8 W 71. at 5.30 p.m — Prof. H K- Porter Phyilo* 
logy naj No Frontier* 1 ' (Inaugural Lecture) 

Umntsrrr or London (at the London School of Hygiene and 
Tropical Medicine Keppel Street Gower Btreet London W Gl) 
at o 30 p m.— Dr J L. Gowam "The Lymphocyte * (Twelfth 
of fifteen lecture* on "Tl»e Scientific Boil* or Medicine" organ! red by 
the Britlih Postgraduate Medical Federation Further lecture* on 
December 3 8 10) 

Flaetio3 Ik ( at tho Wellcome Building, 183-103 Euiton 
Road London N W 1) at 0.30 p m.— Mr M. R. B Ash end en 
TUitlci and the Lear 

Royal AhKovauticul Society (at 4 Hamilton Place London 
W 1) at 7pm — Dr LK. Hall 'Transonic Flow Over Swept wings’ 


Wednesday December 2 


DrsTTttTT* or Petroleum (at 01 New Cavendish Street London 
Wl),at6 30pm. — ATr J Marechal and Mr P do RadxUsky Poten 
tlalltle* of Urea In Dewaxing Middle and Heavy DIM 111a tee” 


I x bt hu t i ot I5T0HXATT0F Bluer tuts (at the Berners Hotel 
10 Berner* Street London W 1) at 0 p m. — Dlacnaalonon Language* 
In Information Work— To What Extent li Competence In a Foreign 
Language an Essential Qualification for an Information Scientist 7 


Wednesday, December 2— 'Thursday "December 3 
I roy ajtd Steel iHS Tirur n (In th# Great Hall Oaxton Hall. Carton 
Street London B.W 1 , and tho Hoare Memorial Hall Church House 
Great 8mlth Street London 8 W 1) at 0.30 ajn dally — Autumn 
General Meeting 


Thundiy December 3 


Uxtyeesitt or London (In the Anatomy Theatre University 
College Gower Street London TV C 1) at 1 15 pjn. — Mr P R- 
Bell "The Origin of Indian Corn • 

RoYAii Society Ui Burlington House PlccadlUr London, W 1) 
at 4 30 p m, — Mr > IL 0 Bdgeombo and Prof R. O W Norrlsh 
FTLS A Study of the Mechanism of Photochemical Electron 
Transfer Processes in Solution" Mr I M. Dawson and Mr B. A. 0 
FoJIctt "Ad Electron Microscope Study of Synthetic Graphite" 
Institute or Marine ExanrRERS (joint meeting with the Institute 
or NAVAL Abohitect*, In the Weir Hall 10 Upper Bel grave Street 
London, S IV 1) at 4 46 p m. — Prof O Aertasen "New Sea Trials 
on tho Sandblaited Lu6xin6aiAf 


Uktvkrsttt or London (at the London School of Economic* and 
Political Science, Hcmgtiton Street London W G2) at 6 p.m —Dr 
E R. Leach ‘'Rethinking Anthropology”* (Malinowski Memorial 
Lecture) 

Royal Society or Asm ,Co jotonwhalt h S xenon (at John Adam 
Street, Adelphl London W 02) at 5 16 p.m —Mr*. Mildred t alley 
Thornton "Indian* of British Columbia" 


Institution or Electrical Enoinxem (at Savoy Place London 
V 0.2) at 6.30nm— Mr 0 B lk Wood and Mr I J Shelley "The 
Transmission of New* Film over the Trans Atlantic Cable 


Society or Chwkicul Ikdustrt Micxoiuolckit Grout (Joint 
meeting with tho Societt for Attliid Bacteriology at the Royal 
Society of Medicine 1 Wlmpole Street London W 1) at 0.15 pjn — 
Dr F Brown "Infective Ribonucleic Add from the Virus of Foot, 
and Mouth Disease 


Friday December -4 

Institution or Electrical Erodteirs Midical BLEoiaosira 

Dtsoussio* Onorp (at Savoy Place, London W C 2) at 6 p tn. 

Discus*! on on "Nuclear Magnetic Reaonanc* opened by Dr N 
Sheppard and Dr fl E. Richards. 

Society or Dter* akd OoLOUitms (at the Royal Society Burling 
ton Home, Piccadilly London Wj) at fljun.*- Mr R 0 Oaklev 
Dyelng of Ribbon*'’ Mr R. Woods ‘Dyalng of Carpet Yarns" 

Royal iNETirimou (at 21 Albemarle Street Loudon W 1) ot 
9 pun — Dr H. A. Thomas “Electronic firnjn* M 


APPOINTMENTS VACANT 

AmiCATlOES are Invited for the following appointment* on or 
before the date* mentioned 

Lecturers or Astotant Lecturers (suitably qualified graduates 
with some experience In any of the branches of electrical englueerlnc) 
In the Department of Electrical Engineering— The Registrar Tlw 
Univ ersity J ranches ter 13 (November 21) 

Lecturer nr Trlxco jcmuni catto k to undertake underpraduate 
and postgraduate teaching and to supervise research Involving In 
formation analysis and experimental work Including the human 
element— Head of the Electrical Engineering Department Imperii) 
OoUege of Science and Technology Exhibition Rood London 3 W , 
(Nov embe r 24) 

Lecturer (with a degree In psychology or equivalent and experience 
of teaching and clinical work) dt Educational I*sttholoot — T he 
Registrar University College 8wsn*ea (November 28) 

Sheior Lecturer ajtd a Lecturer (preferably with a major 
Interest In applied thermodynamics or applied mechanic* especially 
the theory of machine*) In Engineering (lleehanlcal)— The Registrar 
The Universi ty M anchest er 13 (November 23) 

Seyior Lecturer Lecturer and an Amistakt Lecturer i* 
THE DrPABTMEYT OT MBOBAETOAL E5QWEIHR0 — The Registrar 
Royal Technical College Balftwd Lane* (November 28) 

Assistant Lecturer (Dekowrator) is Akatoky. to undertake 
teaching and research and a Research Assistant (with sn honour* 
degree m xoologj or medical adenee* and preferably a knowledge of 
German) nr THE Depaeterst OT AHATOET for work mainly on thr 
central nervous system — The Secretary. University College London 
Gower Street London W 0 1 (November 30) 

Lectures et Aptubd JUtheuattck at Victoria University of 
Wellington New Zealand — The Secretary Association or UntverslUe* 
of the Britlah Commonwealth 80 Gordon Square London W o 1 
(New Zealand, November 80) 

Rsseaech Orn cee (with ^ ter I nary qualifications) for studies 
on virus of foot-on d mouth disease In farm animals— The Berne tary 
Researcli Institute (Animal Virus Diseases) Plrbrlght Surrey dvo\ 
ember 30) 

Besioe Lecturer m Creeotrt at Victoria Unireralty of Welling 
ton New Zealand— The Secretary Association or Universities of the 
British Commonwealth 30 Gordon Square London W C.l (New 
Zealand November 30) 

Research Awcttaet (with a first or seeond-cUss honours degree 
In chemistry or alterrmtlvely graduate member of the Eot* 1 Iratltute 
of Chemistry) nr Chkristry— T he Principal Coventry Technical 
OoUege Butts Coventry (December 1) 

Lecturer (with experience In either heavy electrical mar h lurry 
or of power transmission and distribution) Dt Dlrcttucal Tsui.* Cee 
IRQ— T he Registrar University College of South Wale* and Monmouth 
shire Oathays Park Cardiff (December 4) 

Assistant or Associate Protevsor or Amiro Mathuratiw^ 
The Chairman Department of Mathematic* MeMoster University 
Hamilton, Canada (December 10) 

ScnoE Lecturer, or Lecturer (Grade I) m Botaet at UnivenUr 
Collgce. Ibadan Nigeria— The Secretary Inter University Council 
for liiguer Education Oversea* 29 Woburn Square London W c 1 
(December 12) 

Sbeior Lecturer or Lecturer nr F.ifeej rest al Prarhacolooy 
— T he Secretary The University, Aberdeen (December 14) 

Chair or Put sics Chair or Geoloot Chair or Zoology and 
Chair or Bacteriology In the University of Khartoum— -Tho 
Registrar. Uclvertltv of Khartoum, c/o Inter University Council for 
Higher Education Oversea* 29 Woburn Square London W C 1 
(December 15) 

Better Rheueatbe Council Fellow (with medical or scientific 
quail Heat ions) to pro*ecute research In the field of rheumatUm — 
The General Secretary Empire Rheumatism Council Faraday House 
8-10 Charing Cro** Road Loudon W C-t (December 15) 

AssrrrAHT Lecturer or Lecturer et the Dhtirthr-vt or Zoo- 
LOOT — The RegDtrer The University Liverpool ( Decem ber IP). 

Lecturer or awictart Lecturer in Pharmaceutic* at tht 
University or MaUya (Singapore Division)— 1 The Secretary inter 
UnlveriUyCoTOKd] for Higher Education Ovmea* 29 Woburn Square 
"London W Gl (January 16) _ 

DfTERIAL ORRRICAL iRDUtTRlO RESEARCH FELLOW J IV CHEHI5TRT 

Physic* Metallurgy enqlvbering Geoloot. aorktultural 
Bcierch and related subjects — The Registrar of the Ur Ivt rally of 
Wale* University Registry Cathayi Park Cardiff (tlarfb 7) 
Asubtant Biochemist (Bailc grade) (with an appropriate science 
degree or Anodate or Graduate Member of the Royal Institute of 
Chemistry) Pf THE DBVABTHETT or PATHOLOOY— 1 Tho Superintendent 
Northampton General Hospital Northampton 
Assittant Grade B nr Phtuics — T he Clerk to the Qortrrnoi* 
Woolwich Polytechnic London 8.K.18 
Head or tots Deeartweit or Aexokautical w _M****J1ca; 
Destov— T he Registrar Hatfield TWh J*!**?* T fakir & r«ww 
Master to teach Mathr'utioj with a 
work— The Headmaster Bedford 

Matter to trach Samcx x^ W^f 
level — The Htadmaater KJnxf* 
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Research Assistant to work in the Pharmacology Detart- 
mbnt on Inflammation and anti-inflammatory substances — Tlio Dean, 
Guv’s Hospital Medical School, London Bridge, London, S E 1 
Senior Assistant Physicist (with some experience In medical 
phvslcs) to aot as deputy to the Principal Physicist and to take 
responsibility In radiation phvslcs and Isotope work — Tho Honso 
Govornor, King’s College Hospital, Denmark Hill, London, S E 5 


REPORTS and other PUBLICATIONS 

( not included in the monthlg Boole Supplement) 

Great Britain and Ireland 

Council for the Preservation of Jturnl England Thirty-third Annual 
Report, 1063-1959 Pp 76+4 plat°8 (London Council for the 
Preservation of Rural England 1969 ) [810 

Tobacco Manufacturers' Standing CommPter Research Papers, 
No 4 Cigarette 8moke Condensate — Preparation and Routine 
Laboratory Estimation IyH R BentleyandJ G Purcnn Pp 1+0 
(London Tobacco Manufacturers’ Standing Committee, 1059 ) [RIO 
E.M.1 New’s Vol 1 No 1 (October 1969 ) (The Newspaper of tho 
EMI Group of Companies ) Fp 12 (Hayes, Middx Electric and 
Musical Industries Ltd , 1059 ) (810 

British Society for the Promotion of Vegetable Research Ninth 
Annual Report.1958 (October 1057-Scptcmber 1058 ) Pp vllt + 66 
(V ellesbourne Warwick British Society for tho Promotion of Veget- 
ablcRcsearch 1959 ) f810 

British Museum (Natural History) Tho Neolithic Resolution 
By Aonia Cole Pp vl +00 J- 18 plates (London British Museum 
(Natural History) 1969 ) 6« [810 

Colonial Ofllec The Colonial Territories, 1058-1950 Pp xxv + 199 
(Cmnd 780 )(London HM Stationery OIPce, 1959 ) 10* 0d not [810 
Post Office Report of tho Advisory Committee on the Inland 
Telegraph Service 1058 Pp 111+11 (London H M Stationery 
Office 1069 ) 1» net [810 

Report of the Committee on the Rating of Charities and Kindred 
Bodies Pp Iv+SO (Cmnd 831) (London H M Stationery Office, 
1069 ) 6* net [810 

Air Ministry Meteorological Office Tables of Temperature, Relative 
Humidity and Prcelpltatlnn for the World Part 3 Europoandthe 
Atlantic Ocean North of 35° N Pp x+150 (London IT M Station- 
ery Office 1959) 14» net [810 

Brltbh Scientific Instrument Research Association Research 
Report M 30 Adhesives Onlde By Mrs -lover Hurd Pp vIII + 138 
(Chlslchnrst British Scientific Instrument Research Association, 
1059 ) 20* [810 

Nntlonal Central Library 43rd Annual Report of the Exeentlvo 
Committee for the year ending 28 February 1050 Pp 20 (London 
National Central Library, 1059 ) [810 

Scientific Cornell for Africa South of the Sahara Publication 
No 28 Radio Isotopes (Protorln, 1057) Pp 230 Publication No 
34 C S A Spcclnlbts' Meeting on Rond Research, Lourcnro Maroues, 
1950 Pp 48 (London Scientific Council for Afrlcn South of tho 
Sahara, I960 ) [810 

Fifth Report from the Select Committee on Estimates, Session 
1953-69 United Kingdom Atomic Energy Authority (Production 
Group and Development and Engineering Group ) Pp lrxxv (Lon- 
don HAL Stationery Office, 1959 ) 6* net [1410 

University of London University College Calendar, 1959-60 
Pp lxvI+602 (London University College, 1059 ) [1410 

Efforts of Printing Tvpe* and Formats on the Comprehension of 
Scientific Jonrnals By E C Poulton Pp 11+22 (Cambridge At 
the University Press, 1059 ) [1410 

Department of Scientific and Industrial Research Building Re- 
search Station National Building Studies — 8pocleI Report No 29 
Organisation of Building Sites By R C Sansom (European Produc- 
tivity Agency Project No 302/1) Pp x+180+20 plates (London 
HM Stationery Office 1069 ) 21* net [1410 

Department of Scientific ai d Industrial Research Problems of 
Progress In Industry — 1 What They Read and Why — The Use of 
Technical Literature In the Electoral and Electronics Industries. By 
Nigel Colder Pp 24 fLondon H M Stationery Office 1950 ) 2* [1410 
General Register Office The Registrar General's Quarterly Return 
for England and Wales — Births Deaths and Mnrrlngrs Infections 
Diseases Weather Population Estimates rpmrtcr ended 30th Inno 
1059 (No 442 2nd quarter, 1059 ) Pp 27 (London H M Stationery 
Offlco, 1960 ) 2* net [1410 

Other Countries 

Fisheries Research Board of Canada Bulletin No 120 Redfish 
Distribution In the North Atlantic By Wilfred Tcmplemnn Bp 
'HJ+V 3 Queen’s Prlntor, 1059 ) 1 76 dollars [810 

Bnilevna,\p\ 1 No 1 (March 1059) Fourth Series (Journal 
or the International League Against Epilepsy ) Pp lv no 4 Issues 
to thi volume approx 480 pages per volumo Subscription price 
m . 8 33 D n l )|, r volume (post free) (Amsterdam 

Elsevier Publishing Company 1050 ) rglO 

r Ch'-mothenmy a Svmposlnm held at the Central Drag Research 
Institute Lucknow, hovember 2-4 1058 Pp x!+170 (New Delhi 
Council or Scientific and Industrial Research I960 ) [gin 

Airaniil Report of tho Forest Department for 

n , i 353 Pp vIlI+80 + 4 plates (Entebbe 

Government Printer 1950 ) Shs 6 rgin 

Transactions of the American Philosophical 8oc!ety New 8erles 
Vol 40, Part 6 The Anatomy of CaUirmco goeldii (Thomas) By 
W C Osman Hill Pp 110 (Philadelphia American Philosophical 
Society 1959 ) 2 50 dollara r 810 

Companhla de Diamantes de Angola (DIamang) Servlcos Cultnmls 
Muscn dl Dundo Publlcacocs Cultnrals No 43 A Study of the Genus 
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CHEMISTRY 

Photolysis of Thionlne In Rigid Medium — 
Measurement by Spectrofluorimetry 

^' nE Ruontuin ofRcionoy of photo dtwomposiiion 
for* 1 ^ ^wonts At liquid nitrogen tompowiluro ib 
raanj substnncoa qmto lore. And it is customary 
tUo photolyto directly to tlio concont rated 
from a mercury lamp to produco sufficient 
p >oto product for tho measurement of ita alisorption 
H T* ) otrurn. AVI ion measuring tho quantum offioionoj, 

1 is difficult to produce a suffioiontly lugh intonmty 
iTumochronmtio light at a stxrios of wavo-longtliB 
^nd oovormg tho whole area of tho reaction coll 
"■ further difficulty is tho absorption of tho irradiating 
h£ut by tho products of tho reaction, Tlua can 


long liv od apocios, tontativoly identified os the so mi 
thionino froo radical, was observod when ultra violet 
light was \iflod 

T»bb 1 QUAHTUll EmCTOICT TOE TITE PltOTOCrsiS Of IfflOTIXE 
(EtLicir-etJmnoT-iwpcntajK) £la*j it 77* K ) 

Bo»e rate Incident 


re-Irnffth 

on reaction ceil 

Tlmoof 

quantum 

efficiency x 

(n v) 

(mlcrtreliatcln 
per min.) 

irradiation 

(min.) 

578 

0 3J 

120 

<0-002 

578 

0 34 

240 

<0-001 

302 

0-032 

£70 

0-01 

302 

0 11 

285 

0-04 

233 

0 - 000 

sto 

0-97 

283 

0 - 028 

130 

0-03 

248 

0-0 18 

270 

2-0 

S48 

0-027 

100 

3-0 

249 

0-053 

40 

2-0 


The fiuoroscenco omlaaion spootro of tho phot oh sod 


ofHoionoy is loss tlian 0 005 and to avoid tlioso diffi 
cultioa tho application of epoctrofluorimetry was 
mvostigatod As an analytical tochruquo spootro- 
fiuorimolry is much more sensitive than absorption 
•poctroscopy 1 and allows tho uso of dilute solutions, 
go that a comparatively small proportion of tho photo 
lysing light is absorbed A further advantage is that 
light from a monochromator can bo focused on n 
small area of tho reaction coll so tliat much lugher 
intensities can bo obtnmod than if tho wholo coll face 
wore illuminated After irradiation, comparison of 
the intensity of tho rod thionino fluorescence from 
tho irradiated area with tliat from un irradiated arooe 
on cither aide gives a direct moosure of tlie proportion 
of dyestuff consumed Tho upoctrofluorimetar can 
also bo used to observe tho fluoroeccnco omission and 
excitation spectra of fluorescent photo products At 
the concentrations used (< 10" 4 Af), complications 
due to energy transfer processes aro negligible 
The spoctrofluorlmotor previously doscribod 1 was 
used both for photolysis with monochromatic light 
and for fluorosetmeo measurements The cuvotto was 
replaced by a quartz Dowar vessel having two windows 
in lino for the passage of tho irradiating boom and for 
absorption measurements and ono window in a 
position at right angles to tho irradiating boom for 
the observation of tho fluorosconco The reaction 
cell hud a square face, 2 9 cm X 2 9 cm and an 
optical dopth of 0 5 cm , tho fluoroacenco bo mg 
observed through the flat odgo of tho coll Tho 
exciting light was chopped at 800 o /a and tho 
fluoroeccnco was dotooted by moans of on 800 c fa 
tuned amplifier bo that phosphorescence of duration 
greater than a few msec was rejected 

The quantum efficiencies for tlio photodocomposi 
ttem of thiomno in othor-ethanoV-i«jpontano gloss 
(2 2 i 3 ) wore found to bo ns in Tohlo 1 

The quantum efficiency is low at all wav edongths 
observed It is highest at 248 mg, on tlio high 
frequency side of tho socond absorption band of 
thionino At 578 mji, m tho visible absorption band, 
there was no doioctablo decomposition, tlio quantum 
yiold being loea tlian ono thousandth of that at 


The corresponding excitation spectra showod throe 
wolj 'defined maxima at 260, 320 and 455 mg The 
absorption spootro of the photo products, obtainod 
by photolyBing larger concentrations of thionino 
(lO-^-lO- 1 If) showod well doftnod peaks at 410 428 
and 635 mp, none of ulucli oorrosponded to tho ex 
oitation maximum, and it thus appeared that more 
than ono produot of photolysis could bo obtained 
Moasurementa of tlio tkionmo rocoverod oft or molting 
the irradiated glass, and also after aeration of tho 
resulting solution, suggested that about 60 pot cent 
of tho photolyBod dyestuff was convert od into tlio 
eemiqumone froo radical 

A detailed account of thoso orporrmonts will bo 
published elsewhere 


C A pAtnrnn 
W T Rues 


Admiralty Materials Laboratory, 
Holton Hoath, 

Poolo, Dorset 
June 24 

i r*llor 0 A. A slur* 163 1002 (1058) 

* Parker 0 A AoOtr* 183 150 (1058) 


BIOCHEMISTRY 

Monamycin a New Antibiotic 

In 1944 Meredith reported 1 tho results of an 
extensive screening progrommo designed to select soil 
micro-organisms with antagonism towards Fuaanum 
oxyaporum cubtnat, tho causative agent of tho Panama 
disease of tho banana plant An examination of a 
selection of Meredith's cultures has led to tho w? parti 
tion, from a mixed culture, of a now species which wo 
have named Stryp(omyccs jamaictruna Tlio spec ice 
grows readily on a medium containing ncopoptono and 
glucose both in stationary and in aerated, submerged 
cultures to produce an antibiotic which is distributed 
m the culture medium and tho mycelium 

This antibiotio has been isolated by a procedure 
which includes the following essential stages Tho 
crude product is extracted from tho culture fluid and 
the mycelium with other or butanol. Tho extract after 
removal of solvent, is concentmtod with rwpeat o 


248 mp This wavo-lengtli offoct thus runs parollol removal of solvent, is concentmtod with j 

to that observed m tho flash photolysis of dilute antibiotic by two countercurrent «U*t» oy<rfolu***»« 

solutions of tlnoruno at room temperature* whore a in turn, tho systems othyl acP n 
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methanol, water (12 10 10 7) and light potroleum 

(boiling pomt 00-80° C ), methanol, water (10 10 1) 
followed by chromatography using the ion exchange 
resin ‘Amberhto’ CO 45 The product is crystallised 
from light petroleum as needles, molting pomt 126° C 
This compound to which we have assigned the name 
monamycm, has properties wluch distinguish it from 
known antibiotics 

Monamycm is a base wluch gives a crystalline mono- 
hydrochloride [meltmg pomt 187° C , [u]d 18 — 02 ± 5° 
(c Oflin ethanol)] Analysis results are m good agree- 
ment with those required by the molecular formula 
C 22 H 3 B-- 38 N 4 O 5 "With one N-methyl and threo C-mothyl 
groups The ultra-violet spectra of the base and its 
salts exhibit only end absorption The mfra-red 
spectrum of monamycm show s no evidence of aromatic 
character but suggests the prescnco of an amide 
linkage It does not react with sodium metaporiodate 
or with hydrogen in the presence of platinum catalyst. 

Monamycm is active at high dilution against a 
variety of Gram -positive organisms, including strains of 
Staphylococcus aureus which are resistant to penicillin, 
aureomycm, chloramphenicol and sulpliamothazine 
There is no significant activity against any of the 
Gram-negative organisms which have been examined 
Table 1 shows tho activity tow ards typical organisms 


Tnl>lc 1 


Organism 

Staphylococcus aureus (A T C C 0144) 
bacillus sultilis (A 1 C C 0033) 
Streptococcus pyogenes (X C T C 810S) 
Strej tomyces larendulae 
Escherichia col i 
Pseudomonas fluoresecens 


Highest cITcc(l\e dilution 
(gm /ml ) 
1 / 20 , 100,000 
1/15,000,000 
1 / 10 , 000,000 
1/8,000 000 
<1/100,000 
< 1 / 100,000 


m terms of tho highest effective dilution as measured 
by tho agar-streak method 8 

This antibiotic is a relatively stable compound 
There is no loss of activity after autoclaving m aqueous 
solution at pH 9 for 10 mm at 114° C , but losses occur 
at pH values loner than 7 It is not inactivated by 
human serum Acute toxicity studies involving 
injection mto mice by the subcutaneous route show ed 
no unfavourable reactions at a dosage of 850 mgm / 
kgm This was the highest doso tested 

We are grateful to Miss L Wong and Jlrs S Smith 
for technical assistance, to the Tropical Products 
Institute for financial support and to both tho 
National Research Development Corporation and tho 
Microbiological Research Estabbshment (Ministry of 
Supply), Porton, for facilitating and undertaking tho 
larger-scale production of monamycm 

C H Hassall 
K E Magnus 

Chemistry Department, 

University College of Swansea 
and 

Chemistry Department, 

University College of the West Indies, 

Jamaica, 

1 Meredith, C H , Phytopalh , 34, 406 (1044) 

Wa r t t , ) n f, n ' 8 A,, and Reilly, H C , Ind Eng Chem (JhoI Ed), 17 
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Transplantation Immunity: Separation of 
Antigenic Components from Isolated Nuclei 

Extraction of transplantation antigens, intro- 
duced and substantially improved by Billmgham, 
Brent and Medawar 1 - 2 has always been performed by 


exposing the cells to ultrasonic oscillations m distilled 
uater or solutions of Ion ionic strength Wo hero 
repoit results obtained with less drastic techniques 
moro usual in biochemistry Tho test for antigenicity 
is based on tho ability of active components to provoke 
a ‘second set’ reaction m a skin homograft of tho 
donor strain 1 

All extraction procedures aro conducted m the cold 
Thymus and spleen nuclei isolated according to 
Billmgham cl al ’, represent a suitable and constant 
basic material llioy are extracted four times with 
0 14 ill sodium chloride, 0 01 ill sodium citrate, pH 7, 
m a Warmg blendor, for 75 sec each time Tho 4 
supernatants, after centrifugation for 10 min at 
15,000 g, uro collected for subsequent manipulation 
The residue, mostly deoxyribonucleoprotem, is still 
slightly active after four such treatments, but has no 
detectable activity after six extractions If allowed 
to stand for some time, tho collected supernatants show 
a faint opalcseenco which may bo cleared by centri- 
fuging at 15,000 g for 30 min Tho sediment, which 
seems to contain some kind of deoxyribonucleic acid- 
protein complex, is antigonically active, but tho 
greater part of tho antigenic activity remains m 
solution 

Various purification procedures may thon bo applied 
Antigen maj be precipitnted by lowering tho pH to 5 
Fractional precipitation shows the best violds to occur 
between pH 7 and G and between pH G and 5 5 Tho 
precipitate, most of it consisting of nbonueleoprotom 
also contains hrcmoglobin which is a regulnr con- 
taminant of our nuclei suspensions Though it 
dissolves most of tho nbonueleoprotom, cilrnted saline 
does not bring back tho antigen into solution Tins 
insoluble fraction is highly antigenic and represents 
a useful preparation for many purposes 

Alternatively, antigen may be precipitated from tho 
initial supernatants by ammonium sulphato up to 
50 per cent saturation Tho sediment is completely 
soluble in citrnted saline Tins procedure eliminates 
most of tho lnomoglobin which precipitates at G0-80 
per cent saturation This method lins tho advantage of 
seeming soluble antigenic mnttor which may bo easily 
handled for analysis, particularly by cliromntograpliy 
and olcctiopliorcsis Selective chromatography on 
calcium phosphate lias shown the identity of tho 
antigen with one of tho first peaks Tins probably 
represents a very high degree of purification 

Enzymic assays have boon performed, very often 
with tho insoluble fraction after precipitation at 
pH 5 Dooxyribonucleaso, ribonuclcnso, trypsin, 
actinomycetin Fi D and lyzozymo were tested Only 
tho last enzyme significantly roduced tho antigenic 
activity However, tlus is probably duo to a non- 
specific complexmg effect, for it was not accompanied 
by a corresponding increase in reducing sugars In 
other experiments enzymic assays woro combined with 
separation procedures Although thoy permitted a 
higher degreo of purification, thoy fulled to solve tho 
fundamental problems of tho chemical nature of tho 
antigen, which, according to tho latest hypothesis of 
Bilhngham, Brent and Medawai 2 , seems to be a 
complox polysaccharide of comparatively low mole- 
cular weight This and othor problems are discussed 
m detail olsowhero 

It is of interest to note that a toxic component may 
bo extracted from the nuclei Constantly recovered 
from tho same fractions, it seems to bo a glycoprotein 

We ore greatly indebted to Profs V Desroux and 
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M. Wolsch for helpful advice and criticism throughout 
this work and t-o Miss M Pro tm for technical assistance 

Anx>r£ Castebiians 
Andr£ Oth 

Departments of Physical Chemistry, 

Microbiology and Surgery, 
and Centro Anti Cancfiroux 
University of Liege, 

1 BUHnsham.B E Brent L. *rwl Bedawar p fc. r«f*n- 178 614(1054) 

» Idrm Tnntji hull B 377 (l«8) ; 


Electrophoretic Heterogeneity of Trypsin 

In a previous communication 1 it was reported that 
crystalline trypsin, whon submitted to paper electro- 
phoresis at pH 2 0, shows the presence of throe different 
and protoolitically active fractions, even in the 
absence of calcium ions 

The present work was undertaken to investigate 
further the electrophoretic behaviour of crj’stallino 
trypsin and of the trypsin fractions separated by 
paper olectrophoresiB 

Our results seem to indicate that the behaviour of 
crystalline trypsin m free boundary electrophoresis at 
pH 2 5 is fundamentally similar to that obtained with 
paper electrophoresis They show also that the 
fractions separated bj paper electrophoresis at 
pH 2 0 bear no relation to those separated by free 
electrophoresis at pH 6 In tlio presence of calcium ions 
Theso facts are interpreted as resulting from the 
presence in crystalline trypsin of at least four electro 
phorotlo components 

Tho crystalline trypsin and the technique used for 
paper olectrophoresifl were tho same as described 
previously 1 For preparative purposes, however, sheets 
of Wlintmann No 3 paper measuring 32 cm, X 54 cm 
were used Tho localisation of tho trypsin fractions 
was obtained by dyeing throo guiding strips, one cut 
from the middlo and one from each side of the sheet. 
The part of the paper containing the mam trypsin 
fraction was cut one! extracted with 3 ml of 0 001 M 
hydrochloric acid This extract was dialysed for 48 hr 
against two changes of tho proper buffer solution and 
then submitted to free electrophoresis in a Per km 
Elmer Model 38 instrument. 

Two buffers were used in these experiments a 
glycmo (0 05 Af), hydrochloric add (0 025 Af) and 
sodium chloride (0 05 Af) buffer of pH 2 6 and a 
Bodium acetate (004= Af) and acetic acid (0 04 Af) 
buffer of pH 5, to theso solutions calcium chloride up 
to a concentration of 0 04 Af was added when neces 
nary 

Tho results of tho analyses, by free olectrophoreeis, 
of tho main component of crystalline trypsin sop am tod 
by paper electrophoresis at pH 2 0 oro given in Tablo 1 


They show that this component is homogeneous when 
analysed by free electrophoresis at pH 5, at pH 2 5 
in the presence of calcium ions and also by paper 
electrophoresis at pH 2 0 However, by free electro 
phoresis at pH 6 in tho presence of calcium ions two 
fractions were obtained Theso results indicate that 
trypsm contains at least four distinct electrophoretic 
fractions, namolj, F i and Ft migrating together as 
tho main component during paper electrophoresis at 
pH 2 0, and separated only when in tho presence of 
calcium at pH 5 by free electrophoresis, end fractions 
Ft and F 4 which are resolv ©d directly by paper electro- 
phoresis at pH 2 6 Another pomt that emerges from 
these experiments is that the fractions obtained by 
paper eloctrophorems at pH 2 0 acorns to hoar no 
relation to those shown by free electrophoresis at pH 5 
m the presence of calcium. 

The experiments of fractionation of crystalline 
trypsm by free electrophoresis are shown in Table 2. 
Fraction E 4 is present in crystalline trypsin and 
amounts to about 3 per cent of the total proteins, this 
component, however, is precipitated almost entirely 
during dialysis against pH 6 buffer and rs therefore 
absent from the electrophoretic diagrams obtained at 
pH 5 Adding the precipitate Fa to crjatalhno 
trypsm resulted in an increase in the amount or tho 
slower fractions which is separated by froo electro 
phoresis at pH 2 5 Since Ft and Ft are not Bopamtod 
at this pH either by paper olootrophoresis or by free 
electrophoresis (Table 1), wo may conclude that Fa 
at this pH, migrates together with Ft during Free 
electrophoresis Tho composition of tho fractions in 
this caso namely, free electrophoresis at pH 2 5, are 
considered to bo (Fi -f Ft) for the faster, and 
(Fa + Fa) for the slower ono tins result being inde- 
pendent of the presence of calcium ions 

At pH 5, Fa is absent and in tho presence of 
calcium ions Ft is separated from Ft Tho ratio 
between the percentages of Ft and Ft — found after 
fractionation at this pH — of tho main paper electro 
pborotio component indicates that Ft migrates to 
gather with Fi and not with Ft According!}, tho 
components of tho fractions observed at pH 5 m tho 
presence of calcium ions should bo (Fi + Fa) for the 
foster and Ft for tho slower fraction 

Jt is necoesary, however, to point out that no con 
elusive evidence exists for identifying Ft obtained by 
direct electrophoresis of crystal! ino trypsin, with Ft 
resulting from the fractionation of the mam component 
separated by paper electrophoresis inasmuch as their 
mobilities ore different. Wo have not found satis 
factory explanation for tins result besklo admitting 
further hotcrogenoity of theso throe fractions 

Another pomt of Interest is the pronounced effect of 
calcium ions on the mobility af both trypsm fraction* 
during electrophoresis at pH 2 5 indicating that at 


Tibia t ELtcnoraoirno Ajuurtn or nr* iunr Coxtoxott (F, + F,) or Cmuum Txrma 
r(F.) (U~»er cent) 


[action* obtained by paper eketropherafa of 
7*tallfa» (Ft + F, + F. + FJ AtpH2-« 


<Fi + F0 (52 7 percent)/ 


Paper 
pU 24 


eleetropbomli it 

ooe fraction 


Free elect raphcnrala at 

pll& + Ca~ two fraction* 


Frre flectropborcala at 

pH 2-5 + Ca** 00 a fraction 


Free ekeirophorat* at 
L>H 5 one fraction 


{ 


CF, + F.) 

(F,) (65 per cent, 11 — 4 SO) 
(JV) CSS pci cent, p. - 3-*5) 

(Fi + FJ <u - 5*93) 

(F t + FJ a - S 1) 


.(Fi) (245 per cent) 


• Tbt probable com peal t km of tacb electrophoretic traction U given loaUo bracket*. 



1226 


NATURE 


October 17, 1959 


Vou 184 


Tablo 2. 

Buffer* 

Probable composition of electrophoretic 
fractions 

Mobility! 

Percentage ComjK)»itiont 


Bbeb bouxdaiw ELEcntomonrsis oi CmsTArmF Tnrrsrv 


pH 6 

7 >n 6 + Ca++ 

pH 2 5 

pll 2 5 + Ca** 

/ 

(E, + F, + E.) ! 

(i i + E,) 

(*,) 

(E, + E.) (E, + E i) 

IF. + E.) 

<E, + 1 ,) 

6-03 

4 07 

4 50 

7 00 5 81 

COO 

4 37 

100 

77 

23 

77 5 22 5 

78 

oo 


* See text for the composition of tbo buffers 
+ Mobilltj x 10~‘ of the oscendinc boundary 
{ Based on tbe areas of the ascending boundary 
5 Seo text for explanation 


this pH, os should be expected, both fractions aro 
reacting with calcium ions 

J C Perrone 
L Y Disitzeii* 

A Iachan* 


Instituto Nacional de Tecnologia, 

Bio do Janeiro, Brazd 

* Fellowa of the Consclho baclonal do Fesqulsas , 10 , m 

1 Perrone, J C , DBltzcr, L V , and Domont, U , * ature, 183, COo (10 jO) 


Inhibition of Reduced Diphosphopyridine 
Nucleotide Oxidation by Ammonia 

The toxic responses of plants to ammonia supplied 
as anhydrous or aqueous ammonia or ammonium salts 
are well documented 1-3 , but relatively little is known 
regarding the means by which toxicity to either plant 
or animal cells is brought about 4 In the course of an 
investigation of tins problem it was found that 
ammonia strongly inhibits the exogenous utilization 
of glucose, pyruvate, citrate, a-ketoglutarato, Buccinato 
and malate by a number of intact tissues and particu- 
late preparations from plant sources Of the Krebs’ 
cycle substrates, succinate was inhibited less by 
ammonia than the others used This partial resistance 
of succinate oxidation to ammonia inhibition pointed 
toward a possible effect on diphosphopyridine nucleo- 
tide since this does not serve as a co-factor for succinate 
oxidation To investigate this question further, 
Btudies were made of the effect of ammonia on the 
reduction and oxidation of diphosphopyridine nucleo- 
tide m homogenates of red beet-root, using the 340 mji 
absorption peak of the reduced diphospliopyridino 
nucleotide HomogenateB of the fresh root of red boot 
( Beta vulgans) were prepared in the cold by hand 
grinding and centrifugation The suspending medium 
was 0 2 M ins (hydroxymothyl) aminomothano 
buffer at pH 8 5 containing 10 M sucrose and 5 X 
10 -3 M ethylenediammo tetra acetic acid 

The reduction of diphosphopyridine nucleotide w as 
earned out in a preparation containing 0 2 ml of tho 
homogenate, diphosphopyridine nucleotido, 3 jxjlf, 
malate, 3 p_3f , and 0 5 M iris buffer to make 3 ml The 
oxidation of reduced diphosphopyridine nucleotido 
w r as measured m a preparation containing a similar 
amount of homogenate, adenosino diphosphate, 3 j iM, 
potassium ascorbate, 15 , and reduced diphaspho- 

pyndine nucleotide, 0 0 (jlZLT in a total volumo of 3 ml 
The substrate and co-factors were prepared frcsli 
daily from commercial matenals A limited amount 
of reduced diphosphopyridine nucleotido oxidation 
was demonstrated by the homogenate without tho 
addition of either adenosine diphospliato or ascorbate, 
but tho presence of these materials, particularly 
ascorbate 5 , greatly enhanced the rate obtained 

Changes in the absorbance of this preparation at 
340 mp. were followed by means of a Beckman modol 
DU spectrophotometer fitted -with a recording attach- 
ment Maximum rates of reaction and tho most 
reproducible results were obtained when tho homo- 
genates w ere supplied with either n trogen or oxygen 
during the measurements For this purpose a capillary 


tube drawn to an extremely fine orifico wo9 inserted 
into tho silica cell For studies of diphospliopyridino 
nucleotido reduction, nitrogen gas was passed through 
this tube and for oxidation of reduced dipliophospho- 
pyridino nucleotido, ox>gon was used Ammonia gas 
obtained from an atmosphere in equilibrium with 
4 M ammonium w os supplied through another tubo, 
with either oxygen or nitrogen used as a carrier for the 
ammonia 

The inhibitory effect of ammonia on reduced 
diphosphopyridmo nucleotido oxidation is shown m 
Fig 1 Tho reversible naturo of tl»3 inhibition is 
demonstrated by tho resumption of oxidation upon 
removal of tho ammonia supply This recovery of 
activity also indicates that a form of ammonia in close 
equilibrium with ammonia is tho effective agent of 
inhibition, smeo when tho supply of ammonia is 
stopped, oxidation is quickly resumed as the ammonia 
is washed out of solution by tho norating oxygen 
supply Tho results in Fig 1 also show that pH in this 
range has relatively littlo effect on tho rato of reduced 
oxidation diphospliopyridino nucleotido Measure- 
ments made w ith a similar preparation under the samo 
conditions showed that from an initial pH of 8 4, 
during tho first rrunuto of treatment with ammonia, 
tho pH rose to 8 0, which was maintained until tho 
second 2 -min application which resulted in a rise to 
tho final pH of 9 1 

Tho increase m tho rato of oxidation of reduced 
diphospliopyridino nucleotido shown by tho prepara- 
tion treated with ammonia after removal of tho first 
application of ammonia lias been consistently found 
in a numbor of experiments It is possible that tins 
might bo duo to an offcct of tho altered pH of tho 
medium on tho reaction, but when tho pH is chnnged 
over the samo range by additions of potassium hydrox- 



0 2 4 0 8 

Tlmo (min ) 

1 Ig 1 Tho offcct of gaseous ammonia on tho oxidation of redneed 
dlphosphopyrldlno nucleotido b> red beetroot homogenate* 
O, treated with ammonia (or (lie periods indicated, #, untreated 
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Flf 3. Tbe effect of revkhki ammonia on tbo redaction of dlphoa 
phopjlfcllne nacfccttda by red beetroot homo^enatea O treated 
with ammonia for the period* indlcntel • untreated 


Ido, no such stimulation is found Another possibility 
is that some intermediate accumulates during tho 
ammonia inhibition period and upon removal of the 
inhibitor this intermediate is convorted to diphos 
phopyridme nucleotide at a rate faster than the overall 
reduced diphosphopyndine nuclootido > diphosplio- 
pyridino nucleotide reaction 

Tlio epecifloity of ammonia inhibition for oxidation 
of reduced diphosphopyndine nucleotido is lllustratod 
by Fig 2, which shows the reduction of this substance 
by two preparations of beetroot one of which was 
treatod with ammonia at tho times indicated- It may 
bo eoen that exposure to ammonia has little effect on 
the rate of the reaction in tins experiment 
The moons by which ammonia interferes with 
electron transport m the diphphosphopyridme nucleo 
tide system of beetroot homogenates is not clear 
Ammonia may be serving as an uncoupling agent for 
ondativo phosphorylation, but tho present evidence 
docs not clearly show this to bo tho case The rapid 
equilibrium which can exist between ammonia and 
ammonium suggests that the forms may in sorao way 
serve ns a preferential hydrogen donor and thus bo 
'sparing reduoed diphosphopyridine nuclootido It is 
also possible that ammonia is competing -with tho 
hydrogen ion during oxidation of reduced diphospho 
pyndino nuclootido, or with this substanco itsolf for a 
site on tho oxidative enzyme 

R T WEDDDia 
H M Vnm 


Department of Plant Biochemistry 
University of California, 

Riverside 
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Binding of the Sulphydryl Group In 
d Amino-Acid Oxidase Apo-Protein 
with Flavin Adenine Dinucleotide 

The importance for tho onzymatio activity of tho 
Bulphydryl group m r> -amino acid oxidaso apo 
protem lias boon reported bj sovoral authors 1 - 4 , but 
their conclusions concerning tho binding mto of tho 
Bulphydryl group differed Smgor and Barron 1 and 
Singer 5 suggested that tho protein sulphydryl group 
might bo involved direotly m tho bmdmg of tho 


substrate Fnsell and Hollerman* concluded, how 
ever that tho enzyme sulphj drj 1 group is not needed 
for the direct binding of the subetrate a d ammo acid 
Kubo et cd * considered that tho protem sulphjdrvl 
group binds with tho imino NH(3) group of flavin 
adenine dmuoleotido 

In our laboratory, the binding between T> amino acid 
oxidase apo protem and tho cocnzymo flavin adenine 
dmuclootido has boon studied in detail* 4 but a 
decision as to tho exact bmdmg of the protem 
sulphydryl group is still needed For this purpose 
a detailed kinetic analysis of tho mechanism of 
inhibition by p*chloromerounbenxoate was earned 
out 


Tho enzyme protom and flavin adenine dinucleotido 
were purified by tho methods of Negelem and 
Brflmel* and that of Yagi et al \ rospcctivolj The 
oxidaso activity was measured with a conventional 
Warburg manometer 

It was confirmed* 4 that p-chloromercnribenzoato 
inhibits tlio oxidase interfering with both tho sub 
strate and flavin adenine dmuoleotido Since our 
recent results* demonstrated that tho phenol carboxyl 
group is essential for the competition of benzeno 
derivatives with tho substrate and tliat it does not 
affect the bmdmg of flavin adenine dlnuclootido with 
the oxidaso protem, it may bo concluded that tho 
inhibitory notion of p-chloromorcuribenzoato con 
nectod with the substrate is due to its phonj 1 carboxyl 
group, os Fnsell and HeUerman supposed*, and that 
the inhibitory action of p -chi oromercun benxoato 
connected with flavin edenino dinuolootide is due to its 
property of reaotmg with tho sulplij dryl group 

The dissociation constant of flavin aclemno dinu 
oleotide with the protem {Ky) was calculated to bo 
1 1 X Iff-’ M using the Michaclis Mentcn equation 
Tho reaction velocity of the oxidase (v) in tho presenco 
of a concentration (t) of inhibitor ulnoh compotes 
with flavin adenine dmuclootide for the protein can 
be shown to be 



Ky{l+t/K)+f 

whore / is tho rate Iimitmg concentration of flavin 
adenine dmuoleotido, Y is tho maximum vclocitj 
obtained in tho presence of excess flavin adenine 
dinuolootide and A is tho dissociation constant of 
the inhibitor combining with tlio protem in com 
petition with fla\ in adenine dmuclcotide 

Lmowonvor Burk plots in the presence of 2 8 X 10-hlf 
p-chloromercunbcnzoate, tho rato limiting con 
ccntration of flavin adenine dmuoleotido and excess 
DD-nlnnino (0 15 jtf) are on a straight lino with tho 
intercept 1/F From tlio slopo of this lino, K was 
calculated to bo 1 6x 10* T M 
From equation (1) and tho Michaclis Monton 
oquntion, the following equation can bo derived 
r„ J r 0 *1 * 

a lJl V— - (2) 


where r 0 and v are tlio reaction velocities in tbo 
abeonco and presence of the inhibitor Measured 
values of v 0 /v plotted against tho concent rat ions of 
p-chlorornorcurd euzoato were on a straight lino with 
intercept 1, as shown in Fig 1, curve I I I Tlio vnluo 
of K obtained from tlio slope of tins lino ogrcod with 
tliat found above 

Theso results allow that ^hloromore^ben*™^ 
combines with tho sulphydrjl group Wdcnino dfnu 
protein m competition with of whetJirr 

clootldo Tito qucmtlon (!■«> 
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p-chloromercuribenzoate competes with the riboflavin 
monophosphate part or the adenylic acid part of 
flavin adenine dmucleotide, m other words Which 
part of flavin adenine dmucleotide actually combines 
with the protein sulphydryl group ? To solve this 
problem, we devised a kinetic method using ribo- 
flavin-S'-monosulphateandadenosmo-S'-monosulphato 
which, respectively 5 , compete specifically with the 
riboflavin monophosphate part and the adenylic acid 
part of flavin adenine dmucleotide The specific 
inhibitors were synthesized by the methods of 
Takahasln, Yagi and Egami* and of Egarai and 
Takahashi 10 , respectively 

Assuming that the reaction mixture contains two 
inhibitors, one of which competes with the riboflavin 
monophosphate part of flavin adenine dmucleotide, 
and the other with the adenylic acid part (case I), 
the reaction velocity can be shown to bo 


K f { 1 +XJK, +t ,/K, +x l x t /K i K 3 ) +f 

(3) 

where t v i t aro the concentrations of two inhibitors, 
and K lt K t are the dissociation constants of the 
complexes (^-enzyme protein) and (t t -enzymo protein), 
respectively K 3 is the dissociation constant for 
(ti, t ,-enzyme protein) ^i, +(i t -enzyme protein), 
and is that for (t„ t.-enzjTno protein) -f 
(t, -enzyme protom) 

On the other hand, if the reaction mixture contains 
two inhibitors both of which compete with the same 
part of' flavin adenme dmucleotide, (case II), the 
reaction velocity can he shown to be 

v= Yl (4) 

K / (l+i l /K l +i t /K t )+f 

Erom the Michaelis -Menton equations and (3) or 
(4), equations (6) and (6) can be donved 
These formulas show that the plots v 0 /v against tho 



Fig 1 The Inhibitory Fiction of p-ciiioromcrcurfbciixoate on 
D amino-add oxidase The reaction mixtures contained 15 ugm 
of the oxidase protein , excess DL-alaninc (0 15 moles) flat in 
?!^„r® , !S8S8i We tl 7X10- moles) , and grad^ conccnha“ 
t S T>r?^ inhibitors X, Adenosine 5 -monosuiphntc (AMS) 
XI, IUboflavin-B -monosulphnte (XtllS) III, p Chloromcrrnrll 
beMoate (PCMB) , IX r , p-Chioromcrcaribenroato and adcnoslnc- 
^'™ n . c fY piatc ’ v - T’nn ?r°mcrcuribcnxoate and riboflavin 5'- 
njonosuiphate v was 132 pi oxygon uptake/30 min and u was 
80 pi. oxygon uptake/30 min. 


concentrations of inhibitors givo a second-ordor 
curve m case I and a straight lino in coso II. 

v 0 r * i is "i 

1 V 1 i V or 

V J \k 1 k. k x k 3 J 

Vo 1 f U t* Idi 1 

1 W + + V (5) 

V J I K t K s K i K i J 

VojfU U "1 

1 +— ^ (G) 

V J [W KtJ 

In tho actual measurements of tho inhibition by 
p chloromorcuribenzoato and rihoflavin-S'-mono- 
sulphato, Vo/v plottod against tho concentrations of 
both inhibitors gavo n second-ordor curvo ns shown 
m Fig 1, curie V, whereas p-chloromercuribonzoato 
and ndonosmo-5'-monosulpliato gavo a strmglit lino 
(Fig 1 , curvo TV) 

From these results, it may bo concluded that 
p-eliloromercuribonzoato combines with tho protein in 
competition until tho adenylic acid part of flavin 
ndenmo dinuclootido Thus, it may bo supposed that 
tho protein sulphjdryl group combines with tho 
adenylic acid pait of flavin adonmo dinuclootule, 
most probably with tho amino group of its ndenmo 
nucleus 

Kunio Yagi 
Takayuki Ozawa 

Department of Biocliomistry, 

School of Medicine, 

Nagoya University, 

Nagoya, Jnpan 
July 1 



1 Singer, T P ind Pimm E S O.J Jliol Cl, cm , 157, 2-11 (1045) 

* Singer, II’/ 11, ol Cl, cm , 174, 11 (1018) 

* Frkcil, W B nnd Uellcrmnn, L , J II, ol Cl, cm , 255, 53 (1057) 

* Kubo, H , Ynmnno, T, Iwntsubo, M, Wntnri, II. Sovnms T„ 

Shlrabhl, J , Sanodn, S . Knuaihfmn, K , Jlltnnl, S , and Ito, K , 
Jhill hoe C/iim b,ol 40, 431 (J05S) 

’ Egami P , and Yagi, K J Jhochrm , 43, 153 (1050) 

* Yngl K , Oiawa, T , and Okoda, K , U,ocl.,m Jlwplipt Acta (In U>9 

press) 

T Ncgelcln, E . nnd Briimel, II , Jl,ocl,cm Z , 300, 225 (1030) 

* Yagi, K Mnhmokn, Y , Kumma, 8 , nnd Tads. It J 1 

ao no Matin 1 ’ 


43, 03 (1050) 


Bwchem^ 


* « ® ,o n $ Egnm1 ’ r ’ J C, ‘ m Japan Pufe 

’* Egami, I , and Takniiashl, J, , Bull Chem Soc Jap , 28, COO (1055) 


Lack of Direct Effect of Erythropoietin on 
Human Erythroid Cells in vitro 

Tile existence in tho plasma and urino of anaemic 
patients and animals, of a substance which is capable of 
increasing the rato of production of red colls in 
normal recipients is now' an undisputed fact How over, 
tho mechanism by which this substanco exerts its 
stimulatory effect is still obscure Tw o mechanisms for 
its action can bo postulated A direct action of tho 
hormone on erythroid colls to stimulate rate of coll 
division as well as rate of differentiation, that is to say, 
hmmoglobmization, would increaso tho rate of turn- 
over of marrow' Alternatively the hormono could 
accelerate the rate of differentiation of stem cells into 
tho crythron to expand tho volume of activo marrow 
without affecting tho rato of turnover 

By application of tho tecliruquos of auto-radiography 
to bone marrow' cells m inlro, tho first hypothesis was 
investigated Tho rate of synthesis of deoxyribonucleic 
acid and tho length of tho cell cycle woro measured 
wath 3 H-thymidmo or ^C-formato, tho rato of htemo- 
globin synthesis with iron-59 Tho methods and thoir 
application have been described proviouslyi 
Urinary erythropoietin from tho unno of a patient 
with aplastic antenna was used. Tho residuo from 
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processing a quantity of normal urine tvob used as an 
inactive control substance The marrow samples 
•which were used were obtained from patients in. 
tbo course of normal diagnostic investigations 

A number of treatment schedules were tried The 
pro treatment with orythropoiotm ranged from 0 to 
23 hr before addition of the label, but in no case were 
significant differences found between cultures treated 
with active and inactive urinary preparations Table 1 

T»bJ* 1 ErTEtm or Hmi U*nu*r J^rnnorourror or ENA 
STKTHtao Aita Cxn Ctclb nt Hmtur Box* iUar.ow cvltuus 
Aoto-rvlloffniphlo eat I nut km of radio-activity In basophilic DormofaluU 
niter Intubation vrlth dtber active or Inactive urinary erytbrorofetin 
•H thyxnidlwi (025 Lic./crd medic ni) or 1 KMorm»te (1-25 ne,/tnJ medium) 
U deoryritwnnddc Add label, added At time* thewn. 


IncabAilcm 

Grain econb/lAheOed cell 

Perventafie of 

time 

Mean 

Median 

Maximum 

ctlk lab* lied 

6 hr 


Active 



(B0 )* 

*n Uiymldinfl 
Added At 0 hr 

10 

B 

90 

78 

14 

Inactive 

B 

64 

74 

5 hr 


Acllra 



(SO tnrmJml ) 
‘n-fhyimdlne 

7 

4 

Inactive 

37 

6 S 

Added «t 4 hr 

10 

8 

49 

W 

A hr 


Active 



(16 ugmdird ) 
*H<4hyinldine 

10 

B 

Inactive 

80 

69 

Added At 2 hr 

12 

7 

80 

67 

24 hr 


Active 



(00 iigrrLfrnl.) 
•H thymhUM 

36 

24 

Inactive 

120 

DO 

Added At 2^ hr 

30 

20 

00 

80 

24 hr 


Aettve 



(60 wfiru/ml ) 
‘HHormAtei 

68 

63 

Inactive 

164 

60 

Added At 22 hr 

63 

50 

145 

70 

• OoncentrAtloa of 

ACtlvC 

ot inactive urinary preparation added At 


xerottme 


summarises the results and shows that noither the 
groin count per cell, an index of tho rate of synthesis of 
dioxyribonucloic acid, nor per cent labelled colls, a 
measure of the ratio of tho length of the period of 
synthesis of deoxyribonucleic acid to the length of the 
generation time, is affected In order to give an 
impression ns to the oharnoter of tho distribution of 
tho grain oounts, the mean the median, and the 
maximum or highest obeorvod grain count arc given 


TaWo 2. ErrroT or Hojlak mar a at EATTnr.orovtmv osr tttt 
I roOATOAATlOK OT IW>K-S0 15 liOTUK BoKE ilAJUtOW CULTVA* 
Bone mamrw culture* were treated for the Umet ihown with active err 
Inactive urinary erythropoietin prepar»Uou» and with 0-15 lie fmL of 
kra-50 Culture* were ran fa triplwe Separation washing, platint *od 
ctmotlng technique* are described elsewhere 1 


Incubation 

4 hr wtth 
I 0 4 gm,/ml.* 
IS hr with 
CO 

18 hr with 
125 


Iron 59 added at CoanU/mln ftal of final 
time (hr ) waabed «H anspemloo 
Erythropoietin Inactive 
8147 *380 


0 hr 
fl hr 
5 hr 


1461 

4210 


L210 

M60 


* Concentration of act Ira or load I re urinary preparation added at 
aero time 


In Table 2 are shown tho radio nctiv ity dotormina 
tions on washed colls after exposure to iron 59 In this 
case also there is no significant difference between the 
incorporation by tho control or by cultures treated 
with orythropoiotm In ono experiment in which 
iron 59 was added ot C hr to a 24 hr culturo, auto 
radiographic analysis of the iron incorporation into 
basophilic normoblasts was undertaken Tho mean 
groin count for erythropoietin treated cells was 185, 
control cells had a mean grain count of 192 Again no 
direct action could bo demonstrated 

It must be concluded from those observations that 
erythropoietin has no observablo direct actions on the 
two processes measured, namely, relationships of 
dooxyribonuoloio acid synthesis and cell cycle, and 
hxomoglobm synthesis An aliquot of the preparation 


used m bone marrow culture was assayed by tho 
measurement of iron incorporation in starved rats 
according to tho tecluuque of Hodgson 1 and tho 
urinary preparation from the nplftBtio mucmic patient 
wna found to be highly active Tho injection into 
200 gm rats of 2 5 mgru twice daily for two days 
produced a three-fold increase in the incorporation of n 
traoer dose of iron 59 Tho normal urine preparation 
was inactive As the dose used in vtvo was 50 pgm / 
gm of body weight, tho dose used in culture for 
approximately 6 x 10* cells was of equivalent sizo or 
higher 

Recently Schroedcr, Qumey and Wnckman 3 re 
portod that ‘annirmo plasma increased radio iron 
incorporation aa much as four fold m bono marrow 
suspensions Our observations do not substantiate 
their conclusions that orythropoiotm stimulates 
hromoglobin syntbeeis in vitro It is felt, however, that 
their failure to control the final specific activity of tho 
isotope in the culture medium provides tho oxplnna 
tion for thoir results 

We cannot oxcludo the possibility that the urmnry 
erythropoietin is not identical with plosmnorythro 
poietrn, and that hydrolysis of a conjugated product 
is necessary for activity of the urinary product 
Gordon 4 reported, however that the urinary orytliro 
poietin is active m his isolated hind limb preparation 
Unless tissuo esterases which would bo cnpablo of 
liberating an active product are present m tho hind 
limb, a conjugated form would not bo active 

Aa a consoquenco, wo feel tliat stimulation of roil 
cell production with orythropoiotm is effected not 
through direct action on nuoloatod rod colls, but bv 
some othor mechanism Evidence for a mechanism 
involving tho increased rate of differentiation of 
primitive stem cells into tho early orvthrold population 
of cells has been described elsewhere 8 


Eduard L AtiVEV 
L G Lajtua 

Radiobiology Laboratory 
Department of Kadiothorapy' 

University of Oxford 

Doyald C Van Dyke 

Dormer Lobomtory 
University of California 
Berkeley , California 

1 Laltha, I 0,3 Clin I'aDwt 6 67 (10JS) Iajtha, J Phot &rt 

2. iso (1054). UJthA, L. a Oliver IL Kumatorl, T„ And 1310, V 
K*d ret 8 l (IMS) 

1 Ho<l(rvm, G lYrrctA, XL YndDrrWi I) And Proe. Soe 

Krper NW ond Mtd 99 137 (1958) 

* Bchroode r L. R Gurney U W And Wackman Y Adart, Ifll 153*' 

(1958) 

1 Orrnloc, A 5., Broc, Cool cm Fundamental Problf ms And Technique* for 
Study of Kloctki of OcDuU* VrollleriUon Salt Into City Blah. 
J ao. 19-21 1059 (In the pem.) 

• Alpea, E L. and Craninore, D tbid 


A Cardlolipin-Uke Compound In Rat Liver 
Mitochondria 

^Iatunetti tt al 1 found that rat liver mitochondria 
readily incorporate radioactive orthophosphate into 
a phosphatidio acid like polymor 'll icy hnvo further 
suggested 1 tliat this compound may be important in 
oxidative phosphorylation. 

In tho course of a study of tho hpida of rat liver coll 
organdies, we havo found in the lipids of rat Hvor 
mitochondria (extracted witii chloroform mothnnol 
2 1 (v/v)) a fraction which is eluted off a sfiiola oola 

chromatography column* with ohlorofonn nw inno^ 

7 1 (v/v) and which reeomblon f n , 111 £ . r *p^nt' bo m ‘ 

carcUolipin first Isotatod from ox hoort bj ™ 
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and more recently studied by Gray and MacFarlane 5 
This fraction constituted 7 per cent of the mito- 
chondrial lipid carboxylic acid esters and 10 per cent 
of the lipid phosphorus recovered from the silicic 
- acid column Ammo mtrogen was virtually absent 
from Ins fraction, the ammo mtrogen phosphate molar 
ratio being less than 0 01 The glycerol/phosphate/ 
carboxylic ester molar ratio was 14115 or 14121 
when the ester estunation was performed on the 
methyl esters of the fatty acids prepared by mtor- 
esteriflcation of the intact lipid 8 Tins latter ratio 
suggests a compound containing 4 glycerols, 3 phos- 
phates and 4-0 fatty acids Gray and MacFarlane 
found values of 3 2 4, Taylor and McKibbin 7 
obtained values of 3 2 3 for a similar lipid isolatod by 
them from dog liver phospholipids and Pangbom 8 
reported a 4 3 glycerol/phosphate ratio 

The methyl esters of tho fatty acids of tins fraction 
prepared as indicated above, were analyzed by gas 
liquid chromatography usmg both ‘Apiezon U and 
an adipate ester of polyethylene glycol as stationary 
phases The results (together -with those of Gray and 
MacFarlane for comparison), are presented in Table 1 
usmg the fatty acid notation suggested by Ahrens 
ct al ’, as percentages of the total fatty acid methyl 
esters 


Table l 

rresent work Gray nnd JTncFnrlanc 
(rat lher mitochondria) (whole ox heart) 
C12— 15 0 00 0 


CIO — 0 (palmitic) 
CIO — 1 (palmltolelc) 
C17 — ’ 

C18 — 0 (stearic) 

C18 — 1 (olctc) 

C18 — 2 (llnolelc) 

C20 — 4 (arachldonlc) 

C20 — 3 

C20 — 2 

C22 — 0 

Total saturated 

Total unsaturated 


1 99 

0 49 

1 93 

6 23 

0 20 

1 22 

0 43 

0 79 

11 93 

11 0 

79 5 

80 0 

0 71 

0 74 

1 22 ) 


0 7C2 J-2 77 

0 74 

0 79 J 


3 3 

2 6 

98 S4 

07 7 


It is remarkable that compounds of such similar 
composition, even with respect to tho major fatty 
acids, should have been found in two such different 
sources The rat brain contains hardly any of this 
compound, at least with this fatty acid composition 
(L A Biran, unpublished from this laboratory) 
While the relation of this fraction to the phosphatidic 
acid-like polymer of Marinetti ct al (they reported 
an ester /phosphate molar ratio of 0 04) is not clear, 
it would be of considerable interest to determine tho 
turnover of both the phosphate and fatty acid 
moieties of this lipid 

This work was aided by a grant from tho Rockofollor 
Foundation One of us (G S G ) thanks tho Nuffield 
Dominions Trust for the aw'ard of a Nuffield 
Dominions demonstratorship during tho tenuro of 
which this work was done 
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A Reduced Triphosphopyridine Nucleotide- 
linked Cystine Reductase in the Clothes 
Moth, Tmeola bisselllella (Hu mm) 

In the course of studios on the digestion of wool by 
insects wo have examined tho clothes moth for tho 
presence of reductases of disulphido bonds Enzyme 
preparations wero made by cold homogonization of 
whole larvro of tho clothes moth followed by centri- 
fugation at 30,000 g for 30 mm and dialysis of tlio 
supernatant for 20 hr against cold 0 05 jl/ irts 
(hydroxymethyl ) aminomotliano-hydrochloric acid 
buffer at pH 7 3 Cystino reductaso activity was 
demonstrated by measuring the docroaso m absorption 
at 340 mg of reduced tnphosphopyridmo nuclootido 
(California Foundation) usmg anrcrobie cuvettes m a 
Beckman DU spectrophotometer Also the pro- 
duction of SH-groups was measured by a modifiod 
Grunert and Phillips colorimetric mtroprussido 
mothod 1 , and confirmed by titration with phenyl 
mercuric nitrate 

The decroaso in absorption at 340 mg duo to 
oxidation of reduced triphosphopyridine nuclootide 
m tho presence of cystine is rapid compared w ith tho 
oontrol without cystino (Fig 1) A slight decroaso 
m tho control oven under tho anicrobic conditions 
used may bo explained by tho presenco of endogenous 
substrates m tho insect extract winch are not romoied 
during the preparation Tho production of SH- 
groups by tho onzymo in tho nbsonce of cystine is 
negligible, howe\ or tho addition of cystino and 
di- or tri-phosphopyridino nuclootide causes a slight 
increase m SH-groups Some activation is caused by 
reduced di- but considerably more by reduced tn- 
phosphopyridino nucleotide High reductaso nctii lty 
follows tho addition of a substrate for n triphos- 
phopyudino nuclootido-linkcd dchvdrogcnaso (glu- 
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Table 1 Ctbtixk eedcctas* m dultbed Tbwia 
EfirHU rxfiFAlATIOW 


Reaction mixture 


Etuymo alone 
„ +er»ttnc 


+DI*V 

+TPN 

-f-DPNE 

+TPN1I 

-t-O-fi-P 

-fQ-O-P+TPN 


Oyitlne redact*** activity 
(h toolrt Sn-^roup* produced) 

0 3d 
0 48 
043 

0 76 
1-64 

1 76 
4 10 


Reaction in Ixt urea 1 ml. enzyme 125 amole* trla (hrdrcuymetbjl) 
— amtnomethane (pTT 7 3 with hydrochloric add), dilated to final 
volume 2 G ml. and containing the following where Indicated 
4-2 jiinolH 1-cvatlne 3-2 atnole* gloeoao-G-pboaptmte (G-6-P) 
0-07 tUQoks triphoaphopyridina nucleotide 0-07 Mmole* dlphoepho- 
pyrldlue nucleotide 1 foode reduced trtpbcaphopyridloc nucleotide 
1 praolo reduced dlphoapboprrWtno nucleotide Incubated for 1 hr at 
25*0. under arueroMa condition* fa Thanbcnj tuba RE-groop 
atlmatlon* by the colorimetric nltropnmlde method. 


cose 0 phosphate) whioh, m the prosen o© of added 
trlphosphopyr id Lne nucleotide yields the highest 
aot mty observed (Table 1) Since addition of glucose 
0 phosphate alone activates the cystine reductase 
it appears that tnphoephopyndme nucleotide is not 
completely removed by the dialysis under the eon 
ditions employ od Enzynno reduction, of tnplios 
jphopyndlno nucleotide by gluooee G phospliate 
tsocitmto and malate, and of diphospliopyndine 
nucleotide by malate bos been demonstrated spectro 
photometrically in those Ttntola preparations. These 
dohydrogenase activities wore retained on storage 
but tho cystine roductase activity was lost under the 
Bamo conditions 

Other disulphide bond reductases are also present 
in tho insect preparation for example, cystine 
roduoed diphospliopyndine nucleotide (Table 1} 
glutathione reduced tnphosphopyndine nuoleotide 
and glutathiono reduced dlphosphopyridlno nucieo 
tide reduotaso but these aro all of relatively low 
acti\ Ity Glutathione tn * and di phoephopyndine 
nucleotide* reduotase activities have boen desenbod 
m plants and the reduced tnphosphopyndine nucieo 
tide linked enzyme m animal tissues 4 The reduced 
tnphosphopyndine nucleotide linked oystino reduct 
aso winch has not previously been described, may 
be compared with similar enzymes from other 
sources which aro reduced diphosphopyridino nuoleo 
tido specific* ‘ It is not possible from tho present 
work to say whether tho activity with reduced tn 
and reduced di phosphopyndmo nuoleotide is due to 
different enzymes or to the same enzyme having 
different Bpeciflcity for the pyndine nuclootido 
coonzymes 

It is thought that these onzymes particularly the 
cystine reduced tnphospliopyndino nucleotide re 
ductase, are in\ oh ed in the process of digestion of wool 
by clothes moths and other insects Cystine is on 
important component of wool and it is known that 
wool whioh has a proportion of its dtsulpludo bonds 
reduced booomos more easily digestible 7 

Full dotails of this work will appear oisewhero 
R F Pgwnino 
H Xrzvkiewicz 

Division of Entomology , 

Commonwealth Scientific and 
Industrial Research Organization, 

Canberra 
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Production of Ethylene by Mitochondria 
from Tomatoes 

Evolution of ethylene by ripening fruit and 
acceleration of ripening by application of the gas to 
green fruit has been of interest for many years 
Howevor, little more than tho gross aspects of these 
phenomena has been known until recently v\ hen Burg 
and Thimann 1 used gas chromatography to study the 
evolution of ethvleno by apple tissue slices In our 
laboratories we have boon able to obeervo tho pro 
duction of ethylene by a mitochondrial fraction from 
tomatoes 

AH steps m the preparation of tho mitochondria 
wore conducted at 0-l®C Sinco the pH of wholo 
ground tomatoes is about 4, rapid neutralization is 
necessary during preparation of tho homogenate 
Tliis was best accomplished by grinding tomatoes 
with an equal weight of phosphate buffer (0 5 Af 
potassium dihydrogen phosphate 0 26 Af Bucroso, 
adjusted to pH 8 1 with sodium hydroxido) at low 
speod in a Waring blendor Tho homogonato was 
filtered through oheeeocfoth and thefiltrato centrifuged 
at 4,000 g for 7 minutes to remove cell fragments 
Tli© supernatant was thon centnfuged at 36,000 g for 
10 minutes (A force of 16 700 g was sufUoient to 
separate the mitochondria but 36 000 g which 
separated no additional particles packed tho nuto 
chondna into easily handled polite ) 'These wore 
saspendod m 0 6 Af sucrose 0 01 Af phosphate buffer 
of pH 7 by means of a Sorvall Omnimixor , and 
recontrduged at 35,000 g for 10 mm Tho washod 
mitochondria wore then suspended m buffer-suhatrnto 
mixture (0 6 Af sucrose 0 125 Af potassium dihydrogon 
phosphato, 10** Af magnesium sulphate 10 * Af 
manganese sulphato 1 08 *<10-* Af adonosmo tn 
phosphate 0 26 AX mnllo acid 3 3/ l(h 4 Af diphos 
phopyndine nnclootido, pH 7 0) 

This mitochondrial suspension was used for 
determination of the rato of production of cthvlono 
by a method described previously * tho only difforonco 
being that m order to prevent contamination by 
micro -organisms, tho air stream ontonng tho 
respiration chamber was passod through columns of 
glycorol on glass wool and cotton and tho 
respiration ohamber and atoppor were sterilized prior 
to use (All buffer solutions used m tho preparation 
of the mitochondnal fraction wore also sterile 
except tlrnt adonosme triphosphate and diphos 
pliopyndine nucleotide were added after sterilization,) 
No ovidonco of growth of micro-organisms was ob 
trnnod when nutnont agar and Pratt s medium* were 
inoculatod with the mitochondna-eubetrato mixture 
The othyleno producing system appeared to bo 
relatively stable for after 20 lir storage of tho 
mitochondna-substrato mixture at 0-l°C it produced 
othylene at about one half tho original rato 

Tyqncnl results are presented in Table I Com 
partsons are made with ethylene production by wholo 
fruit of tho some variety, determined previously 4 
No ethylene was dotectable from mitochondria 
from green tomatoes or those m tho early' stages of 
ripening Maximum production of this gas occurred 

Table 1 Pzomrtrnov or Enmm bt Y \t\ Toxators (khoix 
F xrrt ax a ltiTocHosmuiL T% actioxs) at vazwct mats or 

Mi mm 

8U*e of riixmcaa 

llatarc g r e en 
Ilrdiom turnlrw 
Advancrd l amine 
i'lrm ripe 


s 5 NOW doK"C ,rU 
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■with mitochondria from tomatoes m the advanced 
turning stage (one-half to three-quarters of the 
surface red) Production of ethylene by mito- 
chondria appears to follow the pattern obtained with 
the whole fruit, where evolution of ethylene readies 
a peak at the ‘advanced turning’ stage and then 
decreases to low amounts as the fruit reaches full 
ripeness 

I acknowledge the technical assistance of T. A Tribe 

Mary S Spencer 

Department of Biochemistry, 

University of Alberta, 

Edmonton, Alberta 
June 27 
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Duration of Protective Action of Interferon 
Against Infection with West Nile Virus g 

Inactivated influenza virus has been shown to 
inhibit the growth of western equine oncopliabtis 
virus in eggs 1 and m the mouse brain : and it seemed 
likely, therefore, that interferon, which appears to 
mediate viral interference 3 should also inhibit the 
growth of viruses of this group Wo have found that 
interferon strongly inhibits the growth of West Nile 
virus in cultures of chick fibroblasts, and our colleague 
Dr J. S Porterfield has shown 4 that it prevents 
plaque formation by a number of ‘arbor’ viruses, 
including West Nile and yellow fever viruses In this 
paper we describe experiments carried out u ith West 
Nile virus, on the duration of the protective action of 
interferon 

Cell suspensions were prepared from 10-day old cluck 
embryos by a slight modification of the trypsinization 
technique described by Dulbecco 5 Test tubos were 
planted with 6x 10' cells in 1 ml of Gey’s buffered 
salt solution plus 0 5 per cent lactalbumin hydrolysate, 
and kept stationary at 37°C Six tubes were used for 
each experimental group After 24 hr each tube 
received an addition of 0 5 ml of a dilution of West 
Nile virus (Egypt 101 strain) containing 3 2x10 s 
plaque forming units, from a capillary stock of 
mouse-brain virus kept at — 78°C The medium was 
changed daily or every second day and each fluid 
was titrated individually for viral luemagpfutinin by 
dduting it serially m borate buffer at),' and 

adding an equal volume of a 0 26 per ce on 

of goose erythrocytes m phosphate bul a 

final pH of 6 0 At the same time, c ’ 
examined by low-power microscopy am 
of cell degeneration noted In culturos 
large yields of viral hccmagglutimn .v i 
within the first 3 or 4 days’ mcuhatio 
curve A) when the cells degenerated complo 


Similar cultures 
interferon was me , 

The interferon was 
influenza virus with - c '~ 
and the amount 
yield of the PR8 stra 
6 per cent of the con 
Lmdenmann, Burke a. 
changed daily or every 
interferon was added In 
medium was changed daily 
m appearance and the me-’ 
pH, for 11 days, when cell 
Throughout this period no v> 


then set up exc 
in the initial .. 

, incubating .. 
allantoic mem 
lent to red” 
virus to less 
y describe 


medium 
no furtl 
here tb 
Ithy 
in 


producod, (Controls showed that mterforon did not 
inhibit viral hremagglutmation ) In other experi- 
ments where the medium was changed either daily or 
every second day only 2 tubes out of 78 examined 
showed the presonce of hremagglutmin on the seventh 
day, the others showed no licemagglutirun when 
examined repeatedly over the period of 3—11 days 
after the initiation of viral infection It seems 
therefore that when the cells aro suspended m a simplo 
maintenance modium a single dose of mtorforon 
given before the start of infection protects thorn from 
West Nile virus infection for almost tlio wholo of 
their life-time 

When similar experiments wore carried out with 
medium onrichod by the addition of 6 por cent calf 
serum and 1 5 per cent chick embryo extract, viral 
hremagglutmin production and interference similar 
to that described above wore noted duruig the first 
2 or 3 days’ incubation, but tho colls degenerated 
rapidly (In order to demonstrate viral hremag- 
glutunn it was necessary to absorb tho serum and 
embryo extract with kaolin 7 to remove inhibitors of 
viral hemagglutination ) Rapid coll degeneration 
occurred m similar cultures without virus and seemed 
to bo duo to tho fact that tho cells motabolizod very 
actively, with rapid coll division, tho non colls being 
dot ached from tho glass Tins behaviour was quite 
different from that of tho colls kopt in maintenance 
medium and it raised tho possibility that tho longthv 
resistance to viral infection induced by a singlo dose 
of interferon might bo duo to (ho fact that tho colls 
kept m maintenance medium were unnblo to divido 

In ordor to test tins possibility colls treated with 
mtorforon wore kopt in maintenance medium and 
infected with West Nile virus, and after 3, 4 or 6 days’ 


M 
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incubation, serum and chick embryo extract were 
added to stimulate cell division The cultures at 
once showed actn e metabolism and in one experiment 
a distinct fall in pH was noted within 75 min of 
adding tho enriched medium. Howev er, the resistance 
to \irol infection broke down partially, as shown by 
the appearance of viral hfomogglutinm in the medium 
(Fig 1, curve B showB tho type of result found) 
Tho most likely explanation of these findings is that 
in ceils which are unable to divide, sufficient inter 
feron to prevent virus multiplication is retained for 
a long period of time within the cells But when 
cell division occurs, the interferon which is unable 
to replicate*, is diluted until the concentration within 
colls is lower than that required to inhibit virus 
multiplication. In support of this hypothesis, tho 
resistance of cells could bo largely maintained by 
incorporating further interferon, along with the 
serum and embryo extract each time the medium was 
ohangod (Fig 1 curve O) 

Tli one experiments provide a model system winch 
may bo helpful in planning experiments on the 
protective effect of interferon in virus infections in 
amranls 

Altck Isaacs 

MAnaETERJTE A Westwood 

National Institute for Medical Research, 

Mill Hill, London, NW 7 
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Glycosidases In tho Mammalian 
Alimentary Tract 

Epithelial mucous secretions m mammals are 
comprised mainly of mucosubstoncee 1 consisting of 
some or allof the carbohydrates, glucosamine galactoa 
amine, galactose, fucoee and siallo acid bound to 
protom 1 In some secretions there are also small 
amounts of acidic ammopolysncchandes containing 
hoxosamino, uronio acid and Bomotimos ester sulphate 
Muooeu baton ces with the above composition, but 
excluding sialio aoid, resemble blood group subetanoee, 
and fractions with high blood group activity have been 


obtained from various secretions, including gastric 
juice, as woll as from gastric mucosa 

In view of the prevalence of mucosubstancos in tho 
alimentary tract, and the widespread occurrence of the 
four glycosidoses a raannosidase, £ golactosidnse, 
£ N acetylglucoeaminldase and glucuronidase in 
animal tissues 1 on investigation has boon made of the 
distribution of those enzymes throughout the ah 
mentory tract of several mammalian species the 
wall itself and the contents of tho lumen each being 
examined Values for some sections of tho alimentary 
tract and tbeir contents, together with figures for 
pancreas and parotid gland are given in Tablo 1 Tho 
same assay methods os before were employed 3 , but 
the concentration of p-mtrophenyl a mann aside 
used was 0 mill Generally figures for the alimentary 
tract tissue were fairly constant for each species 
throughout tho length of the tract For purpose© of 
oompanson, so mo values for liver and kidney are 
m eluded, in some cases these or similar figures have 
already been published A study of fl-glucuraiudafto m 
alimentary tract contents has already been made 4 
It was also obeorved that in rata after a penod of 
Stan ation (24 hr ), or several hours after ethoc 
administration, there was a definite though some 
what variable, tendency for the glycosldase activities 
of the alimentary tract contents to me This mn> have 
been due to mechanical fa 0 tors, rather tlian increased 
enzyme secretion 

While £ galaotosidase may also have laotoso activity 
the presence of the other glycosidases in tissues known 
to secrete macosubstances, togothor with tho absence 
of any simpler glycoside molecule, suggests that such 
mucoeubetancoe may woll be natural substrates for 
this group of enzymes Although not detected in tho 
alimentary tract, mannose is a frequent component of 
mucoprotelna from other sources 
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Table 1 dLTCoennre Acnrmn is tsz au«*tjxt Tjuct vacuum **d Pnom. Gusd or \amocb 9rrcm 
Kraalt* an txpnncd a* Lt®m o-nttrophend (&-*alacta*Ma*e), p-nltro phenol (a m*anoeJda*e and S-.V-*myUltiro*amtaldA*«) or pb*nolptathaW» 
(p-g1acnrc*kVa*o) liberated per cm- mottt tluue In 1 hr at 37^ C from tho appropriate gljroaldo 
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Isolation of Echinochrome A from the Spines 
of the Sea Urchin, Diadema setosum (Leske) 

The naphthoquinone biochromes in tho animal 
kingdom are only found m the group of sea urchins 
the various colours (green, red, violet or black) of tho 
spines and the teste of sea urchins arise from tho 
calcium salts of thoso naphthoquinone pigments 1,2 

Echinochrome A 3 ,- 4 (7-ethyl-2, 3, 5, 0, 8,— ponta- 
hydroxy— 1, 4— naphthoquinone) which was recog- 
nized as the naphthoquinone pigment in tho ovarios 
of tho sea urchin Arbaaa hxula (Linn ), has boon 
found in the tests and the spines of tho four species 
of sea urchins Slrongyloccnlrolus purpuralus 
(Stimpson) 6 , Paracenlroius hvidus (Lam ) 1 ■ a . Echinus 
esculentus (Linn )° and EcJnnarachmus mirabilis 
(Ag ) 7 Recontly, a naphthoquinone pigment isolated 
from the dark violet-black spines of tho sea urchin, 
Diadema setosum (Leske) (Japanese name, ‘gan gazo 
uni’) was identified with echinochrome A 

Spines washed with water w'oro dissolved m dilute 
hydrochloric acid and tho pigment was extracted 
therefrom with ether and transferred into saturated 
sodium bicarbonate solution The pigment was 
extracted again in ether, after acidification with 
dilute hydrochloric acid, and purifiod by column 
chromatography on calcium carbonate and reerystal- 
hzation from dioxane -water About 6 mgm of tho 
pure material were obtained from each 100 gm of 
the spmes The pigment forms dark red-brown 
needles, m p 214°-215° and show's absorption 
maxima at 255, 340, 407, 400, 527 mg in chloroform 
solution Ferric chloride reaction gives a dirty black- 
violet colour and a violet procipitato appears whon it 
reacts wuth mcthanolic lead acetate The percentage 
of C and H was 53 94 and 3 90 respectively (calc for 
C 12 H I0 O7 C, 54 14 , H, 3 79) Tho trimetliyl- 
denvative was obtained by mothvlation with diazo 
methane in ethereal solution, ns long rod needles 
which were crystallized from dioxano-wator It molts 
at 130°, is not soluble in sodium bicarbonato solution, 
but dissolves in dilute sodium hydroxide with a blue 
colour Absorption maxima woro at 323, 470, 502, 
537 mg m chloroform solution Tho percentage of C 
and H was 68 86 and 5 17 respectively (calc for 
CuH^OdO CHj), C, 58 35 , H, 5 29) Treatment 
with zme dust, pyridine and acetic anhydride gave tho 
leucoacetyl derivative as colourless fine rods, m p 
240° (decomp ) Tho absorption maximum w T as at 
295 mg m mothanol solution Tho doliydro-dorivativo, 
formed by treatment with silver oxide, showod 
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Fig 1 Absorption spectre of echinochrome A of Diadema teiotum 

, Freo pigment In chloroform solution , trlmethjl 

derivative In chloroform solution , >-, dchydro-derlvu- 

tlve In mothanol solution , ■ — - - • — - - — , leucoacetyl derivative) 
in methanol solution 
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absorption maxima at 200, 319, 392 mg in mothanol 
solution 

Mixed molting point determinations havo boon 
earned out with echmochromo A, tnmothylochino- 
chromo A and loucoacotyleehmocluomo A (isolatod 
from E tmralnhs ) 7 , and in each caso no depression of 
the mixed mp was obsorvod Tho mfra-rod spectrum 
of tins pigment and oclunoclnomo A 7 was also fairly 
agrooablo Full details of tins work will bo publishod 
olsowhoro 

I wish to express my gratitude to Prof Y 
Nakamura and Prof T Satto, of Hokkaido University 
for their oncourngomont and guidance I am also 
grateful to Prof R Kamohara and Prof T Yntuzukn 
of Kochi Univorsity for offering me every possible 
assistance in collecting samples and to Dr M Inouo 
of Takcda Research Laboratory for tho elemental 
and infra-red analvsis 
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‘Kuhn, J1 , nnd Wnllenfils, K , Her , 72, 104/ (1030) 

1 T) lor, A , J'roc US Sal Acad An , 25, 523 (1030) 

• Goodwin, T W , nnd Srluukh, S , Jliochrm J , 47, 00 (1050) 

• Nlshlorl.b K , Hull Jap Soc An Jhh( , 22, 70S (1057) 

Occurrence of 4-Hydroxypipecolic Acid 
in Acacia Species 

Extraction* of Acacia excel sa licnrtwood gave an 
immo-acid (0 2 per cent), m p 294° (decomp ) 
[a]D 50 — 13 4° (1 per cent in water), characterized by 
an N-bcnzoyl derivative, m p 172°, and identified ns 
irons 4-bydioxv pipccolic acid Tho acid was later 
isolated from tho wood of other Acacia species, and 
was more conveniently obtained from tho fresh leaves 
of A osualdn (0 25 per cent yiold). Tho imino ncid 
fraction, isolated by means of tho A T -nitroso deriv- 
atives 1 , sted alnsicomost entirely of prolino, pipocolic 
acid, nnd tho hydroxypipecohc ncid, which crystallized 
readily from nquoous ethanol Tho naturally occurring 
irons isomer was opimorizod by aqueous barium 
liydroxido (155°, 12 hr) to a mixturo of cis- and 
trans-4 -hydroxypipecohc ncid, nnd on paper chromat- 
ograms dov doped with butanol-ncotic acid -water 
(4 1 5) the cis-acid (11 j.' 0 17) was indistinguishable 
from an authentic spocimon, but was clonrly separated 
from cis-3-hydroxypipecohc acul ( ll F 0 24) A 
further distinction between tho 3- nnd 4-hj droxypipo- 
colic acids is that tho former ncid is decomposed 
whon heated wuth alkali under conditions that cause 
epimerization of 4 hydroxypipecohc ncid, and 3-liydro- 
xypipecolic ncid therefore rosomblcs other (J-hydroxy- 
a-ammo-acids in its alkali-lability 1 The naturally 
occurring (rans-4-hydroxypipecohc acid ran in 
butanol-acetic acid-water with tho same Bf(0 21) as 
5-hydroxypipecolic ncid from dales 1 , but tho two 
acids woro separated on paper chromatograms 
developed with water-saturated phenol, and tho 
4-hydroxypipocolic acids wore also distinguished by 
giving with mnliydrin a characteristic grey colour 
which showod deep red fiuoresconco under ultra- 
violet light 

Isolation of 4-hydroxypipocolic acid was first 
reported by Virtanon and Kan 3 , and tho samo acid 
was isolatod from Armcria maritnna by Fow don* 
who tentatively revisod its structure to 3-hydroxy- 
pipocohc acid It now appears that 4-hydroxv- 
pipecolio acid is tho truo structuro of tho acid 
isolatod by Virtanon and Kan and by Fowdon as a 
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sample provided by Dr Fowden proved chroma to 
graphically indistinguishable from our truiia A hydroxy 
pipecohc acid, and its was similarly op im on red by 
hot baryta. Structural and stereochemical m 
vestigntion of the tram -4 h> droxypipoeoho acid from 
Acacia species is continuing and details will be 
published elsewhere 

We thank Dr L Fowden for a sample of the acid 
from thrift and for comparing it with our imino acid, 
and we ore grateful to Dr H Phoningor and Dr H 
Vandoriiaegho respective]} for samples of cis 3 and 
cw-4diydroxypipecohc acids This work was earned 
out during tenure of a General Motors Holden 
Foil owsl up (by P I M ) 

J W Clark Lewis 
P T Mortimer 

Department of Organic Chemistry 
University of Adelaide 
July 7 

1 Cnben, I*. A„ In rv erre, E rlex. K A .Wltlrop, R., and Wolff II L_ 
Mtnrt, 181,842 Wltkop B and Poltt, 0. JL, J Avtfr 

Chtr*. Voc T9, 102 (1967) 

* Wifland T., and Wlrth. 1^, Hrr dtultch chrm B2, 408 (1940) 

WlfUnd T., CortU, H., and Efok, Cfum. litr «7, 1312 (IWI) 

* Vlrtanen A., and Kari, H-. lrt<x Oker* Xtand., 9, 170 (1056) 

* Fomlen L, Morton J 70 029 (1058) 


ANIMAL PHYSIOLOGY 

Increase by Chlorothiazide of the Paralysing 
Activity of d-Tubocurarlne Chloride 

It is a woll-establiahod fact that ohlorothtnzido 
potentiates the hypotensive effects of ganglion 
blocking agents 1 - 4 However tho way this potentia 
tion is brought about is not dear It lias been thought 
that chlorothiazide acts either by a direct hypo 
tensive action 4 or by sodium depletion 4 , or by 
roduotion in plasma volume*, or as in the case of 
mecamllamme and possibly of pempidino, by a 
roduotion in renal excrotion 4 of the ganglion blocking 
agents From a pharmacological view point there is 
a good deal of similarity between tho neuromuscular 
junction and the gangliaraynapsis 

We have therefore investigated whether the 
paralysing activity m a rabbit, treated with d 
tubocurarine chloride, could be modified bj a previous 
intnvv onous Injection of clilorothlaxido 

In evaluating the paralysing activity of d tubo 
curanno -wo ha\ o taken into account : (a) tho 

appearance of muscular insufficiency that allows the 
animal, when set in a lateral position quickly to 
rceumo its normal stand up position (partial paralyBis) 
(6) tho appearance of a muscular insufficiency that 
depriv es the animal of its ability to resumo its stand up 
position (total paralysis) , (c) the animal s death 
owing to a respiratory insufficiency 
We have summarized our results in Table 1 
It is evident that chlorothiazide pro treatment 
potentiates tho neuromuscular blocking activity of 
S tubocurarine Hidroclilorotluazide, on the other 
hand, is ineffective In 10-100 mgm /kgm dose 
jntravonously in increasing d tubocuranno paralysis 


The mechanism of chlorothiazide action is not clear 
as yet 

Our results will be published elsewhere in detail 
W Ferrari 
G L Gersa 
G 8ANOionar 

Institute of Phamnaoolog} 

University of Cagliari, 

Italj 
July 2 
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Are Mucosal Nerve Fibres Essential for the 
Peristaltic Reflex? 

Recently DQ1 bring and co workers 1 4 abolished 
the peristaltic reflex m an isolated piece of mtostino 
by scraping off its mucous membrane and assigned an 
essential role In the initiation of the reflex to processes 
of sensory neurones winch nro distributed to tho 
intestinal mucosa 

In the experiments reported here, nn attempt was 
made to destroy tho mucous membrane selectively by 
local administration of a protein precipitating 
chemical Silver nitrate and tannic acid wore chosen 
os suitable chemical agents 

The method of eliciting the peristaltic reflex in an 
excised loop of guinea pig iloum mounted in an organ 
bath 4 , was modified so that tlie output of each pen 
staltio wave could bo directly measured tins per 
mitted to distinguish unequivocallj between pen 
stalsis wluch propelled fluid in a cephalocaudal 
direction, and pendular activity which did not In 
order to avoid formation of silver chlonde, tho tubings 
and the Intestinal lumen were thoroughly flushed with 
distillod wator before and aft or the administration of 
silver nitra to 

Among van ous concentrations tried, a 30 per cent 
silver nitrate and a 20 per cent tannic acid solution 
proved suitablo when left in contact with tho mucosal 
surface for about 10 and 30 soc respectively After 
such treatment peristaltic activity contmuod m ita 
normal pattern of co ord mated contractions of tho 
longitudinal and circular muscle layers Tho amount 
of fluid oxpellod was generally slightly reduced and so 
was tho rnzo of tho longitudinal contractions and at 
tho samo time the response of the longitudinal musclo 
to acety Ichohne indicating that some damage had 
occurred to all layers of tho intestinal wall As 
controls revealed part of this could be accounted for 
by tho mocliamcal strain exerted on tho wall by 
forcing tho solutions and wash fluid tlirougli tho lumen 
in a specified time However in two experiments , 
peristaltic activity was even increased after treatment 
■with 30 per cent silver nitrate solution 

Histologioal investigation of those preparations, 
carried out by Dr M It Crompton of the Department 
of Histology, showed that most of the mucous mem 
brane and parts of the musculo ns mueosao woro 
destroyed 
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There was only little variation between different 
preparations and different sections of the same pro 
paration The demarcation line between necrotic and 
normal tissue lay in the neighbourhood of ganglion 
cells of Meissner’s plexus and was particularly con- 
spicuous in preparations treated with silvor nitrate 
where deposits of free silver developed if the prepara 
tion was exposed to light during fixation Thus the 
damage reached approximately the same depth of tho 
intestinal wall as m the experiments of Bulbring ct al 
after the mechanical removal of the mucosa 

The findings therefore permit the conclusion that 
the mucosa and the nerve fibres situated there, do not 
play an indispensable role m the peristaltic reflex of 
the guinea pig ileum 

A detailed description of these findings and the 
methods used will be published elsewhere 

K H Ginzel 

Academic XJmt m Neurology, 

Institute of Neurology, 

Bondon, WC1, England April 28 
1 BQlbrlng, E , Ltn, 11 C V , and Sclioflcld, G , Quart J Exp Phlttiol , 
43, 20 (105S) 

* B tUbring, E , and Lin, E C Y , J Physiol , 140, 3S1 (1958) 

* Trendelenburg, P , Arch exp Path Phannalo! , 81, 05 (1917) 

Extrahepatic Metabolism of Ethanol in Man 

It is generally assumed that only small amounts of 
ethanol are metabolized outsido the liver in man 1 * 5 
The results obtained when working at very low con- 
centrations of ethanol, where the metabolic capacity 
of the liver is no longer fully saturated, are not con- 
sistent with this view When tho concentration of 
ethanol m the blood reaching tho liver is below 
60-60 mgm /I , the concentration in the liver vem, 
obtained by catheterization, has been foimd to bo 
zero If extrahepatic metabolism can bo excluded the 
amount metabolized at these levels of ethanol must 
be proportional to the liver blood flow and to tho 
concentration m tho blood Measurements of the liver 
blood flow by means of ethanol and bromsulplialom 
have shown, that the blood flow during experiments 
at periods similar to those mentioned below, is almost 
constant®* 4 The amounts of ethanol metabolized can 
therefore be proportional only to the concentration m 
the blood 

If ethanol is infused intravenously at a constant 
rate the concentration in the blood will be constant 
after 60 minutes and the amount metabolized will then 
be identical to the amount infused The metabolism 
of ethanol has been investigated m 10 apparently 
healthy students by this technique and tho rate of 
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infusion was changed two to three times during the 
same experiment If the ethanol wns only meta- 
bolized m tho h\ or a strictly proportionality was to be 
expected between the amount infused and tho con- 
centration m tho blood By plotting tho lesults m a 
graph with ethanol metabolized per minute for the 
abscissa and the concentration m tho blood for tho 
ordinate, a straight line passing through tho origin 
should bo obtainod. As will bo seen from Fig l,a 
straight lino was obtained, but m all cases it passed 
to tho right of tho origin 

Tho best explanation for tins result scorns to bo 
extrahopatic metabolism of ethanol The point w hero 
tho lmo crosses the abscissa indicates tho amount of 
othanol metabolized outside tho h\er with a mean 
\aluo (Table 1) from 10 experiments of 20 6 mgm 
per minute (standard deviation 4 2) Tho constancy 
of the extrahepatic motabohsm down to \cry low 
concentrations m tho blood scenes to indicate an 
organ, or organs, with a low concentration of alcohol 
dchydrogonaso and a high blood flow, but no informa- 
tion is at present available on this location 

T A Lahsiw 

Department of Surgery, 

Fmsen Institute and the Fmsen Laboraton , 
Copenhagen 

* Lundsganrd, K,CH Laf> Carhberg, 22, 333 (1933) 

* Libel, H , mid SchlQcr, F ‘Blutnlhohol (Stuttgart 1950) 

* Larsen, J A , Seand J Clin Lab Invest , 10, 3, 203 (1933) 

* Lnrecn, J A , Tjgstrup, , and Winkler, K. (In the pr(-m) 

Natriferin: A New Hormonal Principle in 
the Neurohypophysis of Certain Vertebrates 

The active transport of sodium is an nnpoilnnt 
function of the amphibian skin, this transport can bo 
increased by extracts of mammalian neuroh j popli\ sis 1 
In liana cscuhnta, oxytocin alone is active, vaso- 
pressin having only a small offect corresponding to its 
intrinsic oxytocic activity On tho other hand, nemo 
hypophyseal extracts of Amphibia and fish mduenco 
this transport at such low concentrations, that it 
would scorn reasonable to postulate that then action 
is duo to an unknown principle, moro specific to 
sodium transport than is oxytocin itself 2 * 3 

Acetic extracts wero propaicd from acetonic pow- 
ders of entire hypophysis or neurohypophysm from 
various aquatic vertebrates (elasmobrnnehs, tnarino 
and freshwater teleosts, amphibians) and from mam- 
mals The oxytocic activity of tlieso ox ti acts was 
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measured by their effects on rat uterus contractions* 
and their natnfeno* (that is, sodium transporting) 
activity, by their effects on tho net flux of sodium 
produced by liana esculenta a kins, as measured by the 
short-circuited current’ (Uraing’s technique modified 
by Morel ti aX *) As a standard of reference for both 
these biological activities, synthetic oxytocin (‘Synto 
ornon’, Sandoz) was used, permitting the activities to 
be expressed quantitatively in terms of mU/mgm dry 
powder 


Table 1 Oxytocic ihd NiTBiraic AcrnriTio or tbi Etou 
nrroruTili (TI) ox V'KrxonTTomrets (K) l* DrmxExr Yhtybxatuj 


SperW 

TltiancJaa f rtttvt (II) 
SqfU Urkinut aodeul* (TI) 
Set mbtr rrofNfrnu (11) 
(Mtho ttlalun fa (H) 
RUnniut fat torn ffin$ (11) 
Inrfta (II) 

Ran* 4*cuUnta (IT) 
BufobufoW 

■sut rj) 

Ox (ft) 

rt«(W) 


Oxjrtode irtlrtty* 

(±8E.) _ 

2-0 ± 0 25 

68* 10 
450 ± S3 
593 ± 45 

106 ± 11 
45*5 ± 6-0 

1066 ± 170 
1000 ± 16 
1950 ± 46 
909 ± 53 

1460 ± UT 


Vxtrilcrk xetiTitj-* 
(±8^,) 

4-6 ± 0-4 

161± 1-fl 
4960 ± 720 

MHO ± 1552 
1030 ± 138 

443 ± 116 

12800 ± 1130 
12050 ± 1165 
1990 ± 4" 

1666 ± 76 

1610 ± 00 


*Uolh xctirltla exji«r*«wi In rao oiytocln/mgm. dry powder 


Tablo 1 shows tlio results of this investigation the 
elaemobranch extracts have a very low biological 
activity, tho mammalian extracts, a natnfeno activity 
more or lees equal to their oxytocio activity, whereas 
the teleostean and amphibian extracts oxhibit a far 
greater rmtnferio than oxytocic activity Fig 1 
represents these results in terms of the ratio of natn 
ferio to oxytocic activity m the \ anous species studied 
This ratio is approximately 1 In the mammals, indicat 
mg that oxytocm alone is the active pnnoiple m both 
tests The teleoeteans and amphibians show ratios of 
roughly 10 In other words, their oxytocio aotivity 
cannot account for their natnfeno activity Further 
experiments wero performed to test whether the 
discrepancy between the two activities could In fact 
bo due to antehypophyseal hormones, intermedin or 
vasopressins All these substances wero found to bo 
devoid of natnfenc activity Furthermore, tho oxytocio 
and natnfenc activities of the hypothalamus of Rana 
toculenta wero meoaurod and found to be 5 0 ± 0 4 mu 
and 52 7 i 4 5 mu respectively, giving a ratio of 10 5, 
oomparnblo with tliat found for tho neurohypophysiB. 
Tho above experiments thus indicate the existence of a 
new factor in amphibians and tcloosts, probably or 
hypothnlamio origin, and responsible for trio natnfenc 
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activity Tho term 'nntnfonn has been proposed to 
designate this principle 3 * 

There is ev idence to support tlie hormonal nature of 
natnfenn Thus it acts til vitro at \ ory low concentra 
tions (1/10,000 of a neurohypophysis of Bitfo, that is, 
0 0125 pgm. of dry powder per ml ) Neurohypo 
pliyeeal extracts injected in tnro, into normal indt 
viduala of Bufo end Rana (that is, kept m tap water) 
have also a far greater effect on the acti\ e sodium up 
take than would be expected from their actual oxytocio 
contents Furthermore, in indiv idutils of Rana 
tscultnia adapted to a high salinity in tho external 
medium, there is a diminution of active transport of 
sodium by the skm and a corresponding reduction in 
the oxytocic and natnfeno activities of the nouro- 
liypophysis whereas the nntidiurotic actmty of the 
gland remains unchanged* • 

The physiological role of natrifenn would seem to ho 
m relation to osmoregulation Such a function is 
indicated by its Bpecificuty of action on tho active 
tmnsport of sodium and also by its ecological distnbu 
tion within tho aquatio vertebrates. Its absence in 
elasra ob ran ohs nifty be explained by then - \ cry special 
solution of osrooregulatoiy problems* One fact 
should be stressed tho ratio between natnfenc and 
oxytocio activities remains constant throughout tho 
amphibian and toleoatcon species studied despite 
considerable variation m absolnto concentration of 
active principle in the glands Tins points m favour 
of the hypothesis that ft slnglo substance, common to 
nil these animals, is responsible for both natnfeno and 
oxytocio activities Natnferin m fact, would appear 
to bo a substance closel} related to oxytocin Its 
relationship with tho water balance principle’* 
remains to be studied 

J Maeix 

F Morel 

B Lahlouii 


Service de Biologic 
Commissanat h 1 Energio Atomique 
Saclav par Gif s Yvetto (S and O) 
Franco 


July 20 

» U»lnr H n EUIrth Srapo*tnw c4 tbc Sodctr Icr Lji+rtmeal*] 
RJoJorj (Cxmbrklgf UclvfT«hy lYr**, 1954) 

» Morvt K MhU, J LiKwraln Cl UforAfw liuj-kfi Crtu, 28 

619(1058) 

J lloftl Y and lUw, 11 £l*rA(w Ada (In Ibo y*rm) 

•Holton T Rrit J J Awnaarrh, 3. 328 (1018) 

• Word F„ and lUftx, J t J 61 536 (1W0). 

• Marti, J , Jard and Slorrl, Lc fl A end Sc i 247 516 (10-8). 

1 Raida hi II, ~An Introdurlkm to Cnra|iaritl\r llkKlwmMrj- (OamlrWja 
UnlvrrrttT lTm, 1918) 

• llrll^r H hapcricntl* 6 368 (10-0) 


Vagal Afferents In the Monkey 

Yaoal efferents in sovernl vertebrate species have 
been extensively described 1 , but wo aro unaware of 
any previous recording of afferent activity in tho 
vagus norve of a pnmatc Tho opportunity arose to 
study theso in the monkoy Macaca mulatto 

In tho supine animal, ameathotlxed with ‘Nembutal’ 
tho loft cervical vagus was exposed Under paraffin 
oil tho sheath was opened and mdi\ idual fine strands 
of nervo were sectioned separated peripherally and 
subdivided and tho resulting filaments were laid across 
a pair of silver recording electrodes The electrical 
activity in such filaments was displayed with one 
beam of a dual beam oscilloscope Tho elect rocartl to 
gram and usually nrtonal central venous on ( " uKO 
pleural pressures, registered with " ™ >n( j i«ean* 

manometers, vero fsplayed i47 

bv tho use of a multichannel bo«n u 
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how over, m viov of tlioir proposed 
rolo as thoracic blood volume 
receptors 3 - 4 , is the occurrence of 
atrial stretch receptors in a primate 
winch, like man, spends much of 
its time in the upright position 

Kent M Chatman' 
.Tames W Pi'auce 

Department of Physiology 

and Pharmacology, 
University of Alberta, 
Edmonton 
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1 Hnjmnn*, 0 nnd Noll L, Itclloxogcnlr 
Aren* of the Cnnllo \ nncnla System (J 
nnd A (liurildll I^tndon, 1058) 

1 Clmimmti, K M.MAD C T< clinical Note 
57-371 (1057) 

* Gnuer, 0 II , and Henry, J, V hhn Hocfi 
tchr , 34 350 (1050) 

1 Henry , J T nnd l’cnrce, J W , / J'hytwl , 
131 572 (1050) 


f 1 1 1 1 ' — -* ' 1 1 1 — 

Fig 1 Each o'cllloacopc record, (op (o bottom electrocardiogram 
noetic pressure, central \tnous pressure, Intrapleural pressure (Inspire 
tlon downwards), nl.crent \npnl Impulses Oraplis Impulse frequency 
Iicr see , on same time-scale as osclHosco|>c records n discharge 
ilinractcrhtlc ol continuously firing pulmonary stretch receptor 
during two normal respirations, li dlscnarpt characteristic of single 
atrial stretch receptor during normal respiration and with application 
ot negative pressure to the trachea, c largest spikes dLscliargi 
characteristic of pulmonary stretch receptor with pronounced 
cardiac rhythm persisting during application of jkHUvp pressure to 
trachea Also prominent is the dLscliatgc of an atrial strati li receptor 
irischargo frequencies for the two receptors noted arc plotted below , 
rf, shortly nfter record e, comparing effects on the same two receptors 
of applications of iiosltlvc, then negnthe Intratracheal pressure, 
discharge frequencies during the latter manoeuvre plotted lielow , 
r, discharge characteristic of arterial Imroreceptor with frequenej 
plotted above /, 00 c p s time marker nnd 0 2 see lines 

graphic records were obtained using moving paper 
Nerve impulse frequencies w'oro plotted from tho 
records using a miniature direct-plotting nomogram 2 
In six monkeys, afferent discharges were recorded 
from about forty individual receptors Tho temporal 
features of their discharge patterns and their responses 
to respiratory manoeuvres were generally characteristic 
of types of receptors described in other mammals 
Easily recognized were tho discharges of pulmonary 
stretch receptors of sovoral kinds, artorial barorecep- 
tors and cardiac atrial receptors No attempt was 
made to identify tho exact site of tho receptors by 
manipulation of tho viscera Tw o typos of pulmonary 
stretch receptor behaviour were commonly encoun- 
tered , the first (Fig la) show ed a continuous discharge 
with the usual respiratory modulation, lvlule the 
second (Fig 1 c, d) possessed an adventitious cardiac 
rhythm The prominence of tho latter typo of dis- 
charge, although observed m experimental circum- 
stances, leads one to speculate that the cardiac com- 
ponent, usually associated with systole, may represent 
physiologically significant information In nine atrial 
receptors, the mam pattom of discharge w as diastolic 
in timing (Fig 1 b, c, d), indicating their sonsitivity 
to distension but not to pressure, one atrial receptor 
only was encountered wath a pronounced atrial systolic 
discharge, but with a diastolic component as well 
Arterial barorcceptor fibres were found m four of tho 
monkeys (Fig 1 e) and unlike the atrial receptor 
fibres, these appeared to travel together m a discrete 
region witlun the mam trunk of the vagus, as they do 
m the dog \ 

The demonstration in tho monkey onthe usual vagal 
afferents was not unexpected Of special interest, 


Prevention of Foetal Development by 
Enzyme Inhibition 

It lias boon shown recently that f fetuses of rats 
and humans at n definite phase of development 
produce histamine at n very high rato *~ 3 Towards 
tho end of pregnane} on average sized sot of rat 
foetuses produces about ten tunes more hist ammo 
than tho mother in a given time nnd about fifty tunes 
more per unit weight Tho foetal histamine enters 
tho mother’s circulation nnd is then m part destroyed, 
in part excreted in the urine Fuital tissues bind 
histnrame only loosely, they thus contain little, mid 
produce it at a high rate 3 As n woikmg hypothesis 
it would seem that the striking histnmme-formmg 
capacity of tho foetus might be related to growth in 
gonoral To test this hypothesis we have investigated 
lustammo formation m tho regenerating liver 

In the rat, tho median nnd left lateral lobes of tho 
liver, amounting to about two-tlurds of tho whole, 
can be removed without difficulty* Tho remnant 
grows and reaches the si/c of the normal liver withui 
about 20 days In partially hcpntectomized rats it 
was found that the rato of lustammo formation, ns 
reflected m tho urinnrj excretion of tho ammo, is 
considerably increased during livei regeneration 
Also, when radioactive histidine was injected and 
histamine formation followed, it wns soon that 
decarboxylation took place at a higher into during 
livor regeneration than before tho operation In tho 
foetus, ns in the regenerating liver rapid lustammo 
formation is not duo to mast cells since such cells 
huve only beon found m foetal skin whore tho 
histamine-forming capacity is rather low 

Those observations encouraged us to stud} the 
effect of inhibition of lustammo formation on foetal 
development First, wc lmd to discover a suitable 
way of producing this inhibition To tins end wo 
made use of two now methods for tho determination 
of tho rato of endogenous lnstamme foi motion One 
doponds on tho fact that in the female rat fed on a 
specially compounded histamine free diet, the amount 
of free histamine excreted in the urmo parallels tho 
amount of endogenously formed histamine® Tho 
other method, introduced by Scliaycr measures tho 
amount of radioactiv o lustammo formed and excreted 
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following subcutaneous mjootion of radioactive 
histidine Because a spooiflc inhibitor of histidine 
docarboxylaso has not yet been found, we used 
eenuoarbazldo, the least toxic among known inhibitors 
of amino amd decarboxylases On omitting the 
cocnzyme of histidine decarboxylase, pyndoxine, 
from tho diet semicarbazide in fairly small doses 
inhibited tho rate of histamine formation by as much 
as 85 per cent Tinder tins treatment the rats fared 
reasonably well os regards appetite, exorcise and 
rnamtonanco of body weight 

In the rat tho effect on fcBtal development of 
enzyme inhibition due to eemicarbazide super 
imposed on a pyndoxme-deficient diet has been 
studied Procedures and doees wore »uoh as to reduce 
the rato of histamine formation to about 16 per cent 
of normal In one group of rats fed on the pyndoxine 
dofloient diet, semicarbazide was given for eight days 
from the seventh day of pregnancy onwards that is 
from about the day of implantation of the ovum 
At the nineteenth day, when the weight of the normal 
foetus is about 2 gm , there wore only tiny remnants 
of foetuses m the form of plaques of disintegrated 
material, whilst tho placentas were small and appeared 
to be m a state of regression (Fig 1) In another group 
fed on the pyTid ox me -deficient diet sormcarbazide 
was given for eight days from the flftoenth day of 
pregnancy On killing the animals at tho 22nd 
day the findings were largely the same as m the 
other group The feet uses wore dead and mummified 
and their growth appeared to have been arrested at 
about the seventeenth day that is the day when 
enzyme inhibition became maximal In oontrols 
fed for the same ponod of time on the pyridoxmo 
deficient diet or simply injected with seoucarhazide 
no abnormalities in the course of pregnancy and fcetal 
development were noted 

I\e have not yet investigated to what extent 
other enzymes besides histidine decarboxylase are 
inhibited by the measures which in these experiments 
prevent fcotal development Inhibition of histamine 
formation appears to be involved for the following 
reasons Of the substances the formation of which 
is known to be inhibited by semi car b&zide only 
histamine lias so far been found to be specifically 
related to frotal development It has been shown by 
G B West as well as by our colleague H West ling 
that the formation of 6 hydroxytryptamine is not 


0 o 



Fig, 3 Tbf uterine content* of two rati at tbe nineteenth day of 
pregnancy Left aodUtnibed pregnancy rtRht alter enzyme 
fnhUritJom The Utter animal wu fed a pyridoxiae-deftefent diet 
from the flr*t d«y of pregnancy onward*, aemfcartxutde w** 
injected between tbe •erenth and fifteenth d*yi it»rtlna with 
DO rnKm./knm twice dally on the aetenth day fotkmed by 
7 IS mam /krm twice dally On diaeonUnuInjt aeTnicarboride a 
norma I diet was given. 


increased in rat pregnancy (personal communications) 
Further semicarbazide m doses larger than tho ones 
used m our oxpemnents did not inhibit tbo endogenous 
formation of 6 hydroxytrypt amino m tbo guinea 
pig* Diamine oxidase (histaminaeo) is known to be 
inhibited by semicarbazide It has howevor, been 
shown that complete inhibition of this enzyme by 
airunoguonidme lias no detectable effect on tho 
course of pregnancy or the fitness of the newborn 1 
Neierthelcss final proof of the dependence of feefal 
development on a high rate of histamine formation 
will have to wait until a specifio non toxic inhibitor 
of histidine decarboxylase becomes mailable The 
recent discovery of a rich source of this enzyme 
fmtal rat liver*, is likelv to cncourngo tho search for a 
specific inhibitor 

G Kahxson 

Elsa Rosengren 
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Effect of Sexual Maturation and Castration on 
the Sex Chromatin Pattern In the Male Rat 


The *nuoleolar Ratollito described by Barr and 
Bertram 1 is generally considered to be of chroma 
ROinal origin and is, therefore, determined gonotioally 
That is why theoretically the incidence of sex 
chromatin bodies is not influenced by ago or oxogen 
ous and endogenous factors Dn\idson and Smith* 
recognizing the sexual dimorphism of loukocvtcs 
thought 1 list the drumstick form which in oharactor 
istic of females re presented a fusion of tho liotoro 
chromatic segments of two paired \ chromosomes 
Howovor certain signs would seem to indicate that 
tho chromatm condensations in leukocytes do not 
show In e\ ory respect tho properties of tho nucleolar 
satellites In addition to tho fomalo drumstick’ 
several authors* 4 havo observed so-called pseudo 
forms, tho occurrence of which is also related to actual 
sex At the same time it cannot be unambiguously 
explained liow it is possible that chromosome pairs 
have so many variegated and yet nonspecific rnorpho 
logical equivalents Tho foregoing facts and tho 
presumptive relationship between sexual hormones 
and leukocytes has tempted us to study m leukocytes 
tho hormonal relations of the sox chromatins 
especially those of the pseudo forms 

In this work Koscnow s method was applied, winch 
uses tho equation Q«=A+B/G where A represents 
drumsticks and B and O pseudoforms Thus tho 
numerical changes in tho different types are made 


conspicuous 

04 male albino rata of a Wistnr strain and of known 
age were dividod into four groups of 10 Blood 
smears wore taken, weekly , tho slides fixed with 
methanol and stamod with a Giomsa solution 
neutrophil leukocytes were counted and tho quo I*” 
<?, which in the mature male rats was !<-** 
determined weir itwulr frem 

In the first group of an fma { ij 

2nd to tho 12t» 
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Fig 1 

In the second group, mature males were castrated 
and observed for 10 weeks 

The two groups, consistently and regardless of age, 
showed the same values for forms A and B (3 5 and 
2 6 per cent on an average) At the samo time, tlioro 
was a considerable difference in the incidence of form 
O , its frequency, about 2-3 per cont at birth, 
gradually increased with ago (full lino), reaching about 
12 per cent at sexual maturity, which is characteristic 
of mature males On the other hand, after castration 
form G decreased in number (dashed line) and, within 
a month, approached the percentage for the newly 
bom male rats These results suggest that the 
incidence of form C is in relation with the actual 
androgen -level To elucidato the question, a now 
experiment was carried out with a third group of 
animals 

A dose of 1 mgm /day (altogether 36 ragm ) of a 
testosteron-propionat (‘Ahdrofort’, Kobi'inyni Gybgy- 
szer&rugy&r, Budapest) was injected into young male 
rats of 3 weeks of age As early as by the 10th day 
sex chromatin form G was found to have reached a 
frequency characteristic of mature animals (dotted 
line), which had been expected to occur only six or 
eight weeks later, as seen in the first group under 
physiological conditions 

To exclude a possible aspecific steroid effect, 

2 mgm of an oily cholesterin suspension w ero adminis- 
tered to the fourth group, which, howovor, failed to 
influence the sex cliromatin pattern 

It should be emphasized that, as has been reported 
by other workers 5 -', after administration of testo- 
sterone no changes whatever were seen in the sex 
chromatin pattern of the epithelial cells of skin 

These findings indicate that the incidence of form 
C — in contrast to A and B — is influenced by age and 
androgen This has led to the conclusion that form C 
in neutrophil leukocytes should not be regarded os a 
real sex chromatin body The incidence of form G 
being an important factor m Kosenow’s formula, it 
would seem that his method for the determination of 


sox by blood smears cannot alway s be relied upon to 
demonstrate tho real gonotypo in the rat Tins view 
has been supported by our observations upon female 
animals, tho rosults of which well bo reported at a 
later date 
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A Peripheral Effect of the Bromide Ion on 
the Contraction of Striated Muscle 

According to current litoraturo, tho main effects 
of the bromido ion aro on tho central norvous system 
Wo lm\o obsorved a lnthorto undcscribed hut well- 
defined effect upon striated muselo in tho following 
circumstances 

Tho diaphragm phrenic nerve preparation m tho 
rat described by Bulbring* was modified so as to use 
it for alternative supramaximal direct nnd indiroct 
stimulation 1 Upon replacement of normal Tyrodo 
solution bv Tyredc solution in which an equimolar 
concentration of sodium bromide was substituted for 
sodium chloride, both tv pas of contractions wore 
enhanced (see Fig 1). The effect could ho repeated 



Fifi 1 Diaphragm - phronlo preparation In tho rat with nltcrna 
tlvelj direct nnd Indirect stimulation 1 norma! Tvrodo solution , 
2, Tyrodc solution with sodium bromide 


several times on ono and tho samo preparation The 
bromido effect disappeared on continued oxposuro 
to the bromido TyTodo solution It was also obsorvod 
with preparations in which indirect excitability was 
completely mhibitod by a high concentration of 
<1 -t ubocurar ino 

Experiments dosigned to onnly'so this phenomenon 
m more detail aro in progress They' vv ill bo reported 
upon elsewhere 


IJA. tf UU 
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Sodium Chloride Intake and Urinary 
Histamine In Adrenalectomlzed Rats 

It hos been found by Schayor and his co workers 
that adrenalectomy induces an mcreaso in the rat© of 
hist ami no formation w somo tissues of tho rat 1 a This 
increase may be the cause of tho increased tissue 
histamine content 3 -* Hicks and West pointed out that 
the tissue histamine content m odrennleotormxed rats 
could ho kept at a normal level by giving 0 9 per cent 
sodium chloride as drmlnng fluid* A similar effect was 
observed by Itoso and Browne 4 During experiments 
on tho effoct of tho adrenocortical hormones on the 
unnary oxcrotion of hist ammo in normal and pregnant 
rats we made an observation which is of interest m 
thus connexion 

White fcmalo rata were kept in metabolism cages 
and fed a dry cake diet ad libitum Tho diet liod a low 
histamino content (less than 0 8 jigm /gm ) and con 
talned about 0 4 per cent sodium clilondo and about 
0 7 per cont potassium clilondo The rats were allowed 
to drink either distilled water or a 0 9 per cent sodium 
chloride solution ad libitum Unno was collected in 
24 hr specimens and its histamine content estimated 
on tho guinea pig ileum In most cases the rats were 
given a daily subcutaneous injection of ammognanidine 
sulphate (20 mgm /kgm ) to prevent destruction of 
histnmmo by hiatammaso (for example ref 7) The 
Unnary excretion of histamine was followed before 
and after adrenalectomy and the following changes 
wore observod 

(1) Jn nnimals drinking water there was no or a 
small increase after removing the adrenal glands 

(2) In animals drmking 0 9 per cent sodium 
chloride there was a progressive and distinct Inoreose 
of tho histamine oxcrotion 

(3) In adrenaloctomized rate kept on water for 6-8 
days after the operation tlie substitution of sodium 
chlonde for water as drinking fluid caused an irnmedi 
a to increase in unnary histamine (Fig 1) Tho high 
unnary histamine of adrenalectomized rots kept on 
saline could be lowered by changing over to water 
(Fig 1) 

(4) M oek - a d rcn olcctom i rod rata showed no signift 
cant changes in the levels of unnary histamine 

From these observations and those of the other 
workers it seems probable that there is an increased 
formation of lilstamine in tho ndrenalectomixod rat 
regardless of whether it is allowed to drink water or 
0 9 per cent sodium chloride In animals kept on 
100 
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Dr l Urinary hhUmfne In mrm per 24 In (rath*] 
la frrnalf r»t before *nd *ftnr ulrrtutlertorny (at arrow) Tt* drinking 
flnkl ye** dWUkd w*ter or 0-0 jxr rmt Mdlatn chloride mi 
Indicated TV rmt oui Injected with 20 tnRtaJkgm of 
mmbv5ffumnldl» inlphmte once daily under tho »kfn 



water tho formed histamine accumulates in tho tissues 
and little is excreted In animals kept on sodium 
chloride tho histamine does not accumulate to tho 
same extent but is excreted m the unno 
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Effect of Sulphonamldfcs ot\ th^ Phagocytic 
Activity of tho Reticufo-Endotholiai 
System 

The offeot of vanoua steroids etilbenes antibiotics 
and other substances on the phagooytic activity of tho 
retujulo-cndotbelial system has been reported pro 
viously by Nicol and his co workers 1 * * It was 
shown that some of those substances stimulate the 
reticulo-endothehal phagocytes somo have little or no 
effect, and some are active depressants So far, 
diothylstilbcestrol has been found to be tho strongest 
stimulant and cortisone the most powerful depressant 
Florey 4 lias statod that it is possible that some 
chemotherapeutic agents depend for their completo 
effectiveness on the action of phagocytes In this 
connexion it may be stated that our results with anti 
biotica* showed that these substances hav o little or no 
effect on the phagocytosis of particulate carbon. 

The following work was designed to study tho effoct 
of eulphonamldes on the phagocytic nctn ity of the 
reticulo -endothelial sy'stem to find out whother or not 
these compounds depend for their effectiveness on the 
action of tho reticuloendothelial phagooytes 

Tho present experiments were camod out on 180 
male white mice (T 0 Swiss strain) of 18-25 gm 
body weight Thirteen eulphonamide compounds 
wore investigated The drugs wore token up in 
propylene glycol and the dose of sulphonaraide given 
was 1 mgm in 0 05 ml propyleno glycol once dally 
for 0 dayB Twelve animals wore used to investigate 
each compound, six receiving the drug orally and the 
other six subcutaneously On tho 8th day after the 
commencement of sulphonamido treatment tho 
phngocydio activity was assessed by the rate of dus 
appearance of a known amount of carbon from the 
circulating blood*, tho procedure used bolng that 
described m previous communications’ 

Thirty of the animals were used oa controls They 
were given 0-05 ml propylono glycol once daily for 
0 days and on tho 8th day the phagocytic activity was 
nsBoesed by the carbon method’ Half of the control 
nnimals received tho propyleno glycol orally, the other 
half subcutaneously 

The results are shown in Table 1 The control 


animals showed on avorage phagooytic index or K 
value of 10 ±2 4 after oral administration of prepy lene 


glycol and 18 ±4 4 after subcutaneous administration. 
Compared with the control values it can bo seen that 
the sulphonoraides usod, with tho nxcopt«wi o 
Bulphadiaxino, have little or no effect on ‘ 
eyrie activity of the retioulo-ondot *1 k» n^uiv 

there » no rigmflent dlBKm" 
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Tablo 1 Effect of Various Suiphonajodes on' the Phagocytic 
ACTIYTTY OF THE RETICULOENDOTHELIAL SYSTEM 

Phagocytic Index Phagocytic Index 
(K Faliie) (A value) after 

Sulphonamlde used after oral subontnneous 

administration administration 


Sulphagunnldlne 

20 ± 0 3 

Sulphamethoxypyridazlne 

19 ± 4 5 

Sulphamarnrlne 

18 ± 3 7 

Acotnrolamide 

18 ± 2 0 

Sulplianllamlde 

10 ± 5 2 

Sulpbadlmldlne 

15 ± 2 0 

Sulphatldarole 

15 ± 4 8 

PhthalylBulphathlazole 

15 ± 1 4 

Succlnyl Bulphatldazolc 

14 ± 4 0 

0-BuIphonIlamldo-2-4-dImethyd 


pyrimidine 

13 ± 1 7 

Smphapyrldlne 

13 ± 1 4 

Sulphisoxaiole 

11 ± 2 4 

Sulphadlarlne 

10 ± 1 4 


15 ± 8 I 
13 ± 2 2 
13 ± 3 G 
15 ± 4 9 

9 ± 4 r. 
10 ± 2 2 

13 ± 3 0 
15 ± 3 3 
15 ± 3 3 

14 ± 3 1 

10 ± 3 0 
13 ± 2 5 
10 ± 1 0 


Propylene glycol controls 


16 ± 2 4 18 ± 4 4 


of oral and subcutaneous administration The low 
K values for sulphadiazme and sulphisoxazole and the 
absence of toxic symptoms suggest that these tiro 
compounds are mild depressants These results re- 
semble closely those recorded for antibiotics 3 and 
suggest that the phagocytes do not play an important 
part m the action of these drugs It is more likely 
that both antibiotics and sulphonamides act directly 
on mvadmg organisms 

In the above investigations we gratefully acknow- 
ledge gifts of drugs from the Medical Directors of 
CIBA, Imperial Chemical Industries, Ltd , May and 
Baker, and financial assistance from the Central 
Research Fund of the University of London 
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Effect of Cobaltic Oxide Pellets on 
the Vitamin B ia Content of Ewes’ Milk 

Evidence that the provision of cobalt containing 
supplements to ruminants will increase the vitamin B l . 
content of their milk is conflicting Harper et al 3 
and Momuddin et al - found that cobaltized mineral 
mixtures given to ewes fed on dry rations significantly 
increased vitamin B lt levels m the milk Other 
workers®, however, have reported that supplementary 
feeding with cobalt-contammg trace element mixtures 
had no effect on the vitamin Bu content of cows’ 
milk when the animals were eithor stall-fed or grazed 
on pasture According to Shrimpton and Duckworth 4 
extra cobalt given to grazing ewes either as a drench 
or in a mineral supplement failed to increase the 
vitamin B , . content of the milk , but it seems 
doubtful whether any response would have been 
expected under the particular conditions of their 
trials 

In the work reported here a flock of pregnant ewes, 
grazing pastures marginally cobalt-deficient for lambs, 
was divided into two groups Ewes in one group 
were each given a pellet containing 90 per cent 
cobaltic oxide (described by Dewey et al 6 ) Ewes m 
the second group served as controls Lambing 
commenced 3 w r eeks later and continued for a further 
3 weeks When the lambs were approximately 
3 montlis old and averaged about 60 lb body -weight, 
and 6 weeks before weaning, milk samples were 
drawn from each group of ewes, extracted with 


cyanide*, and assayed for vitamin Bj, using Txicto- 
bacillus letchmannn 7 Rosults aro shown m Table 1 


Tabu 1 

Vitamin B,, (rgm /I ) 

Group No of Ewes 

Bongo Mean 

Cobaltic Oxide Pellets 15 4 3-19 1 10 3 

Control 1 0- 4 0 26 

The mean result for milk from pollet-troatod slieop 
is comparable with mean values found by Harper 
et al 1 for their cobalt-supplomontod groups 
Australian w orkers (O’Halloran, M W , and Skorman, 
K D , private communication) hax e also examined 
the effect of pellets on tlio vitamin Bj, content of 
milk from pasture-fed ewe3 Their results are similar 
to ours It is concluded that continuous supplies 
of cobalt given in the form of cobaltic oxide pellets to 
grazing ewes will mcroaso the vitamin Bj, content 
of the milk several-fold 

According to Gregory*, tho xitamiu B,. activity of 
milk is due almost entirely to cyanocobnlamin, a 
form biologically activo for higher animals Hence it 
is of interest to consider to w hat extent ew o’s milk will 
meet tho lamb’s requirement for tho vitamin On tho 
basis of calculations made by Smith and Loosli*, tho 
daily requirement of a 60 lb lamb for vitamin B 14 
given parontorally is about 9 pgm But for crystalline 
vitamin B,, gnen orally existing evidence suggests 
that tho dmly requirement would not bo loss than 
100 pgm *>• and could be of the order of 300 ggm * 
Lambs will drink about a litre of milk each day 10 
Thus assuming that there is no great difference in 
availability to tho nnirnnl between crystalline vitamin 
B,, and the bound form occurring m milk*, it is 
evident that milk from tho cobalt supplemented ewe 
will provide only a small fraction of tho lamb’s 
total daily requirement for vitnmin B,. 

The technical assistance of Messrs A J Poolo 
and B J Stephenson is acknow lodged 
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Effects of Carbon Tetrachloride on Kidney 
and Liver Function in the Sheep 

Carbon tetrachloride is often takon as a classical 
example of a liepatotoxm Howovor, thore is some 
suggestion 1 that its lethal effect should bo attributed 
to its action on tho kidnoys 

Five Comedale adult wethers, between 35 and 
42 kgm body-weight, were drenched with a mixture 
of 50 ml carbon tetrachloride and 100 ml liquid 
paraffin Estimations wore made of bromsulph- 
thalom clearance, p aminolnppurato synthesis from 
V ominobonzoato and plasma concentrations of bili- 
rubin and glutamate oxalacotate tranammaso as indi- 
cations of liver function, and p -aminolnppurato 
clearance and plasma concentrations of creatinine and 
urea as indications of kidnoy function Methods used 
are described elsewhere 5 
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-1 0 2 4 0 H 

Time trow drwehfo* (day*) 

Fiji 1 A**e*«nenU of llrer and kidney function In »l*«p after 
drtrvchlDC with Carbon tetrachloride Each *ymbo1 (X ®, □ 
and A) refer* to the same aheep througbouL 

Two of the sheep remained clinically normal and 
three of the sheep died one was found in extremis 
about 18 hr after drenching oue died about 24 hr 
and one 48 lir after drenching Symptoms noticed 
were progressive dullness and unwillingness t-o stand 
Death occurred within 5 lir of development of 
symptoms 

It will be seen from Fig I that 18 hr after drench 
mg there was as expected m all sheep a severe 
degree of liver dysfunction as judged by fractional 
bromsulphthalein clearance The othor tests for hvor 
function plasma glutamate oxalacctate transaminase 
plasma bilirubin concentration and p amlnohippurato 
synthesis from p euwmobcwroatw also showed ©\ \denee 
of severe liver dysfunction. The maximum changes 
were found between two and three days after drench 
ing (depending on the test) but function had returned 
virtually to normal by 14 days In none of these 
tests was there any^ correlation between the eoventv 
of the dysfunction and the appearance of symptoms 
There was also a decrease m p nmmohippnrate 
clearance 18 hr after drenching which persisted for 
the 1 4 days of the experiment In thoee sheep which 
died the p aminohippumte clearance had fallen to 
very low values before death In these sheep there 
was also a rise in plasma urea and creatinine concon 
trations before death, but little change in the im 
affected sheep 

These findings suggest that clinical symptoms and 
death were associated with almost complete cessation 
of kidney function in the presence of a severe degree 
of h\cr dysfunction A similar dogroe of liver 
dysfunction with only a modorato decree of kidney 
dysfunction was not associated with olimcal symptoms 

B P Setciikll 

Veterinary Research Station 
Qlenfield K S W 
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Cartilage Homografts in Papain-Injected 
Rabbits 

Crude papam administered mtravenoush to 
young rabbits brings about ear collapse within 24 
hours 1 * * * * * -* and there is n concomitant loss of meta 
ohromasm of the ear cartilage* A return to normal 
after a single dose occurs within a few days but can 
bo delayed for about 28 days bj the administration of 
cortisone 1 Biochemical studies have shown that 
there is release of chondromuooprotein from tlio ear 
cartilage and a reduction of chondroitm sulphate 
content in the chondromuooprotem that remains in 
the cartilage* there is also liberation mto the blood 
and urine, of a muoo polysaccharide resembling* in 
chemical and physical properties chondroitm sul 
phates A and C Cartilage homograft survival is 
held by some workers to be attributable to the muco 
polysaccharide nature of the cartilage matrix 7 * 
Hence it was of interest to test survn al of homografts 
of cartilage the matrix of which had been degraded by r 
papain, 

The papam sample used was found to produce ear 
collapse within 24 hours in each of three rabbits 
given 3 ml of a 2 per cent aqueous solution intra 
venously The ear cartilage from all three rabbits 
exhibited roetaohromaaia which was however more 
alcohol labilo than that of normal oar cartilage In 


the experiments to be described the papain effect was 
extended by administering cortisone to the recipients 
As, however cortisone has been shown to prolong 
survival of homog^afta• I# 11 lf > ia it was thought 
advisable, m order to counteract the latter property 
of cortisone, to use as hosts rabbits sensitised by skin 
homografts from the prospective cartilage donors 
(It- should be noted that these skin grafts were rejected 
by all the hosts m due course ) 

Sixteen rabbits of under 1 kgm body weight were 
used eight as donors and eight os recipients Each of 
four control recipients received a large homograft 
of ear skin 14 days later a subcutaneous implant of a 
large piece of ear cartflago from the skin donor and 
then a daily intramuscular injection of 5 mgm of 
cortisone for 28 days The experimental group was 
dealt with in sirmfar fashion with this difference 
that (a) the donor had papam induced ear collapse 
when the cartilage was taken from its car and (6) the 
recipient wni given a doee of crude papain inducing 
ear collapse after implantation of tlio cartilage 
homograft The cartilage liomografta, sought after 
three months were found to be rolled up but other 
wise unchanged raacroscopicallv in seven of the eight 
recipients In tlio remaining rabbit which was an 
experimental one, only a small hard nodule was 
recovered The recovered material was fixed m 
Bouin s fluid and embedded m paraffin Sections 
were stained by (1) hrematoxylm and ©os in (2) 
toluidin bluo and (3) tlio periodic acid Sohiff reaction 
Microscopically it was found that the fibrous nodulo 
actually contained some email pieces of cartilage 
and it is thought that in this instance infection had 
Btrpervened These cartilage remnants, and all othor 
bov on cartilago liomografta rocov cred general 1} showed 
normal histological and histo -chemical staining 


iroperties 

These findings show that cartilage homografts 
he matrix of which had been degraded by papain at 
he time of transplantation and maintained in t > ^ 
ondition for fiomo timo r thereafler 
ensitfred hosts The result* n raj 1 
nth the matrix theorv 
urvival for altlioind' 
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chande is removed by papam, the residual ehondro 
mucoprotem could 'well be sufficient to give protection 
to the graft 

I wish to express my thanks to Charles Zimmer- 
mann and Co Ltd , Perivale, Middlesex, for their 
generous donation of the papam used in these 
experiments 

M B L Craiomyle 
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Experiments imolvmg transvorse cuts mado be- 
tween an anterior and a posterior muselo coll liavo 
demonstrated two significant foatures 

(а) A transverso cut botwcon the two cells, through 
the muscle column, hypodormis and cuticlo of the 
worm, provided it does not sever the norvo cord, docs 
not dostroy the correlation botweon the pulses (Fig 3). 

(б) Cutting the norvo cord between the two colls, 
w ith oT without an extension of the cut through the 
muscle column, abolislios the correlation, and inde- 
pendent sequences of impulses are then recorded from 
the tw o cells (Fig 4) 

Correlated pulses are therefore obtained so long ns 
the nerve cord between tlio two colls is intact 

The origin of thoso depolarizing pulses and their 
relations to the membrnno potential and tension m the 
muscle fibre aro being investigated, but the results 
outlined above indicate the interesting possibilities of 
this material for nouro-physiologicnl work 

M Jarman 

Department of Zoology, 

The University , Bristol 8 


Electrical Activity in the Muscle Cells of 
Ascaris lumbricoides 

If a fresh specimen of Ascarts is oponed by a 
longitudinal incision and pinned out under 30 per cent 
sea water at 37°C , fluctuating intracellular potentials 
can be recorded, using relatively large 3p potassium 
chloride microelectrodes inserted into the swollen 
bodies of the large muscle cells 

Superimposed on tho resting potential is a sequence 
of simple or complex depolarizing spikes normally of 
magnitude less than that of the resting potential 
If concurrent recordings are made of the potentials 
m two muscle cells, one of winch is in tlio dorsal field 
and the other in the ventral, no correlation is found 
m the timing of the two sets of pulses (Fig 1) if 
recordings are taken from two cells, a few mm apart, 
m the same field, a defimto correlation between the 
two records can be seen (Fig 2) Each pulse in one 
record has its counterpart in the other. If the muscle 
cells concerned are at the same an tero -posterior level, 
but at different distances from the nerve cord, the cell 
nearer the nerve cord gives the first pulse If the cells 
are on a lme parallel to the nerve cord, tho anterior 
cell gives the first pulse 

Lkxul 
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Rg t 



5 mV 
10 mV 
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Bg 2 


Anterior 



Posterior 


] 2 mV 
] 2 mV 


Fig 3 


Anterior 



Distribution in the Mouse of Lethal and 
Sub-lethal Doses of Cottonmouth Moccasin 
Venom labelled with Iodine-131 


Though disease and death from tho bite of the 
poisonous snako is considered not unusual, and treat- 
ment has become more or less standardized, little is 
actually known about tho site of action of snake 
venom in vivo Tho value of a radioactive tag for 
studies of this Rort is evident, and tlioroforc, an 
attempt was made to label tho w liolo dried venom of 
the cottonmouth moccasin ( Ancistrodon p putcivortts) 
with lodino 131, evaluate its toxicity relative to the 
original venom preparation, and chart its distribution 
m tho mouse after injection of lethal or sublotlial 
doses 

50 pgm of whole dried venom, dissolved in physio- 
logical saline and buffered to a pH of 9, w as labelled 
by alkaline extraction of cold carbon totrachlondo to 
which sodium iodide carrier and 3 me of iodmo-131 
had been added 1 '* Tlio extraction mixture was 
relieved of excess uncombined lodido and buffor by 
dialysis against dibasic potassium phosphate (ltHilf) 
at 34 C for 48 hr The resultant radioactivity of the 
labelled protein preparation was 117 c /m /pgm 
(thm window Goiger-Mullor counter) 

Although tho lodmated dialyzed vonom was some- 
what leas toxic than wliolo venom, it was equally as 
toxic as whole vonom which had been dialyzed but 
not lodinatod (Fig 1) This loas of toxicity of snake 
venom during dialysis has already been desenbod by 
Goncalves 5 , and is attributable to tho loss of small 
molecules of toxic materials A comparison botwoon 
the toxic effects produced by tho dialyzed vonom and 
those caused by the non-hremolytic toxins which are 
separable from the whole by ammonium sulphate 
precipitation indicates that enough of tho hemorrhage- 
producing material is present in the dialyzed venom 
for it to contribute appreciably to the total effoct 
DOSE (fig/gm MOUSE) 



win, VhIIm^ 4 n 3f! ro ^P !l P Pltnvorut lenom labelled 
w *t“ iodine 131 compared with dialyzed icnom end dried whole 

rw"ctad rr °mlnI I mZ? O lM0 ,C ,lr«^ lack ’ letlinl doso (100) 

witched, minimum Jethnl doso , white, sub-letlml dose (0) 


NO 4094 


October 17, 1959 


NATURE 


1245 


>iDt*T>« rv^r» 


FIr. i. The dhtrlboUfm of vetiom labdkd with todlflfr-131 of the 
oottoomemth moecwlo (Ancitirodon p pUatvrtu) in tbo trxm*e 
'Most mice injected mtrapcntoneally with 10-20 pgm 
of iod mated -dialyzed toxin per gram of raou&o died 
within IS lir and tlio remainder, whioh appeared In 
poor condition, (lied within 3 days following treat- 
ment. This ia unlike the effect produced in the 
groups injected with tho non hieraolyiio fractions in 
which tho animals died within 24 hr or not at all 4 
Further, tho gross pathological changes produced by 
injection of tho labelled venom wore those which 
followed injection of the whole dried poison, namely, 
general i rod hemorrhage and cedema Tho abdominal 
oavity and small gut woro filled with serosanguineous 
fluid and tho urino was bloody All organs and tissues 
oxhibitod haemorrhagic ohangoe, moat large vessels 
wore thrombosed and tho heart had stopped in systole 
Tho distribution of tho laboltod venom was observed 
aftor intravenous injection of mice at 2 dose levels 
The first 15 pgm /gm , when injected into 9 20 gm 
mnlo Swiss niico causod death within 30 mm in all 
Individuals , tho Bccond 5 ggm /gm , when injected 
intravenously into 8 similar animals produced disease 
but no deaths, and within 5 lir all sliowod significant 


lung had diminished and though it had 
increased in tho heart it is difficult to 
saj whether the slight change is sig- 
nificant Tho increase in tho radio- 
activity of the central norv ous syBtom, 
interpreted in the light of tho complete 
3 absence of neurotoxic sign in the 

jg animal, is thought simply to bo due to 

on accumulation of circulating racho- 
g — iodide whioh has boon shown to localize 
a here* If this were tho case it might 

_ £ bo indicative of a peripheral site for 

I nourotoxio action It is thought that the 
- 3J— . |L concentration in the lung and possibly 
ww the heart may be associated with the 

qtn lethal effect of the venom Further 

studies now under way seem to reinforce these pro 
limmary data 

We are indebted to the Rosa Allen Reptile Institute, 
Silver Springs Florida, for tho venoms used m this 
work and to H P Hall for assistance with tbo 
technical procedures 

This investigation has been mode with the assist anoo 
of a grant from the Committee on Research Council 
on Pharmacy and Chemistry American Medical 
Association 

J F Gknnauo jux 
H W Ramsey 

Department of Anatomy 
College of Medicine, 

University of Florida, 

Gainesvillo 
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improvement Distribution of tlie radioactivity in 

pooled organ homogenates can be seen in Fig 2 Passage of Insulin Through tho Wall of the 

Boforo death the Jetbnl dose did not accumulate to Gastro-in test Inal Tract of the Infant Rat 

any great extent in the liver or spleen, organs in which 

collection or detoxification of venom might bo It is well known that protom molecules can pass 
expected to occur, evon though some radioactive through the wall of tho goetro- intestinal tract into the 
material presumably a metabolite is present in tho blood m now bom animals 1 Tho possibility, there 
kidneys at tills time Relatively largo quantities, fore, exists that hormones which might bo present in 

however were concentrated m tlio thymus and lymph milk also are absorbed by infant animals To test 

nodes (mesenteric) but most striking was tho large this hypothesis, insulin, which is ineffective when 
concentration of radioactivity in tho lung Though given per os to adult animals, was administered to 
rndioiodinatod venom was not accumulated greatly infant rats by a stomach tube Regular insulin was 
by the skeletal musculature, a considerable quantity used in a dose of 40 units/ml , 1 mL/100 gm body 
was found in tho heart Similar amounts wore also weight Rata were starved for 10-18 hours at 30° C 
found in tlio gaatro intestinal tract, especially in the environmental temperature boforo the atart of the 
colon Only very small amounts of radioisotope were experiment Control animals received an equivalent 
detected in tissues of the central nervous system dose of saline All rats were killed two hours after 

The low thyroid radioiodida level after 30 mm was insulin administration and blood glucoeo levels wore 
interpreted as indicative of the integrity of the determined by a modification of the Somogyi-Nclson 
labolled venom protein method 3 

It may bo that the different distribution of radio It is evident from Table 1 that m 2 and 8 day-old 
activity in tissues of animals which received a sub animals Insulin causes a large drop m blood glucose 
lethal dose are duo to tho detoxification and/or levels when administered per os, whereas m 21 and 
excretion of the labolled protoin in the period alter 30-day-old animals this is no longor the case This 
administration In support of this was the consider change in tho hypoglyctemio effect of insulin occurs 
ablo inoronso in these animals of what was probably at the samo postnatal period as tho change in porme 
free radioiodide (thyroid) presumably accumulating ability to antibodies 1 At tins period alkaline plioa 
as a result of tho roota bohem of the labolled venom phataso activity in the duodenum 1 and tho wboJe 
protein. That tho toxic properties of tho latter have intestine* increases and glucose absorpyojj 
been reduced at this time was omphastzod by tho raised 3 It is evident from Table I in tb « 

improved condition of tho animal and its hltimate been shown by others* tho sth U5 ' d 2, * C 

recovery Concentration of the radioactivity m tho stomach rises morrootmi} 
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Table 1 Hypoglycemic Effect of Insulin Administered by Stomach Tube and proteolytic Activity* of the Castro intestinal Tract 


Age 

W eight 

Insulin 

Blood sngar 

lc\el (mgm per rent) 

1’rotcolytlc nctlvltv 

(dnvs) 

(gm) 

(iu) 

saline 

Insulin 

stomach 

Intestine + pancreas 




(unlts)t 

(units + + +) 

o 

8 

21 

30 

4 5 

10 3 

25 2 

430 

2 

4 

10 

20 

39 3 ± 2 4 (8) 
76 0 ± 2 5 (10) 
91-0 ± 4 5 (0) 
118 0 ± 9 8 (4) 

25 1 ± 2 1 (11) 

2S 0 ± 2 5 (4) 

05 0 ± 2 4 (0) 

130-0 ± 2 2 (5) 

0-01 (C pooled) 

0-00 (0) 

0 53 ± 0 15 (7) 

1 23 ± 0 10 (0) 

0 81 (0 pooled) 

0 23 ± 0 07 (8) 

2 10 ± 0 18 (7) 

4 00 ± 0 19 (0) 


Values are civen *1- standard error of the mean Fiennes In brockets arc the numbera of animals _ > 

* Proteolytic activity In the stomnch -was determined using biuret reaction at pH 2 1 (ref 0) In the intestine and pancreas the amino-groups 
released at pa 9 2 wero determined (ref 7) 

+ 1 unit *» 1 mgrn pepsin Organofarma (1 10,000) 

t 1 unit = 1 mgnu pancrcatln Organofartna (1 100) % , . Ift . /7t Wl ,.,v 

Decrease of blood sugar lc\el after Insulin administration In 2 and 8-day-old animals arc significant (/ <11*01; 


day Tryptic activity of the intestine and pancreas 
also increases, but this increase is much less pro- 
nounced 

It was also tested whether insulin given sub- 
cutaneously to lactating rats Mould produce hypo- 
glyctemia m the sucking infant animals This could 
not be demonstrated It was found, however, that 
lactating rats are very resistant to high doses of 
regular insulin (80-120 units per rat) Seven animals 
out of seven survived such a dose while 4 non-lactatmg 
female rats succumbed within 3 hr of the injection 

It is also of interest that mfant rats aged 2 and 8 
days never had seizures when blood glucose levels 
were depressed, whereas it is reported that piglets do 
have seizures under such conditions® 


B Mosinqer 
Z Placer 
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PLANT PHYSIOLOGY 
Changes in Adenosine Di- and Tri-phosphate 
Concentrations in the Early Stages of the 
Action of of Yeast on Glucose 

In a previous communication 1 we reported attempts 
to measure the concentrations of adenosme diphos- 
phate and triphosphate m yeast fermenting or 
respiring in the presence of glucose, m the steady 
state of these processes We concluded that there 
was little difference m the concentration of adenosme 
diphosphate under anaerobic or aerobic conditions, 
while the concentration of adenosme triphosphate 
was slightly higher aerobically Propionitrilo at a 
concentration sufficient to inhibit the Pasteur effect 
had no effect aerobically on the concentration of 
either substance 

A small technical improvement has now enabled 
us to identify with greater certainty the material m 
the ion-exchange chromatographic fractions which we 
had used to estimate adenosme di- and tri-phosphates, 
and we have applied this method to follow the changes 
in concentration of these substances m the early 
stages of fermentation and respiration in yeast 

25 ml samples of a 30 per cent suspension (fresh 
weight/vol ) of bakers’ yeast in M/40 tns buffer at 
pH 6 5 were bubbled at room temperature (approx 


20°) with purified mtrogon or with a vigorous stream 
of oxygen, and glucose solutton added to givo a final 
concentration of 1 2 per cent After the appropriate 
timo, with continuous gassing, 5 ml of 50 per cont 
tricldoracotic wore added After they hod stood at 
room temporaturo for 1 hr , the suspensions woro 
centrifuged and the yeast residuo washed onco with 
20 ml of 5 per cent trichloracotic acid Tho combmcd 
extracts wero treated with 2 gm of barium ncolate, 
the pH. adjusted to 8 5, and tho precipitate romovod 
and dried 

The water-insoluble barium Balt fractions woro 
freed from barium by treatment with tho lon-ox- 
change resm ‘Amborlito (7G-120’, neutralized with 
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ammonia, and applied to a colunin of the anion 
Oxchango resin ‘Amberlito 00 400’* Tho solutions 
Used for olution from tile resin column -wore hydro 
ohlonc acid 0 01 N + BOdnun chloride 0 002 N (X), 
hydrochloric acid 0 01 N + sodium chloride 0 02 N 
(O), and hydrochloric acid 0 01 N + sodium chloride 

0 2 JV (D) ( X ) removed tho inorganic phosphate 
and much organic phosphate of a non nuoleotide 
nature which had previously interfered with the 
analysis of tho adenosine di and tri phosphates, 
(01 removed adenosine diphosphate, and (D) 
adenosine triphosphate Tho adenosine di and 
tri phosphate fractions obtained m this way gar e 
molar ratios of adonine ribose phosphorus 
olosely approximating to 1 1 2 and 1 1 3 , 
respectively 

Tho result of a typical anaerobic experiment is 
shown in Fig I, and of a typical aerobic experiment 
in Fig 2 Anaerobically, adenosine diphosphate fed 
to a minimum value after J min then rose and 
reached its final steady value after 2 min Adenosine 
triphosphate atso foil initially , then rose more slowly 
and readied its steady high valuo in about 10 min 
Aerobically, adenosine diphosphate rose to a small 
pook in 20 see , and foil slightly to a steady value 
after 40 seo Adenosine triphosphate rose steeply 
and reached He high steady value in 40 soo 

Tho final concentrations of both adonoslne di and 
tri phosphatos were practically identical, whether 
conditions wore onaorobio or aerobic (average 
adenosine diphosphate, in nitrogen 0 31 pmole/gm 
fresh weight in oxygen 0 27 nmole , adenosine 
tnphospliate, in nitrogen 1 26 pmolea, in oxygen 

1 22 (unolos) This was foimd in tliree experiments 
with three different samples of yeast though the 
steady state concentrations of both nucleotides variod 
somowhnl in the different experiments, as can be 
seen m the examples plotted in Figs 1 and 2 

In all our experiments tliore was a large increase 
in the sum of adenosine di plus tri phosphate Tho 
obvious source of this increaso would bo odenyho acid 
in the resting yeast but our previous experiments 1 
Indicated that very little adonyiio acid was present 
in the initial samples We now find that adenylic 
acid, when m the presonco of large amounts of other 
water soluble alcohol insoluble barium salts, does not 
behave normally on tho lon-oxohango column Pure 
adenylic acid is completely oluted by 0 003 N 
hydrochlorio aoid (eluent B of Cohn and Carter') but 
if odenyho acid is added to tho alcohol Insoluble 
barium salts from a sample of yeast, and tho mixture 
placed on tlie column, eluent B does not olute it 
Instead, it appears m the oluato with oluont X, 
mixod with a number of othor nuclootides which we 
havo not boon ablo to separate However the total 
quantity of tills mixture, estimated tn experiments 
with yeast such os thoso described abovo, shows a 
fall approximating to the rise in the sum of adenosine 
di and tri phosphates, so there is httlo doubt that 
the sum of adenylic aoid, adenosine di and tn 
phosphates remains, as would bo expected, roughly 
constant 

J O Laws 
L H. Stiokuind 

Dopartmont of Experimental Pathology and 
Cancer Research, 

Medical School, 

Leeds 2 

'“aiusl 0 ‘ aiSt,rUtnl L fr- dit*. Bhdtm. Bloptu 75 533 
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Response of Sequoia sepervlrens (D Don) 
Endl and Pseudotsuga menzlesll (Mlrb ) Franco 
Seedlings to Temperature 

Conttebous species show- marked differences in 
their temperature requirements for soedhng growth 
These differences are connected with not only moan 
temperature but also with responso to fluctuations in 
day, night and diurnal temperatures 

Kramer 1 , working noth Finus taeda (L ) found that 
the plants made the maximum growth when the d ay 
temperature was 12 dog 0 or 13 deg 0 higher than the 
night temperature Growth decreased os day and 
night temperatures approached equality regardless 
of the absolute level 

To determine if such diurnal temperature fluctua 
tion is required by other conifers we have grown 
redwood (Sequoia ttmptrmrtne (D Don)) end Douglas 
fir ( Pnudotsuga mmatjii (Mirb ) Franco) both from 
tho northom coast of California, under a senes of 
temperature conditions One month-old seedlings 
wore grown for an additional 6 months in the Earhart 
Plant Research Laboratory under 16 hr days of 
approximately 600 ft candles mtonmtyU Twenty 
four plants wore grown per treatment 

We have found that tho top growth of redwood 
seedlings responds significantly to day temperature 
(Fig 1) Only when day temperature was low (7 ° 0 ) 
did increased night tempomture significantly morease 
top growth Root growth is, however, leas responsive 
and is essentially not influenced over most of tho 
range of temperature used Cool nights (7 3 C ) with 
23° C day temperatures favoured root growth 
whereas oool days (7° 0) with nights of 7° C do 
pressed root growth 

In contrast to tho redwood Douglas fir from tho 
same region ahcm-s a marked optimum for top growth 
within the rango of tomporaturea studied This 
optimum was a 17° 0 day temperature (Fig 2) with 
both 7° C and 23° 0 night temperatures Root 
growth exhibited the same optimum aa well as 
better growth at a night temperature of 7° C 
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07 17 23 

Dry temperature (°C ) 

rfg 2 Average top growth per plant of PtewJoltuqa t nenzutix 
seedUngB grown tinder six different day-night temperature 
conditions 


Thus, these results show that a diurnal temperature 
variation is not required for the maximum growth of 
redwood The case is not so clear for Douglas fir, 
this plant makes optimum growth with a 10 deg C 
diurnal variation, but a diurnal variation of 16 deg. C 
inhibits growth 

The fact that redwood initially grows much faster 
than Douglas fir (Figs 1, 2) has been noted by others 
working with these species 4 

Further studies are being conducted with extended 
temperature ranges to obtain additional information 
on the relative effects of temperature of the growth 
of these and other conifers More detailed reports 
will he presented elsewhere as the individual studies 
are completed 


Hentiy Helucers 
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PLANT PATHOLOGY 


Some New Specific Bacteriophages for 
Plant Pathogenic Xanthomonas spp. 

The study of phages from the point of view of plant 
pathology has practical applications besides being of 
theoretical interest By the use of specific phages the 


detection of plant pathogenic bacteria was possible m 
infected seeds and tissues Furthermore, using phages, 
slight biological differences were demonstrated be- 
tween pathogenes otherwise hardly distinguishable 
from each other Therefore, tlio detection and isola- 
tion of new specific phages has considerable interest 
The present communication will deal -with the isolation 
of some new pliages for Xanthomonas spp 

Xanthomonas carolce (Kendrick) Dow son was first 
described as a pathogen damaging the loaves and 
mfluoresconces of carrot in Europe 3 Heavily infected 
leaves and inflorescences were ground and from tho 
ground material a bactenophago, specific for X 
carotw, was isolated On agar plates the phago for 
X carotas forms plaques of 1-2 mm in diameter Of 
the 30 Xanthornonas species tested only strains of 
X carot(E were lysed by tho phage, which indicates a 
high specificity (Table 1) 

Table 1 SPEoiPicrrr or Phages ron „Y rarolac avd Y rairoloria 


SPEoiPicrrr op Phages pon .Y rarolat and 
fhom Tomato and Ppprna 

Plmgo for 

Organism tested Y reticatorin X t eticalonn 

from tomato from pepper 


Y corefar 


A 

.V 

r 


+ 

-t* 

+ 


Ytswaiona 

(1588) from pepper — 4- 

(1500) „ - 4- 

(1603) , - + 

(501) from tomato j — 

(502) 

(503) 

(304) 

(S0C) 

(307) , 4 

(808) + 

(309) „ + 

(S10) , + 

i 4 2b „ t -h 

rarotre (No 16) — 

(No 00) _ 

(No 78) 

begomtt (A/? 10)} — 

campertns (AC 107)} — _ _ 

cilrt (407)f _ __ _ 

l's yarinrni — _ __ 

A hyannthx (\]1 101)} _ _ _ 

A mnlTncramm _ _ _ 

A pelargont ( XP 130)} _ _ _ 

A phateoli (£1388) — _ _ 

sar fmcans (£1299) _ _ _ 

A' neimeota (113)} _ _ _ 

A /temirti (449)t — _ 

Y tran'hiccns (A T 19)} _ _ _ 

A uredomVM (O 040) _ 

A rascutonim (181)} — _ _ 

* The strains 52 and S03 also dKTir In tliclr other biological properties 
from tho other strains Isolated front tomato 
Strains supplied hj 

t National Collection of Plnnt Pathogenic Bacteria, England 
} If P Starr, Enlv of California, Dn\ Is 
§ D Sntic, Instltut for Plant Protection, Beograd, Yugoslavia 

Xanthomonas vesicatona (Doidgo) Dowson is a 
pathogen of tomato and popper {Capsicum annum) 
widespread in Hungary 2 Hitherto tlio bacteria isola- 
ted from the diseased tomato and poppor plants havo 
been regarded as a uniform species Only a reeont 
study by Sutic 4 revealed the differences between tho 
pathogens concerned By the use of specific phages 
wo also wore successful m proving the differences 
between the two bacteria isolated from tomato and 
pepper 

The phage isolated from infected tomato fruits 
lysed exclusively the bacteria deriving from tomato, 
without affecting the pathogens of poppor Tlio clear 
plaques formed by this phage are 1 f>-2 mm m 
diameter 

Similarly, strongly infected pepper leaves contained 
another phage which lysed only the pathogens 
deriving from popper The bacteria isolated from 
tomatoes wero resistant to it ThiB phago formed 
P nn' je f J? f Varym S diameter ( 1-3 mm ) 
airamstTn & ™ as3oyod for eventual infoctmty 

m ° f th “° f r ° ved 
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The conclusion con ho drawn that all the three 
phogos exhibit a high degree of spocificity The lost 
two make it possible to detect variants within the 
X vt&icatona species 

It has thus been demonstrated that tho species 
X vtsicatona is not roaTly uniform, that is, tho pntho 
gon isolated from tho tomato plant is nob identical 
•with that occurring on pepper Tho work carried out 
with tho two epecifio phages justifies the conclusion of 
Burkholder and Li 1 and Sutlo*, based on slight bio 
chemical differences, as to tho different nature of 
pathogens damaging tomato and popper 

Further studios on tho biological properties and 
mutual relations of various pathogens belonging to 
X vtsteatona group will be published elsewhere 

Z Kurrmror 


Research Institute for Plant Protection, 
Budapest. 


« DntkbOHer II W and Ii, 0 a rkrtopeth., 31 763 (1911) 
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ANIMAL PATHOLOGY 

Urinary p-Glucuronidase Activity in Patients 
with Bone Fractures 


■3 
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Fig 1 Dilljr etertUcm of fr-ghjcuronldiM In patient* after fracture* 
or the leu or alter major operatloaa 

lho averaii* raloe lor normal »ubjecti W — - — with twice 

the standard deflation — — — — — 

O patients with fractures x potient* si ter a major operation 


Duiuno on investigation into the urinary 0 
gluouronldoso activity of patients with cancer of the 
bladder a substantial number of controls was invest! 
gated These controls were grouped into normal 
adults and patients with pathological conditions other 
than cancer of tho bladder Among them was a group 
in hospital with fractures of bone 

24 hr specimens of unno were collected and the 
method of estimating the 0 glucuronidase activity was 
a slight modification of that used by Boyland, Gasson 
end Williams 1 Tho results wore expressed as units of 
activity per ml of urmo and from this was calculated 
the enzyme excretion per day Results from tho 
following groups of patients are summarised In Table 1 
Group 1 Normal control subjects 
Group 2 A ‘miscellaneous’ group of patients 
excluding those with gernto unnarj diaaases 

Group 3 Patients who within the past eight days 
had undergone minor surgery 

Group 4 Patients who within the previous eight 
days had undergone major surgery in which some 
trauma and subsequent repair might be expected 
Group 6 Patients who within the previous fourteen 
days had Buffered bone fractures 

In thoso fi\ o groups only those results wore included 
in which tho pH of the urine was within normal limits 


and the patient was not pyrexial during the unno 
collection 

The results indicated that the urinary 0 gluouronl 
dose notivity was significantly raised after major 
operations This is m accord with the observation* 
that the urinary enzyrao activity Is increased immedi 
otely after operations On the other hand, minor 
operations did not result in any such elevation In tho 
group of patients with fractures the urinary 0 
gluouromdoso activity was also significantly increased 

This fraoturo group mcluded eighteen patients with 
fractured lower limbs and only four with fractured 
arras It is interesting, though not statistical! v sign! 
fleant, that in these four, although senous enough to be 
kept in hospital, tho onrymo activity was not increased 
to the level of those with fractured logs Pig 1 
demonstrates that m lower limb fractures, the urinary 
0 glucuronidase reached a peak 0-0 days after the 
accident and then fell 

The apparent relationship between the height of the 
§ -glucuronidase activity and the degree of trauma and 
subsequent repair may be more than coincidental and 
is being investigated more fully It ia possible that this 
activity may be associated not only with hydrolysis 
of ohondroltm* but also with active formation of now 
bono 


Table i Utisiix B-OMJCuxoinD i»e Actttjtt 


Group 

n 

g-tlamroctidase 

* ctl rj ly—nal U/ml. 
of urine 



mean 

Sjy 

S.E of 
mean 

1 Hormal Subjects 

t3 

1-05 

0-55 

0-000 

I *MHce5UDeo<» dlaeava 

65 

116 

o-ea 

0-034 

3 After minor tuner/ 

20 

1 10 

0-30 

0*M 

4 After major surgery 

13 

87* 

1-00 

0-1 M 

0 Altar bone fracture* 

17 

2*5 

1*4 

0-230 


*i* teat against p-tlocuremldste *4* U*t MAjnt 

normal subjects actlrlt/ — ooJU/da/ norm*! »nbjeet* 



P 

mean 

8J> 

SJ! of 
mean 

t 

P 

— 

— 

1405 

803 

100 

— 


0-82 

betsreeu 
0-6 and 0-4 

1710 

1017 

141 

1-40 

between 
0-2 and 0-3 

0-08 

between 

0-4 and 0-3 

1523 

580 

127 

0-51 

0-« 

8*8 

let* than 
0*1 

3534 

1760 

400 

5 37 

k*i than 
o-oi 

0 14 

leas than 
0-01 

2000 

IT 10 

SO 

4-4* 

ool 
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This work was supported by a British Empire 
Cancer Campaign Grant We wish to thank Prof G 
Gordon Lennon, University Department of Obstetrics 
and Gynaecology, Southmead Hospital, for prolusion of 
laboratory space and we would particularly hke to 
thank Dr G Herdan for help with the statistical 
analysis 

F J W Lewis 
Constance H J Plaice 
Department of Pathology, 

Southmead Hospital, 

Westbury-on-Trym, 

Bristol 
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Production of an Agglutinating Auto- 
Antibody (Panagglutinin) Active upon 
Tanned Erythrocytes in the Rabbit 

P Levine et al 1 demonstrated the positive immune 
response of the rabbit to the injection of tanned 
helero- or Mo-erythrocytes coated with P — reactive 
material obtained from liydatiform cysts This 
response is rapid and vigorous, contrasting woth the 
slow or negative result when the same material was 
injected by other routes, even with the use of 
adjuvants 

We used this technique for tho introduction of 
several soluble antigens into the rabbit, especially 
human gamma-globulin plasma fraction and thyro- 
globulin obtained from fresh human thyroids 2 The 
results collected to date show that the intravenous 
injection m a rabbit, of iso-specific tanned erythro- 
cytes coated with the desired antigen often leads 
quickly to a very spectacular immune responses For 
example, the production of specific anti -human 
globulin by tins method was found to bo tho most 
satisfactory of all the methods m our experience 
Blood was obtained from the ear vein of a group of 
three ‘donors’ (Nos 16—17) The erythrocytes were, 
washed three times in phosphate m phosphate- 


Tablo 1 RFunuTi7ATioK Study op tiu Rabbit Srncii Ty III* 

Serum neutralized 

Original ecnim with humnn gamma- 
globulin 

Test cells 2 4 8 1G 32 2 4 8 10 3 13 


Rh posltlsc ) Normal — — — — — — — — — — 

humnn red ) Sensitized (3)t (4) (5) (5) (&)— — — — — 

fells J 

Tanned nuto-erythro- 

cytc3 coated with (2) (2) (4) (4) (4) (2) (3) (2) (1) — 

human y globulin 
Tanned auto crythro 

cytcs (3) (3) (2) (1) - (3) (2) (2) + - 

* Ono part o[ the scrum was neutralized with one part of 0 4 per cent 
human gamma globulin 
t (3) ~ + + +, (4) - + + + +, etc 


buffered saline at pH 7 2, resuspended to a concentra- 
tion of 4 per cent, mixed with ono volume of a 
1/20,000 tannic acid solution in buffered saline, 
shaken gently at room tempernturo for 10 minutes, 
v ashed once and re-suspended to a concentration of 
2 per cent in physiological buffer to which 1 per cont 
of normal rabbit sorum had boon added Ono voluino 
of this suspension was mixed with one \olumo of a 
0 4 per cent soluhon of human gamma globulin and 
allowed to stand for 30 minutes The erythrocytes 
coated with human y-globulin wero then washed free 
from any oxcess of y globulin nnd readjusted to a 
concentration of 2 per cent in physiological buffer 
containing 1 per cent normal rabbit sorum 

A group of three rabbits wore injected intra- 
venously, twice weekly, with 2 ml of this suspension 
After four injections (on tho fourteenth day of 
immunization) tho titro of tho agglutinin was well 
above 1/2,000 against rabbit crj throcytos coated with 
Y-globulm and against human Rh-positno sensitized 
cells 

After twelve intrnvonous injections of the samo 
material (that is, at tho end of the sixth week), tho 
sera of nil threo rabbits exhibited prozones and 
reached an anti-globulin agglutination litre above 
1/10,000 In addition, tho three rabbits had developed 
specific iso agglutinins ngainst blood groups present 
m somo of the ‘donors’ and absent on tlioir own 
erythrocytes 

Finally, ono of tho rabbits ( T -j III) had developed 
an agglutinin active on nil tanned red cells of tho 


Tablo 2 Absorption Study or Tnc Rabbit Sebum Ty Til i * 


Absorltcd with Ab“orl cd with Absorbed with 

TJnabsorbcJ Y-globulln coated jiooled normal tanned auto- Antlbodj tested 

Test cells erythrocytes lso-crythrocytcs crvthrocj tes (Trill) 

(No 10 and No 17) 

2 4 8 16 32 2 4 8 1G 32 2 4 8 10 32 2 4 8 10 32 


Normal — — — — — — — — — — — — — — — — — — — — 

Rh positive 

human red colls Scnsltlzcdt (3)i (4) (5) (5) (5) - - - - - (3) (4) (4) (4) (4) (3) (4) (4) (4) (4) 

Normal Iso-erythrocytes(No 10) (2) + ± — — (2) + ± — — ± — - - — (3) (2) + — — 

(No 17) (4) (2) (2) ± - (4) (2) (2) + T ± - - - - (3) (2) (2) ± - 

(No 15) - -- -- -- -- _ __________ 

Normal auto-crvtlirocy tes 

(Trill) 


Anti human 
P -globulin 


Iso-nntlbody 


Tanned Iso-erythrocytes (No 16) (4) (3) + + _ (4) (3) -f _ 

(No 17) (5) (4) (4) (2) + (4) (4) (4) (2) ± 

(No 15) (3) (3) (3) + - (4) (4) (3) + - 

Tanned auto-evthro- 

cytes (Tr TH) (3) (3) + ± ± - (3) (3) + ± + - 

Tanned auto-erythrocytes 

coated with human y globulin (4) (4) (4) (4) (4) (3) (2) + -f — 


(4) (4) (2) + - ± - - - - • 

(4) (4) (3) + ± (2) + - - - 

(4) (4) (3) + - ± _ -3;- _ 

(4) (3) + ± _ ± _ _ _ _ 

J 

(4) (4) (4) (4) (4) (4) (4) (4) (4) (4) 


‘Auto-nntlbodj 

ngnfiwt 

tanned 

erythrocytes 


Anti human 
r-glohulln 


* Absorption was performed with 1 vol of packed cells for 3 vol of scrum, at 37° C for 20 minutes 

t Rh positive human red cells of genotype CBe/CDs were sensitized by 5 volumes of very potent anti C + D and washed six times In buffered saline 

T (o) «* *r 1 r> W TTTTi 
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rabbit, including auto-erythrooytcs, up to a litre of 
1/10 — 1/32 Neutralisation with human gamma 
globulin showed that tho auto antibody was indo 
pendent (Table 1) 

Suitable absorption experiments (Table 2) with 
erythrocytes coated with human gamma globulin 
with heterospecifio erythrocytes, and with tanned 
auto -erythrocytes eventually showed that tlireo 
distinct and independent antibodies wore present m 
this particular scrum {Ty HI) (1) a high titro anti 
human y globulin, (2) an iso ngglutimn native on a 
rabbit blood group antigen, (3) an auto agglutinin 
(pan agglutinin) active on tanned rabbit erythrocytes 

A curious phenomenon may be observed when the 
serum has been absorbed with tanned nuto-erythro 
cytes (Tablo 2) tannic acid appears to destroy or 
inhibit the agglutination of ieo erythrocytes No 16 
and No 17 bv the iso antibody, although it apparently 
had no efifoct on their antigenicity, as shown by the 
iso-immune responso in rabbit Ty III into which they 
were injected 

P O Hutunont 
P Ghysdael 
0 Thyb 

Laborntoiro d'lmmunohdmatologio, 

Faculty do M^docme et do Pharmnoie 

University Libro de Bruxollea, 

Bruxolloe, 1 

‘Levine P H ol r*x SawjwUfi 3 4*4(1058) 

1 Thjrt, 0 *tid Iluhlnaot 1 O (nnpaUWied) 

BIOLOGY 

Endogenous Rhythms of Body Temperature 
in Hibernating Bats 

Enboocnoub rhytlims of notmty with periods 
close to 24 hr haw been described previously in the 
two most common bate of the north eastern United 
States Myotis luct/ugws and Eptemcus /uncus 1 * • 
Rawson lias shown that this periodic activity persists 
for at least several woohs under conditions of constant 
darkness and tempo mture Folk 4 has suggested that 
tho endogenous dock” may control tho tuning of the 
periodic oronsats of bata during their winter hibema 
tion 

Recent experiments m this laboratory ha\ o domon 
strated that the endogenous clock of both Myoixa 
luci/ugua and Eptcaicua fusctis continues to function, 
with a period m tho neighbourhood of 24 hr while the 
animals are m hibernation in constant dorknoes and at 
various constant ambiont tomporaturee of 3°-10°C 

Bate wore taken from on abandoned mine m 
Hibonua New Jersey , in which they were hibernating 
and kept wath drinking water but no food, in on 
ordinary refrigerator at about 6°0 Under those 
conditions, they returned qiuokly to hibernation. 
For tho experiments the bate wore remox ed from the 
refrigerator, their foot were held in a felt lined damp, 
a rectal thermocouple -was inserted, and they were 
placed in a moist chamber Tho moist chamber was 
them placed in a precision temperature -controlled 
cabinet in constant darkness A sensitive Brown 
recording potentiometer (full scales 00 jtY ) 'was used 
to record the difference between the bat’s rectal 
temperature and that of a reference junction in tho mr 
of the moist chamber Tho tomperature of tho moist 
chamber was also monitored independently on another 
channel 

Figs 1 and 2 Bhow the kinds of rhythmic fluctua 
tions In body temperature obtained from bats in 
conatant darkness and at constant ambient tempera 
turos of 8° to 10°O The bat the record of which is 



FIr 1 Continuous rrrord of tho rectal temperature of a female 
MtfotU lucifufUM in constant darimeaa and at an ambient temper 
■ turn or 10*0 The height of the tomperature record above the 
boA3 line Ib a measure of the difference In temperature between the 
bat and Ita environment Sueeeedve dijra are plotted under each 
other 


shown in Fig I was collected on October 7 and tho 
experiment began on October 16 As is shown m 
FLg 1, its body temperature nexor rises more than 1° 
above the ambient and there are sevoral distinct 
features of the curvo which recur with somowhat 
different periods The bats, the records of which are 
shown in Fig 2 were collected on January 28 and 
placed m tho experimental apparatus on February 3 
and 0 The extreme sensitivity of the recording 
potontiometer did not permit following the body 
tomperature further than 1} cleg aboxo ambient 
temperature However, measurements mode with a 
potentiometer of lower sensitivity on other bats indi 
cate that whon the body temporaturo rises quickly 
and smoothly as in Fig 2 A and on 6 of tho day’s 
shown in Fig 2B, a body temperature rise of at least 
16°C and more often 20 o -~25°C is indicated The 
differences m form and amplitude between tho 
temperature record shown m Fig 1 and thoso shown 
in Fig 2 A and B seem to be dependent on tho length 
of time tho animals have been in hibernation and not 
on tho box or species Autumn animals (thoso 
collected soon after entering hibernation in tho 
autumn) always show temperature records similar to 
Fig 1, whereas winter bats, which haxo been in 
hibernation a month or more, show records similar to 
thoso in Fig 2 It is possible to obtain records 
similar to those of autumn animals bv arousing a bat 
m February, keeping it m ft warm room feeding it for 
Box’oml weeks, and then measuring its body tempera 


ore after returning it to hibernation 0 f 

A consistent feature of tho temiwnture ^ miriK . 
'inter bats (such ns those m I’U? „ n <*fhor 
ays the temperature olexatfon 
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Fig 2. Oxygen uptake during germination of heated spores of 
li coagulant vnr Uiermoacidurant 
"Warburg flasks contained 20 uM glucose and spores (equivalent 
to 10 mgm. of dry weight) suspended In 2 ml of Af/40 phosphate 
buffer (pH V 0) 

phosphate dehydrogenase are present in the spores 
Details of these results obtained will bo published 
elsewhere The work was supported by a grant from 
■* the Ministry of Education, for which we wish to 
express our gratitude Wo also express our thanks to 
Dr Z John Ordal, University of Illinois, for his 
generosity m supplying the strain and some chemicals 
used in this study 

MlKIO Amatta 
Tomoko Naxahara 
Department of Agricultural Chemistry, 

University of Tokyo 
June 27 
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Antibiotic Production as a Function of Spore 
Formation in Bacillus llchenlformis 

Elaboration of antibiotics by postlog-phase cells 
of several different micro -organisms has been em- 
phasized recently Conditions required for optimum 
production of penicillin,' synnematm, 2 chlortetra- 
cycline,' erythromycin, 4 streptomycin, 6 and neo- 
mycin 4 all provide for a fast growth period followed 
by a period of fermentation involving slow growth 
or no growth at all 

Durmg an investigation on the biosynthesis of 
bacitracin by Bacillus hchenrformts, we observed that 
the antibiotic is produced only after growth on 
glucose is complete A microscopic examination of 
the culture during the tune of appearance of the 
antibiotic indicated active spore formation, and 


prompted a more intensive investigation of this 
observation Bacitracin is produced only undor 
cultural conditions that support spore formation 
Sporulation and antibiotic release can be inhibited 
by several different methods designed to provont a 
rise m pH above 6 5, for examplo, glucoso addition, 
buffer regulation, or intermittent titration Baci- 
tracin is not produced when sporulation is completely 
inhibited with ethyl malonato, whereas vogotativo 
cell growth and pH aro not affected Production of 
this polypeptide seems to bo related in somo way to 
the spore-forming metabolism of B hchcniformw 

A spore suspension of B hchcmformis. A- 5, was 
germinated by overnight incubation in a water-bath 
shaker m a modified medium of Hills cl al 7 This 
medium contains per litre glucoso, 3 6 gm , am- 
monium lactate, 5 35 gm , citric acid, 312 0 mgm , 
crystalline magnesium sulphate, 1 0 gm , ferrous 
ammonium sulphato, 25 0 mgm , crystalline mag- 
nesium sulphate, 0 0 mgm , sodium chloride, 400 0 
mgm , potassium chloride, 400 0 mgm , and ortho- 
phosphoric acid, 450 0 mgm , Tlio pH of tho salts mix- 
ture was adjusted to 7 4 with potassium hydroxide 
and sterilized independently from tho carbohydrate 
Growth of tho colls and antibiotic production wore 
observed in tho same medium when an 8 per cont 
inoculum of tho germinated spore culture nos used 
Conditions for fast growth and slow fermentation, 
considered optimum for tho production of other 
antibiotics, aro provided by this medium Fig 1 
shows tho time courso of growth, pH change, baci- 
tracin production, and sporo formation Initially, 
growth at tho oxpenso of glucoso is rapid, with tho 
concomitant formation of acid Tho pH drops, but 
rises after the glucoso has been oxhausted, usually 
7 hr after inoculation After this time, tho colls 
begin to utilize lactic acid, and growth progresses at a 
much slowor rate Bacitracin production is first 
observed at 8 hr , and its release into tho medium 
continues for about 20 hr Sporulation begins in 
about 10 hr , with tho first free spores appearing 
after 20 hr , and sporulation is essentially complete 
m 36 hr The medium of Hills cl al 7 contains much 
higher concentration of glucose and ammonium ions, 
and provides for erratic and incomplete sporulation, 
even after 7 days 

Strange and his coworkers » — »» and Grconborg and 
Halvorson" isolated and characterized several en- 
zymes from sporulatmg cultures of Bacillus sp Tho 
activity of these enzymes is directed toward cell 
walls and seems to be responsible for the roleaso of 
polypeptides into the medium It is interesting that 
the composition of bacitracin mcludes four D-araino- 
acids and e-aspartyl-lysino residue, found m tho cell 



Fie 1 Production of bacitracin and spores by B hchtmfarmit 
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avails of aevoral laotobacflh, Acitnotnyces bovta, and 
probably in Bacillus aphaertcua > J 

The possibility exists, therefore, that this poly- 
peptide antibiotic is part of tho coll wall of B Ixchcnx 
fortms and is released by the activity of a lytic 
enzyme produced by the coll as part of its spore 
forming metabolism 

This work was supported by a fellowship to one of 
ns (R W B ) from the Life Insurance Medical 
Research Fund 

Robert W Bernlohr 
Q D Novelet 

Biology Division, 

Oak Ridgo National Laboratory,* 

Oak Ridgo, Tenneesoo 
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Glass Micro-Electrodes for Measuring 
Intracellular Activities of Sodium 
and Potassium 

Recently, Eisenmon, Rudin and Cosby 1 reported 
on the preparation of cation-eensitivo glasses and 
indicated their potential usefulness ai electrodes for 
biological Btudies Fnedman et al x • adapted euoh 
el oc t rod os for measuring contmuously the plasma 
sodium of a rabbit and dog Caldwell* demonstrated 
that pH glass olectrodos can be constructed on a 
microscale for measuring intracellular pH The 
present report concerns construction of micro 
oloctrodes for intracellular measurement of sodium 
and potassium activities 



Cation sensitive glasses wore supplied bj Fnodmot 
and bohavod similarly to Eisonman’s NAS lt _ lt 
(sodium seleetivo) and NAS tt -» (potassium soleetivoj 
glass Fig 1 illustrates tho dosign of tho micro 
electrodes Note that a glass to glass seal was made 
betwoon tho L—I and NAS^-n glass This simplified 
its construction and produced a vory durablo and 
stablo olectrode Since NASn~ t did not fuse to L~I, 
the glasses wore sealed with dental wax as shown 
Tho trapped air prevented, shorting betwoon the 
inside and outside solutions when the lower wax 
seal broke down No insulation other than the lead 
glass jaokot was required The exposod tip of cation 
sensitive glass was 20uxl50p with a I-4p wall 
thickness Conventional micro -olectrodos HIlcxJ with 
2N ammonium chlondo were used as reference 
electrodes Potential recordings were made with a 
‘Vibron’ eloctrometer modol 33 B (Electronic In 
strumonts Limited, Richmond, Sarroj, Lngland) 
since the glass electrode resistance rfufged bctiN^Z! 
10 t# and 10 11 ohms t 

Ovor the biological oloctrolyte range the nod mm 
electrode boluu od according to the empirical 
equation* 

RT 

E**E° + In (aKa+im — K«K) 

F 

whore E, measured omf , E°, standard potential , 
R, ideal gas equation constant T, temperature 
(absolute) F, Faraday constant , an* and 
activity of soditnn and potassium ions ; k$tK 
empirical constant for a given glass composition 
^unc© I'NaK^O 005 the equation could bo simplified 
to 


RT 

E*=E*-\ In aNa 

F 

with no appreciable error as long as pH was not lees 
than 6 5 and ok not greater than 0 16 The potassium 
el oo trod o varied but could be calibrated dndj to fit 
a curve : w 

E=B*+b In (OE +^KNa aNa) " f 

whore si= slope or mV per unit log change 3* 
was 3-0 mV loss than tho expected 68 mV at 20 
E * also varied by ±3-6 mV but A'KK'a (0 1 
remained relatively stable 

Musolo oells from tho propodite of crab and lobst< 

( Carcinua mccnus and Romania vulgana) were ohoso» 
because of thoir eizo (2 00-6 00 pi diameter) The 
preparation consisted of a row of intact fibres mounted 
vertically in a bath containing (inAf/1 ) sodium, 01* 
potassium 12 0 , calcium, 118, magnesium, 23 6 
bicarbonate, 2 0 , chlorine, 004* Tho glass electrodes! 
wore manipulated so as to pierce tho membrane at an I 
acute angle and guided along the fibre axis until thoj 
sensitive tip was about IOOjjl from the punoturo site 
The membrane potential ■was measured, betwoon an 
internal and external ammonium chloride filled 
capillary micro-elootrode The internal capillary 
was usod as reference electrode in measuring the 
cation activity For a chemical chock carpopodite 
muscles kept under similar experimental conditions 
were annlvBod for total sodium and potassium 
content by flame photomotry Shaw’s method di 
dissection was followed 1 The intaot muscle was then 
allowed to equilibrate for 1 hr In tho artificial bathing' 
solution, before It was rinsed for 1 min in iso-osmotio 


Cable 1 summanroe tho n c 1 1 vi 1 1 os oalpula ted fro r 
preparations (3 of the crab and 3 of the lobster 
h tho potassium olectrodos used tho lastr 
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Table 1 


INTRACELLULAR ACTIVITIES OF SODIUM AND POTASSIUM 
of Muscle Cells 

Range of 

Membrane Activity 

potential 
(Camnus mccnus) 

30-55 mV <z\ a =0 0135±0 OOOS 

(Homans vulaans) 

30- 40 mV av 4 =0 010±0 001 

31- 30 mV Ki.fl=0 012 ±0 0004 

31-62 mV /<7K =0 0S4±0 0015 

\(7Na = 0 015 

Table 2. Total Concentrations of sodium and Potassium 
Muscle under sntrLAR conditions as in Tault- 1 


No of 
Cells 


20 


10 

10 

12 


OF 


No of [Na+]±,S.N 

muscles moles/kgm H 1 0 

{Cardnus mccnus) 
12 0 051G ±0 0033 

< Homans mtlgans) 
0 0 055 ±0 0043 


[K+] ±SE 
moles/kgm H,0 


0 1GO±0 0025 
0 153 ±0 0020 

Values were accepted from cells if the mom bran o 
potential was higher than 30 mV The standard 
errors are given to indicate the small variation from 
cell to cell despite the wide range of membrnno 
potentials The sodium activity is virtually the same 
_ in— --t -ib -'and lobster muscle Comparison with tho 
concentrations per litre of tissue nater (Tablo 2) 
shows that concentration of sodium is at least three 
times greater than the measured activity of sodium, 
and concentration of potassium is twice as great as 
activity of potassium 

The experiments are of a preliminary kind and 
will have to be repoated under different experimental 
conditions and on other material Nevertheless, 
they show the practicability of using these glass 
electrodes on a micro scale and of measuring activities 
of sodium and potassium m tlio interior of tho cell 
' JAM Henke* 

Department of Biophysics, -J — 

University College, London, W C 1 


* Fellow of tho American Fife Insurance Medical Research Fund 
Present Address Tho Laboratory, Citadel 11111, Plymouth 
1 Etsemnan, G . Rudin, D O , Casbv, J U , Science, 126, 831 (1057) 

* Friedman 8 M , Jamieson J D , Hlnkc, J A 11, Friedman, C I< , 
' Proc hoc Exp Hint anil Med , 99, 727 (1058) 

* Frieman, S M , Jamieson, J D , Ilinke, JAM, Friedman, C L , 

Amer J Physiol , 196, 1049 (1959) 

* Caldwell, PC ,J Physiol , 142, 22 (1958) 

‘ Elsenmac, G , Rudin, D O , Cosby, J U , United States Patent 
Offlca '2,829 090 

VP, Katz, B , J Physiol , 120, 171 (1053) 
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Production of a Perfect Stage in a 
nationally Deficient Mutant of Pathogenic 
Fusarlum oxysporum after Ultra-violet 
Irradiation 


The genus Fuaarium has 10 sections, many of 
Inch have a sexual stage, belonging to such Asco* 
ete genera as Ncclna, Calonectria, Hypomyccs 
<i Chbberella Fusanum oxysporum, the form 
jpecies of the section Elegans, is a widely distributed 
•oil-bome fungus that causes wilt mmany economically 
r iportant crops It has no known perfect analogue, 
a though it can achieve genetic variation through 
, icexual methods of recombination 1 ’ : 
i nDuring experimental production by ultra-violet 
adiation of nutritionally deficient mutants in the 
a wilt fungus, Fusanum oxysporum f pisi, many 
Terent wild -typo isolates of its physiological races 
c v0 been genetically marked in this laboratory 
any such mutants retain then wild -typo mor- 
(ology, but others are considerably altered, usually 
'oduemg more spores per amount of mycelium and, 
ss frequently, spores of different shape from the 
lid-type 

One of many isolates that* have been repeatedly 
<1 for artificial inoculation tests was irradiated m 
lober 1954 and found to he deficient in its methio- 
i6 and argmino synthesis. In June 1966, further 


irradiation of this mutant resulted m additional 
deficiencies m eystmo and vitamin Bj synthesis. 
It can grow only si only on non-supplcmonted agar 
media 

Tins isolate, together with many other mutant 
strains, was used extensively in gonotical work, 
which entailed repeated sub culturing from smglo 
spores, both on a ‘minimal’ and ‘comploto’ ngar 
modium ! It retained its capacity to wult peas 
tliroughout several experiments and readily formed 
heterokaryons with other marked strains of F 
oxysporum f pisi It would not, howovor, form stablo 
lietoi oknryons with isolates of Fusanum eolam f pisi, 
a soil-borne fungus that causes foot-rot in pens 
Since March I960, all tho mutant strains ha\o been 
retained by sub culturing ovory 3 months on ‘com- 
plete’ medium 

In Into 1950 tho mutant strain produced a few 
bright red vciy small penthccia, which remained 
immature and blind, with no discormblo asc> In 
tho summor of 1957 tho penthccia wero again examined 
but still showed no sign of nseus development After 
repoated examinations of tho cultures, maturo 
porithecia wero finally seen m February 1959, when 
nscospores wore obsorved m tho abundant oxtruded 
asci 

After tentatively identifying the isolnto as a 
Hypomyccs sp , it was sent to tho Common-wealth 
Mycological Institute, Kow, whoro Mr C Booth 
kindly identified it as Ncclna ( Hypomyccs ) hacma- 
tococca Berk and Br This fungus, well Jcnown in tho 
tropics, whoro it can damage citrus, cocoa and othor 
crops, lias not previously been rocorded in this 
country Tho porithecial w all is coarsely cellular and 
tho asci are oxtruded from a short ostiolar nook 
Each ascus contains eight two-colled hynhno ascospores 
which have longitudinal strite A fuller account of 
tho taxonomic features will bo published olsowherc 

Both micro -manipulated smglo ascospores and single 
Fusanum stage comdia readily produce cultures 
with porithecia and Fusanum comdia Tho Fusanum , 
which is morphologically indistingiushnblo from 
Fusanum oxysporum f pisi and from tho parent 
un-irradiated colonies, causes typical wilt of pea, 
wuth symptoms indistinguishable from thoso caused 
by all previous paiont colonies during tho post 
5 years Penthocia occur on tho fungus that has 
been re-isolated from tbe reddened vascular tracts of 
the wilted plants Thero can, theroforo, be little 
doubt that this homothalhc Ncclna is the porfect 
stago of this particular wilt-inducing Fusanum 
isolate Because of its peculiar mode of origin, it 
cannot yot bo considered the perfect analogue of 
other members of the Fusanum section Elcgans 
Whether it arose as a direct result of ultra-violet 
irradiation or camo indirectly from the altered 
nutritional needs of the mutant is an open question, 
but it may be that the gonotic mechanism governing 
peritliecial formation m this particular isolate w r as 
unmasked by irradiation damago to nuclear material 
that previously suppressed tho formation of porithecia 
Further work on tho ability of this particular isolate 
to hybridize with wild-type isolates of pathogenic 
F oxyspomm should show whether it represents a 
more general perfect analoguo of tho wilt-causmc 
Fusaria 


E W Buxton 

Rothamsted Experimental Station, 

Harpenden, Herts 


1 Buxton, E W , J Gen Microbiol , 16, 133 (1956) 
* Pontocorvo, G , Adcanc. Genet , 6, 141 (1953) 
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ORGANIZATION OF SCIENTIFIC AND TECHNOLOGICAL RESEARCH 

IN BRITAIN 


I N tho oloction manifesto of tho Conservative Party 
released on September 11 it was stated that, os 
v the first of five measures to promote technological 
( ad\ unco In Britain and to translate this into pro 
duotive capacity with a high and rising rate of 
investment, ono Cabinet Minister would be given 
* the took of promoting scientific and technological 
dovolopmont “Whilo it would bo wrong to concern 
trale all Government scientific work into a ernglo 
Ministry tins Minister for Scionco will lia\ e reopens 
lbihty for tho Department of Scientific and Industrial 
Research, the Medical and Agricultural Research 
Counolla, tho Nature Conservancy, tho atomic onergj 
programme, and the United Kingdom contribution 
to spaoe research” Tho manifesto* added that the 
dovolopmont of nuoloar onorgy for peoooful purposes 
would bo pressed ahead, a conference colled for those 
concerned in industry and education to forward tho 
spread and understanding of automation, whilo 
besides onoouroging now inventions and tho develop 
ment of now teclmiquos, further ohangoa would bo 
mode from timo to time in the functions of Ministers 
os might ho necessary to meet modem needs 

Tine omphasis on the importance of science in the 
national wo I faro and tho nood to adapt administration 
to onsuro that due account is taken of soientifio and 
technological advance, wua followod on Soptembor 17 
by a special statement from the Labour Party entitled 
“A Now Deal for Scionco” This statement proposed 
tho appointment os ‘‘Minister of Scienoe” of a senior 
Minister with general responsibility for scientific 
affaire and the authority to porfoct and carry out 
by and through tho -various Ministries concerned a 
carefully planned programme to uso modem science 
to the full This programme would include a further 
expansion of scientific and technological oducation, 
more soientifio training in the school 8, and con 
sequently more science teachers a substantial in 
crease m the number of research and development 
contracts and Government grants to individual firms 
for approved, long term research projects , and the 
establishment under tho Minister of a soientifio and 
technical planning board to ndviso on tho dirootion 
of industrial research and do\ olopmont, on the awards 
of research contracts and on tho grants to indrv idual 
firms 

Both major political parties of Brit am liavo thus 
committed themselves to some modification of tho 
organixation of research and dovolopmont in the 
country, and of tho means by which scientific and 
technical advice is presented at the highest, levol 
Neither statement gave sufficient information to 
allow a sound judgment os to which is tho more 
promising proposal, but now that Mr Macmillan has 
boon returned to power he has lost no timo in making 
the promised appointment The Cabinet ohangos 
announced on Ootober 14 included tho appointment 
of Lord HaOshara os Lord Privy Seal with the general 


duty of promoting scientific and technological adv once 
in consultation with the departmental Ministers No 
Ministry of Soienoe is to be created indeed, it is 
pertmont to observe that Lord Hmlaham gave last 
April a reasoned argument against tho practicability 
of any such appointment, and it is dear that Ministers 
will retain oxecutive responsibility for scientific 
matters within their own departments and that no 
attempt will be made to limit tho freedom and 
initiative of universities or industry in determining 
tho content of soientifio education or the direction of 
research 

Lord Hnilalinm who relinquishes tho diairmanship 
of the Conservativ o Tarty, takes with him from the 
Lord Presidency of tho Council ministerial rospons 
lbihty for the work of the Department of Soientifio 
and Industrial Researoh, the Medical Research 
Council, the Agricultural Research Council and tho 
Nature Conservancy this constitutor a definite 
break with the structure built up m the past forty yoars 
and more He will also assume responsibility for tho 
work of the Atomio Energy Authority, tho Atomic 
Energy Office the Overseas Research Counoil and 
sdporvimon of the British contribution to space 
research At a Press conference on October 14, Lord 
Hnilsham mdicatod that his task would bo to do 
some fundamental thinking on tho relations botween 
Government and science, and lie stressed his anxiety 
to do nothing to interfere with tho independence of 
the Government financed soientifio bodies Esson 
tially ho confirmed the views he expressed last April 
to tho Institution of Chomical Engineers, and inch 
oatod that the appointment was only like!} to show 
results after a long period and that its terms were not 
such as could easily Ixj pat down on paper 

It is thus unlikely that Lord Hailnham'e appoint 
ment contributes anything material at tho momont 
to the formal organixation of tho scientific effort of 
Great Britain either m research and dovolopmont or 
in. other fields Lord Huilsham’s addresses to tho 
Institution of Chomical Engineers and tho Institute 
of Physics last year showed how well aworo he is of 
the dependence of our soientifio and technical effort 
not merely on the resources allocated for such work, 
but also on oducation and tho interlocking of prob 
lems of application with tlioso of defence ns well as of 
industry Equally ho rocogmres that if educational 
and scientific institutions aro to function officientlj, 
they must retain complete integrity, and accordingly 
a high degree of independence His conception of a 
scientific pohoy — and presumably m this lie includes 
technological pohoy — ib of a partnership in which 
Government, teaching institutions, research institu 
tions and industry all play important and inter 
related porta It could well be that Lord Hadsham 
was so looted for his new office because ho has public!} 
stressed the neod for a more intelligent understanding 
of the forces at work and has indicated that ho was 


1256 


NATURE 


October 24 , 1959 


VOL. 184 


already thinking deeply about the relations between 
Government and science 

There can be little doubt that Lord Hailsliam 
intends to consider whether the new arrangements 
are adequate, and whether they can be improved , 
but there seems httle reason to fear that now adminis- 
trative arrangements will be created without duo 
forethought and consultation, or new policies con- 
certed and applied unimaginatively or without duo 
regard to the essential conditions for scientific work 
It may be expected that Lord Hailsham’s inquiries 
and thinki ng will lead to the elimination of some 
of the duplication of effort that can be found, 
though it is improbable that he will fail to recog- 
nize that there are occasions when such duplication 
is an advantage and an asset rather than waste 
What is important is that Lord Hailsham appears to 
be bringing to his task tho breadth of vision, the 
imagination and something of the understanding of 
the mind of the scientist that are essential foi success 

■What is more important, perhaps, is that Lord 
Hailsham himself recognizes that tho task of Mmistoi 
of Science or for Science is inherently impossible for 
any one man to discharge , and he is hkoly to look 
rather for the administrative arrangements which 
may best permit the Government as a whole to take 
f ull account of the scientific and technical factors 
involved in its decisions on policy, and to ensure 
an adequate and balanced apportionment of our 
resources m man-power, m finance and in materials 
for scientifio and teclmical work generally If also 
he examines the question whether, as has been 
alleged, the authority of scientists m the key Depart- 
ments of State is really being dangerously eroded, ho 
will have done as much as can fairly be expected of 
any one man 

The statement, “The First Minister for Science”, 
which Lord Hailsham has since issued (see p 12G3) of 
this issue of Nature) confirms all this He emphasizes 
the need for other Ministers m the Government to be 
scientifically minded if his work is not to bo incom- 
plete, and he stresses again that his appointmont 
should impel scientists themselves to take a share m 
thought about scientific policy Such a pohey, he 
reiterates, cannot be the product of Government 
thinking alone 

Several specific points m this statement should 
also bo noted Lord Hailsham believes that Govern- 
ment science, and perhaps all British soience, is at 
present too parochially minded, too departmentalized 
and lacking in broad vision He believes also that 
the Advisory Council on Scientific Policy holds the 
key to the situation, and announces his intention of 
relying more upon this Advisory Council for general 
advice on questions of scientific policy With this wel- 
come indication that the Advisory Council's authority 
is to be restored comes the admission at last that tho 
office of the Lord President of the Council has been 
under-staffed, and the warm welcome which scientists 
generally will extend to the whole tenure of Lord 
Hailsham’s statement will be accompanied by greater 
confidence in that he is now likely to enjoy the 
services of a larger and more flexible office staff Lord 


Hailsham 's efforts to tacklo such questions as tho 
genoral balance of scientific offort, to forgo closer ties 
between Government lesearch stations and institutes 
and the universities, and to foster alike applied 
research and increased benefactions for universities 
and colleges, will carry tho groator conviotion in this 
context, and it should also assist to enlist tho support 
of scientists and technologists gonorally, for which 
ho pleads 

Above all, it is important that Lord Hailsham’s 
appointmont should bo regarded as a cliallongo to 
scientists and technologists gonorally to think deoply 
about tho issues displayed in this statomont, many 
of which w'ere sot forth earlier by Lord Hailsliam 
and Sir Hugh Beaver m thoir addresses to tho 
Institution of Chomical Engineers It should not bo 
forgotten that, houevor admirably an administrative 
structure may bo dovised and established, its effective- 
ness will always largoly depend on tho men who use 
it Apart, too, from tho porennml tomptation to 
look for rapid political rotums rather than tho long- 
term gains which a sound scientific policy would 
offer, tho ponotration of scionco into tho more back- 
ward industries and into some Dopartmonts of State 
is a matter both of education and of personal influence 
Personalities again may play a vital part, especially 
wlion it is a matter of securing co-oporation 

It is accordingly worth while to look carefully at 
the w r ay previous arrangomonts have functioned 
boforo deciding on further changes Valuablo clues 
may well bo found ns to tho essential conditions, and 
ev on in tho context of the new responsibilities which 
Mr Macmillan lias entrusted to tho offico of Lord 
Privy Seal, Lord Hailsham will not find it easy to 
give hotter services to scionco tlian ha\ e boon 
rendered by some of his predecessors as Lord President 
of tho Council, notably Lord Balfour and Lord 
Waverley Tho late Sir Walter Morloy Flotclior has 
written of Lord Balfour’s dcop interest m tho work 
of tho Medical Research Council, tho chairmanship 
of which ho retained when ho becamo Lord President 
m spito of tho anomaly Lord Balfour wus no loss 
m to rested, however, in tho work of tho Department 
of Scientific and Industrial Research, and sought 
stronuously to increase effective contact between 
scientists themselves and also betweon them and tho 
administrative dopartmonts, promoting for this pur- 
pose the establishment of tho Committeo of Civil 
Research, tho counterpart of tho Committeo of 
Imperial Defenco 

Besides tho testimony of members of tlioso Councils 
and Committoes to the oncouragomont and inspiration 
derived from tho oxporionco of encountering a states- 
man who possessed both the powoi to help research 
and the imagination to understand its value to tho 
State, there is on record tho furtlior services to scionco 
which Lord Balfour rendered at tho Imperial 
Conference of 1926 Balfour said at the timo 
that he rogarded tho work of tho Resoarch Sub- 
committee of the latter Conference, over which he 
presided, as only second in importance to that of tho 
Committee on Inter-Imperial Relations, and in its 
proposals for co-ordmatmg research ho sought to 
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forge now cultural links between all parte of the 
Commonwealth, through the departments and mdi 
\ idualB engaged m scientific work m ovory field The 
recently formed Overseas Research Council owes 
something to tho foundations thus laid, and it might 
well lx? worth re-examining tho circumstances which 
hnvo held back for a generation such a promising start 

If there is thus on record how much can bo aduoved 
by a Minister with vision and imaginative under 
standing of tlie needs of tho sciontlst, there it also 
testimony to the value of a Cabinet Minister himself 
trained as a scientist Such tribute has been paid m 
regard to both Sir Stafford Crippa and Lord Waverley, 
notably in regard to the latter by Earl Attlee and 
alto hy Lord Winstor, who during the Second World 
War had been given responsibility as a Cabinet Mm 
inter for the promotion of eoienco and was for a time 
a member of the Cabinet’s scientific advisory com 
rruttoo (out of nhloh tho Advisory Counoll for Scientific 
PoLioy later developed) when Lord Wavorley was 
Lord President of the Council Lord Hailaham 
lunieolf has stressed tho authority winch Lord 
Wavorley could derive in scientific matters from 
being ablo to speak ns a scionco graduate Lord 
Bridges lias testified to tho outstanding quality of 
Lord Wavorloy’s work oa Lord President of tho 
Council, not only to lus capacity for understanding 
and sound judgment, but also to the way in which 
he worked so far ns possible through departmental 
staffs without building up any largo organization of 
hi* own, and also to tho importance of the complete 
confidence which existed between tho Lord President 
and the Primo Minister 

Lord Bridges, in lus Royal Society memoir, referred 
particularly to Lord Wavorley ’s services to science 
both while he was Lord President during 1940-43 
and afterwards, particularly in what might be called 
the scientific administration of the development of 
nuclear energy It is too early yet to expect tho 
critical biography of lord Wavorley which might 
illuminate those arrangements more fully, but it is 
important that they should bo examined as fully as 
possible in tho light thoy could throw on the kind 
of arrangements which are destrablo to dav They 
suggest., for ox ample, that any constructive thinking 
should include a careful appraisal of the functioning 
of both the Advisory Council for Scientific Policy 
and the Research Defence Policy Committee 

Even this cursory review indicates the critical 
importance of personal factors, and there is a furtlier 
reason for looking closely into this aspoot The late 
Sir Henry Tizard, who has claims to be considered 
as a military sciontifio genius, was very successful in 
hia joint chairmanship of tho Advisory Council for 
Scientific Policy and the Research Defence Policy Com 
rmttoo during 1946-62 Nevertheless, in spite of the 
conspicuous services he had rendered ovon before the 
Second World War in developing defence research 
policy and later m encouraging the development of 
operational research, m 1942 ho suddenly resigned 
from most of his official appointments to beoomo 
president of Magdalen College, Oxford 8fr Henry 
was one of tho easiest of oolloaguce, so any adminls 


trot! ve structure which led to suoh a decision is tpso 
facto suspect Incidentally, in their Romanes and 
Haldane Memorial Lectures respectively, both Lord 
Waverley and Sir Henry Tizard have recorded con 
bi derod opinions and constructive proposals for pro 
vidmg tho Government with more authoritative 
guidance m technical matters 

It may bo hoped that Lord Birkenhead s official 
biography of Lord Cherwell will m due course throw 
some light on these matters Sir George Thomson m 
his Royal Society memoir refers briefly to tho exist 
once of conflicts of opinion between Cherwell and 
Tizard which wore well known m the scientific world 
but no light is thrown on this by Sir Rov Harrod’s 
more recent personal memoir, “The Prof ** He does, 
however, indicate another aspect of some interest in 
considering the functions of a Minister of Scionoe 
It is tho personal relations between Lord Cherwell 
and Sir Winston Churchill, first oa First Lord of the 
Admiralty and later os Prime Minister rather than 
Lord Ch Orwell’s own subsequent position in the 
Cabinet as Paymaster General that are of primary 
interest Lord Cherw ell was ablo to render his great 
contribution to the national war effort, because of the 
extent to which he possessed Mr Churchill b con 
fidenco and understanding 

What Sir Roy Horrod writes of this relationship 
will bear pondering Whore such confidence and 
understanding can bo established, from what over 
beginning, the outcome may well bo as effective for 
the promotion of sol once and teohnology os when the 
Cabinet Minister ooncemod has himself been trained 
in scionoe It might possibly be a waato of scaroo 
and highly trained man power, even if it wore 
possible, to provide every Cabinet Minister carrying 
departmental responsibilities involving higlil} tech 
meal and scientific matters or research with a sciontifio 
adviser of Ohevwell’B quality for his personal aasistant 
The results in any event would depend alike on tho 
quality of that adviser s mind and on the personality 
of the Minister, ns well as on the intimacy of the 
relations between him and his adv iser but it should 
bo cloar enough that it is not sufficient for scientific 
and technical advice to be presented at one point 
alone The effective formulation of polioy where 
science and technology are concerned will como when 
such factors are accurately assessed, not by one 
Minister only, but all the Ministers ooncemod 
There could well be found here tho reason win, tlio 
single handed efforts of Lord Balfour a generation 
ago and the advocacy of such men bb Lord Samuel 
have hitherto failed of full fruition. For that reason 
alono tho functioning of the advisory committee 
compared with that of tho personal assistant or 
advisor requires further examination. Moreover, in 
Sir Roy Horrod’B memoir of Lord Chorwoll tho 
emphasis is on the contribution which Lord Cherwell 
and his statistical section made to quantitative 
thinking about tho conduct of the War, and Sir 
George Thomson’s memoir appears to confirm that 
this was the most important characteristic of Lord 
Cherwell’s contribution This again suggest* tIult 
there is something to bo learned from tho fun on mg 
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of this section and the work of the Central Statistical 
Office established in 1941 

There can be no doubt as to the immensity of the 
task which Lord Hadeham has undertaken, and the 
diversity of problems he will need to consider Now 
that he has divested himself of his party political 
responsibilities as chairman of the Conservative 
party, ho appears to be as good a choice as could 
have been made His experience as Lord President 
of the Council has already given him a closo insight 
into some of the problems involved and his speeches 
have shown both that he is thinking deeply about 
the real issues and that he is averso to hasty and 
unilateral decisions 

If it should be reiterated that Lord Hailsliam’s 
appomtment represents no essentially new departure, 
smular positions having been occupiod by Lord 
Balfour more than thirty years ago and by Lord 
Wrnster and possibly Lord Waverloy m the Second 
World War, the scale and range of problems now 
confronting him cannot be compared with those 
presented to any predecessor m peace-time Ho will 
doubtless examine the functioning of the Advisory 
Council for Scientific Policy and its interrelations 
with the Defence Research Policy Committee, as well 
as the specific problems and relations of the several 
research councils and organizations for which he is 
specifically responsible Thoro is the question of 
departmental research as against centralized research, 
for example, under the Council for Scientific and 
Industrial Research Thoro is a whole range of 
problems presented by the industrial research 
associations and the stimulation of researoh and its 
exploitation in industry Thero is the matter of tlio 
balance of our research effort generally and the place 
of the universities and the independent research 
institutions and the resources at thoir disposal and 
the way m which Government policy can best 
strengthen such resources without infringing acad- 
emic or professional autonomy There are problems 
which will lead Lord Hadsliam into the educational 
field, as when he considers our resources in scientific 
and technical man-power and their expansion, as well 
as their most effective deployment 

Nor are all these problems sharply separated 
The support, for example, which the Department of 
Industrial and Scientific Research already givos to 
the universities, both by way of grants to individuals 
for postgraduate study and to university depart- 
ments m support of specific research projects, already 
takes it within the orbit of the University Grants 
Committee, and this holds m varying degree for the 
other research councils also It is arguable that 
nowhere below the level of the Prime Minis ter him- 
self can all the responsibilities mvolved rest m one 
man, if indeed the task is not too immense for any 
person to discharge it alone There, of course, we 
touch the question of Cabmet responsibility, but 
without entering on any such discussion it might be 
observed that the Cherwell-Churchill relation seems 
at least to support the view that a Minister who 
carried general responsibility for scientific (and pre- 
sumably also technological) matters might be able to 
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give the Cabmet sufficient dotailod advico to 
clarify and facilitate decisions either in the Cabmet 
or by the Prime Munster himself Lord Hailsham is 
obviously approaching those questions without pre- 
conceived ideas as to wliothor changes aro required 
in our present arrangements, and if so, what, clinngos 
for the botter are possible, and ho lias at his disposal 
much valuablo evidence not moroly from Lord 
Waverloy, Lord Bridges and Sir Honry Tizard, but 
also from others hko Lord Hankoy, Lord Ismay and 
Sir Honry Dale Wliato\ er the administrative 
structure may bo, thoro is ono ossontial condition if 
it is to function smoothly effective measures must 
be taken to eliminate or bridge tho gap botw'eon 
what Sir Cliarles Snow r has described so vividly ns 
tho two cultures Tho offoctivo uso of science and 
technology for tho public wolfuro and in tho affairs 
of State will not lie onsurod by establishing a Ministry 
of Soionco or appoint mg a special Minister It wull 
be secured m tho measure, and only in that moasuro, 
m which Ministers and administrators, tho Depart- 
ments of Stato, tho public corporations, industry and 
the public generally aro aw aro of tho conditions and 
nature of scientific work, understand m some degree 
what science is doing and aro propnrod to provido 
the nocessary support 


THE PRINCIPLES AND PRACTICE 
OF CROP PROTECTION 


The Scientific Principles of Crop Protection 
By Hubert Martin Fourth edition Pp vm + 359 (Lon 
don Edward Arnold (Publishers), Ltd , 1959 ) 05s not 
Advances in Pest Control Research 
Vol 2 Edited by R L Motcalfo, Pp vh+420 
(Now York Intcrscionco Publishers, Inc , London 
Intorscienco Publishers, Ltd , 1958 ) 94s 

Recognition of Diseases and Pests of Farm Crops 
By Ernst Gram, Prosper Bovien and Chr, Stapel 
(Danish Agricultural Information and Advisory 
Aids Service) Pp 128 + 112 colour plates (Cam- 
bridge W Heffor and Sons, Ltd , 1958 ) 35s not 

The Control of Pests and Diseases in Agricultural 
and Horticultural Crops 

By G L Hey and K Marshall (Agricultural and 
Horticultural Students Series ) Pp 172 (London 
Vinton and Co , Ltd , 1958 ) 12s Gd net 


T O say that, nuclear wars apart, tho greatest 
problem of the future will bo to feed tho rapidly 
increasing human population is none the loss truo for 
being trite Happily there is no noed to think it is 
insoluble Average crop yiolds aro so low that, the 
scope for improvement is enormous, and starvation 
can be avoided for a long time simply by improving 
the health of crops Over much of tho world most 
crops are left to fend for themselves, unaided m their 
struggle with pests and diseases What annual toll 
these predators take cannot be estimated at all 
accurately but there is httle doubt that human beings 
will havo at least twice as much to eat when they stop 
sharing then crops with pests and diseasos 

an l h< 0 fou ^ b ? oks ll8ted above differ greatly m content 
and immediate purposo, but all have the same ultimate 
aim of increasing yields by protecting plants against 
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thoir peeta and diseases They make it clear that 
many of the losses now suffered axe legitimately 
dcecnbod os avoidable in the sense that they could 
bo avoided by applying existing knowledge more 
widely, but it is also clear tliat much new knowledge 
will be needed before all losses oome into this cate 
gory Botween thorn the books also show how 
complex and varied are the problems entailed in 
improving the health of crops First, there are the 
research problems, diagnosis of the cause, the biologi- 
cal study of the pest or pathogen to find where it 
comes from, how it spreads and whether there is a 
stage m its Ufo history at which it is especially open 
to attack, and this to be followed by teste of peftti 
oi dee, of variations in cultural practices or of seem 
ingly resistant varieties Seoondly, when research has 
produced a control method, there still remains what is 
often the more difficult task of getting it established 
in practice, and oven with this aclnevod the position 
must bo closely watched to ensure that the method 
remains effective and lias no undesirable aide effeota 
“The Scientifio Principles of Crop Protection” is 
one of the few books that attempt to oover the whole 
subject, nnd a now odition was long over-due, for 
most of the insecticides currently used have been 
discovered since tho third odition was published m 
1040 The title has boon changed to tho extent that 
‘plant protection* has becomo ‘crop protection’, but 
the presentation and approach are as before Tho 
now edition might have been evon more welcome had 
the changes been greater, for it is now more difficult 
than twonty years ago to contain the subject in a 
single* volume and some parts get scant attention con 
sidering thoir recent growth "Whether the ports 
briefly mentioned should liavo boon omitted in favour 
of more detail on those in whioh the author is most 
authoritative, however, is a moot point, for in these 
days of increasingly narrow specialization it la 
certainly refreshing to find someone willing to look 
at the subjeot broadly, even though the looks in somo 
directions may be only glances 
Review journals ore necessarily complements to 
standard texts They are better able to koep up with 
advances m the subject and they provide opportum 
ties for specialists to present detail inappropriate m a 
general book The oight articles in volume 2 of 
‘‘Advances in Pest Control Research” cover a wide 
ran go of subjects and some authors have undoubtedly 
made full use of tho opportunity to be detailed Here 
tho contents can only be indicated by summarizing 
the titles and naming tho authors fluid kmetioe of 
sprays (R V Fraser 106 pp ), toxicity of fungicides 
(SEA McCall an and L I? Mfllor, 28 pp ), seed and 
soil treatments with insecticides (H T Reynolds, 
48 pp ), the ubo of isotopes to measure spray residues 
(0 T Redeman and R W Meiklo, 24 pp ), wool 
digestion and moth proofing (D F "Watorhouse, 
60 pp ) the relation of ohemical structure to herbicide 
activity (R L Wain, 44 pp ) ohemical structure and 
activity of DDT analogues (R Riemsohnoider 44 
pp ), the spread of resistance to insecticides in pests 
(A W A Brown, 04 pp ) It is to tho credit of tho 
authors that roost haw accepted the editor’s mvita 
tion to ovnluato their subjects critically and havo not 
simply summanzod published work 

The othor two books are for the grower of crops 
rather than the research worker “Recognition of 
Diseases and Posts of Farm Crops” is a most welcome 
and moat unusual book Tho text consists simply of 
captions to the 113 magnificent colour plates contain 
ing more than 700 beautiful wntor colour paintings 


by I Fredoriksen and E Olsen The sole purpose 
is to aid diagnosis, which the book will do permanently 
and everywhere, and methods for controlling the 
pests and diseases so accurately portrayed are 
deliberately omitted because they often change and 
may differ m different countries The book by G L 
Hey and K. Marshall complements the work of art 
from Denmark and oontraste strikingly with it It is 
most valuable for its succinct recommendations 
for controlling speoifio pests and diseases, is least 
satisfactory for diagnosis, and its pictures are neither 
beautiful nor very helpful With both books, the 
farmer or gardener is well equipped to avoid much loss, 
and it is no mean testimonial to the achievements of 
plant pathologists that growers now havo reliable 
mothoas to control so many pests and diseases 

F C Bawukn 


FREE RADICALS 


Free Radicals as Studied by Electron Spin Resonance 
By Dr D J E Ingram Pp ix+274 (London 
Butterwortha Scientifio Publications , Now York 
Aoademio Press, Ino , 1968 ) 60s 0 60 dollars 

Free Radicals 

An Introduction By A. F Trotman Dickenson 
(Methuen s Monographs on Chemical Subjects ) Pp 
viii-|-142 (London Methuen and Co , Ltd , Now 
York John Wiley and Sons, Inc , 1969 ) 12s Gd not 

M OST free atoms are associated with one or more 
unpaired electrons, and tho formation of oom 
pounds generally involves the complete pairing of 
such electrons m molecular orbitals Nevertheless 
many molecules, of widoly varying dogrees of struc 
tural complexity, havo a single unpaired electron 
Theeo bodies, known as monoradicals, cotnpriso the 
moat important group of freo radicals and it is 
with them that tho greater part of both of theeo books 
is concerned 


Tho unpaired electron confers two important 
properties on tho monoradical In tho flint piaco tho 
eloctron spin is associated with a magnetic moment, 
which may align iteolf in ono of two wavs with respect 
to an applied magnetic fiold Transitions botwoon 
tho energy levels corresponding with those two align 
monte con bo made to fall conveniently in the micro 
wave region, giving tho phenomenon known as 
electron spin resonance The transition will bo 
associated with hyperfino structure resulting from 
tho interaction of the electron spin with tho \ anous 
nuoloar spins if any in tho radical This h yporfi.no 
structure may then bo used to ‘locate’ tho electron 
within tho moloculo, and hence to obtain Information 
about tho orbital, and about the structure of the 
molooulo In tho second piaco, the preecnco of an 
impaired spin within a moloculo makes it more 
reactive, and froo radicals often play important parts 
In chemical reactions, since their reactions can pro- 
vide convenient paths by which the final products 
may be produced most easily Dr Ingram’s book 
is concerned with tho first of thoso aspects of froo 
radical behaviour and Dr Trotman Dickcrmon's 
with the second, in particular with the olemontary 
reactions of froo radicals, while avoiding chain reac 


ons and oxidation processes 

The overlap between tho books is very small, and 
is a pity that they havo offoctlvoly the somo tltlo 
[fionng only in subtitlo In both c asos 
•e excellent, and may be recommended too 
i the field of freo radicals 
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Dr Ingiam’s woik falls into two mam sections, 
the first being concerned with the techniques of 
electron resonance, and with those parts of the theoret- 
ical background necessary for the interpretation of 
the spectra of free radicals The ‘experimental’ part 
will be a most valuable guide to those contemplating 
work m this field, to man}' of whom microwave 
methods will be unfamdiar The various types of 
spectrometer are clearly explained, and their relative 
merits discussed the appendix, dealing with sources 
of equipment, is a worthwhde addition A pleasing 
account of the sources of hyperfine structure follows 
The rest of the book is a sectionalized review, with 
useful explanations, of w ork up to the present Thoro 
are chapters on stable free radicals (mostly fairly 
elaborate organic molecules or ions), on ‘trapped’ 
radicals produced by irradiation of solids or materials 
m glasses, and on the radicals formed m the course 
of polymerization and of pyrolysis (of solids) All 
are interesting, and suggest future applications Dr 
Ingram’s field defines itself well without the rather 
odd definition of a free radical which ho gives (p 2), 
m which reference is made to ‘normal chemical 
bonding’ , all free radicals are hold together by 
normal chemical bonding 

The book by Trotman-Dickenson is, m effect, an 
extended and intelligently written roview covering a 
field of chemistry with a much longer history Tt is 
of great value m so far as it ignores tlio artificial 
boundaries which appear to have arisen in chomistry, 
and because of its systematized account and assess- 
ment of a very large amount of material It is not 
the author’s fault if tho available matter for some of 
the sections is inconclusive The book will pro\o 
useful to those connected in any w ay with this 
amorphous field 

Both books attempt short treatments of ‘biradicals’, 
from very different points of view Tins topic holds 
much for the future T M Suodek 


THE IMPORTANCE OF NEW 
DETECTORS 

V 

Cerenkov Radiation and Its Applications 

By Dr J V Jelley Pp x + 304 (London and Now 

York Pergamon Press, 1958 ) 65s net 

I T is seldom that the first book to appear on any 
topic is so thorough as this work by Dr Jelley 
The treatment of the largely new subject of Cerenkov 
radiation is very complete in its scope and the many 
workers m the field, whether they are engaged in 
fundamental studies of this form of radiation or in 
some relatn ely straightforward application of a tool 
based on the phenomenon, owe a debt of gratitude 
to the author for this comprehensive study Those 
who heard the evening discourse by Academician 
Tamm at Geneva m 1958 were given a clear picture 
of the rather intriguing history of the subject and the 
relatively sudden introduction of practical dotectors, 
based on the Cerenkov effect, seemed the more sur- 
prising 

Jelley has gleaned his material from many rather 
scattered sources and presented it here in a well- 
integrated form The rather extensive theory is well 
supported by his clear expositions of the experimental 
work m the field and m this he shows the skill of one 
who has personally made considerable contributions 
to the subject The author makes it obvious that 
the subject is likely to produce more surprises m the 
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future and those interested will find much to stimulate 
their thought m this volume Many fruitful researches 
can be expected m this field and Jelley himself 
indicates some of these Modem physics perhaps 
owes its rapid progress moro to the introduction of 
novel detectors than to any other successes Wo 
need but mention tho Geiger and proportional 
counters, tho Wilson cloud-chambor, tho nuclear 
emulsion-plate, tho scintillation counter, the Cerenkov 
detector and tho bubble chamber to realizo tho 
fundamental nature of tho contribution that stems 
from the study and perfection of these devices 
Moreover, thou value extends to many fields beyond 
that of puro physics 

The volumo can bo vory highly commended as a 
most readable, careful and thoroughly up-to date 
account of tho subject 

THE VERY COLD WORLD 

Experimental Techniques in Low-Temperature 
Physics 

By Guy Kendall White (Monographs on tho Physics 
and Chemistry of Materials ) Pp % in +328 (Oxford 
Clarendon Press , London Oxford University 
Press, 1959 ) 45a net 

A BOUT a quarter of a conturv ago, all Iow- 
temporaturo physicists (and thorc were not 
many of them) knew each other, and picked each 
others’ brains fairly regularly, so that the dissemina- 
tion of cryogenic techniques was rnpid and satisfac- 
tory To-day, however, when every veil equipped 
physics laboratory lias or should have its cryogenic 
facility, tho older method of communication is no 
longer adequate Many physicists all oier the 
world now v nnt to bo nblo to liandlo crj ogonic liquids 
safoly and efficiently , hence the timely appearanco 
of this useful book on cryogenics, tho first for nearly 
twenty years and tho first m the English language 
A wholly satisfactory book on techniques is a 
difficult thing to achieve, probably because a tech- 
nique is part of a craft and tho communication of a 
craft is not easily dono by the printed word In 
spite of this difficulty, here is a book which xv ill be 
of very great assistance to now hands at tho low- 
temperaturo game, and of not inconsiderable \ aluo to 
tho old hands as veil An especially good feature is 
the ‘feel’ it gives for cryogenic plijsies, which mil 
bo appreciated by its practitioners 

There are faults, of courso Tho book strays too 
frequently into theory No one is seriously going 
to read this book to find out how electron spins align 
themselves m an external magnetic field, or to study 
tho formal derivation of tho absolute thermodynamic 
scale of temperatures But there are excellent 
chapters on heat exchangers and their calculation, on 
mechanical thermal contact, and on thermometrv 
The important methods of cryostat temperature 
control are well described, although it would have 
been valuable to have mcluded some of tho electronic 
circuit diagrams with magnitudes of quantities to 
give any desired sensitivity of control 

The chapter on vacuum techniques, soldoring and 
seahng is good so far as it goes, but there is no mention 
of how to make a soft soldered jomt that (a) will be 
mechanically strong, (6) will novor leak, and (c) can 
be non-destruotively unsoldered Further, there is 
no mention of leak -hunting, that grimmest of pursuits, 
or of real or virtual leaks, or indeed of whether or 
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not the author personally believes in such things 
as low temperature leaks Tho diagrams of actual 
apparatus aro often, too schematlo to be of groat uso » 
for example, the transfer tube end valvo on pages 
53 and 55, of the design of both of wlucli X dls 
approve There is a mention of the uao of spon 
tanoous oscillations ns a means of liquid lovol 
indication, but no description of this odd phenomenon 
nor any warning of its often annoying and occasion 
all} horrifying effects 

All of those are, however, mmor criticisms Tho 
hook contains a mass of useful cryogcruo information 
Generally it gives highly commendable critical 
comparisons of various experimental methods such 
as those used in calonmetrj, and for the first tune 
collects really valuable critical data on cniissivitics 
and on total thermal conduction and expansion 
coefficients between room temperature and 1° K. 

J F Allen 

A BIOCHEMIST’S GUIDE TO THE 
NERVOUS SYSTEM 

Biochemistry and the Central Nervous System 
By Prof Henry MoIIwnm Second edition Pi) 
vh+288 (London J and A- Churchill Lta , 
1050) 45 a 

I T ih a considerable achievement for Prof MoUwam 
to have producod a second edition of his book 
(ahead} translated into Spanish and Japanese) m 
such a relatively short timo Tho need for a new 
edition is some indication of tho rapid increase in our 
knowledge of the biochomiertr} of tho nervous system 
to which the author and his colleagues at tho Maudslov 
Hospital have mado valuable contributions 

Tlie layout of this book follows tho previous pattern 
though there havo boon extensive revisions and 
additions There is, for examplo a new chapter, 
which is very much to the point, on the relation of 
tho brain to the bodv ns a whole, and tho section on 
brain lipids has boon considerably modifiod in tho 
1 igh t of recent observ otions Knowledge of the mota 
holism and functions of proto ms in tlie brain is still 
eomowlmt limited, but until Table 0 on the chemical 
nature and diversity of brain proteins con be extondod 
it is likely that progress on this particular aspect will 
be slow I was again impressed by details givon 
about tho rates of chomicnl reactions in brain and 
their relation to tlie speed of cerebral processes 
information whioh is becoming more valuable as It 
booomos more oxtonmvo 

Much iisoful information is summarized in diagrams 
and tables (Fig 34 and Table 28 are instances of this) 
It is perhaps significant that one of tho column 
headings in Tables 8 and 9 has been oliangod from 
acid labilo phosphate of adonosine triplioepliate ’ to 
4 acid labile phosphate of purmo nucleotides" in the 
second edition, thus indicating that tho free nuclootldo 
content of cerebral tissues is more complox than had 
previously boon indicated, 

Tho chapter on chemical faotors in nervous trans 
mission is an extremely ahlo r6«um6 of a mass of 
information, and some indication of the speed at which 
this subject is developing can bo deduced from tho 
fact tliat references to tho possible rote of y ammo 
butyrlo acid as a pharmacological!} active agent are 
all datod 1055 or later Biochemical aspects of tho 
notion of depressants nnd excitants rocoivo their duo 
and m view of tlie current multiplication of drugs this 


summary is of some considerable value Perhaps the 
one surprising omission in the book ts an appraisal 
of tho extonsivo work of Geiger and his colleagues on 
tho metabolism of the isolated perfused brain m situ 
E lsowhore tho author of this volume has remarked, 

‘ Until tho central problems of neurocliomistrv have 
boon successfully tackled and wo eoe more clearly how 
the nerv ous system utilizes its largo energy supply m 
non ous transmission and in maintaining the system 
in a state of readiness to react, and how the brain is 
moulded to an animal ’a experience chemical aspects 
of most of the neurological sciences — and above all 
material approaches to nervous mental and emotional 
diseases — remain ns omprrical as was organic chemis 
try before tho advent of structural fonnulrc If 
tliis book pro mo tee further studies on this intriguing 
but complox subject then we shall all have been well 
served Indeed, it can bo recommonded to anyono 
who wishes to loam something of tlie biochemical pro 
cesses underlying nervous activity and tho relov once 
of tlioeo processes to a study of mental diseases A 
comprehensiv o bibliography at tho end of each ohap 
ter and for a book of its size, a monumental index 
mako it an extremolv u soful handbook in a flold where 
suitable handmaidens are hard to come by 

G B An8ell 


FAUNA OF NETHERLANDS 
NEW GUINEA 

The Animal World of Netherlands New Guinea 
By Dr L D Brongersmn Pp 71 (Groningen 
J B Wolfcors, 1958 ) n p 

T HE island of Now Guinea remains little known 
to the majority even to-day, and its fauna has 
received little attention through television or in 
popular published work It is ono of the remaining 
major areas m which new zoological disco venes are 
likely to be made and is a region as yet little touebod 
by commercial development Its animals, despite 
their affinities with Australia aro unique and much 
work remains to be dono before they are fully but 
veyed Geographically tlie island and its outliers 
form the moat western extension of tho Salmi shelf, 
and the study of the fauna is vital to tho zoogeograph} 
of Australasia For these reasons the publication of 
a semi popular account of the fauna of New Guinea 
is both timely and welcomo Dr L D Brongersma 
has produced an interesting and faotual book, based 
on his radio talks on the subject Written for the 
layman, the book is concomed with the novol and 
unusual, but also contains much of intoreet to the 
specialist Notable peculiarities among mammals, 
birds, reptiles amphibians, fish and crustaceans are 
doscribod, with notes on their habits ecology, econo 
mto value and sometimos history The text is 
onhvenod by field observations Imo drawings and 
photographs The author Btresaoo tho nood for nature 
conservation m New Gumoa, with omplmsis on the 
dangers of uncontrolled commercial development 
and ill -considered introduction A Rhort chapter and 
a map of the Sunda and Sahul sholv es give a back 
ground to tho origin of tho fauna and the book 
concludes with a useful account of the zoological 
exploration of New Guinea Tho author whooo aim 
was to en co urn go interest in tho fauna of Now Guinea 
and its conservation, has written a thorough^ 
able account of the novoltios and notable anirna^ 
tho island 
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Mineral oyj an 6 Geolog/ cf PadiGacti/n Pav/ 

fjg}£ 

By J'roL L. V/m. if/ mr/oh. Pp n - - ‘>~A {London 
J/Irhr*/ 'Ifril f’obVr'h'mg (sjsnpnrq, Ltd , 1‘hHj 
lilt*. <A, 

I N ft 'it-nl jf^tn mor> g'-ologi 'l- bav 1 b< 'u < lyig'.'l 
in <r/p]orx1iom for in/hoo' live on- than jn any 
ofh*ir h,trrS‘TO<U phav' </i the min' ml mdu'-t-y , and 
nrify'y the lifting of r/xonnty raslrtelionu many thous- 
and!' of rwn iwh paper?' on rudiogeology hove i-ren 
the 1 if/) it of day. Prof 3-fc mnch hup sot hirn'-'lf the 
Ui<‘h of evaluating and f'yrnmarg'ing thi j \u<~t 
J iterator ' , and the result ol Iiib labours n the most 
onU’Unuhng monograph on uranium and thorium 
T;un< rali/ation that Jin? yet appeared in nny language 
The work bcgm« with approximately 1 GO pages on 
ayah malic mineralogy, continue a for 400 pages vith 
a JiK'/d nnel descriptive c1n"Bifieulion of the world's 
radioactive o to deposits, and ends with 100 pager of 
bibliography (1 ,000 iU inn) and comprclicnsiv o rndm < s 
Not all hid vi'v/fi are une onfrovcrsial for example, 
the df-sigrintion of the Wituatersrand and Blind 
J liver oro-fioldn m respectively mesothermnl and 
Iiyjiothcrnml epigenetic mineralizations will find 
Jlttlei a' e' pi unco m the placorist schools of South 
Afruu anej Germany But all geologists concerned 
with tho radioactive elements, academic viorkere and 
prosper tom alike, "Will find interest and inspiration in 
I hone pages, Nearly all the 200 text-figures are nmi 
to text hook literature Some minor errors in place- 
names, in the fntiuro to recognize synonymous 
lof-aliliin (foi o> ample, Kasolo and Slunkolohwc) and 
in I he consistent mm spoiling of tho mineral names 
thuobolilo and paisonsito should bo corrected in the 
second edition, which will doubtless ho required 
as soon as the present glut of uranium is taken up 
by industry and geologists aro once again called on 
to find new ore fields, C F Davidson 

Substitution at Elements other than Carbon 
By 0, K Ingold (Tho Fifth Woizmnnn Momorial 
Lootum Sonoq, May 1058 ) Pp vuH C2 (Jorusalom 
The Woi/mimn Science Press of Israel, 1909 Distri- 
buted by (lie Woi7mann Institute of Science, 
Itnhovot.) n.p. 

little book is a record of four locturos and is 
JL divided into two chnplors Tho first of these 
diMounson mibstilution m Romo co-ordination com- 
pounds, principally derivatives of cobalt (HI) 
Attention is (In acted to tho storoocbomicnl course of 
substitution by tho ununolocular and bunoleeular 
mechmusinn, and to the pnrtioulm probloms associated 
with group roplacomonlH m moloculos of octnliodrnl 
n,\mnioliy An nppombx is also piovidcd to support 
(vutlu'r the theory of a direct Sj\’2 mocbnnism 
The scoond chapter is ooncornod with nitration and 
nit relation at. nitrogen and oxygon atoms Tliere is 
much more ovidonco nvmlnblo m this field and tho 
author has (unvoted it lucidly and succmotly Tho 
various rengonts and moohnnistic mnbigiuties are well 
sot out and some ingenious oxpoumonts which oxcludo 
lump of those aUornntivcs aro carefully do tailed 
The work is clonily printed and tho diagrams are 
well produced There is no index, hut a generous 
bibliography at tho end of each chapter winch is of 
greater value m a hook of this length Tho only error 
T' 1 ! i ,H ( ^ u ‘ omission of tho minus sign from 
Thin' Pool' lu ' <t ^levant equation on pngo 32 
pre>«e,n inUi a '"ablo both as a summary of tho 
*” Uu* rather neglected study and 


for tlK omnmrig v.f a rn^rhan-stre pattern”, i 0 
q, 10 o *rv> f.’iirrr't- 'rvn -» ord- In Jn? prefare Sa 
Cl ri 4 ojili f -r fig " -t*- that prospects ore extensive 
and I fi./l *ha< tic anahsis pro n in this work 
orm r>o-i- the vu\ veil into a largely uncharted 


Contact Catalysis 

P ,3 Di R H Griffith and I D. F- Marsh Pp x-r300 
(London Oxford University' Press, 1957 ) 50 j imt 

I N there days of man; -v olumo treatises on catalysis, 
thr small- r book af-o has its place ; and the pub 
bullion of c third rdix’on of Dr Griffith swell known 
U xt book on c'inttK t catalysis, now written with the 
collabor.it ton of J D F Marsh, is both timely and 
% i Iconic It continues to give a condensed and well 
plonncd <-urvc, of many of the more important 
,]nc-cf S of react ons involved in heterogeneous 
catalysis, together with an adequate treatment of 
Iho underlying theory 

In order to a* commodate, m a condensed form 
the largo amount of additional material which has 
r< suited Irom the interne study wlueli this subject k 
reeoivuig, tlirce new chapters have been added 
There dial, resjuc lively, with modern praetico in 
tho preparation and empirical evaluation of stable 
cntnlyBts having n high specific surface, with the part 
piny od by ibctiomc factors in determining the 
catalytic nctivilv of metals, and with a number of 
reactions involving hydrocarbons Tliere has also 
been considerable rearrangement of the older sections 
of tho hook, and much of tho descriptive mntter on 
the promotion of catalysts by small amounts of sub 
sidiaiy components and on iho poisoning of catalysts 
lias been revircd and brought up to dnto Tins applies 
also to tho ehnptor on the part plnvod by geometrical 
factors, and ospocinlly bv interatomic distances, in 
accommodating without undue sirnin tho reactive 
portions of entah sable substrates Tho volume ends 
w ith n critical surv oy of modem progress in catalysis, 
with somo forecasting of possiblo future dovolop 
monts This book continues to form an excellent 
summary of modern (rends m catalysis 

E B M ANTED 

Practical Animal Ecology 

ByW H Dow dcswoll Pp 310-f 1C plntcs (London 
Methuen and Co , Ltd , 1969 ) 33s Gtf net 

I N many British schools and universities hp-servico 
is paid to tho importance of field Btuches m zoology , 
vvhoieas tlio actual practical oflort is often limited to 
a few r daye? at a field study' contro oi attendance at n 
smglo Enster-courso m marine biology' 

Hero, almost for the first tune, is a hook which will 
really assist teachers and lecturers to mtroduco their 
studonts to modem animal ecology Tho hook lives 
up to its title A wido range of methods and tech 
mques is described which are applicable to (ho study 
of terrestrial, freshwater, marine and brackish water 
habitats In somo cases guidanco ig given on the 
construction of what would othorwiso bo expensive 
pieces of apparatus To get the best out of this hook, 
the student should bo given considerable holp bv 
his teacher So much is packed into it that many' 
students lot Jooso with it w dl suffor ecological 
indigestion 

On modem standards the prico is reasonable, 
for in my r opinion this hook should hnvo a major 
effect on tho teaching of animal ecology' m schools 

T B Cragg 
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THE FIRST MINISTER FOR SCIENCE 

By the Right Hon VISCOUNT HAILSHAM. Q C , LORD PRIVY SEAL 
AND MINISTER FOR SCIENCE 


T HE proposal for a Minister for Scienco was first 
talked about ■when the Conservative Manifesto 
waa bomg prepared I -\vns mvsolf at first \ ery 
sceptical It seemed to mo that there were two very 
great pitfalls to bo avoided On one hand there was 
the clanger tlint the scientific world — the Royal 
Society, tho universities the industrial scientists, tho 
Atomio Energy Authority and tlio Research Councils 
— the Department of Scientific and Industrial 
Research, Medical Research Council and Agricultural 
Research Council, Overseas Research Council and 
Nature Conservancy (tho governing boards of which 
are very largoly manned bv volimteors> — would think 
that too much was intonded and tliat tho new 
Munster would interfere with tho independence and 
integrity of tho scientist in his own sphere If that 
danger wore not avoided, I feel that I should lose the 
confidonco of those on whom all olse depends and 
whoso co operation I must win If I am to succeed at 
all I hope and behove my appointment has alia) ed 
those fears After .all I am tho same man who lias 
been Lord President of tho Council for tho past tw o 
> ears My general attitude to science and scientists 
has been made plain to those who were interested, and 
I believe has won confidence No change in that 
general attitude is involved m the now appointment 
I have no authority over tho universities to compel 
them to do anything they do not wish to do My 
authority over tho Atoniio Energy Authority and tho 
Research Councils is no greater than my predecessors 
and I luid before, and I have no intention of taking 
away from them the authority which Parliament has 
given to thorn or the freedom which they now enjoy 
to perform tlieir functions without detailed inter 
ference I am there to give them gencrol guidance 
and to help them m their relations with Government, 
especially other Government departments 

But an oqual and opposite danger is to he oxpected 
at this pomt I can almost hear the ovrucal comment 
“New Presbyter is but Old Priest writ large The 
Manifesto promise, the new Minister, is just a piece of 
political window dressing Nothing more is to be 
expected and everything will go on exactly as it was 
beforo * I hope and behove this is a mistake, and I 
would not hnvo accepted tho appointment had I 
believed otherwise 

All tho samo, I would like to make it plain at the 
out sot that this is a long range project You must not 
expect clutches of satellites to be flung mto orbit in 
a miraculously short space of time Sponsors of 
ingonious Inventions will be disappointed The 
Minister is not a repository of brilliant new thoughts 
which have failed to appeal to anyone else He is 
not on overlord to tho Minister of Education and will 
not therefore bo able to create vast now academies of 
science and tcdmology Ho is not “Master of the 
Queen’s Rockois” and will not therefore play a 
decisive part in tho politics of guided missiles Ho is 
not a super Minister of Power nor a Minister of 
Transport, Agriculture or Health Indeed, I must 


emphasize that unless all tho other Ministers in tho 
Govemmont — I think without exception — nro at 
least as scientifically minded as I ought to be myself 
my work will be frustrated — and until they nro my 
work will be incomplete I do not think it is neccs 
sarily a disadvantage that I am not a professional 
scientist Tho First Lord of the Admiralty is not a 
naval officer , tho Minister of Transport would not 
necessarily be better for being a rail wav man In 
tho main, parliamentary govemmont is govemmont 
by amateurs adv isod by experts The one exception 
is tho Lord Chancellor, and he lias a technical legal 
job to do In my own case I bohov e that the appoint- 
ment of a non-scientist os tho first Minister vvfll 
compel scientists to do the most urgent thing that 
is, to share in tlie thought about scientific policy 
thomsclv os 

For whether or not there is need for a Minister or a 


Ministry two years experience as Lord President has 
convinced me that there is need for a policy for science 
and that policy cannot be the product of Gov eminent 
thinking alone 

In describing my task I will start by ono ot two 
general propositions Science m Great Britain 
increasingly touches life at every point It is thus 
necessarily a partnership — and since Britain is a 
democracy, it is necessarily a partneralup in wluoli 
overyono is invited to play a part But the indis 
pensable partners are industry, agriculture, modicmo 
teaching, tho universities and Government — and, 
of course, both tho scientists and tho non scientists 
who play then* part in tho administration of tho 
various branches of public and economic hfo In all 
these spheres my task is to promote science But 
only m part of one of these spheres of activity — that 
of Government — have I the power to achieve tlus by 
tho uso of authority' 1 as dwtinot from encouragement, 
diplomacy enthusiasm, example, precept or advice 

Secondly , after two years as Lord President of tho 
Council I would say that, if only bocauso of tho verv 
multiplicity of scientific disciplines Government 
science, and perhaps all British science, is at tho 
moment too parochially minded, too departmental 
ized and looking in the broader vision. The Research 
Councils and the Atomic Energy Authority are by 
their very' terms of reference limited in their spheres 

Howover a Minister for Science is bound to look 
for a more generalized philosophy and approaoh if ho 
is to succeed In some way's tho focus of scientific 


opinion in Great Britain is tho Royal Society Long 
may it flourish But for the pirrposo of adv iBing tho 
Government on soiontific poliev , the proper clmnnol 
already exists in the form of the Advisory Council on 
Scientific Policy I bolieve tliat this body provides 
one of the keys to tho present situation composod 
as it is of a unlquo connexion of Government and 
non Go\ orwnont scientists under an independent 
chairman with a vice-chairman who hnpr*' n * 
to be tho chairman of tho Dofineo Hesra^r * t ^ 

Committee I b1i» 11 endeavour <a ml. mom ««.. 
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ever upon, tins Advisory Council for generalized 
advice on questions of scientific policy My purpose 
is to make the voice of science coherent and articulate 
under Government encouragement, and m one real 
sense to make science self-governing under Govern- 
ment inspiration For tins purpose a greater use of 
the Advisory Council on Scientific Policy is inevitable 
I had already begun to move in this direction in the 
last Parliament I hope to go further now, and I 
feel I am going to be helped by the more flexible and 
numerous office staff (which supplies the secretariat 
of the Advisory Council) with which I shall be 
equipped as the result of the marriage between the 
Atomic Energy Office and the Lord President’s Office 
Thus assisted I shall try to tackle such questions as 
whether the general balance of scientific effort is 
right or could be better deployed, and othor questions 
of a general nature as they emerge Already m the 
last Parliament I had pressed forward an inquiry 
under the late Sir Claude Gibb (now chaired by Sir 
Solly Zuckerman) on techniques of management and 
control of Government financed research and develop- 
ment, and I look forward to a report from them, with 
positive suggestions, when they have completed their 
heavy task 

One of the matters I reforred to the Advisory 
Council on Scientific Policy m the last Parliament 
was the question of space research, and it was as a 
result of its advice that the Steering Group under 
Sir Edward Bullard was set up and the group of 
scientists under Prof H S W Massey paid their 
recent and successful visit to the United States I 
-am not sure that either the phdosophy or scope of our 
policy on space research is yet fully understood, and 
I would welcome the opportunity of expounding it 
more fully should questions bo directed to mo 

I also have great hopes of the Overseas Research 
Councd which I set up at the end of the last Parlia- 
ment under the chairmanship of Dr R S Aitkon 
The object of this body is to act as a sort of clearing- 
house for our research effort overseas both separately 
and in co-operation with othor countries 

I also hope to show a personal interest in the apphed 
research which is very widely carried out by private 
industry and in industrial research associations under 
the general authority of the Department of Scientific 
and Industrial Research But execution of all 
this work will continue to rest -with the bodies 
entrusted by Parliament with those functions 

In many ways the clue to the picture of science in 
Britain hes with the universities — especially with 
those which have great potentialities for growth 
and indeed an increase m numbers To oxploro this 
m any detad would be outside my present purpose 
and indeed outside my function as the Munster for 
Science I have no authority over the universities 
nor over the University Grants Committee, and I 


have no ambitions to obtain such authority But I 
shall try to forge friendly links with both, both 
personally through individual contacts, and by dis 
cussions botwoon officials In particular, I havo 
ideas for the forging of closer links between tlio 
Government research stations and institutes, and the 
universities, from which I bohevo both the Govern- 
ment stations (and the scientists who work thoro) 
and the universities would stand to gam m prestige 
and m effectiveness 

I also boliovo that tho timo has come for tho purse 
strings of pnvato mumficoneo by industries and 
industrialists to bo opened again for tho benofit 
of universities and colleges and I will do all in my 
power to produco interest in this My objoct lioro is 
not to limit tho amount of Government holp, but to 
widen tho front of public interest, and increase 
academic mdopondonco and flexibility It would bo 
ungonerous and at this time insonsitivo not to point 
m this connexion to tho gifls rightly doscribod as 
princely — including one particularly wolcomo from 
tho Transport and Gonornl Workers’ Union, to 
Churchill College and to tho project for St Catherine’s 
reconstitution at Oxford But, greatly daring, may 
I say that I do not see why gifts from individuals 
and institutions should bo concentrated on Oxford 
and Cambridge or oven London 1 Tho greatest scopo 
for enlargement and improvomont surely lies elso- 
whore, os othor generous and far-sighted bonofactors 
havo recognized 

Tho teaching of scionco and mathematics m tho 
schools is again not a matter for mo but for tho 
teaching profession, and my contact with that 
profession must bo through tho Minister of Education , 
but I hopo to keep a close liaison with tho Minister 
in this and othor matters, and I shall also try to seek 
guidance from tho representatives of mdopondent 
schools 

It is clear, I think, that m a singlo term of offico 
only tho foundation can bo laid of a genuinely scion! ific 
approach to tho problems of tho presont day I hopo 
that my ambitions m this direction will not bo despised 
as inadequate bocauso tlioy are realistic and long- 
torm My hopo will bo to engender in all a genuine 
enthusiasm for scionco, and respect for scientific 
work and scientists , not moroly for tlioir practical 
achievements, but also for tho cultural values they 
represent If I win tlioir confidence, and also mako 
clear to tho public and to my colleagues tho nature of 
thoir needs and their outlook, I will not havo failed 
Abovo all, I would liko to say that I bring to this now 
and creative work all tlio enthusiasm nnd desire to 
servo of nlncb I am capablo, and a real determination 
to see that British scionco continues to bo an instru- 
ment of peaceful progress and a means of enhancing 
British prestige in the world nnd British prosperity 
and culture 


ROCKET PROPULSION 


A T the meeting of the British Association in York, 
one of the sessions in Section B (Chemistry), on 
September S, was devoted to a series of papers and 
discussions about various aspects of rocket propulsion 
The subject was introduced by Dr W B Littler, 
director-general of Scientific Research (Munitions), 
Ministry of Supply, who outlined tho Instory of 


rocket development He referred to tho early uso 
of gunpowder for rockot propulsion and tho intro- 
duction m tho Second World War of a variety 
of rockot weapons made possible by tho dovelop 
ment of new solid and liquid propellants The 
Gorman F2 rockot, with a range of 200 miles and 
a payload of I ton, was tho outstanding toelmical 



NO 469Q 


NATURE 


1205 


October 24, 1959 

triumph of it a day Since the War, vnrfc Bum a 
of money have boon spent, particularly by the 
Americans and Russians on all forms of missile 
research and development Tlio all up 'weight of 
somo rockets lias surpassed the 100 ton level, and a 
range of 6,000-0,000 miles is claimed for some 
ballistic missiles In relation to tlie resources and 
man power employed, some impressive successes ha\o 
been achieved m tho United Kingdom, and important 
developments liavo been pioneered with solid and 
liquid propellants and with the motors associated 
with them 

Tho index of propellant performance most fre 
quently quoted is tho ‘specific impulse’ The solid 
and liquid propellants now m common use bavo a 
specific lmpulso in the range 180-250, compared with 
the figure of only 00 for gunpowder Substantial 
increases in specifio impulse are possiblo by the use 
of uncommon fuels and oxidants (for o\araplo, 
hydrogen and fluorine) but most military applications 
can bo met by the ubo of conventional propellants, 
and these arc adequate for putting artificial satellites 
into orbit Tho most spectacular advances m rocent 
years have arisen from three dovolopmonta (1) tho 
substantial increases in tho size of the rockets and 
tho weight of propellant carried , (2) the perfection 
of tho multi stage rocket, whereby motors are dis 
carded successively in flight, after oil tho propellant 
lias been burnt, thus eliminating dead weight os 
quickly as possible > (3) the development of very 
largo solid propellant motors containing up to ten or 
more tons of propellant 

Unlike liquid propellant motors tho thrust of solid 
prop oil ant motors cannot yet bo controlled in flight, 
but thoy are basically simpler for many applications 
and can bo more easily maintained in a stato of 
read moo? As a result, thoir use lias greatly extended 
in recent years, but there is a future role for both 
typos of propellant For controlled flight m outer 
space, much higher performances, not attainable with 
chemical systems, aro required. 

Tho first paper, “Thermodynamio Aspocts of the 
Choice of Rocket Propellants’ , by Mr G K Adams, 
of the Explosives Research and Development Estab 
lishmont, Waltham Abbey, discussed the rotation 
between tho thermodynamics of propellant ingredi 
onto and oombustion products and the performance 
of rocket propulsion systems. Applying the principle 
of conservation of momentum to & rookot in a force 
froo hold, it can be shown that the velocity Increment 
v is given by v » V ln(AT ,/Af *)» where V is eodiaust 
volooity of tho combustion products, M t is initial 
moss of rocket, and Af , la mass of rocket after all tho 
propellant liaa burnt The exhaust velocity is used as 
an index of propellant performance It is generally 
quoted m tho form of tho ‘speoiflo impulse’, winch is 
the quotient of tho exhaust velooity and the force 
to mass conversion factor, and has tho dimensions of 
limo 

By applying tho principle of conservation of energy, 
tho square of the exhaust velocity can bo shown to 
bo proportional to tho docToaso m total enthalpy per 
unit mass on burning tho propellant under rocket 
conditions It depends, therefore, on tho initial 
chemical energy of tho propollnnt and on tho efficiency 
-vnth which this is converted into translational energy 
m the cxhauBt jot 

Tho demand for high chemical energy' per unit mass 
suggests tlio choice of elements of low atomic weight 
smtablo oxidation reduction reactions between these 
have energies in tho range of 2-4 kcal /gm Tho 


energies of reactions between free atoms or radicals 
are much greater but owing to thoir high reactivity 
oven at extremely low temperatures, there appears 
to be little hope of utilizing thorn in propulsion 
systems Other factors in addition to those of energy 
must also be taken into account Thus a propellant 
must have adequate chemical stability, its physical 
properties must bo suitable for tho particular apph 
cation, and tho materials used m the construction of 
the oombustion chamber must bo able to stand up to 
tho temperatures attained In practico, such factors 
tend to limit tho Tange of useful chemical energies 
still further, and in these oircumstanocs particular 
attention must be paid to achieving tho most efficient 
conversion of chemical energy into translational 
energy' of tlie rookot 

Tlio offioionoy of tho expansion process is governed 
by a number of considerations A low total heat 
capacity per unit volumo of gaseous products is 
benoflcial this loads to a requirement that tho 
gasoous products shall contain tho minimum number 
of constituent atoms (for ex amp To, ITF rattier than 
H t O) , lower efficiencies result if solid products ore 
formed Energy released by shifts m chomioal cqui 
librin during expansion can bo used less efficiently 
tlian that released in the chamber Energy is lost 
through tlie non attainment of velocity and thermal 
equilibria in systems giving solid products Chomioal 
energy alone, therefore is not an adequate criterion 
for the choice of propellant system* A change which 
increases tho efficiency is often more useful tlian a 
mere Increase in chomioal energy Additional factors 
wlii oh have to be taken into account are cost and 
availability 

Mt J E P Dunning, director of tho Rooket Pro 
pulsion Establishment, Wcstcott thon spoke about 
“ilie Application of Liquid Propellants to Rockots" 
Ho referred to somo of the more important ballistic 
equations and described tho physical processes in 
volved In a rooket engine using ft liquid fuel (for 
example, kerosino) and a liqiud oxidant (for oxftmple, 
oxygon) A steady pressure is maintained in tho 
combustion chamber by foodlng in tho liquids at tho 
somo mass flow rates as tho gasos are ejoctod from 
the nozzlo Tho propellants ore pumpod into tho 
head of tlie combustion chamber through a multi 
plicity of orifices doeigned to establish as quickly os 
possiblo a uniform mixture of fuel and oxidant Both 
liquids must be vaporized and this is brought about 
by atomization, initiated by the actual process of 
injootion and accelerated by the combustion of pre- 
ceding droplets Once established, tho oombustion 
process is BOlf supporting but has, however many 
tendencies to instability Satisfactory geometry of 
tho chamber and injection head is essential to reduce 
those irregularities to a minimum , but tho nature 
of tho problem is suoh that the ©mpirical approach 
still has to be largely relied upon 

In tho case of a liquid ox ygon/kerosino motor 
dovolopmg 100 000 lb thrust, it is necessary to feed 
liquid Into tbo chamber at a rato of about 400 lb /sec , 
of which 280 lb /seo will be liquid oxygon and 
120 lb /sec will be kerosino Tlio injootion head may 
have as many as 2 400 orifices each 0 1m in din 
meter, from which tho liquids emerge at about 
100 ft /» oo Within an axial distance or about 1 ft 
and a time of 2-3 milhsoc , tho physical proc«wee 
of atomization, vaporization and chomico! iwtfo" 
havo to take place In the combusti^ 
temperature attains 3 300“ Kon i voloett* ° r 

m U) /in.», and tho «!>**> nt " 
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around 8,000 ft /sec The tomperatures attained are 
such that the walls of the chamber and the nozzle 
have to he cooled, and either fuel or the oxidant is 
used for tins purpose To feed the liquids into the 
injector head two turbo-pumps are used, since the 
alternative system of pressui izing the tanks is rulod 
out by considerations of weight Tho pumping powei 
required is large, but is achieved with a propellant 
consumption of rathei less than 2 per cent of that 
used in the combustion chamber 

In selectmg possible fuel /oxidant combinations, 
performance merits may be over-ridden by criteria 
such as toxicity, availability and cost A limit on 
overall performance may thus be imposed, but this 
can be countered by increasing tho mass lfltio (mass 
at launch/mass at ‘all-burnt’), although with a single- 
stage rocket it is not practicable to excocd a ratio 
of about 14 to 1 Enhanced performance can then 
only be achieved by the use of midti-stagc propulsion 
systems 

Dr G H S Young, of the Explosives Rosoarch 
and Development Establishment, Waltham Abbey, 
then dealt a ith British solid propellants foi lockets 
He pointed out that all solid propellants aro explosn cs 
and, under appropriate conditions, can bo det-onatcd 
These conditions must be avoided during manufacture 
and use, and this consideiation fiequently limits 
what can be achieved piactically 

The two mam solid propellants m use m Britain 
are extruded coidite, sometimes called double-base 
propellant, and plastic propellant The extruded 
cordites are similar chemically to gun propellants 
and are available in a wide range of sizes and burning- 
rates In general, tho burning-rate is adjusted by 
altering the calorimetric levol , tho more energetic 
the composition, tho faster it burns The sizo of 
charge which can be produced is limited by tho size 
of the presses availablo and tho hazards mvolvod 
with large quantities However, tho double-base 
system has been recently extended by the exploita- 
tion of a casting piocess m which tho nitrocellulose 
is gelatinized in a mould by desensitized nitro- 
glycerine, the cliarge then bemg cured at 140° F for 
some days In this nay charges largoi, and moie 
complex in shape, than those capable of extrusion 
are bemg produced Both extruded corcbto and cast 
double-base are used as loose charges m tho rocket 
motors 

Plastic propellant, hover or, bemg a putty-liko 
material, is capable of case-bonding, smee the 
material can accommodate the differential thermal 
expansion between the motor wall and tho propellant 
itself This type of propellant has been developed 
to make use of ammonium perchlorate as tho 
oxidizer Burning-rates are adjusted by tho addition 
of ammonium picrato and, as with extruded cordite, 
tho lower-energy compositions bum more slow ly than 
those of high energy Tins propellant has been sue 
cessfully used in the largest British solid-propellant 
rocket to dato, namely, that used m tho Skylark in 
the International Geophysical Yoar experiments , 
this rocket has a charge of about 1,800 lb of pro- 
pellant and is 17 in m external diameter 

Another solid propellant bemg mvestigated is the 
BO-called pressed charge, pioneered by Nobel Division 
of Imperial Chemical Industries, Ltd In this pro- 
pellant the ingredients are consolidated to rock-like 
form by powerful presses Ammonium nitrate is tho 
oxidizer, and propellants with low rates of burning, 
particularly suited for assisted take-off units and foi 
gas generators, are produced 


Tho piosont trond is for rockets to moieaso in size, 
and nono of tho propollants mentioned, with tho 
possiblo exception of cast douhlo-baso, is altogether 
suitable for largo missiles While is therefore pro 
eoedrng on other cnstablo composite propellants based 
on synthetic rubbois and, of thoso, polyurotlianos 
appeal to have many advantages Thoro is also a 
domand for higher poiformanco and this can only bo 
achieved by tho introduction of novel ingredients, 
such ns light metals, or now combustion systems 
which might, possibly, bo busod on fluorino com- 
pounds In addition, if solid propollants are to bo 
used m tho laigor missiles, then mothods of tlirust 
control and tlirust termination w ill noed to bo 
developed and tho reliability of operation will havo 
to bo very high 

Finally, Dr L R Shopherd, of tho Atomic Euergv 
Rosonrch Establishment, Harwell, and chairman of 
tho Bntish Tnt oi -Planetary Socioty, spoke about 
propulsion for space tiavol Tho equation mentioned 
earlier represents an idealized condition and m tho 
actual caso of a rockot accelerating from tho surfneo 
of the Earth tho actual velocity inny be 1,000-2,000 
motres/sec less than tho value predicted b\ this 
equation on nccoimt of atmospheric resistance and 
othor effects For men tho most modest excursion 
mto space tho limitations of comontional propellants 
domand tho uso of multi stage rockets Using avail- 
able chemical propulsion systems m staged rockets, 
it should bo possiblo to put 20-ton payloads mto 
orbit around tho Earth or to doposit 1-2 tons of 
instruments on tho Moon But for any moro 
ambitious mission, piopellnnt sv stems of much 
higher performance aro required 

Dr Shepherd consideied that the difficulties in- 
volved in tho application of reactions between freo 
atoms or radicals (mentioned bv Mr Adams) made 
it seem unlikoly that thoso can bo successfully applied 
to a practical propulsion system 

Another possibility is tho utilization of forbidden 
transitions botwoon excited and giound states m tho 
electron shells of certain atoms, for example, helium 
If tho active material can bo stored and its enorgy 
released in tho thrust ehambor of a locket engine, 
tho potential usefulness of a small singlo stage volnclo 
is enormously extended It may bo that the storage 
of activo helium at low temperatures is moro feasible 
than that of atomic hydrogen 

Speculations on tho application of nuclear power 
to rocket propulsion generally assume that tho 
enorgy from a nuclear roactor can bo transferred to a 
suitablo working fluid, tho optimum material being 
hydrogen Tins might bo achieved by boating tho 
working fhud m a tlirust chamber and allowing it to 
expand tlirough a nozzlo m a mannor similar to 
conventional practico Alternatively, tho working 
fluid may bo ionized and accoleiated as a plasma m 
a magnetic field Thoro aro many formidable tech- 
nical problems to be overcome boforo such nuclear 
systems can bo developed 

Tho use of electrical mothods of propulsion lias 
also boon proposed Tins would involve an arc dis 
charge to heat a w orking fluid and expand it through 
a nozzlo, or, to avoid excessive tompei atures, tho 
olectrical acceleration of a voikmg medium It 
is generally assumed that this would bo effected 
by ionizing tho working fluid, extracting tho 
positive ions, and nceoloratmg thorn tlirough an 
electrostatic fiold Alternatively, a fully loruzod 
plasma may bo accelerated in an oloctromugnotic 
pump 
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The "working medium of suoh a system would 
probably bo one of tlio alkali metals, possibly 
sodium At a temperature of 3,600° K and a 
pressure of 10-* atmospheres, a sodium plasma is 
95 per cent ionised , there should therefore bo 
httlo difficulty in producing and maintaining such 
a plasma 

It 1 * known that a great deal of development work 
on novol propulsion systems is being carried out in 
tlio United Statos and presumably also in the 
USSJt 

In tlio discussion, Brof M Stacoy expressed 
interest in tlio possibility of us mg flu or mo in pro 
pulsion ays terns The high toxicity of the combustion 
products woa oiled os a fundamental difficulty, and 
costs would also bo high In roply to questions con 
corning tlio relativo reliability of liquid and solid 
propellant motors, it was pointed out that there Is 


very little information to support an absolute com 
parison A liquid propellant motor being more 
complex might be expected to have a greater rate 
of failure, but the opinion of many British workers 
is tliat, given adoquato attention in the re sear oh and 
development phases, the reliability of liquid propel 
lant motors should at least approach that of corre- 
sponding solid propellant motors Questions were 
also raised regarding the role of solid cigarette 
burning charges in view of the desire for high loading 
densities foT propollanta It was explained that the 
application of tills type of charge to larger motors 
is limited bv the need for lngh burning rates and the 
additional insulation nocessary to protect tlio motor 
wall which is exposed to the hot combustion products 
as burning proceeds Those factors rob the ‘cigarette 
burning’ oharge of its immediate attraction. 

W B Littles 


DENSITY OF THE UPPER ATMOSPHERE FROM ANALYSIS OF 
SATELLITE ORBITS FURTHER RESULTS 

By D G K1NG-HELE 

Royal Aircraft Esttbllihment, Firnborough 


I N an artiole on tins topic in Naitirc some montlis 
ago 1 a new method of detonnining air density 
from the rate of contraction of satellite orbits was 
doeoribod and applied to the satellites launched 
during 1967 and 1968 In the present ortiolo the 
method has been refined by taking account of 
atmospheric rotation, and further results are given 
utilizing the satellites of 1069, for heights between 
180 km and 700 km The variation of density with 
latitude and Benson, and day to night changes, aro 
also ebaoussed 

Tho rato of decrease of the orbital period of a 
satellite, which can roadjly bo measured, depends on 
tho integrated effect of air drag around the orbit 
The drag is greatest at perigee, and for a given 
satollile it is the nir density at heights a little 
abovo that of perigee which chiefly 
controls tho drag oflbote and which can ^ 0 

best bo estimated from the rate of p «= — — 
change of period, dTjdi 

Method of Analysis 

It is assumed, first that the drag jD acting on a 
satollito of mean cross -sectional area S, moving with 
v elocity v rolativo to the centre of the Earth, m air 
of density p, may bo expressed m terms of a drag 
coefficient Od os 

D Jp v x FSOz> (1) 

where S0v may be token as constant, and the factor 
F is inoludod to allow for the fact tliat v differs from 
tho voloorty V of the eatoflito relative to the ambient 
mr F, which is equal to may bo taken as 


atmosphere (token equal to that of tho Earth) and 
is inclination of orbit to equntor For almost all tho 
witollites so far launched F lias boon between 0 9 
and 1 

Tho second assumption is that tho density p at 
heights above that of perigeo may be takon as 
varying exponentially with height y, so that 


P“Pj> «p{-(y - VpVH) 


( 3 ) 


whore H which is approximately equal to the scale 
height is token as constant The value of H is not 
known accurately at heights above 180 km but, if 
H* is the beet eetunato of H tlie density at a height 
abovo pongee, p*, can be expressed in terms of 
dT/dt by the equation 


U1 

Hat 




( 4 ) 


.fi-as, 

V V P 


O' 


whore 8 *=> FSODjm, m fa the mass of the satellite, 
a is tho Bonn major axis and c the eccentricity of the 
orbit If 0 02 < r < 0 15 and H*, tho boat estimate 
of H, does not differ from the true value of H by ft 
factor of more than 1 6, tho maximum error in tho 
expression (4) for p* Is loss than 6 per cent If t 1b 
increased to 0 2, the maximum error is 10 per cent 
Equation 4 is tlio samo as equation 6 of tho previous 
nrticlo, oxcept that SOoltn luva been replaced by 
FSOolm Tho introduction of the factor F allowing 
for atmospheric rotation changes tho resulting values 
of donsity by 6-10 per cent, and the change is alway s 
an increase, since no satollito has yet (September 
1959) been launched against tho rotation of the Earth 
When « < 0 02, equation 4 becomes loss accurate 
and for 0 006 < e < 0 02 can best bo replaced by 


( 2 ) 


whore r is distance from tho centre of tlio Earth, 
suffix V denotes perigee, to is angular volocity of the 


0 0044 d T exp(q«/H*) f 
df ~~t 1 


1 + 0(c) -h 


•©} 


( 3 ) 
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Table 1 Values of <5 = ESC Em fop Satellites i957a-l959C 


Satellite 

JIass m 
(kem ) 

m/SC D 
fkgm Isq ru ) 

a 

(sq m,/kgm ) 

Sputml 1 

1957 a 2 

83 0 

110 

0 OOSS 

Sputml 1 rocket 

1957 a 1 

— 

63 

0 015 

Spvlnil 2 

1957 /? 

— 

69 

0 010 

Explorer 1 

195S a 

14 0 

23 

0 039 

Vanguard 1 

195S (1 2 

1 47 

23 

0 040 

Explorer 3 

195S y 

14 1 

23 

0-039 

Sputml 3 

195S <5 2 

1,327 

207 

0 0046 

Sputnik 3 rocket 

195S 6 1 

— 

63 

0 016 

Explorer 4 

1953 e 

17 5 

29 

0 032 

Atlas 

195SC 

3,950 

28 

0-032 

Vanguard 2 

1959 a 1 

9 75 

20 

0 044 

Van guard 2 rocket 1959 a 2 

23 

18 

0 050 

Discoverer 2 

1959 y 

535 

4S 

0 021 

Discoverer B 

1959 e 

635 

48 

0 021 

Discoverer 0 

1959 C 

535 

48 

0 021 


where J 0 is the Bessel function, of the first kind with 
imaginary argument, of order zero 

Evaluation of 8 

The mam difficulty m applying equations 4 and 5 
hes m the evaluation of 8 (= FSCdItii), and in 
particular of SCd It is assumed here, as m the 
previous article, that each satellite rotated about its 
axis of maximum moment of inertia For satellites 
with length/diameter ratio greater than about 2, tho 
extreme modes of rotation are then (a) tra\ oiling 
exactly like an aeroplane propeller, and (6) tumbling 
end over end In (a), the axis of spin and tho direction 
of motion are m line , m (6), the angle between thorn 
is 90° : in practice, the angle may be anywhere 
between these extremes, and tho mean of tho values 
of SCd for all modes of motion botween (a) and (b) 
has been taken, the drag coefficient being calculated 
for free-molecule flow with diffuse reflexion 

For near-cylindrical satellites such as Explorers 1, 
3 and 4 and Atla i (1958 a, (, e and £), SCd has been 
taken as 1 85 /</, whero / and d aro tho effective 


length and diamotor, tho maximum possible error 
being 19 per cent A lecont study 2 has shown that a 
rotating cono of length ) and base diameter d, and 
of shape similar to Sputnik 3 (1958 82), has SCd = 
1 43 ">d under modo of rotation (a), and 1 45 >d undci 
mode ( b ), corresponding to drag coefficients (based 
on tho appropriate mean cross-section) of 2 18 under 
mode (a) and 2 09 under modo (b) A drag coefficient 
Cd of 2 15 basod on the moan of tho cross sections 
under modes (a) and (b) has boon takon boro For 
the spherical satellites, Sputnik 1 and Vanguards 1 
and 2 (1957a2, 1958(32 and 1959a 1), Cd has, 
as boforo, been takon as 2 2, based on tho mean 
cross section, including antonmc Tho values of 3 
for Sputnik 2 and tho rockets of Sputml Is 1 and 3 
have been obtamod by comparison with Sputniks 1 
and 3, as explained previously 1 For tho Discoicrcr 
satellites, which are cono-cjdinders, 8 has boon takon 
as tho moan of tho cross sections undor modes (a) 
and (b), with Cd = 22 

Table 1 lists tho values of 8 obtained for all the 
satellites launched before September 1959 whose 
orbits are known, except Explorer 0 (1959 8), to 
which tho theory is not applicable, since c is greater 
than 0 2 Tho values for tho Discotcrcrs applv 
during tho period after tho ejection of tho re entry 
capsule If the assumptions alrcndy stated are 
justified, flic error (standard deviation) in tho 
tabulated values of 8 will probably be rather less 
than 10 pei cent 

Evaluation of Air Density 

The air density at height \I1* abovo perigee has 
boon found for each of tho satellites listed in Tablo 1 
from oquation 4 (or, for Discoicrcr 2, equation 5), the 
values of 71* chosen being consistent with those 
given later m this article For tho Russian satellites, 
values of dTjdt, a and c hav o been takon from orbital 
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determinations made m 
Britain*-* For the U S 
satellites, valuoe have como 
from the orbital data issued 
by the Smithsonian Astro 
physical Observatory and 
by Project Space Track, 

Bedford, Mass For gatel 
I lies with long Ufo times, 
the values of dT(di have 
boon averaged over inter 
vale of BCveroI months- 
Tho resulting values of 
air donsity are shown in 
Fig I , and n curvo has been 
drawn through tho points 
to represent average dons 
lty It is worth noting that 
the individual points he 
close to tho carve, except 
for Sputnik 1 rockot for 
winch, however, tho orbital 
information is rather 
meagre Nono of the other 
twontrv points m the cluster 
bolmv 300 km differs from 
tho curvo by a factor of 
more than 1 25 Some 

scatter is to bo expected, because of tho errors 
in & and because the density vanes from weok to 
week by up to 30 per cent at 200 km. height* and by 
60 per cent or more at TOO km. 4 Because of the latter 
variations, and because of the possible influence of 
charged drag 14 u tho threo points above 600 km. are 
loss reliable than those below 

Tho value of Q 7 x JO-" gra [c o. for on* density 
at 440 km , deduced 1 ‘ from the rate of expansion of 
a cloud of sodium vapour from the Hussion Geo 
physical Rocket of February 1068, differs from tho 
curvo of Fig I by a factor of less than 1 25, and fills 
a gap m a rather empty region. 

Variation of Density with Latitude 
and Season 

Tho points plotted in Fig 1 refer to latitudes 
ranging between 70° N and 60* 8 , and to all seasons 
but there is no sign of any systematic variation of 
density with latitude or season In view of the small 
scatter, it Booms probable tliat the density at a given 
hoight below 300 km does not deport from its a\ erago 
value by a factor of moro than about 1 5 aa a result of 
variations with latitude (between 70° N and 60° S ) 
and with season This is m contrast with tho direct 
measurements from rockets 11 14 , which suggest a much 
wader variation, by a factor of 6 or oven 10 , so it is 
worth seeking further ovidonoo 

Such ovidonoo can. bo obtained from the orbit of 
Sputntk 3 between May 1058 and Juno I960 Boring 
tins time, the perigee latitude moved slowly from 
60* N to 05° 8 , and tho perigoo height changed by 
less than 20 km. Tho rate of change of period of 
Spuintf 3 thus provides a continuous indication of 
tho air density At heights between 200 and 260 km , 
and ovor tho range of latitudo from 50° N to 05* S 
The air donsity p» at tho current pengoo hoight was 
calculated from tho equation” : 


si*" 1*" l“~ b-M* 1 -" i— 'I'"- 
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with H 30 nautical mflee (60 km.) Tho values of 
dTjdt were obtained from tho records of orbital period 
kept by the Royal Aircraft Establishment (May- 
Octobor 1968) and the Radio Research Station, 
Slough (October 1958-June 1959) Tho density at tho 
initial perigee height ype (220 km.) was tkon found 
by multiplying p? by oxp{— {ypo — whore 

y p is tho current height of pongee over on oblate 
Earth This process give* the air density at tho 
tmlial pongee height (220 km.) but at latitudes noar 
the currtnt pcrjgeo latitude The resulting densities, 
calculated at 2 0-day intervals and expressed as a 
multiple c of the average donsity, ore plotted against 
perigee latitude in Fig 2 A satellite encounters drag 
over a range of latitudes near perigee, and each point 
in Fig 2 represents an average density ovor tho 
15-20* of latitudo within which most of tho drag 
effect occurs, rather than tho density at tho exact 
latitude where it w plotted. Consequent!} , there is 
no virtue in reducing tho timev interval botwoon tho 
points in Fig 2 

Tho chief er rors in o ax© likely to Tosult from 
errors in dTfdi (estimated standard error 3 per 
cent), H and ijpo — Up (estimated bias errors 20 
per cent each) and 8 (maximum error* 5 per 
cent) Tho oatlmated standard errors in c from 
these four sources are 3, 2J 2J and 2} per cent, 
respectively, implying a standard error in o of about 
5 per cent 

Tho density at heights of 200-250 km, is known to 
vary with tune, by a factor of up to 1 3, exhibiting 
a 28 day periodicity, which Is attributed to solar 
disturbances*- 11 , and on© of the reasons for choosing 
a 20-daj interval in Fig 2 was to avoid giving 
prominence to tho 28 -da} oscillations Fig 2 rupre 
eonts tho co mb mod variation duo to solar effects, 
latitudo season etc Sinco none of tho values of a 
differs from 1 by a factor of moro than l 4 , and tho 
standard error ifl about 6 per cent, Fig 2 strongly 
suggests that the density does not- depart from Jta 

“ ? *•«» of 

offocts, by a factor of more tlion r»\ / fi «<* 

60* N and 06* £ 41 ^ A ^ j 
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Fig 1 , it is very unlikely that strong seasonal and 
latitude variations do occur and happen to have 
cancelled out for Sputnik 3 

It would probably ho unwise to draw any positive 
conclusions about the variation of density with 
latitude and season from Fig 2, but the large drop 
at the right-hand end does encourage the speculation 
that the air density at heights of 200—250 km may 
be low at latitudes south of 60° S , at least in the 
winter 


Day-to-night Variations in Density 

The upper curve in Fig 2 shows the angle SGP 
subtended at the centre of the Earth (C) by the 
Run ( S ) and the perigee (P) of Sputnik 3 If tlus 
angle exceeds 90°, the surface of the Earth below 
perigee is in darkness , if the angle exceeds about 
105°, the perigee point itself is in darkness Com- 
parison of the two curves m Fig 2, though inevitably 
inconclusive because of the errors in a, gives the 
impression that the air density is related to tho angle 
between Sun and perigee, a possibility which has 
previously been suggested by Sedov 1 ®, Iadov 1 ’, 
Groves 10 and others If so, the air density at heights 
of 200-250 km is rather higher on the sunlit half of 
the Earth than on the dark half, and this day-to- 
night vanation, which had a period of about 90 days 
for Sputnik 3, and an amplitude of perhaps ± 10 per 
cent, would be superposed on the 28-day variation 
duo to solar disturbances, which had an amplitude 
of about ± 20 per cent A rather similar inter- 
pretation for a height of 700 km was recently' pro- 
posed by Wyatt 11 , from analysis of the orbit of 
Vanguard 1, though at this greater height tho angle 
between the Sun and perigee is, on Wyatt’s inter- 
pretation, more important than solar disturbances 
There is also some slight indication of a day-to-night 
variation for Sputnik 2 and Sputnik 3 rocket, though 
the 28-day variation is dominant 7 '- 11 


Values of H 

Tho slope of tho dcnsrty-versus-height curve of 
Fig 1 gives the value of the coefficient H in equation 
3, and Table 2 lists values of density and of H derived 
from the curve Other curves, of different slopes, 
could however bo drawn m Fig 1 , the individual 
values of H m Table 2 might, therefore, be m error 
by up to perhaps 20 per cent, though the mean value 
of H between 200 and 400 km height is almost 
certainly between 50 and 60 km 

The rather irregular values of H m Table 2 between 
200 and 260 km result from the indentation in the 
curve of Fig 1 If, instead, a smooth curve were 
drawn, seven successive points, from six satellites 
of quite different shape, size and date of launch 
( Explorer 4, Discoverers 2, 5 and 6, and Sputniks 1 
and 3), -would he on the same side of the curve The 
indentation, therefore, seems justifiable, though it 
might still be illusory, if several pomts happened to 
be in error m the same sense 
If the indentation is real, it indicates a rather large 
value of S — more than 50 km — at heights near 
220 km., in accord with the values of H found from 
tfio decrease in the perigee distance of satellites 1 11 
®’ r temperature depends 1 on the product of II 
and M, the mean molecular weight of the air So, 
unless M vanes widely between 210 and 230 km , 
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Table 2 Values or Am Denfitv and Z7 given m tut Curve or 

Fig 1 


Height 
(km ) 

Air density 
Scn-le\ol dcnsltj 

Dcnsll> 

(gm./c c ) 

77 

(km.) 

180 

0 

4 

X 

JO-10 

7 

8 

X 

10' 13 

27 

200 

3 

2 

X 

10'" 

3 

9 

X 

10'" 

35 

220 

2 

0 

X 

ler” 

o 

5 

X 

10'" 

52 

240 

1 

4 

X 

10->* 

1 

7 

X 

10'" 

40 

200 

7 

7 

X 

10'" 

0 

4 

X 

10'" 

32 

280 

4 

5 

X 

io-“ 

5 

5 

X 

10'** 

47 

300 

3 

0 

X 

10'" 

3 

7 

X 

10'“ 

57 

320 

2 

1 

X 

10'" 

o 

0 

X 

10'“ 

02 

340 

1 

0 

X 

10-” 

o 

0 

X 

io->‘ 

08 

300 

1 

2 

X 

10'" 

1 

5 

X 

10'" 

75 

380 

0 

3 

X 

10-" 

1 

1 

X 

ler" 

77 

400 

7 

2 

X 

10-’ 3 

8 

8 

X 

10'" 

70 

500 

O 

1 

X 

10-” 

o 

0 

X 

10'" 

80 

000 

7 

1 

X 

10-" 

8 

7 

X 

10-" 

00 

700 

2 

5 

X 

10'” 

3 

i 

X 

io-“ 

09 


tho indentation corresponds to a peak in tomporaturo 
near 220 km hoight, tho maximum valuo bomg near 
CO M °K Tho valuo of M is not known exactly, hut 
is probably noar 20 Such a peak in tomporaturo 
might imply tho absorption of cortnin wavo-longths 
m the solar radiation at heights near 220 km , though 
this deduction must bo regarded ns speculative” 


Conclusions 

A consistent picturo of tho air density at heights 
between 180 and 700 km is obtained from the orbits 
of 15 satellites (seo Fig 1 and Tablo 2) The picturo 
is moro complotc and more rehablo at heights bolow 
500 km than above All tho results refer, how over, 
to tho yonrs 1957-39, and it is probalilo that tho 
donsity varies m the course of a sunspot cvclo Thero 
is some indication of a peak m tomperaturo noar 
220 km hoight, but tlioro is no sign that density 
varies with latitude or season by a factor of moro 
than 1 5 Analysis of tho motion of Sputnik 3 con- 
firms this latter conclusion, for a hoight of 220 km , 
and shows some o\ idonco of day-to night variation 
in donsity 

I wish to thank Mrs EMC Walker for proparing 
tho diagrams and tables m this article 
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Nobel Prize for Chemistry for 1959 

Prof Jaroslav Heyroysky 

P-ROr J All 03 LAV HeYLOVSKY, director Of tllO 

Polarographio Research Institute of the Czechoslovak 
Academy of Scioncoe In Prague, has been awarded 
the Nobel Prize for Chomistry for 1959, for his dm 
covory and development of polar ograpby A native 
of Prague, be studied under Sir William Ramsay 
and F G I>oiman in London bofore the First World 
War and thon returned to Prague to continuo bis 
research work It m of interest that the work on the 
determination of the electrode potential of aluminium 
which led oventuollv to the development of the 
polarographio method was suggested to him by 
Donnan The first polarographic apparatus was 
made m 1926, but tbo method did not becomo widely 
recognized for a further decado, and Heyrovsky's 
major book, “Polarographio”, did not appear until 
1941 Howovcr the number of papers dealing with 
polnrograpby now approaches the 10 000 mark, and 
the technique finds application m many fields of 
chemistry and biochemistry , it lias had a profound 
influence on analytical chemistry, for some doterm 
mations which are difficult or impossible to carry 
out b> other moans yield readily to polarographio 
treatment In addition, there have been made non 
analytical applications For example, the kinotics 
of oleotrodo reactions and of chemical reactions 
associated with redox procow or hnvo been studied 
redox potentials liave been determined and the 
energetics of tho reduction of organic compounds 
have boon elucidated Prof Hoyrovaky lias not 
enjoyed good health for ftomo j ears, and is therefore 
prevented from accepting many of the invitations 
which he receives to lecture abroad. Tho present 
award is a timely recognition of Ins great services to 
analytical chemistry, particularly as he will celebrate 
his seventieth anniversary next year 

Glass Technology at Sheffield 

Mr Michael Parkin 

With the retirement of Mr Michaol Parkin the 
Department of Glass Technology in the University of 
Sheffield lost its lost member of that small team of 
pioneers recruited by Prof W E 6 Turner in tho 
years immediately following the First World Wax to 
build up a department which has become world 
famous Mr Parkin studied ohomistrv in the TJnivcr 
sity of Sheffield ; however, his studios were inter 
rupted by war time services in an explosives factory 
and in the Koval Flying Corps In 1020 he joined 
the Department of Glass Technology , and apart from 
a short period in industry (lie was works chemist to 
Messrs Barr and Stroud Ltd , 1024-28) he lias served 
the Department continuously Until 1055 tho Deport- 
ment performed dual functions carrying out tho work 
of a University department and advisory work and 
investigations for the industry under the advice of the 
Glass Delegacy, the members of which were roughly 
oqually divided between tho University and the glow 
industry Mr Parkin roado a major contribution to 

this worn This prevented his taking a direct personal 
responsibility for the research side of tho work of 
the Deportment , hut thoso whose responsibility it 
was to direct the research work would bo the first 
to acknowledge the important part ployed by Mr 


Parian in assisting research workers In 1955 tho 
industrial work was taken over by tho newly formed 
British Glass Industry Research Association, a step 
which Mr Parkin never protended to approve but, 
as all who know him would expect, he has during 
theso past four yours, spared no effort to help the 
University Department in its new reguno to flourish. 
Perliape the value which his present colleagues place 
on his earvicee can best bo emphasized by saying 
that he has been persuaded to continue as a part- 
timo member of tlio staff for a short period while 
certain plans for future staffing of the Department 
mature 

British Association Representatives In the U.S S R 

The British Association for the Advancement of 
Science has accepted an invitation from the TJ88R- 
Great Britain Sooiety convoyed through the Soviet 
Embassy m London, to Bend two representatives t-o 
tho U S 8 JR to visit schools, universities and scientific 
institutions to meet Russian scientists and to discuss 
future relationships and exchanges The British 
Association’s representatives are Dr W E S win ton 
who is an honorary general secretory of tho Assoc fa 
tion, and Sir George Allen, who is its secretary 

European-Amerlcan Nuclear Data Committee 

A Committee for European-Amerrican Nuclear 
Data has been set up by tho European Nuclear Energy 
Agency, in agreement with Euratoro the United 
States of America and Canada, to assure collaboration 
among members and associate countries of the 
Organization for European Economic Co-operation in 
the measurement of nuclear properties Tho Com 
mitteo will be primarily concerned with measure- 
ments of nucloar cross -sections and other basic data 
essential for tho technical development of nuclear 
energy The Committee is to consist of thirteen 
experts from the United States, Canada, the United 
Kingdom the Euratom and other O.E.E C coon 
trios Its operations will be m accordance with 
existing bilateral agreements Tho work of the 
Committee will include the critical review of existing 
knowledge of nuclear cross -sections and constants 
and of facilities, techniques and man power available 
for their determination. Tho Committee will also 
collect and correlate data from available sources 
sock to establish a standard nomenclature and 
methods of presentation for such data, and rocom 
mcmd and sponsor, as necessary, technical mootings 
and symposia to further it* objectives Finally, tho 
Committee will promote tho pooling and exchange, 
whore appropriate, of equipment and personnel 
Further information con bo obtained from tho 
Organization for European Economic Co -operation, 
ChAteau. de la Muetto, 2 me Andte Rascal, Paris 
XVI« 


New Forensic Science Society 
A decision to form the Forensic Science Society was 
taken at a well-attended meeting hold at tho Umvor 


ty of Nottingham on October 31 The obioct of the 
>ciety is to ndvanoe tho study and application of 
irons io science in all ita branches With this aim in 
ew, a Bone* of symposia to be held alternate^ n 
ondon and in tho provlnoea i* boinff 
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Among the subjects suggested for discussion are 
blood, hypoglycsBima, street accidents and instru- 
mentation. All persons professionally interested m 
forensic science are eligible for membership The 
president of the Society is Or J B Firth, and the 
secretary Dr B G C Clarke, of the Royal Veterinary 
College, London, Nffl, from -whom further informa- 
tion can be obtained 


Preservation of the Malvern Hills 

As a result of the confirmation, by the Munster of 
Housing and Local Government, Llr Henry Brooke, 
of an order made by the Rational Parks Commission 
under the National Parks and Access to the Country- 
side Act, 1949, about forty square miles of the 
countryside m the counties of Gloucester, Hereford 
and Worcester, including the -whole of the Malvern 
Hills, are to be established as an ‘area of outstandmg 
natural beauty 1 The designated area extends from 
Kmght.wick in the north to Bromsberro-w m the 
south and from Suckley, Cradley, Coddington, 
Wellington Heath and Ledbury m the west to 
Welland and Great Malvern m the east It includes 
such well-known features as the Worcestershire 
Beacon, North Hill and the National Trust’s property 
at Midsummer Hill The responsibility for preserving 
the landscape rests with the County Councils of 
Gloucestershire, Herefordshire and Worcestershire as 
the local planning authorities Government grants 
can be made at the rate of 76 per cent towards the 
cost of treating derelict land, tree planting and 
preservation and removing disfigurements Grants 
are also available towards expenditure incurred in 
making agreements or orders for public access to 
open country and in appomtmg wardens Designation 
does not provide any right of access to land not 
already open to the public Nor does it affect the 
existing use of land, such as the use of War Depart- 
ment land for military purposes 


Newly Available Endocrine Preparations 
The Endocrinology Study Section of the National 
Institutes of Health has the following highly purified 
pituitary hormones available for distribution free to 
qualified investigators growth hormone, bo\ me, 
non-stenle for animal experiments only , follicle- 
stimulating hormone, ovine, sterile preparation 
26 mgm vials for experiment, 6 mgm vials for assay 
standard , luteinizing hormone, ovine, sterile pre- 
paration, 10 mgm vials , prolactin, ovine, sterile 
preparation, 26 mgm vials Further information can 
be gamed from Dr R T Hill, Executive Secretary, 
Endocrinology Study Section, Division of Research 
Grants, National Institutes of Health, Bethesda 14 
Maryland. ’ 


Grants for Prival 


National Science Foundation 
Foundations in 1957 

Grants made by the National Science Found at k 
for scientific research and development by priva 
philanthropic foundations and voluntary heal 
agencies totalled 95 million dollars during 1957 
which about 59 million dollars was m Support 
basic research (No 15, Reviews of Data on R 
search and Development National Science Found 
tion, Washington, DC) It is estimated th 
research expenditure for 1957 by private foundatio 
and health agencies m the United States amount 
to about 8 per cent of the estimated national bai 
*^®uarch expenditure of 700-800 million dofiai 
-xpenditures for research and development by the 


institutions amounted to less than 1 per cent of tlio 
total expenditures for research and development by 
all organizations Of 4,067 privato foundations but 
voyed, 438 reported research and development pro- 
grammes, and a total expenditure of 72 million 
dollars Twelve foundations accounted for more 
than half tins expenditure 82 per cent vas in tho 
form of grants and related administrative expenses 
to outside organizations Tho latter -were pre- 
dominantly educational institutions and their affili- 
ated professional schools and hospitals One m fivo 
foundations with research and development pro- 
grammes reported expenditure for research m their 
own laboratories or facilities Tho major part of 
support by foundations in 1957 covered tho life 
sciences, accounting for 45 per cent of thoir total 
research and development expenditures Tho social 
sciences were next m volume of support, and tho 
physical scioncos last, according to tho report 
Twenty-five of tho thirty voluntary hoalth agoncies 
surveyed for 1957 reported expenditure for research 
and development , this amounted to 23 million 
dollars, of which almost ono-lialf wus for basic research 
Four of tho health agoncios accounted for more than 
four-fifths of tho total research oxpondituros, most 
of winch v ore in tho form of grants to outside organ- 
izations and individuals Educational institutions 
and affiliated medical schools and hospitals wero the 
major recipients Tho voluntary hoalth agoncios 
concentrated almost exclusively on the support of 
biological and medical research 

Illuminating Engineering Society 
At the mooting of tho Illuminating Engineering 
Society hold in London on October 13, Mr H G 
Campboll was installed ns president of tho Society 
for 1959-60 Educated at Oundlo and Queens’ 
College, Cambridge, Mr Campboll ib managing direc- 
tor of Benjamin Electric, Ltd , and n director of 
Holophane, Ltd Tho Leon Gaster momorial premium 
of tho Illuminating Engineering Socioty for 1 959 lias 
been awarded to Dr R G Hopkmson and Mr J. 
Longmoro (both of whom are with tho Building 
Research Station of tho Department of Scientific and 
Industrial Research) for thou paper entitlod “Tho 
Permanent Supplementary Artificial Lightmg of 
Interiors”. 

U S. Society of Protozoologists 

The following officers, for tho academic year 
1959-00, wero elected or appointed at tho annual 
meeting of tho Socioty at Pennsylvania State Uni- 
versity, during August-Soptombor President, Dr 
Norman D Levine (University of Illinois) , Vice- 
President, Dr. Reginald D Manwoll (Syracuse 
University) , Executive Committee (new members). 
Dr E R Noble (Santa Barbara Collogo, California), 
Dr. Cliarles Ray, jun (Emory Umvorsity) 

Mond Nickel Fei'owshlps 
The Mond Nickol Fellov ships Committco 
announced recently the award of a Fellowship for 
1959 to Mr D J O Mann (John Lysaght’s Scun- 
thorpe Works, Ltd ), to study tho practical applica- 
tions of recent metallurgical research and techniques 
to the production of basic somi-fimshed steel , and 
•^ r ^ J B Pocock (Capper Pass and Son, Ltd ), to 
study developments m extractive metallurgy m tho 
United Kingdom, Europe, tho United States and 
Canada, and thou dependence on the size and location 
of the organizations concerned 
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University News Hull 

The Dopartmont of Scientific and Industrial 
Roseorch has made a grant of £0,000 to the Depart 
mont of Chemistry towards tlio puroliaso of a mats 
spectrometer in support' of roeearcli by Dr G C Bond. 

The Nature Conservancy ha a made a grant of 
£4,900 to tho Department of Geography for a three 
year investigation into the coastal goomorphology of 
Holdemees and Spurn Hoad 

Tho following appointments to lectureships me 
made and took effect ns from October 1 F J Bryant 
(physics) and I 0 Williams (zoology) 

London 

The following titles are announced that of 
professor of physics in the University of London, 
conferred on Dt M Blackman, in respect of his 
post at the Imperial College of Science and Tech 
nology of professor of physical chemistry in the 
University of London, conferred on Dr F C 
Tompkins, in respect of hiB post at tho Imperial 
Coll?go of Bcionco and Toclinology , of reader in 
biochemistry in tho University of London, conferred 
on Mr S P Datta in respect of his post at University 
College of reader in applied mathematics in tho 
University of London oonferrod on Dr 0 W 
Ivilmistcr, in respect of his post at King's College 

Oxford 

RESEAiicn grants are announced as follow by tho 
Medical Research Council, a grant not exceeding 
£1,100, for one year as from October 1, for scientific 
assistance in a study by X ray analytical methods of 
insulin and related structures, to bo earned out in the 
Laboratory of Chemical Crystallography under tho 
direction of D M Hodgkin, reader in X ray crystal lo 
graphy , by tho Urutod Kingdom Atomic Energy 
Authority, a grant not exceeding £5,700 for throo 
years as from October 1, 1059, for studios in inter 
forometnc spectroscopy, to be corned out in the 
Clarendon Laboratory under the direction of H G 
Kuhn, also a furtlier grant not exceeding £1,260 
during the period October I i960, to September 30, 
I960, for work on tho constitution of bismuth rich 
alloy’s, being corned out m tho Department of Metal 
lurgy under the direction of Prof W Huroo Roth cry 
by the U.8 Public Health Service, a sum of 14,100 
dollars for one year from September 1, 1960, for the 
continuation of research on vision and light quanta 
being carried out in tho Department of Physiology 
by M H. Pirenno, under tho direction of Prof. EOT 
LiddolL 

The Department of Scientific and Industrial 
Research has provldod grants not ox coed mg £1,000 
for ono yoar os from October 1, 1950, for research on 
some natural products -with biological activity, to bo 
earned out in tho Sir William Dunn School of 
Pathology under the direction of Dr E P Abraham , 
£1 500 for ono year aa from October 1, 1959, for 
research into perceptual limitations in high-speed 
performance in tho Institute of Experimental Psycho 
]ogy by H Kay, under tho dirootion of Prof R 0 
Oldfiold £22,860 for throe years ending September 
30, 1902 for an investigation of tho geological age of 
rock Berios by methods baaed on natural radioactivity, 
being corned out in the Department of Geology under 
tho direction of Prof L R Wager , £1,220 for equip 
mont for research on the biochemical mechanism of 
cell division, to be carried out in tho Department of 
Biochemistry under tho direction of Sir Hans Krebs, 


and £25,726 for the period October 1 1959, to July 31 
I9C2, for an investigation of materials, using magnetic 
resonance and double reeonanoe techniques, to be 
earned out in tho Clarendon Laboratory under tho 
direction of Prof B Bloanoy 

Tho Admiralty has supplied, for the year ending 
March 31 I960, a grant not exceeding £9,634 IOj Od , 
for the continuation of research on centimetre waves 
and fundamental problems being earned out m tho 
Clarendon Laboratory under the direction of Prof 
B Bleaney and the Ministry of Supply a grant not 
exceeding £1,176 for a yoar from September 1, 1969 
for the continuation, of an investigation of flu ore 
carbohydrates being earned out in the Department of 
Bioohemistry under tho direction of Dr P W Kent 

Announcements 

3fit F C Braby, chairman and managing director 
of Frodk Brnby and Co , Ltd , has been elected 
chairman, of tho Council of the British Non Ferrous 
Metals Research Association in succession to Dr 
Maurice Cook, who retiree from that office on Do com 
her 31 

The Infra Red Development Co Ltd., Wolwyn 
Gordon City, has amalgamated with Hilger and Watts 
Ltd., 08 St Pancras Way, Camden Rond, London, 
N W 1 The Infra Rod Development Co was founded 
in 1946 and special ires in tho analysis of gases by 
non-dispersive infra rod techniques, primarily for 
industrial purposes , it has been under tho technical 
control and management of Mr W B Bartley, who 
will remain managing director It will continue to 
operate at its works and offices in Welwyn Garden City 

The well known instrument male era, Griffin and 
George, Ltd., Ealing Road, AJporton, AVembley 
Middlesex, ore opening a now branch at 020 Wolbock 
Rood, Walker, Newcastle upon Tvno To celebrate 
this stop, two exhibitions ore being hold, at tho 
Heaton Assembly Rooms, Heaton Rood, Newcastle 
upon Tyne during Novombcr 17-20 and at tho 
Corporation Hotel, Corporation Road, Middlesbrough 
on Toes, during November 23-26 Tho exhibitions 
will show a representative rango of equipment of the 
latest type for oducotion, research and development 
and industry 

Under the provisions of tho Ful bright Programme 
travel grants are available to citizens of tho United 
Kingdom and dependent territories, tu go to the 
United States for an ocademio or educational purpose, 
provided tlrnt they lmi e adequate financial support in 
dollars for the visit and liavo boon accepted by an 
American institution of higher looming Grants cover 
tho cost of direct travel between tlio condidato a homo 
and tlio American university or institution They are 
available during June 1, IflCd-August 15, I960, for 
wlu oil applications must be submitted by J larch 14, 
10G0 , and August 10, 1000-Aprfl 1, 1G0I for which 
applications must bo submitted by June 1, 1060 
Application forms and further information con bo 
obtained from the United States Educational Com 
mission in tho United Kingdom 71 South Audloy St , 
London, W I 

We regret that in the artldo ©ntitlod “Scientists 
in tho Public Service in Britain * in Nature of 
September 19, p 858, the statement issued officially 
relating to Dr J W G Lund is incorrect Dr Lund 
Is in charge of tho algological reworch of the Brenh 
water Biological Association, of which 
Gilson is director ~ 
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BOOTS’ NEW BIOLOGICAL RESEARCH LABORATORIES 

By Dr, G I HOBDAY 

Director of Research 


D URING a night-time air-raid on Nottingham in 
May 1941, nearly all the research facilities of 
Boots Pure Drug Co , Ltd , were destroyed Blast 
and fire reduced virtually all the chemical and 
biological laboratories to heaps of charrod rubble 
The timing of this disaster could not have been more 
unfortunate Under the stimulus of the national 
emergency we were expanding our research operations 
to enable the company to manufacture many vital 
drugs of European origin, supplies of which had beon 
cut off by the War , penicillin, m the development 
of which ne were to collaborate, was about to emerge 
It was urgently necessary, therefore, to ro-house our 
chemists and biologists as soon as possible Because 
new construction was out of the question existing 
premises had t-o be converted Choice of these v.as 
not easy since the Research Department was by no 
means the only one to suffer damage and every foot 
of space in the company’s buildings m and around 
Nottingham was at a premium 

After due consideration, it was decided to ro-houso 
chemistry and biochemistry in a nearby building on 
the Island Street site and to evacuate the biological 
facilities, including bacteriology and pharmacology 
research and standardization, to a heterogeneous 
group of company buildings m West Bndgford, a 
Nottingham suburb These latter, on which over the 
years a considerable amount of money has been 
expended, have served us well Of course, it was 
evident from the beginning that they would ansver 
our needs for only a limited period But, ns with 
many war-time expedients, budding restrictions m 
the post-war years and the subsequent neod to share 
out the capital cake among an increasing number of 
growing members of the company 
left us in occupation of them for 
longer than was originally intended 
However, after about eighteen 
months of active planning v, e 
started construction of a new bio- 
logical research building in Septem- 
ber 1956, and occupation of it has 
just been completed 

The new budding, which was 
designed by Boots’ architectural 
staff, is sited in Nottingham a short 
distance away from the chemical 
manufacturing plant, but near 
enough so that services such as 
steam, electricity and water are 
drawn from the central works 
supply It is near the present chem- 
ical and biochemical research lab- 
oratories and immediately adjacent 
to the site on which these facilities 
wdl be re -housed within the next 
few years In plan, the budding is 
in the form of an irregular H , one 
wmg of four floors houses adminis- 
tration offices , Medical Depart- 
ment, library, canteen, conference 


room and a fully equipped lecture theatro seating 200 , 
the linking block contains the main staircase and lifts 
together with lavatories and cloak-rooms , tlio other 
wing, longer than tlio first and on sovon floors with a 
basement, is ontnely laboratories Tlio total floor 
area is appioxnnat-oly 90,000 sq ft Externally, tho 
budding is of striking appearanco , ono wmg is of 
brick and tho othor is faced with coramic tiles m a 
checker-board pattern of groy and yollow. In internal 
design the administration wmg and linking block aro 
fairly conventional, but features of special interest 
include tho pro-sticssed concrete mam staircaso and 
tho imdulant coding m tho canteen Tho lecture 
theatre, winch is acoustically dcsignod, is fitted with 
stackablo chairs which can bo romovod, entirely 
liberating the floor space for exhibitions, otc Also 
to bo noted is tho pleasant medical and biological 
library housing 15,000 volumes, tho stack room of 
winch is fitted with mechanically operated stocking 
for economy of floor spaco Tho d6cor throughout is 
modern, but not aggrossivoly so, using mainly mono- 
chromatic treatments and avoiding disturbing colour 
contrasts In tho ontranco lobby is a largo colourful 
mum], abstract in design but intelligibly depicting 
tho scientific disciplines provided for m tho building 
Tlio laboratory wmg is functionally planned to 
accommodate tho biological procedures employed, the 
common links throughout being laboratory ammals 
and micro-orgamsmal toclimquos Required floor 
area and avadablo site aroa comparison clearly 
pointed to a raulti-storoy building , this was quito 
acceptable, indeed m many respocts desirable, smeo 
it permitted a plan of isolation of different functions 
on separate floors whflo reducing circulation distances 
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and simplifying centralized servicing The floors were 
planned on a 9 a module in a block 200 ft long 
and 45 ft wido Tins plan gnvo a spinal corridor 
nrrangamont which ogam holpod in the separation 
of functions, since it -was easy to form tho areas at 
both ends into isolation units A steel framed build 
ing was ohosen with apaco-frnmo girders 3ft 0 in. 
doep and 45 ft span By this arrangement none of 
tho internal walls is part of tho structure, permitting 
alteration of tho working areas as the need arises , 
it also provides a *paco between coiling and floor 
above In wliioh services are distributed Vortical 
distribution of services is through a duct, 10 fb by 
17ft, winch goes right through the budding from 
top floor to basemont The wholo of the laboratory 
wing is air-conditioned, inlet air being drawn in 
through an olectrostatic precipitator and distributed 
through two separate systems, one Bervuig the oast 
side and the other the west side to give flexibility in 
taking care of solar gam through tho large unopen 
able windows A plenum system is used with pressure 
differences carefully arranged especially m laboratories 
where micro -organisms are used. All extracted air 
from areas of possible infection is filtered sterile 
l>oforo being vontod to atmosphere Where necessary, 
hospital’ finishes on walls and ceding arc employed 
to facilitate cleaning and sterilizing , floor coverings 
are Bhoot polyvinylchloride in laboratories and hard 
asplmlt in animal rooms and wash down areas 
Stainless steel benches and stool under bench fittings 
are employed In all sterile areas and teak tops with 
wooden furniture elsewhere 

Equipment cleaning and Btenlizmg aro centralized 
in the basement, where all refuse is Inoinernted There 
aro two systems of automatic hoists for handling 
separately dirty equipment to tho basement and 
ro turning clean oquipmont to the requisite floors 
All equipment and material passing from the isolation 
areas are heat-stenlizod before proceeding down the 
‘dirt} * hoist Medm-mnking is centralized and from 
a food store on the top floor animal diets are delivered 
to appropriate floors by chutes 

Facilities for work with radioactive labollod sub 
stances are provided in a self-contained suito The 


main unite of this aro a synthetic chemical laboratory, 
a biological laboratory with separately vented cage 
cabinets and a radioactivity measurement laboratory 
The mam radioaotive store is in a shielded room in 
tho baeomont 

Tho work in the laboratories lies in the fields of 
pharmaoology, to xi oology, bacteriology, mycology, 
virology and parasitology Some routine testing and 
standardization work is done on chemical and 
pharmaceutical production material, each as sterility 
testing of mjoctions and bio assay of insulin Other 
wiso the work is investigation, much of it comprising 
the biological component of research projects im olv 
Ing other research divisions For example, in the 
Sold of parasitology trypanosomiasis is a major 
project, and chemical substances synthesized in tho 
nearby chemical research laboratories, or new anti 
biotics isolated in the antibiotic research unit are 
screened in the new building by specialized laboratory 
teste Those of potential value will undergo more 
specific teste for activity and, in another unit in tho 
building, for toxicity Any worthy of clinical or field 
trial will be passed over oither to the Medical Depart 
ment or to the veterinary research division at 
Thurgarton, about ten miles outside the oity Work 
of this kind has produoed ‘Ethidram* and ‘Pro 
thidium’ for treatment and prophylaxis of bovine 
trypanosomiasis In a similar way the parasitologists 
working on umccbiaeis have contributed to tho do 
velopmont of ‘Entamido’ for tho treatment of 
omoebmsis Likewise the bacteriologists have col 
lnboratod with the chemists and pliarmaclste in 
developing a new antibacterial substance *DjbonaV 

Team operations of this kind provide much of tho 
impetus for pro gross in tho search for now substances 
for the treatment of human, veterinary and plant 
diseases Tho now laboratories form a vital link in 
tho clinin of Investigations between the first con 
eeption of a new drug and its final availability to tho 
public They Berve the futuro in providing the typo 
of working accommodation which tho young research 
scientists of to day expect and nood in order to make 
their most effective contributions in tho fight against 
disease 


THE BRITISH FOOD MANUFACTURING INDUSTRIES 
RESEARCH ASSOCIATION 


T HE British Food Manufacturing Industries 
Reeooroh Association Laboratories at Leather 
head were open to members on September 10 and 
to invrtod guosts on the following day Tho wido 
range of the research programme of the Association 
was demonstrated tho exhibits covering work In 
progress for tho eight main groups mto which the 
membership is divided, that is to say, cocoa and 
chocolate, sugar confectionery, meat and fish pro 
ducts, jams and jellies, piokloe and saucoa, oils and 
fate (including margarine and compound cooking 
fate), bakers’ prepared materials ana miscellaneous 
produota ranging from table jellies to salted nuts and 
potato crisps Tho work undertaken covers funda- 
mental chemical, physical and bacteriological in 
vestigations alongside technological aspects of food 
manufacture 

For tho chocolate industry an item of major 
importance is the study of tho rhoology of molten 


chocolate An experimental visoomotor was on show 
which had been designed and built to tho require 
mente of the Association to give measurements of 
viscosity over a wide rango of rates of shear A 
method of plotting tho viscomotnc data has been 
developed whioh leads to tho flow properties of 
chocolate being expressible m terms of two con 
stants Tho glyceride composition of cocoa butter 
is being studied by chromatographio techniques 
Complete separation of the mono unsaturatod tri 
glycerides has been achieved by reverse phase paper 
chromatography using a non polar stationary phase 
and a suitably chosen mobile phase An Invest igation 
into the volatile constituents responsible for tho 
flavour of cocoa and chocolate by gas chromatograph} 


s in its initial stage 

The properties of high boilod sweets F artu, ~f r J T 
heir behaviour on exposure to tho 
Bing investigated by means of an apparatus rcWen 
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permits samples to be boiled under closely controlled 
conditions at low moisture content The drying of 
certain types of confectionery deposited in starch 
moulds is being studied m two ways with the view' of 
reducing the ‘stovrng time’ necessary for their pro- 
duction First, the effects of temperature and hum- 
idity on the rate of drying of gelatine and starch gums 
are being studied in a cabinet m wluch these factors 
can be closely controlled Secondly, as com-stareh 
is used as a moulding medium, an investigation of 
its equilibrium relative humidity at elevated tem- 
peratures is of importance, and an apparatus for 
carrying this out has been devised and built by the 
staff of the Association Other items of research 
connected with sugar confectionery manufacture arc 
concerned with the properties of glucose used m 
confectionery (com syrup), particularly tho pre- 
vention of foaming on boiling and tho tendency for 
the material to darken on storage 

Tho programme of research for the meat products 
group mcludes biochemical studies on residual tissue 
respiration and the measurement of oxidation- 
reduction potential Colour changes and fading m 
cooked cured-moats are being studied with tho aid 
of reflectance spectrophotometry On the tech- 
nological level, cooking properties of sausages and 
their colour stability during marketing are being 
investigated 

The Association’s bacteriological laboratory is 
concerned on one hand with probloms connected 
with bacterial spoilage of food, including tho ‘blowing’ 
of canned goods, greening m cooked cured-moats and 
bacterial growth in vacuum-packaged bacon, and on 
the other band, with bacterial aspects of the curing 
and processing of meat Members are also advised 
on questions relating to general factory liygieno 

Problems connected with tho canning of herrings 
are being studied by members of the Association’s 
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staff at tho Torry Research Station, Abordeon Tho 
work involves chemical studies of horrmg flesh 
and tho correlation of changes in tho constituents 
of the flesh with flavour changes and with changes 
m texture which occur during tho canning 
procoss 

The Association maintains close contact with horti- 
cultural stations concomcd with the brooding and 
development of now vanoties of soft fruits and helps 
tho industry to assoss their suitability for jam manu- 
facture Tho tendency for raspberry seeds to go ‘blind’, 
that is to say, becomo loss visible, in jam is another 
problem which has ongaged tho close attention of tho 
Association 

Much of the work m connexion with pickles and 
saucos is concerned with microbiological Bpoilago, and 
spoilago organisms from a largo number of spoiled 
packs have been isolated and ldontifiod Probloms 
connected with tlio production of low -acid pickles 
involve Btudies of tho pasteurization procedures 
necessary for a product which will combmo adequate 
sholf-hfe with desirable nppcnranco and eating 
properties 

In conjunction with tho National Institute for 
Research in Dairying, an instrument for comparing 
the ‘sproadability’ of margarines has been developed 
This mstrumont, tho 'FiralNml' extruder, has 
proved to liavo applications in connexion with othor 
foods and, indeed, in other industries, wliero the 
rheological properties of Bomi-sohd materials aro 
important 

The Association maintains an oxtensn o library of 
books and periodicals Research roports and othor 
publications aro availablo only to members of tho 
Association, who also recon o monthly issues of 
abstracts from current scientific and technical litera- 
ture Some two thousand itoins nro abstracted in a 
yonr B R IvxArr 


THE STRUCTURE AND CHEMISTRY OF PROTEINS 


SYMPOSIUM ON PROTEINS AT PARKVILLE, AUSTRALIA 


T HE intensification in recent years of research 
relating to the utilization of tho primary products 
of Australia, wool, meat, wheat and milk, and m 
medical research, resulted in the organization during 
September 10-11 of a symposium on “The Structure 
and Chemistry of Proteins”, at the Division of Protein 
Chemistry of the Commonwealth Scientific and 
Industrial Research Organization Wool Research 
laboratories, Parkvdlo, Victoria 

The meeting was well attended, with eighty-five 
delegates participating Several overseas visitors 
were present, including some who had attendod r 
symposium on “ffrematm Enzymes” in Canbena 
immediately preceding tho symposium on proteins 
The topics of the twenty. two papers presence 
ranged over many of the fields currently being m 
vestigated m other parts of the world, a noLfi, 
exception, however, being studies of ammo-a™ 
sequences This reflects the pre-occupation o 
Australian workers with the isolation and character 
ization of protein components from natural product 
as a necessary first step to a mom compAhensiv 
mideratandmg of then structure Although the com 
Plex protein mixtures of these products me the S 


point of much of tho Australian research, studies 
involving purified soluble proteins, such as insulin 
and lysozyme, plasma albumin and other proteins 
os well as synthotio poptidos are, howovor, also m 
progress The rapid advances which nro being mado 
in our knowledge of tho ammo-ncid sequence, struc- 
ture and behaviour of those classical protoins assist 
m the understanding and interpretation of tho 
chemistry of tho moro complex biological systems 
The contributions that X-ray, infra-rod and 
olectron-microscope investigations have mado in tho 
study of the structural organization of koratm were 
illustrated by tho work of R D B Frasor, T P 
MacRao and G E Rogers Tho application of X-ray 
crystallography to the study of tho threo-dimonsional 
struoturo of a simpler compound, toluono-p-sulphonyl- 
L-prolyl-L-hydroxyproline monohydrnto, was de- 
scribed by J Fndriclisons and A McL Mntlueson, 
and this contribution emphasized the storeo-chemical 
problem encountered with prolyl residues m a poly- 
peptide chain The properties of protom complexes 
oi tbe insect cuticle wore described by R H Hack- 
man and interest was aroused m tho nature of thoir 
strong bonding to clutm and qumones Tho isolation 
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of nu c I eo proteins and labilo plant viruses from loaves 
and thoir susceptibility to degradation by salt were 
discussed by J W Lvttleton. 

The chemistry of thiols and chsulpludes is a 
prominent feature of protein chemistry and was 
exhaustively discussed S J Leach and J M Swan 
described the important analytical advances made 
m this field with the aid of the polarograph and the 
preparative applications of Bulpluto in the presence 
of an oxi dir me agent such as cupric ions The 
various methods of splitting disulphide bonds and 
their application in the extraction of soluble proteins 
from wool were discussed by J M Qillespio, I J 
O’Donnell and E 0 P Thompson, and H Lmdley 
reported on the varying reactivity of the disulphide 
bonds of insulin J M Creeth and D J 'Winxor were 
concerned with the specificity of the reaction of 
iodine with the suiphydryl groups of ovalbumin, 
while the important role of thiols in disulphido inter 
cliango reactions was clearly apparent in the expori 
menta of F J R Hird R Frater and J R Yetoe 
on tho nature of cohesive forces in dough Disulphide 
interchange was also responsible for the inhibition 
of several — SH onr.ymos by ‘sulphonilamide di 
sulphides in an investigation reported by E Boen 
and L Bnghenti 

Tho physico-chomical characterization of proteins 
isolated from naturally occurring mixtures was 
covered in a further eonos of papers The aggregation 
and disaggregation of soluble proteins and tho clianges 
induced during denaturation figured prominently in 
the discussions of papers presented by J M Creeth 
and L W Nicol on urease, by B S Harrap, I JT 
O Donnell and E F Woods on soluble wool proteins 
and by H. A- McKenzie on various enzymes and 
globular proteins The various techniques used to 
follow conformation changes were critically examined 
and it became clear that tho behaviour of a particular 
protein in any given system wa« not nocossardv 
indicative of the behaviour of other proteins in the 
same system. The surface denaturation of proteins 
was discussed by F MacRitchie and the application 
of tho spread monolayer techniques to a comparison 
of the surface chemical properties of various cereal 
proteins was doeenbed by N W Tschoegl The 
propamtivo applications of eloctrophorosis were 


ELECTRONICS 

T HE fourteenth Exhibition of Electronic Devices, 
organized by the Northern Division of the 
Institution of Electronics, was held at tho Manchester 
College of Science and Technology during July 0-1 G 
This annual exhibition is now well established and it 
provides an opportunity for new electronic apparatus 
to be demonstrated m rather less crowded conditions 
than obtain at tho Physical Society Exhibit ion hold 
m London during January 

A. lecture programme was associated with tho 
exhibition and, as is to be expected, a substantial 
part of this programme was dovoted to transistor 
techniques However topics of general scientific 
nit erect wore by no moans excluded, and lectures on 
the argon chromatograph, on photograpbio demaito 
tnotry and on tho use of X rays for micro -analysis 
were well attended 

The exhibition was divided into a manufacturers’ 
poet ion nnd a research section the research exhibits 


illustrated by the work of J F O Doa on the isolation 
of components of serum while P R Carnegie and 
R L M Bynge described the electrophoretic be 
haviour of cupno complexes of oligopeptides and a 
possible method for selectively isolating dipep tides 
from mixturee of peptides 

Chromatography as an aid m the purification of 
proteins was introduced by A. G M. Marr, who 
described the fractionation of serum proteins on 
*DEAE cellulose ’ D H Simmonds has applied this 
teclimque very successfully to the water soluble 
flour proteins and he also reported amino-acid 
analyses of the various fractions using ion-exchange 
chromatography with an automatic recording appar 
atus capable of handling eight ion-exchange columns 
eluted simultaneously The continued interest of 
oh 0 mists in the quantitative analysis of protein con 
stituents was evident in this paper and that of 
J H. Bradbury on on alternative method requiring 
paper chromatography of duntrophenyl ammo acids 
This method was particularly applicable to the 
estimation of amide groups 

G Coleman and W H. Elliot described thoir work 
on tho synthesis of a amylase by Bacillus subtiha and 
C J Shepherd discussed the effect of inhibitors of 
protein synthesis m Aspergillus rudulans 

A feature of the symposium was a lecture by 
Dr R L M. Synge on “Naturally Occurring Peptides 
and Thoir Biological Sigmficanoo ’ Although the 
search for naturally occurring peptides has not been 
intensive' it was apparent from the stimulating surv oy 
by Dr Synge that many unusual types of small 
peptide are already known. He went on to stress 
tho necessity for quantitative data in the Bfcudy 
of protein synthesis and expressed concern at the 
lack of experimental documentation for many of the 
generalizations by biochemists regarding the syn 
thesis of proteins A spirited discussion ensued and 
was continued in a subsequent seeaion on protom 
synthesis 

Participants in tho symposium wore fortunnto in 
having a range of papers presented covering moat of 
the rapidly growing areas of investigation in tho 
pro tom Sold and it may be hoped that similar 
conferences will be held m the future 

E O P Thompson 


EXHIBITION 

forming much the smaller part of the whole A 
relatively small number of research exhibits, especially 
from universities, has also been evident at the 
Physical Society Exlubition Although research 
exhibits are of considerable general interest, and of 
special interest to thoso working m related fields, it is 
probable that for scientific workers as a whole tho 
more important function of on exhibition of this type 
is to show instruments that are currently available 
In the manufacturers’ soot ion tins year’s exhibition 
was notable for tho extent of the exlfibits of tho 
various electronic agenoiea Those agencies hand to 
the produots of a number of manufacturers and thoy 
hold stocks of instruments and components. In tho 
case of one agency the display occupied a whole 
room and included examples of tho products of some 
sixty manufacturers 

Included in tho now equipment on show wore 
oxnmpleft of ‘second generation osoillotoopo* r 
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very recently, British manufacturers have been 
unable to offer high-performance oscilloscopes having 
trace brightness and amplifier band-width suitable 
for the display of single-pulses having fractional 
microsecond duration This has meant that workers 
m such fields as nuclear physics and high-speed 
computing have either obtained equipment from 
North America or have constructed their own display 
systems New types of oscilloscopes are now available 
from Messrs Cossors, EMI, Marconi Instruments 
and Solartron The cathode-ray tubes are mostty of 
the post-deflexion acceleration type and run at 
voltages of 6—10 IcV , amplifier band-widths are 
10-20 Me /s , and the deflexion sensitivity at full 
gam is about 100 mV per cm This specification is 
adequate for all but the fastest applications, and for 
these, two manufacturers are offering oscilloscopes 
with distributed amplifiers having a band -width from 


d c to 40 Me /s Messrs Cossor and Heathkit showed 
kits of parts that can bo assembled to mako items 
of tost gear such as valvo-voltmotors and simple 
oscilloscopes The kits normally employ printed 
circuits, which simplify the wiring, and can bo 
assembled with semi skilled labour A wodo variety of 
silicon devices are now avadablo, and Messrs. Forranti 
showed a range of silicon plioto-voltaic colls , those 
have a responso time m the microsecond region and 
have applications m equipments using modulated 
light The now colls have a high conversion efficiency 
and m tho larger si/es can bo used ns solar colls to 
provide eloctncal energy from sunlight 

Tins annual exhibition contmuos to bo woll attonded 
and it provides an opportunity for scientific workers 
in the north-west of Bntuin to keep abieast of 
current electronic equipment and components 

V H Attoee 


UNITED KINGDOM CIVIL SERVICE COMMISSION 


T TTE ninety-third annual report of tho Civil 
Service Commissioners, covering the year April 1, 
1968-March 31, 1959, records an incroaso in the 
number of candidates successful in opon competition 
from 13,067 to 14,616, but for the administrative 
class the number of successful candidates decreased 
from 39 to 37, though well above tho 1966-57 figures, 
and some departments were short of recriuts, although 
the number of unfilled vacancies is not largo (Report 
of Her Majesty’s Civil Servico Commissioners for 
the period 1st April, 1958 to 31st March, 1959 Pp 
36 (London H M Stationery Office, 1959 ) 2s 6 d 
net) 

The Commissioners are contmumg tlieir efforts to 
attract a larger number of good candidates from tho 
universities Candidates m the limited competition 
for the administrative class further decreased m 
number Recruitment to tho senior branch of tho 
foreign service was also disappointing, and the short- 
age of candidates for the statistician class persists 
Less than 60 per cent of the declared vacancies as 
patent examiner have been filled and there w r as again 
a shortage of good candidates for scientific officer, 
engineering and draughtsmen posts, and many 
vacancies remain unfilled, particularly through a 


dearth of physicists Gravo shortages romam m tho 
telecommunications and otlior oloctromc fiolds , how- 
ever, tlioro w’ns a small mcroaso m tho number of 
candidates m tho senior scientific officer competition 
and most of tho vacancies winch had been notified 
wore filled 

Applications in tho assistant experimental officer/ 
experimental officer competition romamed remark- 
ably steady and gonorally sufficient candidates wero 
successful to meet dopartmontnl noods Tho supply 
of biologists again oxcoodod tho limited domand The 
roscarch fellowship competition continued to attract 
interest from wmrkors in all fields of research, and 
thirtcon candidates w ero offered tho aw ard There is 
some ovidonco that it is boeoming hardor to attract 
good applicants for junior fellowships 

Results of interviews m Ottawa and Washington m 
April 1958 to select applications for rosonrch fellow- 
ships and sciontifio officer posts woro less satisfactory 
than originally appoarod likoly, and in the event 
only one candidate jomod tho Servico ns Roscarch 
Follow and one as a senior scientific officer, although 
soino woll-quahfiod men appoar to havo boon stimu- 
lated to rotum to Groat Britain in tho universities 
or in industry 


EUROPEAN NUCLEAR ENERGY RESEARCH 


T HE seventh annual report of the Netherlands’- 
Norwegian Joint Establishment for Nucloai 
Energy Research*, describing the work of tho Estab- 
lishment during the period July 1, 1957-Juno 30, 1968 ; 
mentions that the research reactor, Jeep, was lr 
almost continuous operation at 450 kW during the 
year, with a total release of heat of 106 6 MW days 
but that the corrosive effects of the heavy water havi 
grown worse and a minor leakage of heavy watei 
occurred during April The completion of the Haider 
boning water reactor, which is an Institutt fo: 
Atomenergi project and whioh is situated inside t 
rock excavation near the paper pulp factory, Saug 

Norwedan 5 Joira'n^nmi«hm JU f r 19 & 7 T mie I n58 < of tho Netherlands 

Netherlands -horweglnn Joint Establisi 
ment for Nuclear Energy Research, 1959 ) 


brug8foronmgon, will be dolayod by about a year 
because of construction and dosign problems The 
reactor tank was comploted duirng tho spring of 
1958 The necossnry amount of heavy wntor wlucli 
wob purchased from tho United States of America is 
now stored at Haldon, and part of tho uranium 
ordored from Great Britain has boon dolivorod An 
agreement botweon Norway, Donmnrk, Sweden, 
Austria, Gioat Britain, Switzerland and Euratom, 
on the jomt operation of tho reactor, was signod by 
representatives on Juno 11, 1958 

Because of tho highor domand for radioisotopos, 
and technical improvements m tho production 
system, the number of isotope dohvories from Kjollor 
to customers outside tho Estabhsliment increased by 
dd per cent over tho previous year Tho deliveries 
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wore mainly to the Scandinavian countries Detailed 
information about the typo of isotopes produced and 
their distribution is given in tho report Separate 
sections deal with the activities of the Chemistry, 
Metallurgy, Reactor Engineering, Physics and Health 
Physics Divisions The ohemical analysis of uranium 
and D t O is now carried out on a routine basis and 
tho spoctrographical methods used for impurity 
control of medical isotope products and the detorm 
i nation of plutonium have boon imprm ed The main 
task of the metallurgical group lias been the pro 
duction of DO, pellets, and m addition to consider 
ablo computational work and experimental tests 
connected with the Halden boiling water reactor 
project, the Physics Division has obtained new 
neutron diffraction data on U,0, and U 4 0* The 
Health Physics Division is responsible inter alia for 
the daily radiation monitoring m the laboratories , 
the radiochemical analysis of biological specimens 
and the general medical check up of personnel Of 
tho 101 persona controlled by tho Division during 
the year, only one recoivod a radiation dose exceeding 
6 re ms 


1279 

The Notherlands-Norwegian Reactor School was 
officially opened on April 12 and the first nine woeks 
standard course commenced on April 24 with twenty 
oight students fifteen from Holland, eleven from 
Norway and two from Switzerland The construction 
of the new isotope building was started in January, 
and of an offloe building to house the ship propulsion 
group and the Engineering Division in April As in 
former years the Establishment benefited from the 
exchange of scientists with similar institutions m 
other countries Seven guest scientists worked at 
tho J oint Establishment for Nuclear Energy Rosearoh 
for the whole or part of tho period under roview 
The two sponsoring organizations of tho Establish 
ment the Reactor Centrum Nod or] and and the 
Institutt for Atomonorgi, took part- in international 
oo operation in the field of atomic energy, in par 
tioulor, in the European Atomio Energy Society, the 
Organization for European Economic Co operation, 
and the International Atomio Enorgy Agency 
Summaries of the main activities of the two organ 
nations are given in tho appendixes to the annual 
report 


THE FRANKLIN INSTITUTE 


T HE Board of Managers of tho Franklin Institute 
rn presenting their annual report for 1958 
( Journal of the Franklin Institute, 267, 317 April 
1959) express their gratification at tho progress 
during the year in all the Institute’s programmes of 
servioo to science, but point out that without increased 
funds the Institute cannot expand and may not be 
able to maintain its present activities In addition 
to the Franklin Institute Laboratories and the 
Computing Center, both located m Philadelphia, the 
Institute owns and operates the Bartol Research 
Foundation in Swathmore, Pennsylvania, and is 
trustee for the Biochemical Research Foundation in 
Newark, Delaware The Institute oonducta basic 
and applied research on a contract basis for govern 
ment, industry and private concerns, and tho Com 
putmg Center co-operates with the Laboratories 
which carry out projects under contract in the fields 
of engineering and the physical sciences The Bartol 
Foundation is concerned with the study of fondamen 
tala m physics low-energy exploration and cosmic 
phenomena, and the Biochemical Foundation with 
concor research 

It was to bo oxpeeted that public interest in the 
activities of the International Geophysical Year, and 
in rookets, satellites and space travel, would largely 
colour tho work of tho Education and other divisions 
of tho Institute during 1958 Of the twenty-one 
lectures presented at the Institute meetings during 
tlie year, oight wore on subjects related to the space 
ago * the oxhibit, “Progress of Time”, contributed 
to tho Institute’s Boience Museum by tho Hamilton 
Watch Co moluded tho Mors Space Clock, and other 
loan exhibits showed tho successful launching of the 
Explorer rocket, tho Vanguard satellite, and tho 
Pioneer lunar probe new presentations in tho 
Planetarium were “Tho American Satellite ’ and 
* Astronomy m History”, and the staff of tho Plano 
tarium wore responsible for tho operation of the 
Institute’s Moonwatch Station , and tho senes of ten 
semi technical lectures on astronautics sponsored b\ 


the Astronomy Department were published m 
December as Monograph No 0 entitled “Ten Steps 
into Space” 

The Library of the Institute which began as a 
small collection in 1824 now composes 103 054 
volumes, of which 3,054 were acquired during 1058 — 
080 by purchase, 544 by gift and 1 524 by binding 
New accessions moluded eighteen Russian periodicals, 
four in translated English editions and a rcmarknble 
set of the owners’ file copies of records and correspon 
dence of the Penang Sugar Estates Co (British 
Malaya), comprising twenty throo handwritten 
volumes of the work of the Company during 1870-97 
A symposium on ‘Thermoelect no Effocts” was held 
on September 8, primarily for research workers in 
this specialized field, and an all-da} symposium on 
‘ Odour” on October 31 during tho “Cleaner Air 
Week” in Philadelphia Three now titles were 
added to tho series of monographs published under 
the auspices of the Journal ‘Particulate Emission 
“The Airways Modernization Board — Its Mission 
and Methods” and “Ten Stops into Spaco” mentioned 
abo\o 

Details are givon m the illustrated report of the 
long range research programmes and new develop 
menta of the separate research organizations Those 
include air pollution research thermoelectricity and 
semiconductors , eloctron microscope studies of 
dislocations in motala and zone refining of reaetke 
metals , the physics of polymers , and flow loops m 
nuclear engineering A novel etching technique 
has been developed for studying dislocation loops 
generated m motnln under stress and their motion 
and growth in zinc havo been fllmod ( Journal of 
the Franklin Institute, 267, 335 , 1950) A simple 
some vibration method for tho early detection of 
glaucoma has been demonstrated and an all transis 
torized sensitive cane for uso by the blind has boon 
successfully tested Tho report concludes with brier 
details of the finances of the Institute tho membership 
and staff 
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ECONOMIC DEVELOPMENTS IN THE MIDDLE EAST 


I N a report dealing with developments for the year 
1957-58, published by the United Nations as a 
supplement to the world economic survoy of 1958, 
there is included a useful survey of agricultural pro- 
duction and development, industry, petroleum pro- 
duction, and foreign trade in the several mam 
countries mcluded in this politically highly sensitive 
world region (Iran, Iraq, Israel, Jordan, Lebanon, 
Saudi Arabia, Sudan and Turkey) About one half of 
the text deals with factual summaries, and about 
one half gives statistical tables (Economic Develop 
ments in the Middle East, 1957—1958 (Supplement 
to World Economio Survoy, 1958 ) Pp vm + 104 
(New York United Nations , London H M 
Stationery Office, 1959 ) 1 25 dollars , 9s , 5 Swiss 
francs) 

The information given regarding the koy product, 
oil, has special interest The rapid recovery and 
oxpansion of this industry during 1957 (after the 
decline in production as a result of the Suez crisis) is 
remarkable In 1957 thore was an increase over 1956 
of only 3 7 per cent, but this advanced by a further 
increase of 20 7 per cent in 1958 The total production 
of the Middle East as a sliaro in world production 
rose to 23 6 per cent in 1958 as compared with 20 per 
cent m 1957 The mam contributors to the largo 
rise m oil production were Iran and Kuwait, but 
though producing relatively small quantities, other 
countries have been expanding their output at a 
high rate, and a new entrant was Syria whore, in 
the north-oost of the country, a field was discovered 
m 1958 estimated to have an output capacity of 
about 2 million tons Agricultural production m 
the same year shows continued expansion at the rate 


of about 3 per cent per annum, both in food pro 
duction and m the output of industrial cash crops 
on which the sovoral countries depend as a major 
sourco of foreign exchange It is significant that tbo 
rate of growth m both oxcoodod tho growth of popula 
tion A continued shift m tho pattern of production 
towards industrial cash crops and greater use of 
fertilizers and agricultural mnehinory helped to main- 
tain tho rate of agricultural output, but tho uncer- 
tainty of climatic conditions caused wide fluctuations 
Apart from tho physical difficulties affecting pro 
duction within tho region, two comprehensive pro 
grammes of agrarian reform wore started m tho 
Syrian region and m Iraq late in 1958, and the 
social change and redistribution of income tlint these 
are likely to produco wall very probably have a strong 
impact on tho Bliapo of future economic development 
From theso economic changes within, there emerges 
a pioturo of foreign trade and payments showing 
much variation, and with interesting evidence of 
change m operation leading to shifts m tho geo- 
graphical direction of trade, particularly of tho cotton 
exporting countries , thus tho United Arab Republic 
and Sudnn moved away from Western Europe and 
tho United States toward tho US SB, Eastern 
Europe and tho Far East. Iran, Jordan, Turkey 
and Israol, on tho other hand, mamtamod their high 
share of trade With tho United States and Western 
Europo, although an increasing proportion of tho 
oxports of Israel and Turkov \\ ent t o oastern European 
countnes m 1957 and 1958 Oil oxports show a sig- 
nificant mcreaso m their Bharo to Asia and tho Far 
East, though tho dominant traditional markets in 
Western Europo are maintained Alice Gajixett 


THE NATURE OF POLISHED METAL SURFACES 


H OOKE, Nowton and Horschel all hold that tho 
asperities in a roughly ground surface are cut 
away during polishing, leaving a series of fino grooves , 
the finor the polish the finer theso grooves or 
‘scratches’ Rayleigh agreed that the asporitios are 
worn down but thought that the matorial is removed 
in an almost molecular fashion In 1921 Boilbv 
advanced the radical view that, instead of tho 
asperities being worn away, the depressions in the 
surface are filled in by material which is smeared 
across the surface, covering it with a layer which ho 
thought was glass-like or amorphous in character 
This has come to bo known as the ‘Beilby layer’ 
The idea of the layer being truly amorphous has been 
modified slightly in more recent times, but tho basic 
concept of a layer which is physically distinct from 
the substrate and which has lost its obvious crystal- 
line properties is still retamed 

Boilby did not propose any specific smoanng 
mechanism, although he inferred that surface tension 
forces were responsible A most plausible mechanism 
was afterwards advanced by Bowden and Hughes 
which was based on observations that very high local 
temperatures can be attained when two solids rub 


past ono anotlior Thoy suggested that asporitios in 
tho surfaco are molted when abrasive particles rub 
across thorn, tho liquid so formod dopositmg m and 
filling adjoining depressions It was further proposed 
that, duo to \ory rapid chilling, this molten material 
solidifies m on nmorphous-liko condition 

A paper by L E Snmuols reviews work earned 
out at tho Now South Walos Branch of Dofonco 
Standards Laboratories winch strongly supports tho 
oarlior view that polishing is essentially a fino cutting 
process, and is bolio\cd to establish with reasonable 
certainty that tho Boilby layer does not exist 

Tho now theory is that motallograplnc polishing 
occurs primarily by cutting, the individual abrasno 
particles acting m a similar manner to a planing 
tool Material is removed and scratches are pro- 
duced , tho bettor tho polish tho finor tho scratches 
Tho surfaco is crystal lino but doformod, tho magni 
tudo of tho deformation decreasing with increasing 
fineness of polish to a surprisingly low lovol in tho 
case of tho finost polislios Moroovor, tho doformation 
decreases rapidly with dopth so that comparatively 
perfoct material is exposed by a very light etch 
(Austral J Set, 21,6, 1959) 
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EEL MIGRATION 


I T seems probable that many of the difficulties that 
have undermmod Dr Tucker's belief 1 in the 
ability of European oels to return to the Sargasso 
Sea would have disappeared if he had compared tho 
European eel with the Atlantic salmon, the return 
of whioh to spawn after a migration of comparable 
difficulty is more readily demonstrable 

Salmon, both Atlantic and Paciflo, migrate to food 
in tho soa : hero they may stay for one and a half 
to four or more years Tina active feeding period is 
followed by a spawning migration during most of 
which the animal doea not food Fasting begins ag 
the salmon nears freeh water { the subsequent 
migrations upstream, often carried out under difficult 
physical conditions, are \ cry fatiguing and call for a 
considerable* expenditure of energy Yet after a 
migratory fast lasting up to a year, millions of salmon 
survivo to partako in most energotic spawning 
activities In fact, about 6 per oent return to spawn 
again, and a small proportion may spawn threo times 
Eels spend most of their lives feeding in fresh 
water 'Dub feeding period of from six to twenty five 
years duration is os clearly preliminary to spawning 
migration oa ore the years spent by the salmon in 
tho sea I do not agroo with Dr Tuokor that European 
silver eels are starving and dobflitated the many 
thousands that I liavo handled have boon vigorous, 
extremely energetic and in good condition. It is of 
interest that eel-dealers store living oels for long 
periods, yot thoso eels aro in the ond still fat enough 
to be sold as highly nutritious food 

On then* 3,500 mile spawning journey, oels have to 
contend only with slow moving ocean currents, not 
to lie compared with tho fast-flowing streams encount 
orod by salmon. If eels travel at a modeet 40 miles 
a day the journey need take only thirteen weeks — 
not a long fast compared with that of many salmon. 

Dr Tuokor claims that American oels, because of 
their larger sire and apparently juvenile sox condition, 
ore hotter suited than European eels for their spawn 
mg migration But sire is not a criterion of condition 
salmon, ranging from 3$ lb to rnoro than 00 lb 
complete their spawning migration successfully , 
many reach the rivers of Britain in an advanced stage 
of sexual maturity, fast, and survive to spawn 
Recent examinations of tho state of the gonads in 
largo samp] os of eels liavo convinced mo that tho 
European silver col is not “already well advanced 
towards being a reproductive ocoanio fish * The 
gonads of silver oels are not in an advanced stago of 
development Many silver ools migrate when their 
gonads ore scarcely moro odvancod than those of 
yellow oels In foot, the gonads of the silver oels aro 
in about the same do\ olopmontal stage as thoso of 
fomalo salmon smolts and unspawned malo smolta 
Ono of tho most stronglj omphasixod points in Dr 
Tuokor’s argument Is that European sib or eels aro 
rarely caught at sea But noithor apparently aro 
American eels Nor is it surprising tliAt ools at sou 
aro olumve They do not food and so cannot he caught 
on long lines, nor aro they likely to stay captivo in 
any normal doep Boa trawl It is no cause for 
ostonifilunont that oels aro not caught in the Straits 
of Gibraltar, for no commercial fishing gear in uso 
there can be expected to catch ools Salmon are 


rarely caught off shore, and salmon should bo much 
more catch able, for they feed in tho sea, they stay 
there much longer and they are not so shaped as to 
make escape from nets easy Yet countless miliums 
roach their spawning grounds yearly, though the 
number caught in the open sea is very small 

Finally Dr Tuokor s hypothesis requires that a 
largo proportion of tho American eel population is 
‘lost* yearly as a reproductive potential, since 
American oels which spawn m the wrong place 
produce progeny whioh become European eels and 
never succeed in spawning If this wore a true 
account, there would be intense selection in favour 
of eels whioh found the 'right' spawning ground It 
would be very surprising if natural selection on this 
large scale had failed to eliminate the European eel 
in a fow generations 

J W JOVES 

Zoology Department 
Dniversity, Liverpool 
1 Tucker D W tfutvn 183 495 (1059) 


I must emphasize at the outset that Dr Jones’s 
communication, even if it were acceptable in Hr 
entirety, contains nothing relevant to the funda- 
mental problem of eel navigation and nothing 
which lias any bearing upon my hypothesis that the 
two Atlantic Anguilla plienotypcs may bo onviron 
mentally differentiated and distributed without 
genotio intervention For tho rest, tho difficulties 
which led to a heavily documented paper 1 aro not 
likely to be dispelled by criticism which ignores not 
only literature already cited some of it on two 
Occasions 1 . 1 , but also that relevant to its own sub 
stontiation. Moreover, a recent independent review* 
has made such a comparison ns Dr Jones demands, 
and without detriment to the new theory of eel 
migration 

Both the salmon and tho ool undergo migrations 
which raise problems of navigation, physical effort 
condition and oenao regulation. Thereafter tho oom 
parfson breaks down to such an extent that know 
ledge of one casts little light on the wayB of tho 
other The eel is catodromous , tho salmon onadro- 
moufl The first migration of the oel is as a larva 
passively transported in the surfaco layers its 
second as a starving adult travelling in tho doopor 
layers and probably by a different rotum route 
Both of the migrations of the salmon are accom 
pliahed as an adult fish, travelling in substantially 
the same water masses along the samo routes and 
actively feeding until the final return, to fresh water 
Eels ore in peak condition shortly before tho com 
mencemont of their final journey ; salmon short! \ 
bofore tho end of it 

Tho European oel is, in Dr Jones’s view, an ocean 
traveller, accomplishing a long journey of at least 
3,600 miles for the south west European stocks and 
at most 6,000-0 000 miles for the White and Black 
Sea stocks Tho longest recorded journey for an 
Atlantic salmon is 1,730 miles in 328 days* charac 
teristfcally, its migrations aro much shorter — a few 
hundred miloe along tho coast or to and from foodJng 
ground, off tho shelf— ond 
internal change* in tho osmo regulatory 
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which prompt it to seek salt or fi esh water and by a 
proved propensity to wander along the coast until it 
smells the outfall of its native stream However 
arduous the last stage of the journey of the salmon 
up-nver, it can and does alternate activity and rest 
and make use of slack water and pools for the lattor 
purpose , for the eel m an opposing ocean curront 
no such respite is possible without losing ground 

Segregation of breeding stocks of salmon provides 
excellent opportunities for adaptive variation and 
variation of inherited behaviour -patterns through 
genetic isolation , in the eel nothing of the kind is 
possible 

Given tlus summary of the habits of the two 
fishes, wluch further have very different patterns of 
locomotion and are widely unrelated, I see vory httlo 
ground for generalization fiom one to the other , tho 
analogy is rejected with good reason, but Dr Jones 
should not assume that it was ignored 

Salmon survival for subsequent spawnings is duo 
in part to the fact that degenerative changes m tho 
gut are confined to the mucosa, which is ronowod in 
belts that recover 6 , in the eol the changes are pro- 
found and lead ultimately to complete destruction of 
the gut 5 6 The personal findings of Dr Jones, like 
those of Prof D’Ancona previously dealt with 1 , do 
not affect the evidence that the gut of tho Europoan 
eel is self destroyed before tho fish is moro than a 
few hundred miles offshore 

Here a now point may be mtroduced Experi- 
mental work on the eel has shown that in tho sea it 
contrives to maintain effectively the internal environ- 
ment of the ff eshwater fish It doos this by sv allowing 
sea water, absorbing water and salts through tho 
intestino, excreting an isotonic urine and discharging 
surplus chlorides tlirough the secretory colls on tho 
gills 7 In Europoan eels, once degeneration of tho 
gut has proceeded merely far enough to impair tho 
absorptive function, this mechanism can no longer 
operate , osmo-regulation must then depend wholly 
upon the relative impermeability of tho body mucus 
and upon compensating liberation of water tlirough 
breakdown of stored hpo-protems Faduro of the 
whole apparatus would lead to rapid oxsiccation and 
death Experimentally induced failure, by preventing 
eels from swallowing sea water, does m fact produco 
an 11-14 per cent loss in weight and death within 
3—4 days 7 This situation, oven moro than tho likely 
inadequacy of the food reserves to piovide for loco- 
motion, physiological work (for example, in chloride 
secretion) and gonad maturation, could account for the 
failure even of Mediterranean eels to reach apparently 
suitable breeding-grounds in that sea (post ) 

I am not subdued by Dr Jones’s experience with 
thousands of eels The great curse of the voluminous 
work upon eels, upon the Salmomdae and upon 
sundry other animals, has been that too much of 
it has been mechanical and repetitive, replete wath 
experiments umntelhgently planned and mountains 
of data inadequately pondered, parochial alike in 
the range of its geographical experience and in its 
isolation from relevant literature from ahen countries 
and related disciplines 

The physiology of the eel is not “clearly pre- 
liminary to spawning migration” , it could be, and 
I think is, ataviBtic and doomed to fruitless failure 
We have no right to assume climax as normality m 
any incomplete behaviour-pattern or physiological 
process when climax has never been observed and no 
unequivocal circumstantial evidence of climax is 
available 


I agree that a ‘stored’ silvoi eol may woll lotarn its 
condition hko any othor relatively quioscont animal, 
migrating ools, however, lose up to 20 por cent of 
their woight before tlioy loavo tho Baltic* (reserve fat 
amounts to about 25 por cent) and this over periods 
greatly in excess of that shown to bo necessary for 
tho initial osmotic adjustment 7 Eithei tho food 
reserves aro hoing rapidly URcd np, 01 thoro is a loss 
of water show mg that tho osmo regulator}, mochnnism 
is already breaking d own imdci the quite low sahnitios 
of tho Baltic 

Dr Jones suggosts a hypothetical “modost 40 miles 
a day 7 ” ovor thirteen woolts foi tho ool migration 
Norwegian work* summarized by Monzics 10 has shown 
that, of 508 long-distance jonrnoys by markod and 
recovered salmon, 509 wore accomplished at 5-25 
miles a day and only twonty-nmo at lnghor speods 
up to 02 milos a day Speeds for Baltic cols markod 
on a comparable scalo’ (the work was cited pro 
viously 1 ) aro m gonoral bet w eon 5 and 10 miles a day , 
tho record is 32 5 miles a day sustained over a moro 
two days 

Comparative data for condition of Amorican and 
Emoponn eels are hard to como by Vladykov 11 givos 
411 gm for tho mean weight of Quebec bronze eels 
of 01 cm , compared with Frost's 425 and 414 gm 
for 01 cm 15 Wmdormoro yollow and Bilvor ocIb, 
respectively Tho superficial agreement does not 
allow 7 foi the fact that tho American eels cited aro at 
an oarlior and probably much > o anger stage, nor 
deny that tho avorngo woight of migrating Amorican 
females is four times greater than that of tho Euro- 
poan, that their maximum sizes and weights aro 
greater and thoir potential joumoy much shorter I 
do not think wo can ovoid tho conclusion that tho 
Amorican eels are hotter piopnrcd Di Jones’s 
citation of tho range of woights of salmon grilse is 
meaningless without an indication of tho success- 
rates at different sizes and of tho conditions ov ercomo 
Such data as aro available for the migration speods 
of tho outward-bound salmon smolt 1 * show that theso 
nio much slower than those of tho larger reluming 
grilse Furtlior, maximum velocity in fishes is a 
function of length and frequency of tail-beat , though 
tho lattor does fall with increasing sizo, larger in- 
dividuals aro faster swimmers 14 

My paper 1 mentioned merely “percoptiblo enlarge- 
ment of tho gonads”, a statement in agreement with 
Dr Jones’s findings It then proceeded clearly to 
specify thoso characters of migration hvory and 
bathypolagic adaptation in wluch, by comparison 
with tho American ool, tho European may bo rognrded 
as advanced 

A surprising varioty of fishes, including other 
Apodes, hove been taken in doop-sca trawls by 
scientific expeditions , I havo boforo mo 29 Synapho- 
branchus from a singlo haul of an Agassiz trawl at 
1,300 motros Thoro aro at least 108 casos of records, 
wath Scottish interest alono, of salmon taken at sea, 
82 by tiawls and various nets 16 Salmon aro surely 
loss numerous than cols , being capable of a maximum 
velocity of 10 mph for short, periods 1 *, compared 
with the eel’s peak 2 0 mpli 17 , thoy should havo 
greater chances of avoiding nets and not less The 
infrequency of capturo of eels in European eons 
remains significant Non-capture of Amorican eels is 
agreed , there is, however, no convergence of essontial 
migration routes and intensive trawling comparable 
„° th a ^ north-wost Europe I did not write of 
commercial fishing gear” m the Strait of Gibraltar 
hut of an intensive study” , still moro explicitly, 
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scientific invest fgations by Danish, French and 
Monagasquo expeditions 

Evolution by natural selection of a population 
which chose the Vight’ spawning ground would be 
conceivable enough in the caeo of, say, salmon in 
polluted and unpolluted tributariefl of tho Wei si 1 
Doe Tho case of tho eel la not bo simple The Atlantic 
Anguilla forms are believed to bo environmontall) 
differentiated by differences in tho temperature 
stratification 1 and aro certainly differently distributed 
by the various movements of tho surface layers of 
tho Sargasso botwocn lot 20° and 30° N In the 
underlying deep waters in which the eels breed, the 
temperature and salinity conditions at a given depth 
are relatively uniform over a wido area , it is there- 
fore unlikely that any sensory discrimination could 
pick a ‘right’ spawning ground directly related to a 
‘right’ surfacing -area- Selection in relation to travel 
ling and ripening tunes could not have any genetic 
effect owing to the failure of the currentosystcm to 
return the Iarvm precisely to tho parental starting 
points along tho American coast While the new 
hypothesis may seem more spectacular, it w statistic 
ally no more remarkable than the normally high 
infantile mortality rate accepted m marine animals ; 
the survival rate is still sufficient to maintain the 
population. Parallel cases of expatriated populations 
failing to breed aro the British Qdopus vulgaris 1 *, the 
Norwegian Pahnurus dephaa 19 and tho Dagos 
Branchxostoma m gen cnee", all of which aro main 
tamed by immigrations of larvio bred elsewhere and 
bo represent similar cases of wasted reproductive 
potential 

There is likewise no ground for belief in selection 
produomg genetio restriction of tho eco-phenotypio 
variability potential of the Atlantic Anguilla, that 
is, eliminating the phenotypes with HO- II 9 vertebra 
os such, as opposed morely to those going to Europe 

Some further ovidonce in favour of the new hypo 
thesis is now briefly noted 

Possible parallel cases Bruun 11 lias commented on 
tho hitherto unexplained coincidence that, of four 
pours of Atlantic apodal ‘species’, having distributions 
roughly similar to those of the two typos of Anguilla 
Inrvxo and, moreover larvio which can be taken “at 
tho same place and same depth within a certain area 
of tho Sargasso Sea”, tho American ‘speoiea’ of each 
pair has tho lower number of vertebra (Tablo 1) 
This situation may well bo due to a common eoo 
phenotypy rather than to coincident genetio effects 


Table 1 


Noxbrrr or VXxtkbx* os Mtomms nr bom North 
A navno Ext* hatklt attkr bruit* (rct 21) 



Eact Atlantlo 

Weu Atlantic 

Any #TOa *n/ntfU 

An&Ula roeirata 

Confer eofiper 

Con fer oceanic** 
SynepMranchnt lampi 
SynaptobrtneAm inf emails 
ZevtoerpSatui enryvnu 
I^ptoeepMm fitxGI* 

no-no 

104-163 

148-164 

ni-no 

103- 111 

140-149 

131-140 

104- 113 


Likewise, Tombs Lycho**, supporting the new 
hypothesis, has suggested that there is a similar 
pseudo Bpeciation in tho Atlantic Parolopld fishes 
(order Inioml) 

Extended pelagic phases ‘European ool Jarvro grow 
to a greater length and unmetamorphoeed ago than 
tho ‘American’ and are, on the now hypothesis 
regarded as an extended polngio phase of one species 


Parallel cases of facultative prolongation of larval or 
juvenile life in marine animals under conditions un 
favourable to metamorphosis occur in the surgeon 
fish Aoanthurus hepaius 91 the irogfiehes An ten name* 
spp 11 , the M acrotntopus larvas of the benthic 
octopus Scaeurgus unicirrhus 11 , and in numerous 
Decapod Crustacea** 

Selection of breeding grounds bp Anguilla and Conger 
On the old hypothesis, Anguilla anguiUa and A 
rostrala were separate species with distinct breeding 
grounds in the Sargasso Sea. The American A 
rostrate and Conger oceantcus shared a common 
breeding ground The European 0 conger shared 
the only breeding ground of A anguiUa but also 
used other breeding grounds between Gibraltar and 
the Azores and irtsido the Mediterranean" 

I have already noted the fact that A anguilla does 
not breed in apparently suitable areas much nearer 
Europe than the Saigisao 1 The paradox raised 
on hydrological considerations is now reinforced bv 
Conger conger acting aa a biological indicator We 
may conclude that the *Europonn eel is not breeding 
in the Sargasso any more than it is m the Medi 
terranean or Eastern Atlanta o 

Location of the Anguilla rostrata brtcding-ground I 
previously suggested that the A rostrata breeding 
ground had been placed too far west 1 In support of 
this contention, be it noted that, until 1920, catches 
of A rostrata larvre from all source* totalled onlj 34 
specrniens** In 1920 the Dana took a further 1,000 
specimens , because, however, her track out of Porto 
Rioo towards New York” followed tho north-east 
boundary of tho 15 mm A rostrata contour, it 
follows that data for and within that contour remain 
thoroughly inadequate Tho probablo brooding 
ground between c lat 20-22° N , long 50-00° W 
has not been investigated at the proper season 
Material of the other American Apodcs cited above is 
likewise scanty by comparison with tho European* 1 * T 
Dents W Tuckeb 

Department of Zoology, 

British Museum (Natural History), 

London, S W 7 
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MECHANISM OF ANIMAL JOINTS 


Sponge-hydrostatic and Weeping Bearings 

A NIMAL joints are very efficient pivots Cham- 
ley 1 gives 0 01-0 02 as the friction coefficient 
of a human ankle joint and shows that tins low 
friction does not Tesult from hydrodynamic lubrica- 
tion He points out that ordinary boundary (thin- 
film) lubrication would produce five or ton times tho 
observed friction and suggests that Nature may have 
discovered, m its combination of cartilage and 
synovial fluid, a system which is very shppory even 
under conditions of boundary lubrication Tho 
purpose of this communication is to propose an 
alternative system, which is, in fact, an cxamplo of a 
new and interesting class of bearings The principle 
is illustrated by the experiments to bo described 
A piece of closed-cell sponge rubber (cell size 
0 7 mm and less) had one of its impervious eo\er 
sheets cut off to expose the cells Tins surface, 
lubricated with soapy water, was placed against a 
glass plate with a loading of about 40 lb /in - The 
friction coefficient was then measured as a function 
of the time for wluch the load had boen apphod 
(Fig 1, curve a) The friction coefficient is oxtromoly 
low, but rises m the course of an hour or so If tho 
sponge is separated from tho glass for a few moments 
and then replaced, the friction falls to its initial Ion 
value This is consistent with tho idoa that most of 
the load is supported in a frictionless manner by the 
little volumes of liquid trapped m tho pores of tho 
sponge It is, in fact, a ‘hydrostatic’ bearing Tho 
sponge material itself, being surrounded by liquid, is 
pressed against the glass only by its own stiffness 
This is small enough to produce very little friction 
but still large enough to seal tho colls (hydrostatic 
lubrication is not new, but previous arrangements 
have depended upon mechanical design to contain 
the lubricant and upon external pumps to pressurize 
it) The liquid pressure was moasured and found to 
be about that required to support the load Observa- 
tion, through the glass, of tho working face of tho 
sponge clearly showed the water-filled pores Tho 
movements of a particular volume of water could 
be traced by using dye Substantial outward 
seepage of tho water had occurred m an hour, which 
seems to explain tho observed increase in friction 
with time For purposes of comparison a sample of 
sponge rubber with open colls, but otherwise of 
about the same texture, was used This should allow 
much greater seepage of fluid Note (Fig 1, cun'o t) 
the tremendous increase in tho rise of friction 
Lastly, to check the technique of measuring friction, 
a piece of closed cell sponge was tested with its cover 
sheets intact (F tg l, curve c) This shows the high 
value expected for plam rubber once tho wrrng- 
out of lubricant established boundary lubrication 
conditions 

A difficulty arises if one attempts to explam animal 
jomt lubrication by this principle The animal jomt 
appears to involve two similar surfaces rather than 
a hard, impermeable surface running against the 
equivalent of a sponge Two sponges do not run 
very well against each other Suppose, however, 
that the sponge has a smooth, porous surface layer' 
Because of the porosity, this layer is surrounded with 
liquid, and so is not pressed hard against its mating 


surface At tho samo timo it is smooth onough not 
to bocomo entangled with tho similar layer on the 
other surface of tho bearing Tho offect of porosity 
was demonstrated with closed-cell spongo One of 
tho cover sheots, and tho underlying colls, was 
perforated with a sowing noodlo Tins porous surfaco 
was run against gloss using soapy wator lubrication 
and shoe od much loss friction (Fig 1, curvo d) than 
tho unporforatod covor shoot (Fig 1, curvo c) 

A truo animal jomt model v ith two similar surfaces 
was much moro difficult to imitate It was hard to 
find a porous material which did not hnvo an onormous 
friction coefficient when rubbod against itsolf I 
found the host material to bo snusngo casing mado 
from shoop intestine, lubricated with soapy water 
Imitation cartilage was mado by stretching this over 
tho cut-opon faco of closod-coll spongo Running 
two ‘cartilages’ against each other gn\o tho result 
Bhown m Fig 2, curvo a, whoro tho friction coefficient 
starts low and rises ns soopago occurs To chock that 
trapped water is nocossary, opon-coll spongo was 
substituted for closod-coll spongo in tho previous 
arrangement (Fig 2, curvo b) Easy escape of tho 
wator quickly raises tho friction Finally, tho sponges 
woro roplacod by imporvious ‘Nooprono’ shoots 
Fig 2, curvo c, suggosts that liydrostatio lubrication 
is occurring Tins is prosumablv bocauso tho sausage 
casing itsolf contains comsidornblo free -wntor 

It should bo pointed out that although tho reason- 
ing m this communication arrives at tho pormoablo- 
surfoco-spongo-bnckod bearing ns a modification of 
tho spongo -typo hydrostatic boaring, it could equally 
well bo thought of as a bonnng with a thick film of 
lubricant, whoro ‘wooping’ through tho porous wall 
supplies enough liquid to maintain tho film 

Woopmg bearings givo friction coefficients as low 
as tlioso m animal joints Thoy can bo mndo by 



Time after application of load (min ) 

Fig 1 Friction of various surfaces against glass whon lubricated 
wit a aoapy water 
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tig B. Friction of Torioo* tj-f** of ntrikoa cgulrut Uwn*clTt» 
when lubricated with io*py water 

using surfaces and lubricants which do not give 
exceptionally low friction under boundary lubrication 
conditions (The animal-derived eausogo caning 
usqd showed entirely ordinary friction coefficients 
once tho ~oxct^dubncant" had boon wrung out } 
Animals jomta could operate in this way In tho 
following communication evidenco is pres on tod to 
suggest that they do 

0 W McCutoukn 

Cavondieh Laboratory, 

Cambndgo Aug 4. 

1 dumier 3 Tht Seieulltl 0 No m fil CJafr 9 I05fl) 

Experimental Evidence for Weeping 
Lubrication In Mammalian Joints 

FnoW existing reports 1 it is dear that the structure 
and mechanical properties of articular cartilage aro 
just what are required for weeping lubrication to bo 
possible Its outer surface is formed by a narrow 
layer of flattened cartilage cells and below this is’ a 
relatively aoollular xone extending for some hu ndred s 
of micro ns down to the caloifled tissue" What cells 
there are in this xone are arrongod In colu mns’ ’we ll 
separated by wide areas of intercellular "matrixTwhlch 
probably has a structure .orfenta ted. .no rmal to tho 
surface layer Articular cartflago is oes fly "do l orrng fl 
by ’pressure but is very jeafliont, bojng almost 
perfectly olastic to in^mittentt-preesutos , and it has 
been suggested that this elasticity is due to oxudatiOn 
and re absorption of fluid* Thus articular cartflago 
appears to roaomblo a rather stiff sponge, with on 
internal structure which would permit easy expression 
of fluid up to a~sfhoolh, presuniably porous, outer 
surface 

Structural evidenco alone is inadequate , so a few 
simple experiments have boon mndo on articular 
surfacofl from freshly opened joints of a number of 
mammals Thin Bliavmga wore analysed for sodium 
and potassium with a flame photometer The ratio 
of sodium to potassium found was of tho ordor of 
12-15 on a molar basis j bo articular cartilage must 
contain a very high proportion of extra cellular fluid, 
aa suggested by histological preparations Exudation 
of only a small fraction of this total extracellular 
fluid would provido an adequate lubricating film 
That the superficial laws of flattened cartflago cells 


is freely permeable to small molecules is easily shown 
by dropping aqueous solutions of dyee on to a 
freshly exposed surface Dyos such as eoain, for 
example, rapidly penetrate to a depth of at least a 
hundred microns, Furthermore, if excess dye m 
wasbod off, some of that which has penetrated con 
be ro -extracted b> pressing filter paper firmly against 
tho articular surface The pore size in this super 
ficial layer is probably quite small, sinco a graphite 
su spension with a particle size of rather 
d id' riot appear t-open otrot o 

If an articular surface wElch has been well dried 
with filter paper ia placed against a glass slide and 
tho point of contact examined through the glass with 
a microscope, fluid can be seen to exude os pressure 
is applied Tho amount of fluid exuded was estimated 
by placing a small piece of filter paper of known area 
on an articular surfooo and applying pressure for a 
brief period of tune (lees than a second) Tiio sodium 
coq^ent of tho filter paper was then measured with 
a flame photometer and tho volume of oxuded fluid 
calculated on tho assumption that it had the same 
sodium content as extracellular fluid Both dry and 
moist filter paper wore used with substantially similar 
results When the pressure apphod was only sufficient 
to bring the filter paper into intimate contact with 
the cartilage, tho amount of sodium collected was 
insignificant. As the pressure was raised, however 
tho amount collected increased and for pressures -In 
the "range to be expected in normal operation of the 
joint the volume of fluid exuded was calculated to 
be sufficient to form a layer 15-35p tlnok over tho 
area of contact Botween two articulating surfaces 
twice as much fluid should be available which ought 
to be sufficient for adequate lubrication by the 
mechanism suggested m the previous communication. 

Weeping lubrication could oqually well occur where 
tendons oliange direction (for oxomplo the patella at 
the knoo joint), for tho cartflago surfaco ooncomod 
appears to have the same properties as that in tho 
joint proper 

One possible disadvantage of weeping lubrication 
is the occurrence of a slow outward seopage of fluid 
from between the apposed surfaces, which might 
eventually come into contact Joints seldom remain 
in a fixed jooaition for very long when they ore 
boaring a load Animals which sleep standing up, 
for example horses, are said always to chango thoir 
position at least every h alf an hour, and examples 
ore quoted m tho previous communication of model 
bearings whifih retain their low friction Jan at I oast 
this Iongth of time The rate of soopago would bo 
markedly affected by tlio rmcrostructure of tho arti 
cular surface, but unfortunately littlo is known about 
tins 

It has not proved possiblo to devise a crucial 
experiment which would pro\o_ conclusively whether 
or not ‘weeping’ lubncntionis an important factor 
in reducing joint friction. Noverthelees tho ovidonco 
pat forward hero strongly suggests that all tho 
no c ossary conditions' aro prosont , so it would be 
strango indood if this typo of lubrication did not in 
fact occur 

P K Lewis 
C W McCtjtohen 


Anatomy School and 
Cavendish laboratory, 
Cambridge Aug 11 
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EXPERIMENTS ON THE DEVELOPMENT OF ISOLATED 
BLASTOMERES OF MOUSE EGGS 

By Dr ANDRZEJ K TARKOWSKI 

Zoological Institute, University of Warsaw, and Mammals Research Institute, 

Polish Academy of Sciences, Bialowieza 


E XPERIMENTAL research on tho developmental 
potency of blastomeres of mammalian oggs has 
not, so far, advanced beyond the preliminary ponod 
Nicholas and Hall 1 found that development of 
embryos starts to take placo from both separated 
blastomeres of a 2 coll rat egg Those embryos, 
although completely normal in structure, did not, 
however, advance beyond tho egg cylinder stage, and 
underwent resorption beforo the tontli day of develop- 
ment Seidel 1 succeeded m obtaining two voung 
rabbits winch had dovelopod from 2 coll eggs in 
winch one of the blastomeres had boon destroy cd by 
piercing it with a glass needle , ho did not earn,- out 
any checks of the development during pregnancy 
Apart from a short note by Pincus*, tlioro aro no 
reports in the literature on tho development of 
isolated blastomoies before implantation 

Tho investigations descnbod below were carried 
out on mouse eggs, and were aimed at (1) tracing 
the entire embryonic development of ‘half’-ombryos , 
and, on tins basis, (2) dofinmg tho regulation capaci- 
ties of ‘half’-hlastomeios and of tho factors on which 
they are dependent Special attention was devoted 
to the structure of the blastocysts in order to ascortam 
to what extent the rnnor coll mass and troplioblast 
participate in their total mass Experiments were 
also earned out on a smaller scale on the development 
of 4-cell eggs of which ono or three blastomores had 
been destroyed 

The blastomeres were destroyed under a dissecting 
microscope by piercing them through tho 7ona 
pellueida with a glass needle fixed to a micro- 
manipulator similar to that dosenbed by Goldacre 4 
During this operation tho oggs were drawn to and 
held against the mouth of a micro-pipetto, with an 
outer diameter of about 40g, the suction power of 
which was regulated by means of tho rubber bull) 
attached to it All manipulations wero carried out 
m mouse serum diluted 1 1 with normal sahno 
Directly, or a few minutes after piercing the blasto- 
mere, it disintegrated totally or partially Using tho 
technique previously described 6 , the eggs w f ere thon 
transferred to the oviducts of the rocipionts, which 
had been mated the previous night with vasectomizod 
males Animals with differing pigmentation wore 
used a3 donors and recipients for the experiments, 
which were aimed at obtaining embryos from the 
second half of pregnancy or young 

Development before implantation A total of about 
100 ‘half- and ‘three- quarter ’-cleaving oggs and 
blastocysts was obtained The volume of most 
‘half- and ‘tbree-quarter’-blastocysts is similar or 
onlv slightly smaller than that of normal blastocysts 
(compare Fig 1 with Figs 2 and 4) Some ‘half’- 
blastocysts were, however, encountered lying loosely 
within the zona pellueida (Fig 3) The volume of 
the inner cell mass of ‘half-blastocysts, treated as the 


elliptical cap, is subject to w-ido variations, but in no 
caso does it attain the smallest t aluo found m normal 
blastocysts Its avorago sizo, ns a percentage of tho 
sizo of inner coll mass of normal 'll day blastocysts, 
is 44 5 Tho volumo of tho inner coll moss of ‘three 
quarter’ -blastocysts varies within tho wide limits of 
■variability observed for ‘half’- and normal blast o 
cysts 

Aftor carr. mg out observations m the li\ mg state, 
tho blastocysts wore thon fixed and mounted m tolo 
m ordor to determine tho numbor of colls composing 
tho inner cell mass and trophoblnst The avorago 
total number of colls of ‘half’- and ‘tlireo-quarter’- 


7 "— i r " l 



(1) 31-Hny normal blastocyst ( x 300) (2) ‘Hair blastocvgt Sire 
equal to normal, small inner cell mass ( x 300) (3) *Half- 

blnBtocyst lylnp loosoly within zona pellueida ( x 300) (4) llnlf'- 
blastocyBt without dKTcrenUatea Inner coll mass ( y 300) 
v 5 ) -blastocyst composed of about twenty cells Most 

or them form troplioblaBt ( x 300) (0) 'Quartcr'-blastocyst com* 
posed of only olpnt colls six In Inner coll mass and two in tropbo 
blast Stained with IircnmtoxyUn, mounted in tolo (x 7G0) 



NO 4003 


NATURE 


1287 


October 24, 1959 

blastocysts was respectively 08 6 and 08 3, and 
number of cells of the inner cell nmas is 33 0 and 
58 4, again as a porcontego of tho number in normal 
S$-day blastocysts 

The numerical ratio between the colls of the inner 
cell mass and trophoblast varies considerably in the 
■various TialT and ‘throo -quarter' blost-ocysts Among 
the developing eggs there were several ‘half blasto 
cysts without a differentiated inner coll mass (Tig 4), 
and several morulas in which, despite tho aggregation 
of a largo number of cells, the differentiation of the 
trophoblast had not t-ohon place 

It would scorn that my results ore connected m a 
logical manner mth those of cytochonuca! investiga- 
tions by Dalcq and Ins co workers on the develop 
raent of the eggs of rodents* - * Tho following facta 
established by thoee authors are tho most important 
for the interpretation of present observation* (1) the 
oocyte and fertilized undivided egg have a bilateral 
symmetry resulting from tho disposition of the two 
cytoplasmic zones, which differ from each other 
cytochomically The cytoplasm of tho dorsal and 
ventral zones passes respectively to the colls of the 
inner cell mass and the trophoblast (2) The plane 
of tho first cleavage division has no established 
relation to the plane of symmetry of the egg 

Tho variations in the numerical ratio between colls 
of tho inner coll mass and the trophoblast in ‘half 1 
blastocysts, and tho variations in tho volume of tho 
inner coll mass itself, ore presumably the result of 
variable distribution of tho cytoplasm of those zones 
to each of tho ‘half’ blastomores According to 
Jonee Seaton*, there is a tendency in the ova of rats 
to symmetrical or oblique placing of the plane of tho 
first division This would oxplain tho fact that the 
majority of ‘half 1 blastocysts consist of both tho inner 
cell mass and trophoblast, and that forms having 
only ono of theso elements are relatively rarely 
encountered. As a result of the second cleavage 
division, the difference between tho blastomores as 
regards the character of the cytoplasm forming them, 
becomes even more emphasized 1 • Tho dofltruction 
of a blast om ore chiefly compoeod of cytoplasm 
intended for the formation of either the inner cell 
mass or the trophoblast would result in wide variations 
in the structure of ‘three qunrtor’ blastocysts 

A single ‘quarter blastomere is also capable at 
least in certain cosoe of forming a blastocyst com 
posod of tho inner ooll mass and trophoblast (Figs 5 
and 0) Tho degroo of participation of those olements 
in the structure of those two ‘quarter’ blastocysts is, 
however, quito different 

Since the degroo of formation of tho mnor cell mass 
and trophoblast in ‘half * and ‘quarter’ blastocysts is 
not identical with that in normal blastocysts, the 
regulating capacities of ‘hair and ‘quarter’ blasto 
mores cannot be considered complete Tho fate of 
tho oolls which have arisen from a given blastomere 
must to a largo extent bo determined by the oharaoter 
of tho cytoplasm forming that blastomere The 
fundamental factor determining tho developmental 
tency of ‘half 1 blastomeros m each caso would thus 
tho position of the first cleavage division in 
relation to the plane of symmetry Tho first two 
‘sister’ blastomores oan, but neod not necessarily, 
be characterized by identical capacities for further 
development 

Development ajter implantation Of 175 transplanted 
‘halT blastomores, 54, or 30 8 per cent, were im 
planted, and 30, or 17 1 per cent, were developing 
normally at autopej In aotual fact the capacitj of 


the halT blastocysts to become implanted and con 
tinuo development is at least twice as great mnoo 
only 50 por cent of the transplanted blasto meres are 
present in the genital tract of the recipients before 
implantation 

A sotics of Tuilf’ embryos on successive dayB of 
pregnancy, from the filth to the fiftoenth was 
obtained All the embryos were completely normal 
m structure In the period from tho fifth to the 
tenth da> their size, calculated by adding up the 
areas of tho sections, does not exceed half the sizo of 
the normal control embryos of corresponding age 
Tho statement made by Nicholas and Hall 1 that the 
size of rat embryos developed from, ‘hair blasto moree 
comes within the limits of variation of tho size of 
normal ombryos ib therefore somewhat surprising 
In the first half of pregnancy, tho rate of morph o 
gonems of ‘hair mouse embryos is in certain cases 
completely normal, and in others slightly slowed 
down. Delay in reaching the successive stages never 
exceeds 24 hr and most often is considerably leas 

Two periods of intensified resorption of ‘half 
embryos may be noted — ono immediately following 
implantation, and the other at tho boginning of tho 
socond half of pregnonoy, about tho eleventh daj 
On tho eleventh day certain '1 in IT -embryos reach the 
stage and size characteristic of normal development 
others correspond to tenth-day normal ombryos 
Dead embryos arc also encountered. From the 
twelfth day on, the number of resorbod embryos 
increases markedly On the other hand, all tho 
surviving embryos are already at tho same stage of 
development and of the same aizo as tho normal 
ones Rapid increase in tho rate of development of 
‘lialT-embryos, which takes place at tills time, scorns 
to bo caused by two factors (1) real increase in tho 
rate of growth connected with the beginning of 
functioning of the chono-allantoiQ placenta (2) oppon- 
ent hastening of development due to elimination of 
most retarded embryos by resorption 

Since all the embrvos undergo normal development 
until the eleventh day, and complete regulation may 
be said to have taken place, resorption must bo only 
tho result of disturbance of tho normal relations 
between mother and embryo, connected with con 
siderable retardation in the rato of development 

In new of my observations it seems that roeorption 
of all 'halF rat ombryos during the first half of 
pregnancy, reported bj Nicholas and Hall 1 , had 
been caused to a largo extent by improper oxpen 
mental teclmlqne 

Thrae females gave birth to young which had 
dovoloped from half 1 blastomores (first femalo, 1 
young ono after 20 days , second foroalo, 2 young 
once after 10 days third female, 3 young onos after 
20 days) Those young comprised four females and 
two males All tho animals were fertilo, and each 
femalo gav e birth to several litters No abnormalities 
of the kind described by Seidol* or elsewhere were 
found in the \ oung or in the more ad von cod ombryos 

A full account of this work will bo published in 
Acta Thcnologica 

1 Tflcholas J S and Hall D V J Exp loci W 411 (104*) 

• Sflldcl F Ea tvnrin 39 355 (1055) 

• PI ora*. G "Tho ErC* of MararnaV* (Macmillan Co New \ ork 

1036) 

« Goldacro R. J A alar* 173 45 (1054) 

» Tarkowikl A K Arts TferWotflca £ £51 ( 10 j 9 ) 

• Daleq A. >f , Introdnetlon to General Embtrolour" (Oxf TTolr 

Pma 105?) 

T Jonea-Seaton A Art A BioL 61 £01 (1050) 

» Do G eater L. Arth BicL 65 363 
■ Halliard j Arc*. MoL 66 52B 0055) 
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METABOLIC AND CHEMICAL STUDIES OF ‘MYLERAN’ : 
FORMATION OF 3-HYDROXYTETRAHYDROTHIOPHENE-l , I -DIOXIDE 
IN VIVO , AND REACTIONS WITH THIOLS IN VITRO 

By Dr J J ROBERTS and Dr G P WARWICK 

Chester Beatty Research Institute, Institute of Cancer Research, Royal Cancer Hospital, London, S.W 3 


I T has been reported recontly 1 that the S-(J-alanyl- 
tetrahydrothiophemum cation. (I) is formed by 
tho reaction of dunethonosulpbonyloxybutano (*My- 
leran’) with cysteine This compound is labile under 
a variety of conditions, decomposing to totrahydro- 
thiophene, m which the sulphur atom has boen 
derived from the cysteinyl moiety Thus treatment 
with mdd alkali (pH 8-9), electrolysis of its aqueous 
solution, or pyrolysis at 140° C lead to a nearly 
quantitative conversion into tetrahydrothiophono 

CH— CH. 

J \s CHjCH COOH 

CH.— Ch/ 

(I) 

Since rats which had roeeivcd injections of eithor 
2,3- 14 C-‘Myleran’ (prepared by Dr P Brookes) or 
the corresponding labelled sulphonmm compound 
(I) excreted the same major urinary metabolite, it 
seemed very likely that intermediate formation of a 
sulphonmm compound of this typo occurred also in 
vivo after injection of ‘Myleran’ On the basis of 
the in vitro findings which demonstrated tho lability 
of the sulphonmm compound and tho courso of its 
decomposition, it was suggested that tho major 
urinary metabolite was a derivative of tetraliydro- 
thiopheno This has now been established, sinco 
injection into a rat of 35 S-tetrahydrothiophone (H) 
again led to the excretion of only one major meta- 
bolite, identical with that formed from ‘Myleran’ and 
the sulphonmm compound as judged by its chemical 
properties, and its Bp valuo in 


tution It Boomed improbable Hint reduction Mas in 
volvod in view of tho markod stability of tho sulphono 
group to reduction in vitro Further oxidation of 
the totrahydrothiophono-l,l-dioxido could result m 
unsaturation of tho ring, tho formation of a kotono, 
or fission to a di-nud It was concluded that those 
changes had not occurred ns tho motabolito was 
unaltered by treatment with brormno or warm 
neutral pormanganato, was unreactivo towards 
dimtrophonylhydrarmo, and was neutral as shown 
by passage through columns of ion oxchango resins 
However, ring substitution by hydroxylation was 
considered possiblo, particularly in viow of tho en- 
hancement of tho reactivity of tho ring carbon atoms 
towards nucleophilic reagents by tho powerfully 
negativo sulphono group Tho prosonco m tho meta- 
bolite of ono or moro hydroxyl groups was demon- 
strated by its reactivity towards acetyl chlorido, or 
bonzoyl chlorido m pyridino, loading to tho formation 
of now compounds from winch tho motabolito could 
bo rogonoratod by hydrolysis with minoral acid 
Injection of nocessarily small quantities of ‘Mj leran’ 
into a rat had hitherto precluded isolation of tho 
motabolito m a pure stato and in quantities sufficient 
to isolate a dorivativo , but with tho Icnowdedgo that 
tetrahjdrothiophono-l.l-dioxido, a non-toxic com- 
pound, ga\ o rise to tho samo major urinary meta- 
bolite, this difficulty was overcome Moreover, it 
was demonstrated that tho somo metabolite was 
oxcrotod by tho rabbit after injection of u C-‘Myloron' 
or st S-tetrahydrotluopliono-l,l-dioxido Targe doses 
of totrahydrothiophono-l,I-dioxido with a radionctivo 
earner wore injected into rabbits, and after ox- 
traction of tho urinary motabolito into chloroform 


several solvent systems It was 
thus further evident that tho 
metabolite contained a sulphur 
atom The fact that it faded to 
give a positive test for sulphur on 
paper chromatograms suggested 
that one of the changes which 
had occurred involved oxidation 
of the sulphur atom 35 S-Tetra- 
hydrothiaphene-l,l-dioxide(III), 
a likely product of oxidation in 
vivo, was therefore synthesized 
and shown to be converted in. the 
rat into one major urinary meta- 
bolite which differed m Bp value 
from tho parent dioxide, hut 
which was again identical with 
that formed from ‘Myleran’, the 
aulphomum compound, and 
tetrahydrothiophene 

Possible pathways for the 
metabolism of tetrahydrothio- 
phene-l,l-dioxide mcluded re- 
duction of the sulphono group, 
further oxidation, or ring substi- 
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tho residual oil -was treated with 3,B-dimtrobenzoyl 
chloride The resulting ester was rocrystallized to 
constant spocifio radios ctivity from methanol, and 
formed almost colourless prisms, melting point 
195-197° C 

Analyili 0 u Hi.0,JT,8 require* 

0 - <6-0 H - 3-0 N — 8-6 S - 0 7 m.w - S30 
Found 0 - 40-5 II - B -3 N - 8 3 8-D1 m.w - 3i0 

Tins some mdioacti\ e ester was prepared from the 
combined cliloroform extracts of tho urino obtained 
from two rabbits, ono of which had rocei\od a small 
doeo of 14 C ‘Myleran to act as carrier, and tho other 
a rolativ oly large quantity of totraliydro thiophene 1,1 
dioxido to onablo separation of the derivati\o It was 
also obtained from the chloroform extract of urino 
from rate injected with high doses of the S p-alanyl 
tetrahydrothiophonium salt (I) containing a radio- 
active tracer Each donvativo had melting point 
195-197° 0 alone, and on admixture 
The foregoing experiments indicate that the 
imrrnry metabolite formed from ‘Myleran’ is mono- 
hydroxy tetrahydrothiophone 1 1 -dioxide (IV) 2 Hy 
draxytctxahydrothlophene 1,1 dioxido, prepared via 
the 2 bromo compound* from radioactive tetrahydro 
thiophene- 1,1 -dioxide, was shown to possess a 
different Rp valuo from tho metabolite However, 
the 3 5-dimtrobcnzoato of an authentic sample of 
3 hytlroxydetrahvclrothiophone 1 1 dioxide (IV) (sul 
pholanol), kmdly supplied to us by Prof E 
Boylarul, had molting point 196-197* C winch was 
imdoprosaod on admixture with the 3,5 dmitro 
benzoate formed from tile ‘Myleran’ metabolite 
Tlio motabolism of ‘Myleran’ in tho rat and tho rabbit 
may be represented in the accompany mg scheme 
In conno-don with tho possible raodo of action of 
‘Myloran’ it was of interest to determine whether 
the tetrnhydrothiopheno formed from tho drug tn 
vivo oould have boon derned by reaction with tho 


plol group of peptides such os glutntluone, or -with 
larger molooules suoh as proteins It has boon shown 
that ‘Myleran’ reaote smooth!} with tho thiol group 
of glutnthiono in on alkaline medium forming lotm 
hydrothiopheno, characterized oa its merounclilorido 
Similarly, thiol-containing proteins such os donatiucd 
egg albumin and reduced keratin have boon shown 
to yield totrohydrotluophene when treated with 
Mylornn’ in an alkaline medium, mdioating Hint 
sulphomum ion formation is not restricted to com 
pounds of low molecular weight 

This novol dethiolation reaction provides addi 
taonal evidence to the xn vivo findings in support of 
the view that reactions of this type maj bo responsible 
for some of the diverse pharmacological properties 
of the bifimctional alkylating agents Sulphonium 
ion formation might lead to a modification of tho 
function of certain proteins, but In addition dothiola 
tion could conceivably have moro far reaching effects 
by actually altering the sequence of anuno acids m a 
peptide or protein chain. It is hoped thnt work <m 
those aspects may bo continued. 

Full details of this work will be published elsewhere 

Tho work has boon supported by grants to tho 
Chester Beatty Research Institute (Institute of 
Cancer Research Royal Canoer Hospital), from the 
British Empire Cancer Campaign the Jano Coffin 
Childs Memorial Fund for Medical Research, tho 
Anna Fuller Fund and the National Cuneor Institute 
of the National Institutes of Health, U S Publio 
Health Servico 

We wish to thank Prof A. Haddow and Dr L A 
Elsan for their interest in tho work, and to record 
our appreciation for helpful discussion with many 
of our colleagues We gratefully acknowledge toch 
meal assistanoo from Miss M Morton. 

1 Robert! J 3 *ad Warwick 0 P Naiurt 183 1500 (1950) 

* F»Uh H E. VA. Patent 2 «M,3M (Oct 20 1053) 


REGISTRATION OF THE SPERMICIDAL EFFECTS OF 
DIOCTYL SODIUM SULPHOSUCCINATE 

By Prop PER ERIC LINDAHL and KJELL WEDIN 
Institute of Zoophysiology, University of Uppsala 


S TUDIES of the kinetics of spermicidal effects are 
not possible without a method for the estimation 
of the proportion of living spermatozoa at a given 
time This implies that the time required for this 
estimation hoe to be very short in relation to the 
period of time during which the process is to be 
studiod By working with dark field illumination, 
and using comparatively long photogrophio ex 
posures, different pictures of the lucid spermatozoa, 
either immobile or in different lands of movements, 
aro ob tamed 

For tlvo presont investigation hull spermatozoa wero 
ohieflj UBod So mo experiments, however, were per 
formed with human sperm cells, with identical results 
A buffered egg yolk extract was used os an optically 
suitable diluent for tho semen and the spermicidal 
substance 1 Tho optical equipment consists of a 
Zoibs microscope with dork Sold condenser, heating 
stage, plane-apochromatic objeoth o ( X 10), com 
penrating plane eyepiece ( x 8), and a Zeiss carbon 
arc lamp for microacopc uso The microscope carries 
a Loica camera, somewhat modiflod in order to 


facilitate a fast winding -on of the film Using tho 
Kodak film Tri X \ 1 0 seo is found to be an appro 
priato timo of exposure Prints of tho negatives 
aro enlarged five times The final linear enlargement 
is thus 400 times 

For each determination of the percentage of mobile 
spermatozoa two exposures aro mndo with an interval 
of 1 0 soc On the first picture tho moving sperm 
atozoa leave tracks according to their different ways 
of moving A comparison between tho first and the 
socond picture in a pair re\oals whether doubtful 
cases dopend upon passive motions induced by other 
spermatozoa or upon activo movement* It also 
renders possiblo classification of cells disappearing by 
swimming in tho direction of tho optical axes as 
moving 

Wien performed with all precautions two counts 
on the same sample generally do not duffer by more 
than 1 5 per cent All the operations described below 
are performed at 37° 0 with materials wlifch Jmvo 
been preheated to this tempomturo Of tho 
diluted to give about 20 000 spermatozoa /u 
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Fin 1 Scml4oc plot of percentage of mobile Bpcrni cells versus tlmo In minutes fit different concentrations of diociyl sodium 

sulpliosuccinatc £, Apparent death rate constant 


twice the final density wanted, 0 5 ml is brought 
into a thick-walled test-tube provided with a rod- 
shaped magnetic stirrer The tubo is placed m a 
rotating (180 r p m ) magnetic field and 0 5 ml of a 
solution of the spermicidal substance m diluent (twico 
the concentration to be studied) is added, all state- 
ments as to time being related to this moment as 
zero About 10 gl of this mixture are put on a slide, 
and a coverglass provided with a fine rim of ‘Vaseline’ 
along its edges is placed on the drop in such a way 
that no air bubbles are left between the two glasses 
The preparation is thus protected from evaporation, 
aerobiosis being, however, pci nutted onlv for limited 
periods of time The first exposures are made after 
60 and 61 sec , and are followed by two exposures 
every fifteenth and thirtieth second 

A stock solution of dioctyl sodium sulphosuccmato 
in acetone (0 45 M, 20 per cont) is piepared and 
added to the dduont The highest final concentra- 
tion of acetone m our experiments was about 6 per 
cent In control experunents this concentration liad 
no effect on the percentage of mobile spermatozoa 
for periods of up to 2 hr 

Concentrations of dioctyl sodium sulphosuccmate 
ranging from 0 84 x 10" a M to 1 41 X 10* 2 ill (0 38 
per cent to 0 63 per cent) give exponential death-rate 
curves that are more easily read m logarithmic form 
(Fig 1) As m corresponding experunents with 
bactencidals 2 these straight curves permit the calcula- 
tion of ‘apparent death-rate constants’ The analytical 
plotting of the relation between concentration of 
dioctyl sodium sulphosuccmate and tho apparent 
death-rate constants is seen m Fig 2 According to 
the theoretical analyses given by Johnson, Eyring 
and Polissar 3 , these curves may give considerable 
information about the mechanism mvolved Tenta- 
tively we have transformed thorr expression 

tc = 1 — p m — 1 — (1 — e*4i)m 

into 

log (1 — w) = m log (1 — e-U) 

and plotted log (1 — tt) against log (1 — c«) choosing 
such a value of A, as to give a straight line (Fig 3) 
This imphes identical values of m and n With 
decreasing concentrations of dioctyl sodium sulpho- 
succmate both k and n decrease Log n plotted 
against log concentration gives a linear relation- 
ship As the concentration of the spermicide is large 
it remains in excess, and may thus he considered 



Molar concentration of illoctj 1 eodlnm sulpliosuccinatc 

FIs 2 Iog-loR plot of the apparent death-rate constant lorsus 
different concentrations of dioctyl sodium sulphosucolnato 
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relating log surviving sperm colls 
to time obtained with low con 
centrotioruj (0 84 x l(h*Jf) of di 
ootyl sodium sulphosuocinato sliow 
a sharp break, the death rato 
suddenly decreasing This observe, 
tion will be further analysed The 
efforts on the relationships de- 
scribed of anaeroblosis, tempera 
tore and ageing of the cells ore 
being studied 

Corresponding results have been 
obtained with chloramin T and 


constant* According to Johnson Eyring and Polissar 
n may thus represent the number of molecules of 
dioctyl sodium sulphoeuccinnto combining with each 
molecule of pro tom in the cells Occasionally curves 


hydrogen peroxide 

1 Lindahl P E and Wedln K BxpnimUa 15 357 (1050) 

Johnwm. P H and Lewln I J CdL Con p Pkt/Hol £g t3 

«»i»i 

* Johnson P II. Eyrlnii It and roIUsar 31 J “The Kinetic Basis 
of Molaralar Biology* (Now \ork 10M) 


GLUCOSE-6-PHOSPHATE DEHYDROGENASE AND HUMAN 
ERYTHROCYTES 


Characteristics of Glucose-6-Phosphate 
Dehydrogenase from Normal and Primaquine- 
sensitive Erythrocytes 

R ECENT developments have emphasized the fact 
that gence may express themselves in terms of 
qualitative alterations of such macromolecules as 
human hrcmoglobinB 1 and blood group substances 1 
Whother or not such qualitative differences at the 
le\ ol of tlio enzyme usually account for the inherited 
enzymic doficienoiee is not known, but some instances 
of qualitative alterations in enzymes have been 
reported Immunochemical evidence* exists for on 
inactive enzyme like molecule m mutants looking 
tryptophan. -eynthotaso Qualitative differences in 

glutamic dehydrogenase have been found in mutants 
of Neurospora* An opportunity exists to explore this 
possibility further in the case of primaquine sensitive 
lucmolytio aruemia*, an inherited defect in which the 
erytlirocytes of affected hoiruxygous or homozygous 
persons havo only 5-20 per cent of the normal 
activity of glucose- 0 phosphate dohydrogonaso 
In order to investigate possiblo qualitative or 
quantitative differences between tho glucose 0 phos 
phate doll} drogenas© in pmnaqwno-eensitive and 
normal erythrocytes, a method of partial]} punfymg 
the enzyme lias been developed* 7 and preliminary 
comparative studies have been made Tho parti all} 
purified preparation is htcmoglobm free and re pro 
seats a 00 to 80 fold purification of glucsoee 0- 
phospliato dehydrogenase in 20-60 per cont yield, 
with little or no contamination with 0 phospho 
glucomo dehydrogenase Tho enzyme was assayed in 
final concentrations of 0 1 AT in a buffer pH 8 0, 
0*01 3/ magnesium chloride, 2 X 10~ 4 AI trrphospho 
pyridine nucleotido, and 0 0 X 10~* M glucose 0 
phosphate, b> observing tlie inoroase in optical 
density at 340 mp or by measuring the 450 mg 
fiuoreecenco m a phot ofluoromo ter, using 380 mg 
exciting light 'Within on accuracy of ± 6-20 per 
cent, tho preparation from both a primaqumo 
sonsitivo mala and a normal male control had 
Miohaolls constants of 2 1 X lCh‘ p 3 9 x 10 -1 , and 
0 9 X ICh 4 JJ for tnphoephopyridine nucleotide, 


glucose 0 pliosphate and 2-deoxyglucoao 0 phoapliate 
respectively Both utilized the last substrate at 

9 per cent of the maximum rate for glucose- G 
phosphate In a mixed buffer which was 0 05 AI 
each in phosphate, tns and glycmo both preparations 
had tho same pH-optimum curve from pH 0 0 to 

10 0 Heat of actuation (20-40° C ) was found to bo 
9 6 x 10* cal /molo for both preparations Similar 
movement on am on -exchange column ohromato 
grophy has been observed for the enzyme from both 
sources 7 Tho percentage yield of activity for tho 
enzyme from sensitive cells remained approximate^ 
tho same as that for normal oells throughout tho 
partial purification and all experiments Bunilar 
labilities and the stabilizing offoct of tnphosphopyri 
dine nucleotide have boon reported* Tho latter may 
be related to the inactivation of this onzymo b} 
erythrocytio stroma which has been obsonod bv 
others (rof 8 and following communication) 

Becouso of tho many identical catalytic paramo l era, 
it seems unlikely at the preeont time tliat tho greatl} 
reduced aoti\ity of erythrocytio glucose-0 phosphato 
dehydrogenase in those persons is duo to a qualitative 
difference at the catalytic slto of the enzyme, if n 

S uahtative difference exists at all Wo ore loft, 
lereforo, with tho necessity of considering o gone 
which manifests itself through decreasing tlie rato of 
synthesis or increasing tho rate of inactivation of 
this enzyme Tlie fact that tho 80 fold pun fled 
preparation can bo for more extensively purified 
indicates that the glucoee-0 phosphate dehydrogenase 
constitutea only a very minute portion of the hromo 
globm free proteins and emphasizes the nocosslt} 
and opportunity for more definitive comparisons of 
relatively pure preparations of glucose 0 phosphate 
dehydrogenaso Some differences in labilities* * and 
pH optima* between this enzymo in normal and 
pnmaquino -sensitive hrcmolysates ha\ e been reported 
In view of tho oxtensivo contaminations with other 
proteins and the stabilizing effect of small amounts 
of various substances*, caution should bo taken 
in drawing inferences as to molecular difS&nn*** 
based on differences in lability W prim 

pluaphMo dehydrogonnw tatw" n^nnl and I 
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aqume-sensitive hsemolysates and crude prepara- 
tions 

This ivork has beon supported, m part, by a post- 
doctoral fellowship. National Institute of Arthritis 
and Metabolic Diseases 

Henry N Ktrkman 

National Institute of Arthritis and Metabolic 
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National Institutes of Health, 
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Bethesda, Maryland 
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Mechanism of Inactivation of Giucose-6- 
phosphate Dehydrogenase in Human 
Erythrocytes 

In the course of investigation of primaquino- 
sensitive hremolysis wo found that glucoso-6-phos- 
phate dehydrogenase is inactivated by incubation 
with stromata in hsemolysates of primaqumo -sensitive 
and non-sensitive erythrocytes alike 1 * Purified 
haemoglobin-free glucose-6-phosphate dehydrogonoso 
from both kinds of erythrocytes appears qualitatively 
identical and is highly stabilized by triphospho- 
pyridine nucleotide 3 

We wish to report that m hsemolysates of both 
types of cells ‘Nont’ inactivates glucose- 0 -phosphate 
dehydrogenase by adsorption of pyridine nucleotides 4 
as do stromata by pyridine nucleotidase activity 
Inactivation of glucose-6-phosphato dehydrogenase 
by stromata is prevented by triphosphopyridino 
nucleotide, diphosphopyridine nucleotide and nicotin- 
amide Inactivation by ‘Nont’ m stroma-free hremo- 
lysates is prevented by tn- and di-phosphopyridino 
nucleotide but not by nicotinamide Dialysed 
stroma-free hsemolysates retain bound coenzymo 
and, in them, glucose -6 -phosphate dehydrogenaso is 
not inactivated by incubation unless stromata or 
‘Norit’ is added Glucoso-O-phosphate dehydrogonnse 
inactivation and removal of bound coenzyme ocour con- 
comitantly during incubation with stromata or ‘Norit’ 
Human erythrooytes washed with cold 0 145 M 
sodium chloride were htemolysed by rapid froozing 
and thawing The hsemolysate was diluted with four 
or five volumes of cold water , the stromata were 
removed by contrifuging for 00 mm at 2S,000g, 
0° G either before or after incubation After dialysis 
(usually overnight) m 0 067 M phosphate buffer, 
pH 7 4, the hremolysatos were assayed for glucose - 
6-phosphate dehydrogenase and G-phosphoglucomc 
dehydrogenase activity by a modification of tho 
coupled reactions with glutathione reductase pre- 
viously described 1 In a final volume of 7 0 ml tho 
complete reaction mixtures contained (1) ins- 
hydroxymothylammomothane, 6 y IQ- 1 M, adjusted 
to pH 7 4 with hydrochloric acid , (2) othylono- 
diamme tetraacetic acid adjusted to pH 7 4 with 
Bodium hydroxide, 5 x 10-“ M , (3) triphospho- 

pyridmo nucleotide (Sigma), 7 X 10~* M , (4) oxid- 
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Inactivation of glucoso-0 phosphate dehydrogenaso 



Fig I 


izod glutatluono, GSSG (Schwarz), 5 X 10-* M ; 
(5) glucoso-G-pliosphato (Sigma), 4 X 10-‘ M for 
glucose-6-phosphato dohydrogonaso , or (0) G-phos- 
phogluconato (Sigmn), 4 X 10-“ JU for G-phospho- 
glucomc dohydrogonaso , and (7) varying amounts 
of hremolysato ns shown in Fig 1 Roactions woro 
run for 15 min at 37° C , pH 7 4 

Fig 1 sliows representative results from a malo 
non-8omsitivo (A, A') and a malo sonsitivo individual 
( B , B') Curves A and B represent activity of 
glucoso-G-phosphato dohydrogonaso in diolysod 
hremolysatos from winch stromata had boon removed 
immediately after hiemolysis Curves A ' and B' 
show activity of glucoso-G-phosphate dohydrogonaso, 
after mcubation of hrcmolysato from non-sonsitivo 
colls for 1 lir at 45° C and from sonsitn o colls for 
1 hr at 37 ° C , prior to romoval of stromata Addition 
of tri- or di-phosphopyridino nucleotide (10—* M) to 
thoso hremolysatos boforo incubation providod 100 
and 73 por cent protection, rospoctivoly, based on 
approximate integration of tho cuitos obtamod 
Nicotinnmido (5 X 10 _s M) provided protection 
ranging from 15 to GO por cent m non-sonsitivo and 
GO to 100 por cent in sonsitivo hmmo)} sntes 
Similar incubation of doubly eontnfugod stromn- 
froo htemolysates results m littlo or no inactivation 
either bofore or aftor dialysis Howovor, glucoso-G- 
phosphate dehydrogonoso is inactivated in stroma- 
free hremolysato by incubation with ncid-wasliod 
‘Nont’ (2 5-30 mgm por ml ) or by mcubation aftor 
removal of ‘Nont Tnphosphopyridine nuclootido 
complotoly protected glucoso 6-phosphato dohydro- 
gonaso m stroma-froe hremolysatos incubated after 
romoval of Nont Diphosphopyridine nuclcotido 
protected it m non-sonsitivo hremolysatos bv 47 per 
cont and in sonsitivo hremolysatos by 91 per cont 
Howovor, nicotinamide gave no protection, suggesting 
that its effect occurs by inhibition of stroma factor, 
whoroas tn- and di-phospliopyndino nuclootido 
stabilize tho onzymo itsolf 
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Glutothiono roduot-nso and 0 pliosphoglucomo do 
hydrogomso in lucmolysatos, unliko glucoso-C plios 
phato dohydrogonaso, remain active ovon after in 
cubafcion with stromata or ‘Nont* Thus allows pre 
lnmnory m\ estigntion of tlio binding of triphospho 
pyridine nuclootido to glucose 0 phosphato dehydro 
gonoflo bocauso the former is also tho cocnzymo of 

0 phoaphogluconio doliydrogormae Stroma free dm 
lynod heemolysates retain sufficient tnphoephopyridino 
nuclootido for tho hromolysato to reduce GSSG in 

1 hr at 37° 0 whon 0 phosphogluconato but not 
tnphoaphopyridino nuclootido is added to tho 
reaction mixture However, under tlio samo con 
ditions, Q8SG is not rcducod after moubation with 
stromata or ‘Norit’ (Tnphosphopyndino nuclootido 
is retained in iuomolysato wliioli lias boon dialysed 
for as long as 42 hr ) 

The inactivation of glucoso-G phoftphnto dohydro 
genase and loss of tnphospliopyridlno nuclootido 
remaining m dialysed lucmolysatos occur together, 
suggesting that tho non dialysed fraction of triphoe 
phopyridme nuclootido is boimd to glucose 0 plios 
phato dehydrogenase and that this is active only whon 
boimd with its cocnzymo Tho 0 phoaphogluconio 
dohydrogonnso docs not bind tnpliosphopyridino 
nuclootido or require it for stabilization. 

Intact human erythrocytes have pyndino nuoloo 
tidaso activity, both on tho surface and witlun the 
cell tlio surface activity is demonstrated by the 
inactivation of glucose 0 phospliato dohydrogenase in 
i bo tonic htomolysatos during incubation with wholo 
human erythrocyte* tho intracellular offect is shown 
by a loss of glucose 0 pbosphato dehydrogenase 
activity and bound tnphosphopyridine nucleotide in 
orythrocytca incubated in isotonic saline far 2 hr at 
45° 0 Although no loss of glucoso C plioephato 
dehydrogenase activity occurred during storago of 
nonsonsitivo blood, gradual loes of glucose-0 
phosphate dohydrogenaso activity m sensitive blood 
during four weeks of storage in amd-oitrato-doxtroso 
Bolntion also suggests on intracellular action of 
pyridine nucleotidase 


Thoso results show that tnphosphopvridino nucleo 
tido stabilizes glucoso 0 phosphate dehydrogenase in 
hfcmolysatoa ns well as in partial!} purified prepare, 
lions and confirm tho suggestion that this stabilization 
may be rolatod to tho lnnotivation of this enzyme 
bj erythrooytio stroma (ref 5 and previous com 
muni cation) Partial stabih ration of glucoso- 0 phos 
phato dehydrogenase by nicotinamido is indirect by 
protection of the pyndino nuclootidoe from pyridine 
nucleotidaso activity of stromata Stabilization by 
diphospliopyridine nucleotide ma> also bo indirect, 
bj its enzymatic conversion to tnphospliopyndmo 
nuoleotide, sinco djphosphopyndme nuolootido does 
not stabilize glucose- 0 phosphate dehjdrogonaso 
of partially purified preparations* Nevertholoss 
protection of glucoee 0 phosphate dehydrogenaso of 
stroma free limmolysatos by di as well as tn 
phosphopyridine nuclootido indicates that tho former 
can holp to stabilizo glucose G pliosphato dohydro 
genaso m human erythrooytoe, even though it m not 
a cocnzymo for it Tho key to the mochanism of 
pnmaquino luemolyeis and possibly of cellular 
ageing may bo related to thoso stabilizing processes 
This work was done (In major part) under contracts 
DA 49 007 MD9t& and DA 49 007 MD506 with the 
Office of the Burgeon General, Department of tho 
Armj It was also aided by a grant from tho 
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X-RAY DAMAGE AND RECOVERY^IN MAMMALIAN CELLS 

IN CULTURE 

By M M ELKIND and HARRIET SUTTON 

National Institutes of Health US Public Health Service, Bethada 14 Maryland 


A S measured by the ability to sustain unlimited 
proliferation, tho X ray sensitivity of micro 
organisms has been gonerally observed to bo much 
greater than the sensitivity of important macro 
moloculoe This, in itself has boon an important, 
reason for associating tlio lethal effect of X rays with 
tho gonotlo apparatus of tho cell Puok and Marcus's 1 
observation that mammalian colls in tissue culture 
wore even more sensitive — 10—100 times or more — - 
Ilian bacteria or yeasts further reinforced this view 
and led to their very reasonable proposal that tho 
sonsitiv o sites in mammalian cells nro the chromo 
some* 

If tho functional intognt} of tho genotio apparatus 
is required for viability, smeo the survival ourvos of 
most somatic cells ore sigmoid (or multfliit) it might 
bo oxpoctcd that tmrviv ore after X irradiation would 
bo more sensitive to subsequent ovposure than tho 


parental population. This follows from tho fact that 
multihitnoss implies a threshold typo of response 
(which means damage must bo accumulated before 
an effoct is observed) and honco that surviving colls 
accumulated a subletlial amount of damago 

We ha vo investigated the question of tlio presence 
of hcritablo damago m two coll linos of tho Chinese 
lmmster, Criceiulus png tits* (elono A ovarian t issue 
and Rtram V female lung tissue) propagated in tissue 
culture Wo liavo found that essentially all tho Bur 
vivors after X irradiation did not dispin} heritable 
damage, as would bo evidenced b} their railioscnm 
tivrty, but rather that thov repaired tlioir aocitmu 
lated damago before tlioir first division after 


rradiaticm errr is 

Our growth mod mm boare tlio dee ignnt lonTl {nM » 

:t mi of Eagles amino adds 
nth glutamine at n eoncontratlon or 
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cent Eaile’s NGTC-109 4 , Puck’s 6 salmo F with tlic 
calcnun content increased G 5 tunes , and 15 poi 
cent undialysed foetal calf scrum (Colorado Serum 
Co , Denver) Both cell lmes grow in this medium 
with a doubling time of about 12 hr 

Our X-ray source consisted of a Maohlctt OFG-GO 
tube powered by a full-wave rectified, 55 kV 
supply The tube was operated at 12 m amp -with 
0 175 mm aluminium filtration , absorbod dose rate 
720 rads/mm After the attachment of cells m 9-cm. 
Petri dishes, the plate covors and growth modnun 
were removed and the cells were irradiated at room 
temporatuie in a luunidified atmosphero of 2 per coni 
carbon dioxide m air Surviving clones wore stained 
and counted after 12-18 days incubation at 37° C in 
a 2 per cent carbon dioxide incubator Identification 
of abortive colonies was facilitated by tho use of a 
projection technique, although our results me essen- 
tially the same whether or not abortivo colonies aro 
included Plating efficiencies in most of our oxpen- 
ments weie about 70 per cent , essentially tho same 
results were ob tamed, howe\ or, m experiments 
having plating efficiencies from 10 to 90 per cent 
In discussing the observations, a multihit model 
wdl be assumed for simplicity although our con- 
clusions apply oqually as well to sigmoid or threshold 
type survival curves m genoral For lag-phase colls, 
clone A was found to display hitness numbers of 4-5 
and clone V 6-7 

X-ray dose fractionation was employod to test foi 
repau- of accumulated damage Fig 1 shows a sm 
vital curve for singlo clone A colls trypsonr/cd and 
plated 2 hr before exposure (Standard orrors are 
indicated where larger than the plotted points ) In 
addition, the lower portion of the figuro shows a 
lecovery curve for cells which had Tocoivod a first 
dose, 505 rads, followed by incubation at 37° C foi 
vanous periods of time before recoivmg a socond 
dose of 487 rads 

If there had been no rocovery between tho ex- 
posures, the two dose3 would ha\ o been complotolv 
additive, and the survival after a total of 992 rads 
would have been 0 0019 Alternatively, if thero had 
been complete recovery between doses, the survival 
to the first and second doses would have boon 0 082 
and 0 095, respectively Tho product of these latter 
values is 0 0078, which represents the survival cor- 
responding to complete recovery between doses Tho 


points to bo notod aro • (1) as a function of timo at 
37° C, tho colls recover m a mannor which may 
involve ropair of silos ns well as fluctuations in 
sonsitivity , (2) for clone A colls, recovory nppoars to 
bo comploto by about 10 hr and constant until 
about 25 In , and (3) tho survival uses abovo 
0 0078 after about 25 hr , which probably represents 
tho cffoct of cellular multiplicity on survival con- 
comitant with tho onset of post -irradiation division 
Tho hkohhood of tho last, point was arrived at In 
two typos of measurements First, wo showed thnt 
tho ‘prmciplo of cellular multiplicity’ holds for these 
colls Thai is, tho surviving fraction of colonics con- 
taining more than one coll is shifted upwurd by an 
amount govomod by tho nvomgo cellular multiplied 
piovidmg that each cell in tho colony has tho same 
avorngo sonsitivitv and thnt it must bo inactivated 
independently to suppress post-irradiation colony 
formation Secondly, an cstimato of division dolay 
following a first dose of 505 rads was made by 
comparing tho clonal growth of irradiated colls with 
imirradiated controls Tho comparison was made 
after clonos had ronchod a size, about 100 cells per 
clone, which permitted an unambiguous identification 
of such clones ns snrv n ors In ngroemont with tho 
recovery curve m Fig 1, tho lattor monsuremont 
indicated a division delay' of about 30 hr 

In addition to tho preceding, wo liavo also shown 
thnt recovery can take place at room temperature 
unaccompamod by division in tho control population 
To verify that tho plateau region in tho recovery 
eurvo of Fig 1 roprosents comploto repair of the 
accumulated damngo resulting from tho first doso, 
tho survival curve was repeated after 505 rads fol- 
lowed by' 18 I hr nt 37° C In Fig 2, tho non- 
fractionnted survival curvo was 10 drawn starting 
from tho survival corresponding to a first doso of 
505 rads Tho figuro disphiv s an excellent fit of tho 
re-drawn curvo to tho observed points and shows 
that, m tho exponential regions of both curves, 
maximum recovory' shifts tho survival upward by a 
factor oqual to tho hitness number It also follows 
from Fig 2 thnt, nt least in the region of full rocovery, 
synorgism botwoon tho fiist and socond dosos is 
piobably absent and therefore tho second doso 
moasuros tho dogroo of ropnn of damngo resulting 
from tho first doso 
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The preceding figures aro part of a comprehensive 
study which will bo reported m dotail elsewhere To 
tho extent that theso and the results to be reported 
are typical for somatic cells in general, it should bo 
noted that (1) Tho vast majority of surviving colls 
completely repair tlioir accumulated damage before 
thoir first division post irradiation This moons that 
if tho lutnoes number is » m the exponential region 
survivors undo tho effects of a maximum number of 
hite which is u— 1 (2) The kinetics of recover} dopend 
on tho physiological stato of tho colls and/or can bo 
causod to appear to undergo largo oscillations 
depending on tho reoovory medium. Theso apparent 
oho illations may roeult from tho oombmod offocts of 
clinnges m sonsitrv ity and repair of inactivated sites 
(3) Althougli thoro are important quantitative diffor 
cnees, log phase colls respond similarly (4) A cell 


chromosomes ore not tho primary sensitive sites 
related to viability 

Another area in which those results mn\ apply is 
in connexion with tumour therapy Treatment proto 
cols involving fractionation are common, permitting 
in general ample time botwoen treatments for con 
sidorablo if not comploto recovery Even for sit uations 
m which tho lutnosn number may only be 2 a simple 
calculation ro\eals that if rocovor\ is not duh 
account od for tho survival using fractionation can 
1)0 higher than expected by several orders of mag 
nitude Of course tissuo recovery in a general sense 
has been recognized by radiation therapists for a 
long time Theso results, however, provide a cellular 
basis for this phenomenon and lend specific direction 
to the research that eliould bo undertaken both to 
tako advantage of as well as to control this effect 


can undergo repeated cycles of dnmngo and repair 
with no apparent attenuation of the repair process(os) 
There are several contexts in which those findings 
aro of interest If tho cliromosomcs are tho X ray 
eonsith o sites and chromosomo broaks aro the hits 
leading to lothftlit\ , then some now properties of 
restitution must bo considered First restitution 
goes to completion in surviving colls Secondly, tho 
cell’s ability to restituto breaks remains unimpaired 
after repeated doses In mow of the preceding, 
Puck’s* report of a high yiold of mutant diameter 
i sties in tho progeny of colls surviving 5-7 moan 
lothal doses may be applicable to tho material ho 
was using may be evidence of a radiation induced 
chromosomal lability which is oxprotwod after 
reco\ory and during clonal growth muj imp]} that 
mutation production and lothality are not, in 
general, closoly connected or may mdicato that the 


Additional experiments ore planned (or in pro- 
gress) to oxamme tho influence of doee-rate on 
survival, and the biochomical and oytogonetio aspects 
of recovery 

Wo are indebted to Dr T T Puck for a eamplo of 
his clone A, ovarian tissue, wlucli has been propa 
gated in our laboratory without reolomng since 
August 1058 to Dr Denys Ford for his Y sire in 
fcmalo lung tissue, which was reclonod in December 
1058 , and to Dr George Yorgaman, who supplied 
tho Chinese hamsters for tho original explants 
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TALLOWY DISCOLORATION IN CHEDDAR CHEESE 

By STAFF OF THE WALLACEVILLE DAIRY LABORATORY 

Wellington New Zealand 

Fat Oxidation and Trace Meta., in Cheese of’ « 1™' 'c£$£d 

A SERIOUS fault m mature Cheddar cheese is soluble than the choose and also suggested a probable 
the gradual appearance of bleached areas with connexion between tho salting process in cheese 
a tallowy flavour, aptly doecribod as ‘tallowy dis making and the appearance of tallowinees 

coloration* or Svhito streak’ Tho erratic incidence Tho degree of oxidation of iron in cheeso was also 

of this defect lias for long hindered offorte to find studied Practically no ferrous iron could bo ox 
tho prime cause In seeking tho cause, most of the t ract od from voung choeso but tho amount extract 
chemical features examined shoved little, if any, able increased with ageing at variable rotee some 
difforonco botwoen normal and tallowy portions, apart, choose yiolding very httlo at maturity Cheeso tending 
from the oxidized condition of tho latter Tho most to tallowinese had mcroasod ferrous iron content 
striking differences were found in tho disposition of vlulo the actual tallowy seams hod the highest ferrous 
trace metals As compared with adjacent normal eontont Tins occurred in seams whore oxidation 
cheeso tho copper content of tho contra of tallowy was most advanced, as shown by high poraxido values 
portions was always much lower, often as little and also by oxidation of tho sulphydryl groups of 
oh a third , hut tho iron content was always the pretom Theso results now indicato tlrnt an 
higher, usually b\ about a half Experiments important part is played by an iron complox Tho 
with threefold added copper did not affect the vory low copper content at tho centre of tallowy 
incidonoo of the tallowy defect, nor did added iron scams may bo an effect of oxidation of a coppor- 

sulphydryl compound similar to tlrnt demonstrated 
Whon normal cheese curd was treated with an by S tricks and Kolthoff 1 
excess of warm 5 per cent iron freo brino, tho portion Most of theso investigations wore carried out during 
that dissohed contained more iron than tho undia a period of bo\ oral y'ears In view of tho recent flndmg 

sol\ od cheeso, which was shown to lose a correspond by Ram moll (following communication) ^hnt^ 

ing quantity of iron. Moreover, treatment for a compounds can cause tnllovrx complete* 

shorter period so that loss choose dissolved, resulted support the viow that these or « i 
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have an important influonce m causing tallowy 
discoloration 

F Bishop 

1 Strides, W , and KoUhoff, I M .,J Amn Chem Soe ,73, 1723 (1050) 

Fat Oxidation and Haematin Systems in 
Cheese 

Much work has been done in Nov Zoaland on a 
defect of Cheddar cheese characterized by a couplod 
oxidation of the fat and carotene The dofoct, 
commonly known as ‘tallowy discoloration’ or ‘white 
streak’, is seen in the interior of the cheese as bloachod 
areas having a tallowy flavour Tlieso bleached areas 
are mvaiiably associated with cracks in the body of 
the cheese The defect usually occurs only aftei at 
least 16-20 woeks storage at low tomporaturos 
(42-44° F ) Previous attempts to find tlio major 
pre-disposing cause of this defect lia\o not been 
completely successful 

As I believe the defect to bo similar in several 
ways to oxidativo changes described by Tappcl 1 , 
attempts wore made to show the prosonco of a fat- 
oxidizing system in cheese, using methods similar 
to those of Blain and Todd 5 Such a system, was 
found to be present in somo chooso As a result of 
these findings, cheese was mado m which storilo, 
defibrmated cow’s blood was addod to the chooso 
mdk The experimental and control cheese were 
stored in a controlled curing room at about 55° F 
for 6 weeks Sample plugs of tlio cheese were then 
stored m the presonce of air, at 32-34° F for 4 woeks 


After this time, tho cheoso containing tho highest 
amount of blood (0 02 por cent in tho chooso nnlk) 
had developed typical tallowy discoloration Tho 
control chooso containing no addod blood had not 
dovolopod tho dofoct , it was of normal flavour and 
colour 

On obtaining tlioso results, four of tho original 
oxporunontal and control clioosos wore cut and 
examined Tlioso chooses had boon at 65° F for 2 
nooks followed by 91- weeks at 42-44° F — a total 
of 111 wcoks Tallowy discoloration was soon m tho 
tv.o experimental chooses, boing more oxtonsivo m 
tho chooso containing tho luglior amount of blood 
Tlio tv o control choeses shoved no Bign of tho dofect 

Tho possibility of abnormal amounts of blood in 
tho milk boing tho primo cause of tallowy discolors 
lion must now bo considorod It lias boon shown that, 
during manufacture of oxporimontal chooso, most of 
any red blood colls addod to tho milk botomo con- 
centrated within tho chooso curd Tins concentration 
is further modified by tho addition of salt to tho 
curd, resulting in a partial hfcmolysis of tho red blood 
colls Higher concentrations of ealt vould thon ho 
oxpoctod to reduco tallowy discoloration Tlio effect 
of added salt provides a possible partial explanation 
of tho results obtained by Bishop (preceding com- 
munication) 

Full details of tlioso and related experiments will 
bo offored For publication olsovlioro 

C G 

' Tappcl, A L , Food lift , 18, 672 (1053) 

‘ Blain, J A, and Todd, J V , J Set Food Aone , 0, 235 (1059) 


NON-INVERTED VERSUS INVERTED PLOTS IN ENZYME 

KINETICS 


I T was first shown, but not publisliod, by Woolf 
(see ref 1) that tho Michaelis-Menton equation 
v = F m /( 1 -f Km/S), relating the initial reaction-rate 
(v) of an enzymic reaction to tho substrate concen- 
tration (.S') can be written m three linear forms Tlio 
experimental (apparent) kuietic constants V m (a, 
when S -* co) and Km ( S , when v = F m / 2) can bo 
obtained from plots of the variables 1/a versus 1/S, 
S/v versus Sow versus v/S Since its first application 
by Lmeweaver and Burk 5 , the 1/v versus 1/S plot 
has been used most commonly 

However, it has been pointed out on several 
occasions (see ref 3), that the v versus v/S plot, 
non-mverted with respect to v, has advantages over 
the two inverted plots, partly because it is loss apt 
to obscure deviations from linearity With respoct 
to simdar plots for determining the number of 
molecules of a small molecular compound hound to a 
protein, Scatchard 4 states “ this [mvortod plot] 
has the disadvantage of concealing deviations from 
the ideal laws and of tempting straight lines where 
there should he curvature” 

These considerations apply also to the determina- 
tion of kinetic constants from enzymic reaction-rates 
at constant substrate concentration and varying 
concentrations of an inhibitor or activator (see ref 6) 
Despite the drawbacks it lias remained customary, 
at least in enzyme kinetics, to use inverted plots m 
the evaluation of results Even m a recent and 
authoritative text-book on enzymology 8 that treats 
these graphical procedures extensively, tho advan- 


tages of tho v vorsus v/S plot linvo not been fully 
recognized For tlioso reasons somo furthor comment 
on this matter seems to ho appropriate 

In an ncid-bnso titration, or in tho demonstration 
of tho influence or tlio hydrogen ion concentration 
on the rato of an enzymic reaction, unwieldy graphs 
would bo obtained if instead of pH the hydrogen ion 
concentration vero used as ono of tho co-ordinates 
Tins applies also to tho influence of tho substrate 
concentration on tho rato of an enzymic reaction, 
and accordingly plots of v vorsus pS have beon used 
m enzymo kinetics Tlio mfloxion point of the 
theoretical sigmoid curve corresponds to pJCjr 
Liko other titrations, tho onzynie-substrato ‘titra- 
tion’ should bo carried out ovor a range that includes 
substrate concentrations above as voll ns below this 
inflexion (‘halfway’) point An ideal range is that of 
about ono pS unit below to ono pS unit above this 
point, that is, from about 0 1 to 10 K i/ s 7 , representing 
roughly tho range of 10-90 por cont ‘saturation’ of 
enzyme with substrate However, such a (somi) 
logarithmic plot is still of little valuo for tho estima- 
tion of tho kinetic constants because it is not linear 
On tins basis, the advantage of tho v versus v/S plot 
becomes immediately apparent It can bo soon in 
Fig 1 that for almost 80 per cont of its course tins 
plot nearly comcidos with tlio v vorsus pS plot It 
has the additional advantago over tho latter of boing 
linear, which allows F w to bo determined by extra 
polation to S -*■ co (intercept with the ordinate) 
The (negative) slope is equal to Km 
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Ilf 1 ComporUon of the e Terra pS (»ifmokl) and tho * twwi 
tlb plot (utralcht lino) \ m hoi b«n taken as unity for the reac- 
tion rate (») and Km M unity for the iubstrate ooncentratlon ( S) 

If, in the ideal region, aubetrato concentrations arc 
applied that correspond to about equal increments in 
pS, a procedure that has been found practicable m 
many cases (for examples see rof 8), the reaction rates 
actually measured also change by about equal 
increments and arc equally distributed over the v 
versus t>/5 plot This is not the case with tho other 
two plots when equal increments of 1/5 or S are 
taken In this connexion a few comments on state 
mants made by Dixon and Webb (ref 0, pp 21-22) 
are in order Those statements are “ the 
experimenter is free to choose such substrate con 
cantrations as will give tho best distribution of points 
(one very rarely works at equal increments of v , 
indeod it is hardily practicable to do so)” and “ it 
is a positive advantage to have most of the points 
concentrated near the left hand aide in [the two 
inverted] methods, ainco it is this part of the graph 
which is most important for determining Km' 
When, in the inverted plots, the substrate concen 
1 rations are ohosen so os to give equal 
distribution of points, ono finds that 
the corresponding changes m rate do 
crease progressively at one ond of the 
curve until thoy become too small to be 
measured accurately On tho other end 
of the curvo, tho increment a in v bocomo 
unnecessarily large This is demon 
stmt ed bj Tigs 2k and 219 for tho case 
of the 1 /p \crsufl 1 IS plot Fig 2 is 
based on a substrate concentration 
range of about 10 fold, but one fro 
qucntlj finds m tho literature cases 
where tho range is ovon smaller so that, 
for oxamplo, onlj tho lowor points of 
ourvo W oro available Although a 
more or less accurato F«/JTjr valno 
(intercept with tho abscissa in the non 
inverted plot) may bo ob tamed in this 
case, it is obvious that neither F®» nor 
Kai can bo estimated with an\ accuracy 
from snob data, ovon though tho m 
\crtod plot might tompfc one to do no 
Similar difficulties obtain when only 
results at the higher substrate con 
cent rat ions, close to saturation, ore 
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available From such data not ovon F„ can be 
ofltimatod with certainty whon substrate inhibition 
is involved 

Because only tho v versus v/S plot shows the ratoe 
from 5 -*■ 0 to 5 -*■ co on a finite graph, this plot 
generally demonstrates moro clearly whether or not 
the results are sufficient for the estimation of the 
constants Whon ample data are avaQablo, for 
example, over the recommended 100 fold range of 
substrate concentrations, the inverted plots are also 
the less convenient As is seen m Fig 2.4 all the 
activities below F w /2 would bo found on the first 
small part of tho curve botween 1 JS =* 0 and 1/5 — 1 
while thoso above this value correspond to the range 
of 1/5 between 1 and infinity Thus, the inverted 
plots over-eraphasiro tho results on one side of the 
curve at the ooat of those on the other side This pro 
duces a lop-sided stretching of the curve and tends 
to obscure deviations from linearity (boo ref 36) 

No titration is complete, nor the estimation of the 
corresponding constants accurato, if it is not carried 
through on both sides of the half way point Both 
these regions are of equal value in this respect On 
tho other hand, results obtained too far away from 
this point on either side ore largely superfluous 
From this rt should be dear that the most important 
rang© of substrate concentrations for the doterm 
ination of the constants ore those of the order of Km, 
around tho vuluo of which the curve should bo 
symmetrical This is tho case only with the v versus 
v/S plot in which tho half way point ib equally 
spaced between the two limiting values 

Another largely unwarranted comment that has 
been made from time to time (boo ref 0) in favour of 
tho 1/u versus 1/5 plot is based on the fact that hero 
tho variables v and 5 aro separated With respect to 
estimation of tho experimental error and tho weight 
ing of data, this docs not constitute an argument 
agamst the v versus r JS plot when only the error in v 
needs to bo considered, ns is moot often tlio cage In 
tho v verfus e/5 plot- an error in v aimply dtsplacefl the 
experimental point along a line through tho origin that 
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represents a particular substrate concentration The 
displacements are indicated by the arrows m Fig 2A 
and 2 B, where the dotted lmes show the zone m which 
the experimental points are found when subject to a 
maximum error of ^5 per cent It may be noted 
that m the i versus ijS plot this zone runs parallel to 
the theoretical curve m contrast to the in\ erted plot 
In view of the reasons discussed above, it would 
seem then that there is no real basis for the continued 
use of the inverted plots 

This investigation was supported by grant number 
C2289(C5) from the National Cancer Institute, 
National Institutes of Health 17 S Public Health 
Service 

B H J Hofstee 

Palo Alto Medical Research Foundation, 

Palo Alto, California, USA 
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Thebe seems to lie some confusion here between 
two thmgs which are in reality quite distinct, namely, 
{a) the choice of the senes of substrate concentrations 
which will give the best result®, and (b) the best 
method of plottmg the results obtained The=c are 
largely independent one is free to select the best 
senes of concentrations without even knowing which 
method of plottmg will be used, and when the results 
hate been obtained one is free to plot them bv 
either method 

With regard to the choice of substrate concen- 
trations we have in fact made no recommendation 
that the series should give equally spaced points on 
the reciprocal plot (namelv, “equal increments of 
US' ), as Dr Hofstee seems to imply, nor do wc 
recall anv such recommendation by others On the 
contrary , our statement that it is advantageous to 
have a concentration of points near the left-hand 


side of this plot implies approv al of some such senes 
as “equal increments of jjS ” 

With regard to the method of plotting, both 
methods are of course perfectly -valid, and it is our 
belief, ba®ed on experience of plotting results m both 
wav ®, that there is not n great deal to choose between 
them This is where we differ from Dr Hofstee, 
who believes that plot B (F ig 2) is so greatly superior 
to plot A that there is no ren®on for the continued 
u®e of the latter 

The purpose of plotting is tu ofold (a) to determine 
Ki[ and I'm. and (?») to check that the system obevs 
the Michaclis equation {‘lmennt\ , that is, of the 
graphs) By actual use, we find that the two methods 
are about equally good m both respects , the accuracy 
of determination of the constants from a gnen set of 
results is about the same, and it seems to us that 
deviation® from linearity are revealed almost equally 
well bv the tv o methods We venture to think that 
if the reader will plot a few cn c es in both wavs he 
will come to tho same conclusion 

A mam argument for plot B seems to be that a 
series of concentrations of the kind commcjnlv 
preferred will give a more uniform distribution of 
points along the straight line than m the case of 
plot A It does not follow however, that such a 
uniform distribution of points will give the mo®t 
accurate results for we v ould point out that the 
position of n straight line is determined much more 
precisely bv points near its ends than by points near 
its centre 

Our main reason for preferring plot A is that one 
can readily identify the* different pomts with par- 
ticular substrate concentrations, and so see what is 
taking place Tins is not the case with plot B, 
which ha® no sc-ale of substrate concentrations , the 
quantity which is plotted depends both on the arbi- 
trarily fixed concentration and the resulting observed 
velocity so that it is necessary to perform a division 
sum to discover what substrate concentration 
corresponds to a gn en point Anv error in v affects 
both co-ordinates, displacing the point obliquelj 
Al=o rather more calculation is involved m the actual 
plotting by this method We think that mam 
workers will continue to u®e plot A, the inverted, or 
as we would prefer to call it, the reciprocal plot 

Malcolm Dixon 
Edwin- C Webb 

Department of Biochemistry-, 

Cambridge 


TWO-DIMENSIONAL HIGH-VOLTAGE PAPER ELECTRO- 
PHORESIS OF AMINO- AND OTHER ORGANIC ACIDS 

B/ Dr. D GROSS 

Tate and Lyie, Ltd , Research Laboratory, Keston, Kent 


Amlno-Actds 

I T had been demonstrated before 1 that the applica- 
tion of high potential gradients to the electro- 
phoresis of ammo-acids leads to sharp separations 
after comparativ ely short running tunes It was felt, 
however, that a higher degree of resolution and greater 
certainty of identification of tho separated com- 


pounds could be attained by the adoption of a two- 
dimensional teelimque, that is, subjecting the sample 
to electrophoresis on the same sheet under two dif- 
ferent pH conditions with consequently- differing 
migration patterns 

A two dimensional technique for tho ®opnration 
of ammo-acids has been described by D L I)umim ! , 
who obtained encouraging results with mix-turos of 



No 40B5 


October 24, 1959 


NATURE 


1209 



lid l Two-dlmerulonxl high voltere eleetrocnun of emlno-edds 
Condition* first direction (bottom to top) Whstmsn No 3 Af If , 
12 In. x 22 ) In. 0 76 M formlo add ytf 20 100 V /cm. (J 6 
nusmpjan .eoollnc water teunperstnre 16*0. pressure 1 6 lb./ln.* 
36 min acidified nlnhydrin reagent (0 6 p«r cent w fr) In acetone 
10 wgra of each stnlno-edcl second direction ( right to left) 
0 06 if lodlmn borate iolotlon pH S'! 80 V /cm. 0 nuampjem. 
20 min 

Amlno-*clda a AD, o-*ml no-butyric add p-AD /J-*mlno 
butyric add , y-d D y-amlno-bntyrlc acid AL a-aUnlne 

P-AL, d -ala nine AR, arginine AR aapartlc add, ARE 

aaparagltie. Of cUrulUne OY cryitlae, OL fcfuUmlc add 
OlY glycine III histidine. HLY, hydroxytyibrn DPR 
hydroxy nroUne LA, lanUdonine LB leucine. LY lysine 
ME methionine ME SO methionine eulphone OR ornithine 
PH A ptrenyl alanine PR pro line SB ferine . TH threonine 
TR1 tryptophan TY tyrosine VA valine 


up to 13 ammo-acids, a potential gradient of 30 Y /ora 
and a running tune of 5 hr Several authora 1 have 
since reported modifications to this technique omploy 
mg rolfttivoly low \ oltagos, but without an apparent 
significant increase in resolving power, oxpodiency or 
speed of operation A recently constructed apparatus 
of sufficient width and improved cooling efficiency 
mado tlio application of high potential gradients 
(100 Y /cm. and greater) to two dimensional separa 
tions of ammo acids possiblo 4 , and tlio techmquo has 
since been improved and usefully employed m bo\ eral 

investigations 

The procedure found most practical is as 
follows a sheet of filter paper Whatman No 
3 MM, 12 in X 22$ in., is soaked in a 0 75 AT 
formio acid solution of pH 2 0 and blotted to re 
mo\e oxcess mOisturo The sample is applied oa a 
streak of $ in. widtli, tlio slieot placed in the electro 
phoretlc apparatus (sandwich typo top and bottom 
cooling plates, 13 in X 20 in, strictly controlled 
pressure) and connected through a ‘Cellophane' 
Jncmbrane* at each end with tlio thick paper pads 
dipping into the electrolyte voesols It is run for 
up to 40 min , driod for 10 min at 00° C and 1 hr 
in a stream of cold air to remove most of the formio 
acid residue*, trimmed to a longth of 12 in , according 
to a developed guido strip showing tho effective 
length of separation, and sprayed lightly (approx 
135 per cent moisture) from on atomlzor with a 
0 05 Af sodium borate solution of pH 9 2 It is then 


turned through 90% placed carefully in the apparatus 
connected by two 12 in X 0 m. paper strips to tho 
thick paper pads and thus to the electrode vessels, 
tho joins being made by filling m tho small gaps 
between sheet and strips with a slurry of cellulose 
powder (Whatman, standard grade) in borate sola 
tion Simple overlapping interferes with officient 
cooling and steadiness of mo 1st uro- level m tho shoot 
After completion of the second run, at 100 V /cm 
for 20 mm., the shoot is detached from tho con 
nesting strips, dried for about 16 min. at 70* C and 


sprayed with a 0 6 per cont (w/v) ninhydrm solution 
in acotone, aoidlfiea by tho addition of 3 por cent 
(v/\ ) of glacial acetic acid It is advisable to place 
the sheet for spraying with borate solution on a 
frame provided with a grid of nylon thread and to 
handle moist electrograms with rubber gloves through 
out, to avoid interfering finger marks 

Fig I showB the pattern of 27 ammo acids and 
amides separated by this technique 
The position of glutamine coincides with that of 
methionine and, if the presence of both is suspected, 
it was found practicable to treat the applied sample 
with two drops of 30 per cent hydrogen peroxide 
before the first run to convert tho methionine to 


methionine sulphone* which is well separated from 
glutamine The treatment only works in an acid 
medium Taurine and cysteic acid can cosily bo 


separated from all the other ammo-acids at pH 2 0 
and their identification requires no confirmation by a 
run at a different pH. In this case, they would bo 
below tryptophan, separated by a wido gap from it 
and from one another Tho position of tryptophan 
at pH 2 0 was alwayB found os shown and not, as 
J K. Whitehead reported*, near glycine 

Fig 2 demonstrates the application of tho technique 
to a commercial sample of acnd hy r drolysed casein 


+ 
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pH 92 lOOV/cm. 20 rein. ><fC. 


Pig. 2 Two-dlmeutlansl high voltage electrogram of a cesein 
hydro lysste 

Conditions Brit direction (bottom to top) Whitman No 3 M3f 
12 In x 22) In. 0 75 AT formic add, pH 2*0. 100 \ /cm 
0 mjmmjcm- ooolltw water temperature 10 C pressure 
1-6 Ib./ln * 40 min. idnhydrtd respect »• In Fla. .1 
or hydrolysate lecond direction (right to le O) o-M 
borste sedation pH 0-fi 100 V Jem. 0 fl mJunp-A* 1 

Amfno-edds « I" 1 



1300 


NATURE 


October 24 , 1959 


VOL. 104 


Most of the common ammo-acids can bo identified 
by tlieir positions , the appearance of some spots 
in unusual positions may be duo to the presonco of 
peptides or other nmhydrin-ieactivo compounds No 
attempt has been made to identify tho compounds 
against ’which question maiks are placed Tho partial 
overlapping of valine and leucine (or tho leucines) is 
due to their lolatively high concentrations Tho slight 
difference m migration distances m tho second dn ac- 
tion is due to a lover temperature and moisture 
content of tho sheet Under standardized conditions 
the degree of reproducibility of tho spot patterns is 
usually high Tho time for the separation of loss 
complex mixtuies can be reduced m many cases to 
about one half 


Other Organic Acids 

As a result of a systematic study of tho migration- 
rates of non-volatilo organic acids under varying 
conditions of pH, lomc strongth and composition of 
background electrolyte 7 , it w as found possible 
to improve greatly the resolution of complex 
mixtures by choosing tlirco woll tested buffer or 
eleetiolyte solutions of pH 2 0, 4 0 and 8 0 with 
advantageous differences m rate and sequence of 
migration 

With the availability of an unprovod electro 
phoretic apparatus of sufficiently largo dimensions 4 , 
the feasibility of a two dimensional tochmquo bocamo 
apparent and was successfully tried Tho two- 
dimensional technique, as in papor chromatography, 
allows the best uso of the resolving power inherent 
in the olectrolvte sAstoms chosen, particularly m con- 
junction with the application of a higli-voltago tech- 
nique ensuring clean separations with a minimum of 
diffusion and liquid flow effects This high degree 
of resolution is particularly desirablo when doahng 
with a multitude of organic acids as potentially 
present in complex biological and plant extracts" 
The previously described 8 0 75 M formic acid solu- 
tion, found most suitablo for tho separation of strong 
and moderately strong acids from weak acids, has 
the disadvantage of largely suppressing the ioniza- 
tion of the weak acids, with attendant, loss of 
mobility 

At higher pH values the degreo of ionization 
mcreases appreciably and with it tho mobilities of 
the weak acids, which makes separation and identifica- 
tion of the individual acids based on their vm \ mg 
migration-rates feasible Tw'o oloctrolyto solutions, 
namely, a 0 5 M acetic acid solution adjusted with 
pyridino to pH 4 0, and an approximately 0 1 il/ 
ammonium carbonato solution of pH 8 9, W'oro found 
to offer suitablo variations m migration-iatcs without 
the formation of multiple spots resulting from pai tial 
dissociation Ammonium carbonato solution had 
proved its usefulness m tho oloctrophoresis of inorganic 
acids, volatile fatty acids* and some non-volatilo 
organic acids 10 

Tho procedure adopted followed closely that 
developed for the two-dunensional separation of 
ammo-acids The first run was at pH 8 9 and the 
second run at pH 4 0 or 2 0 Tho sheet was soaked 
in the electrolyte and blotted boforo streaking tho 
sample over a w ldth of 2 5 cm , run and dried for 
15 mm at 90° C Before tho second run, the electro- 
lyte was lightly sprayed from an atomizer on both 
sides of the paper sheet to a sufficient degreo of 
moistness (about 135 per cent on dry paper) to ensure 


olectncal conductance without displacing tho partially 
separated acids 

Runs of 25-mrn duration in oach direction voro 
found appropriate undor tho olectncal conditions 
chosen, though with less complox mixtures tho timo 
can bo reduced to 15 mm for oach rim Tho shoot 
was dned after tho second run for 10 min at 85° C 
and kopt for 1 hr in a stream of cold mr to romora 
tho residual ncotie acid (formic acid required at least 
3 lu ) boforo bomg sprayed with a suitable reagent 
Tho choico of a useful lengont for organic acids is 
restricted to indicator solutions of relatively lugh 
sensitivity (provided tho background has boon cloarod 
of residual traces of froo acids or bases) and low stab 
llity of colours and chemical reagents producing a 
colour due to tho presonco and pH of tho acid on 
tho papor and subsequent lionting Tho strength of 
such a reaction vanes with tho type of acid present, 
and its sensitiviti is usually lowor than that of an 
indicator reagont , but tho stability of tho colours 
is much higher and tho presonco of traces of residual 
oloctrolyto is not so critical 

Of tho mnny leagcnts tried, tho amlmo-glucoso 
reagent with heating at 115°C was found to giro 
satisfactory' results for most acids, and tho ferric 
chloride - potassium forricynmdo reagent 11 without 
heating proved useful for syimgic, lactic, glycolhc 
and tartaric acid 

A 0 025 per cent solution of bromocrcsol purple 
m ethnnol-vator (75 25) pro\ ided a useful and sonsi 
ti\ o indicatoi reagent which could also bo applied 
prior to spraying with tho nnilino-glucoso reagent, 
tho latter pio\nling a pcimnnent record of brown 
spots on a ncnr-wlntc background Picric acid, a 
coloured compound, was used as a marker to indicate 
the pi ogress of migration 

An oxamplo of a separation of twenty organic 
acids is illustrated by tho electrogram in Fig 3 

Thanks are duo to Mr R W Butters for vuluablo 
technical assistance, Mr D G Harrison for skilful 



Fig 3 Too dimension!!] sopnmtlon of organic acids l>> Jitgli- 
i oltnge electrophoresis 

Conditions first direction (bottom to lop), Vliatman JTo 3 il /AT, 
12 In x 221 In , approx 0 1 M ammonium carbonato solution 
(7 0 gm /1 ), pll 8 0 70 V /cm ,82m amp /cm , cooling water 
temperature 12° C , 1 5 lb /in *, 25 min , second direction (right 
to left), 0 6 M acotlc acid adjusted with pjrhllno to pll 4 0, 
100 V /cm , 10 m amp /cm , 25 min , 60 //gm of each acid 
Spraying reagont glucose aniline (approx 2 per cent of each) 
In otlinnol-untcr (2 8) 


malonlc , SIEC, mcconlc , AfJJA, mcsaconfc, p), picric, P£C, 
pyrrolldono-carboxyllc , Pi' pyruvic, SV succinic, T-AC 
tram aconltlc , TAR, tartaric 
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photographio work and tlio director* of Tato and 
Lylo, Ltd , for permission to publish this com 
mumeation 
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ACTION OF MANGANESE DIOXIDE ON SIMPLE 
CARBOHYDRATES 

By Du. J L BOSE, Dr. A B FOSTER, Prot M STACEY, F R.S , and 
Dr. J M WEBBER 

Chemistry Department The 


U NDER mild conditions manganese dioxido 
(MnO t ) Bolcotivel> oxidizes <r£ unsaturatod nlco 
hols to the corresponding carhonvl compounds 1 , 
N-alkyl and N N-dialkylanilines aro also attacked, 
yiolding amides* Elevation of the temperature 
(70-120°) results in a reduced selectivity of oxidizing 
action and a variety of reactions lrnvo been ob 
ser\odh*, some of which were carried out in aqueous 
media We now roport a preliminary qualitative 
survey of the action of manganese dioxido on simple 
carbohj d rotes 

Initially the aotiwU of manganeeo dioxido pro 
parations obtamod bj the following mothods ware 
oompnred (1) alkali pormonganato 4 , (2) acid per 
mnnganato*, (3) decomposition* of manganese oxalate 
at 250°, (4) decomposition* of manganese carbonate 
at 250°, (6) preparations (1)— (4) after tutno acid 
treatment* The alkali pormangannto product gave 
an aqueous extract pH c 10 oven after multiple 
treatments with water, but the remainder gave 
neutral extracts Tlrree reaction conditions were 
employed in which a solution of tho carbohydrate 
(60 rngm ) in water (1 6 ml ) was vigorously shaken 
with manganese dioxide {A) 60 rngm at 60° for 1 hr , 
(B) 60 mgm, at 05-100° for 1 hr , ( O) 160 rngm. at 
05-100° for 1 hr These ratios of oxidant to substrate 
are considerably lower than those often used with 
other types of compound 1 The filtered solutions 
were oxaminod by (1) paper ohromatography (down 
ward irrigation with the organic phase of a butanol/ 
othanol /water (4:1 5) solvent system) , (2) paper 
ionophoresis (onoloeed strip technique’) with a boroto 
buffer* pH 10 and an acotate buffer pH 6 and detec 
tion with onilmo hydrogen phthalate* and alkaline 
silver mtrnto 1 ' Identification of products must be 
considered tentatne although the application of 
cliromatography and lonophoreeis in conjunction 
permits a more certain identification* 1 Tho chain 
length of each acid formed in tho oxidations was 
determined b> ionophorogis in aoetato buffer, and 
mobilities expressed as Mg a values (QA •= gluoomo 
acid) givo tho soquence gluconio acid 1 00, arobonio 
acid 1 09 ervthromc aokl 1 27, glyceric acid 1 54 
and glvoolbo acid 1 77 

Slight differences •aero obsor\ ed In tho effoot of the 
various manganoso dioxido preparations on glucose 
and fructose Tho subsequent results were obtamod 
with manganoso dioxido prepared from tho carbonate 
since It is tlio easiest and cheapest to prepare 

Aldoses and related compounds From Tablo 1 it 
mn\ be Been that the hexosoa Yielded pentoses 


Unlvenlty Birmingham 15 

together with acidio products The hoxose — > pentose 
conversion is not ft normal oxidation pathway of 
sugars, although it can be effected by glvool oloavago 
reagents 11 and amino sugars maj be dograded to 
pentoses by ninhydrm 1 * Both hoxoso and pentose 
were obtamod inter aha from the lieptoso The bus 
oeptibllity of erythroso to oxidation was quite 
striking , it reacted completely under conditions 13 
and O and hence did not appear os an oxidation 
produot of the higher sugars other than of pentoses 
undor condition A 

When golactoso Avne treated under condition A 
with manganoso dioxide obtninod from the alkali 
permanganate reaotion, in addition to the produot 8 
shown in Tablo 1 traces of erythroso could alto bo 
detected and under condition B epimorization 
occurred yiolding tolose and tagatoso Tina ob*or\n 
tion is not surprising m view of tho alkaliiutx of the 
reaction solution 


Table 1 Oil Din ox or Aldoks utd DnrriTtVE* with 3Uxoa5*se 
DIOXIDE 



Reaction 


Aid o»e 

condition 

Product** 

GeUctoeet 

A 

Oalactow trace lyxote 

B 

Gelactow lyxow trace* of 



6C and 40 add* 


0 

CJalactoie lyxoto 60 50 40 
and 30 acid* 

'D-Qlycfn-D'ffoiado- 

A 

Heptwe trace mannose 

heptoee 

Ti C 

Jlcptow roan now trace* of 

A 

arablnow and 8G acid 

Rlbote trace erythrow 40 
add 

Rlboae araWnoec 50 40 end 

Rlboeet 


B C 



30 add* 

Erythroe 

4 

It C 

BrythrOW, 30 add 

40 3G ami trace* of other 
adde (erythrow completely 
oxldlied) 

2 Deary i>- 1 


.. 


ABO 

Trace* of unidentified 

2 Ac*tnmi4o-2- j 


product* 

deoxy D-oInco#e J 
3 O methyl stucote 

A 

3-O-raethyl-chieow trace 
2-O-methyl-arabinoio 60 



add 


n c 

3-0 methyl-clucwe 2-0 
methyl-arablnoae 00 acid 

RJiamiKMC 

A 

Rharanoae 5-deoxy-arablnoie 
60 add 

Rhamnow ,6-dtoxy arablnote 


B 0 



60 40 30 add* 

t AmIno-2-deoxy tv- 
12 hi cow hydrochloride 

ABC 

Complex mixture of product* 


• Tram or unidentified compound* were detected In *°rer*J cmc# 
and m*ngane*e lorn were lirranably pment Thl# comment <• 
applicable to the reeulte In Table* 2 end 8 

tEiueEel reeulte with elncoee mennow end other hexo*<* 
t Parallel reeulte with xylo*© end arablnw 
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Table 2 Acnob or Manganese dioxide ox some Eedeoino DisaC' 

OHAEIDES 




Reaction 

Products* 

Dlsacolmrlde 

Linkage 

condition 

Sophorose 

P 1— 2 

A , O 

Insignificant reaction 

Lamlnarlblosc 

01 — 3 

.1 

Laminariblosc, traco 

(Mu 0 00) 

E, 0 

G-A (Mo 0 33), traco 
acid P (Moa 0 73) 
Laminar lbloso , O- A , 





P, glucoso, nrab 

Inosc 


Jfnltoso (Mu 

a 1 — + 4 

A 

JIaltosC, trace G-A (Mo 

0 30) 



0 50), trace G T (Mo A 

0 70) 



B G 

Maltose, Q-A G T, 




glucose 

Celloblose 

p 1—4 

4 

Colloblosc trace G- 4 

(Mo 0 20) 


(Mo 0 57), traco O-T 
(Moa 0 77) 




B, C 

Cclloblosc, G-A, G-T, 



glucoso arablriose, Q 
(Ma 0 30) 


Mollblose 

a 1 -► 0 

A 

Mellbloso traco Gal A 

(Mo 0 74) 



(Ma 0 87), trace B 
(Me 0 42) 



B, C 

Gal A, R, traco acid S 



(Moa 0 04) trace 
galactose and lyxoso 



* G-A Indicates glucosvl-arablnose O-T Indicates glucosyl tetronlc 
aold Gal-A Indlcatos galnctosyl-arablnose M6 value Is the iono- 
phoretic mobility In borate buffer with respect to that of glucoso 
(ref 11), Ru value Is the paper chromatographic mobility with respect 
to that of glucose 

Enhanced resistance to oxidation is conferred by 
the absence of a Cj-hydroxyl group (2-dooxy-D- 
‘galactose’) and substitution at C- (2-aoetamido-2- 
deoxy-D-glucose) The results with 3-O-methyl-D- 
glucose and rhamnose indicate that manganoso 
dioxide oxidations might have somo value for tho 
synthesis of, for example, O-methyl- and dooxy- 
pentoses Although a chromatographic separation of 
the product would be necessary, application of this 
technique is also frequently essential in tho moro 
classical synthetic methods 

Reducing dimcchandes In oxaminmg tho bohaviour 
of disaccharides with manganeso dioxide tho analyt- 
ical methods noted above were supplemented as 
follows The acidic products were separated from 
the neutral components by absorption 14 on ‘Deacidite 
FF 530’ (CO form) followed by olution with 
ammonium carbonate Tho neutral and acidic 
products were then hydrolysed separately with 
2 N -hydrochloric acid at 95-100° for 3 hr , and after 
neutralization with methyl di-n-octylamme 18 , tho 
hydrolysates were examined by chiomatography and 
lonophoresis 

From Table 2 it is seen that the disaccharides 
yielded less complex mixtures on oxidation than did 
the aldoses Tho 1 — > 2 linked disaccharido (sophoroso) 
was largely unaffected by manganese dioxide, where 
as the 1 — 3, 1 —> 4 and 1 — > 0 linked disaccliandos 
were each degraded to give mainly a glucosyl— pentose 
together with a small amount of apparently a gly- 
cosyl-glycoruc acid Small amounts of hoxoso and 
pentose were also formed, but no 6-carbon or smaller 
acids As might be expected from tho aldose oxida- 
tions, glucosyl— tetroses did not accumulate on oxida- 
tion of the 1 — y 4 and 1 — > 6 linked d isaccharidos The 
use of a large excess of oxidant did not completely 
convert maltose into its oxidation products These 
results suggest that man ganese dioxide oxidation 
might provide a convenient method for converting 
suitable hexosyl hexoses into hexosyl-pontoses 
(Glycol cleavage reagents might also be used for this 
purpose 1 * ) Although a column chromatographic 
separation would be necessary to isolate the required 


product, it should bo noted that, with tho 1 -v 3 and 
l->4 linked glucosyl-glucoso oxidation mixtures, 
tho markodly difforont Mg laluos of tho glucosyl- 
glucoso and tho glucosyl-pontoso cioato an ideal 
situation for tho application of borato-charcoal- 
‘ Oolite’ chromatography 18 Furtlioi, tho sonsitivity 
of tho 1 — y 3 linked disaccharido (laminanbioso) 
towards limo-wator permits 17 complete destruction 
of unoxidi7od disaccharido, leaving tho 1 — > 2 linked 
glucosyl-pontoso unaffoctod 

Ketoses and miscellaneous compounds From Table 3 
it is soon that fructoso variously yioldod totroso or 
imdorwont opimonzntion in addition to tho formation 
of acids Inososo, sodium gluconate and glueurono 
were readily oxidized, but most of tho products of 
theso reactions have not boon identified nnd they 
aro bomg actively mvostigatod Tho conversion of 
hoxitols to lioxosos and pentoses is of interest Tho 
symmetrical hoxitols (galaclitol and mannitol) gavo 
a single hexoso and pontoso, whoicns glucitol gavo 
two lioxosos nnd two pontosos, indicating attack at 
both ends of tho carbon chain 

It is cloar that a wido rnngo of carbohydrates is 
attacked by manganoso dioxido nnd that a varioty 
of oxidation pathways is oporntivo Somo of tlio 
reactions may bo of potential \ aluo for tho preparation 
of otherwise inaccessible carbohydrates 

A numbor of commercially available oxides uore 
also examined for action on galactoso and fructose 
undor condition A 

Zinc oxido (ZnO), cadmium oxido (CdO), nickol 
oxide (Ni-O a ) and black nnd groy cobalt oxido 
(Co jO 3 — Co 3 0 4 ) causod slight opnnorization 

Zirconium dioxide (ZrO t ) nnd lend oxidos (PbOj, 
PbO nnd Pb 3 0 4 ) showed weak manganoso dioxido- 
typo properties (namely, galactoso — v lyxoso), but 
PbO and Pb 3 0 4 effected slight opimonzntion There 
was neghgiblo effect on fructoso Undor condition B 
almost complete destructive oxidation of tho sub- 
strates occurred with tho load oxides 

Tho following oxidos displaj ed no oxidativo action 
HgO (rod and yellow), Hg t O, U0 3 , Cu a O, CuO, 
BijOj, SnO, SnOi, MoO a , FTb.O,, Y 3 0 3 , Sb s 0 3 , 
FojOj, Fo 3 0 4 , GoO„ V.O 3, Cr.0 3 , TiO s 


Table 3 Oxidatiox or Guidon vd-coxtaixino and Oteee Cumo 
in DIUTES 


Compound 

Oxidation 

condition 

Products 

Fructose* 

A 

B, C 

Fructose, tetroso, 6C acid 
Fructose, glucoso, mannose, 

00, 60, 40 nnd 30 acids 

Inososo 

A, B,C 

Inososo mixture of acids and 
reducing acids 

Sodium glucuronatct 

A 

B,C 

Mo significant effect 

Glucuronic acid, traco of 40, 

30 acids dlcarboxj lie acid nnd 
othor nnldontlflcd components 

Sodium gluconate} 

A 

B,C 

Gluconic acid, reducing add, 
traco nmblnoso 

Gluconic acid, reducing acid, 
nmblnoso, unidentified com- 
ponents 

Potassium glucamto 

4, B, C 

Glucarlc acid traces of re- 
ducing and acidic products 

Gnlnctltob 

A 

B.C 

Galactltol, traco galactoso 
Galactlto), galactose, lyxose 

Glucitol 

A 

B, O 

Gluoltol, traco glucose nnd 
guloso 

Glucitol, glucose, gulose, 
xyloso and aroblnosc 

Methyl a D gluco- 
pyrnnosido 

Sucroso 

A.B.O 

Tmcos of unidentified products 

A 

B.C 

Sucroso, traco of reducing com 
ponont 5 (Mo 0 41) 

Sucroso, S.glucoso, fructoso 
nnd aold T (Moa 0 73) 


rr, ParalIo ,l ro , snUs (*) sorbose, (f) glueurono, (}) glucono fl-lactonc 
(§) mannitol 
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CROSS-LINKING OF CELLULOSE ACETATE BY IONIZING 

RADIATION 

By Dr. S H PINNER, T T GREENWOOD and D G LLOYD 

Tube Investment! Research laboratories, Hlnxton Hall nr Cambridge 


R ECENT studies on the polymerization induced 
by radiation, of allyl esters haw revoaled tliat 
the conversion rate is markedly increased in the 
prose neo of polyvmyl chloride, while at the samo 
time the polyvinyl ohlorido acquires a high density 
of cross linking 1 Polyvmyl chloride belongs to the 
class of polymers 'winch undergo cross Unking by 
radiation*, so that the presence of the alljl ester 
servos to enlianco the action of the radiation but no 
alteration of inode 10 involved It is known that 
such alterations can occur , for example, in the 
presonco of oxygon, man> polymers which are norm 
ally cross linked by radiation may bo 00 mo degraded* 
An artificial means of rendering a change in the 
rovoreo direction constitutoe a worth while objective, 
aa the benefits of cross linking could thon bo extended 
to a largo class of polymers such os poly isobutylene 
and cellulose derivatives, but suob means havo not 
hitherto been described 

Tho onhanoomont of the donsity of cross linking 
in polyvmyl chloride by the presence of tho allyl 
ester was of such magnitude that it eoomod feasible 
to cross link by radiation, m this way, those polymers 
the normal response of which to radiation is dograda 
tion Experiments with polytsobutylene and poly 
mothyl methacrylate have given ostensible evidenoe 
of cross linking while with secondary collulose acetate 
the result* leave no shadow of doubt that heavy 
cross linking con he achieved. This polymer, like 
polyvinyl chloride, is normally plasticized to facilitate 
processing and advantage could thus be takon of the 
plastioizmg action of the allyl eetor 

The most obvious effect of replacement of normal 
plasticizers in collulose acetate bv a convertible 
plasticizer such as triollyl citrato was that irradiation 
caused a pronounced incroase ui tonsilo strength 
This is shown m Pig 1, where tho tonsilo strength 
at room temperature of a composition initially con 
taming 32 per cent triallyl citrato is given as a 
funotion of the radiation dose, using 2 MeV electrons 
from tho scanned beam of a Van do Graaff accelerator 
As shown in tho accompanying curve normally 
ploetioizod colluloso acetate exhibited no change in 
tonsilo strength over the dose-rango studiod, despite 
the radiation damage which waa betrayed by darken 
mg, bubbling and reduction in ultimate olongation 
.Elevation of tho tensile strength at room tempera 
turo provulod evidence for the polymerization of the 
triallyl citrato but not, in itself, of cross linking of 
tho collulose acetate The accept od criteria for cross 


linking are non fusibility, non solubility and re- 
versible lugli elasticity Measurements of fumbdlt} 
wore inappropriate m the present instance because 
of tho high melting point of secondary cellulose 
acetate (c 300°) (ref 4) Measurements of rubber like 
behaviour wore similarly thwarted by tho inherent 
stiffness of cellulose acetate ohamB, and only solubility 
and swelling criteria can be employed. As is vroll 
known, secondary cellulose acetato can bo dissolved 
rapidly m ocetono By contrast, irradiated solid 
solutions of secondary collulose acotate in triallyl 
citrate were highly resistant to acetono This is 
shown in Fig 2, where for a composition containing 
32 per cent triallyl citrate, the gel fraction (24 hr 
Soxhlet extraction with a cotono) and the swelling 
index (24 hr in acetone at room tomperaturo) are 
given as a function of dose Even a doso as low bb 
10 Mrads lias sufficed to oonfer a considorablo degree 
of solvent resistance, raa telling that of similar]) 
cross linked polyvmyl chloride 1 

For the purpose of exploring the mechanism 
whereby cellulose acetate has been rendered insoluble 
it was desirable to measure the rate of polymerization 
induced by radiation of the triallyl citrate Such 
measurements m the solid state poso a number of 
problems Physical methods are generally superior, 
and density, spoctroecopio and relaxation methods 
liavo been used* In the present instonco, tho rate 
of conversion of the ester has been followed using 
a Beckman DK2 spectrophotometer Solutions of 
triallyl oitrate in acotono were used to construct a 
calibration curvo relating the absorbance of tho 
1 025g aliylio absorption band With tho allyl con 
oentration and this curvo led, with appropriate 
corrections, to values for residual allyl concentration 



KadUtlondow (Mr*d) 

Fig 1 . Teruile itwngth oflrimdUted cfSSt* 
*117 pWldred O pUltldxed vlt H W per «n* * 
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Badlatlon dose (Mrad) 

Fig 2 Solubility and swolllng of Irradiated cellulose acetate 
• , Gel fraction (24 hr So-dilet, acetone), O, swelling Index 
(24 hr acetone, 26° C ) 

m irradiated solid solutions of cellulose acotato m 
triallyl citrate The results are shown in Fig 3, 
whence, allowing for initial scatter, it is apparont 
that the disappearance of allyl is essentially propor- 
tional to dose up to at loast 50 per cent conversion 
and that the slope is essentially independent of con- 
centration 

The average initial allyl disappearance-rate was 
0 202 micromole per gram per megarad, correspond- 
ing to O (-allyl) = 200 Corresponding figuros for 
the electron-induced homopolymerization-rato are not 
available, but in view of the relatively small intensity 
dependence of allyl polymerization, comparison may 
be made with the rate of homopolymerization induced 
by y-rays, which at an intensity of 11,700 rads/min 
gives Q (-allyl) = 103 (Wycherley, V , unpublished 
work) It follows that while some enhancement 
of conversion-rate in the presence of cellulose acetate 
has occurred, the effect is small 

As an initial hypothesis, it may bo considered that 
the components of the solid solution of cellulose aco- 



Flg 3 Variation of allyl concentration In cellulose acetate gels 
Compoaltlpn containing O, 45 per cent triallyl citrate , #, 32 
per cent triallyl citrate, ©, 16 4 per cent triallyl citrate 


October 24, 1959 


tate in triallyl citrate respond independently to 
radiation in thou- characteristic fashion Tho hoxa- 
functional monomer when irradiated alono has 
yielded gel at. approximately 10 per cont conversion 
( Wychorloy, Y , unpublished \v ork) Tho rate of 
radiolysis of cellulose acotato has not been reported, 
the closest approximation bomg the fracturo-rato for 
irradiated cellulose, which has boon givon as G (frac- 
ture) = 11 (ref 6) If those processes are super- 
imposed, it follows that tho colluloso acotato com- 
ponent will bo progressively rondored insoluble by 
irradiation of tho mixture if it becomes attached to 
the allyl notwork at a rate oxccodmg that of radio- 
lvsis The modo of attachment is simply that of 
initiation of on allyd chain, and it. remains to consider 
semi-quantitativ r oly r tho probable rato of initiation 
by polymeric colluloso acetate radicals relativo to 
that of scission 

Tho ratio of frequency of chain frunsfor to frequency 
of propagation during normnl polymerization of allyl 
esters lies in tho rango 10-20 (ref 7) Taking tho mean 
for triallyl citrato lends to G (chain initiation) ml3 
Since tho condition for cross-linking is that tho 
probability of forming cross-linking units should bo 
at least half tho probability' of delinking, that is, 
PolQo < 2, tho minimum G-valuo for junction point 
formation on tho colluloso acotato in ordor for gol 
to accumulate is 5 5 While it is entirely reasonable 
that tho G \nluo for radical formation produced by 
radiation in colluloso acetate might oqual 5 5, such 
a rato of initiation could only' lead to vory' slow 
aggregation of tho gol In point of fact, gol aggrega- 
tion is rapid (seo Fig 2), which is more consistent 
with a valuo of q 0 exceeding p 0 Whilo G values for 
initiation by r colhdoso acetate ns high ns 10-15 cannot 
bo ruled out, on present hmilod data, such primary 
initiation rates scorn abnormally high anil it is more 
likoly that a supplementary' contribution is made 
by' a process of offectivo cliain-transfor, whereby a 
growing allyl chain abstracts a hydrogen atom fiom 
tho colluloso acotato moleculo rather than from an 
allyd monomer molecule, leaving tho resultant macro- 
radical to ro-initiato a furthoi allyd chain and servo 
as a junction point w-ith tho network In now of 
tho similarity m the triallyl citrate conversion-rate 
in tho presonco or absence of colluloso acetate, there 
is no need, however, to postulate reactivation of 
resonance stabilized allvhc radicals, as was foimd 
necessary in tho case of polyvinyl clilorido 1 

If this picture is correct, it may bo concluded that 
cross linked collidoso acotato arises ns a consoquenco 
of irradiation in tho presence of a notw ork-forming 
monomer, which has a short propagation chain- 
length and servos as an efficient trap for polymeric 
radicals whothor produced directly by radiation or 
indirectly by hydrogen abstraction 

This work has boon carried out in collaboration 
with B X Plastics, Ltd , and wo wish to thank Dr 
R It Smith and Dr M Pettit for discussion, and 
the Chairman of B X Plastics, Ltd , and tho Chair- 
man of Tube Investments, Ltd , for permission to 
publish this work 


1 Pinner, S H , Kalure, 183, 110S (1050) 

* Chaplro, A., Indutt det Vlatltquc Hodernrt, 8 No 1, 41 (1057), 
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(Jftttfng* marled tct'/A a* ttUritk * «r* open to lA< public) 
Monday November 30 

Royal Society (at Darlington How Piccadilly London W 1) 
at 2.30 p m. — Anniversary Meeting 
Ijrarmrnt or Metal Fdostoko (in the Canterbury Room of the 
Charing Cttm Hotel London W C.2) at 2.46 pjn.— 3tr A. A B 
Harvey **Tho Role of the Scientific Society* (TreaklentLal Addreea) 
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Jjpdon. W ai) at 6 p.m.— Fro r B. P Kennedy (University of 
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Rotal Ixjrrrrtmox LmRAir Circle (at 21 Albemarle Street 
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Thro nth Hit Manuacripts" 

Rotal Geographical Society (at 1 Kensington Gore London. 
8 W 7) at 8- SO p m. — Prof 0 von FDrer Halraendorf "SUeTpa* of 
Eastern Nepal 
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UxivemitY 0» LOXDOX (In the Anatomy Theatre University 
College Gower Street, London, W 0 1) at l 16 p m^-Prof R. E D 
BLahop 'Vibration Problems In Engineering' • 
l/r/rnzmow or Eleotrioal Etcann&ats ITcasumcvext am to 
ELttrrROXtca Brcmoxa (at Savoy Place London W 02), at 6 30 p m 
— Dr L. Easen llr J V L Parry and Mr J McA. Steele “Fre- 
quency Vartatlona of Quart* Oscillators and tlte Earth a Rotation In 
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UurnniTTT or LOTDOX (at Imperial College of Science and Tech 
nology London 0 W 7) at 6JQ p m —Prof. II K. Porter 'Physio- 
logy ha* No Frontier**' (Inaugural Lecture) 

UKTYERgtTT or LOXDOX (at the London School of Hygiene and 
Tropical llediclne Kejrpel Street Gower 8treet London W 01) 
at 6.30 pm — Dr J L. Gownna The Lymphocyte’** (Twelfth 
of fifteen lectnrea an “The Scientific Baala or MedfdDe” organized by 
the Hritlah Poatgraduate Medical Federation. Further lecture* on 
December ! 8 10) 

Plastics iNBrmm (at the Wellcome Building, 163-103 Euaton 
Road London, NWI) at 0.30 p.m.— Mr iL ft. K Aihenden: 
‘Plaatlca and the Law” 

Rotal AxiOKAuncAL Boctett (at 4 Hamilton Place London 
W 1) at 7 p in — Dr I M. nail 'Tranaonlc Flow Orer Swept Wing**' 

Wednesday, December 2 

Rotae Statotioal Society (at the London School of Hygiene and 
Tropical Medicine Kejrpel Street, Gower Street London W 0.1) 
at B p m. — Mr DLL Deale ‘Confidence Region* In Non Linear 
Estimation” 

IxsTtrirri or Petk oleum (at 61 New Cavendish Street London 
Wll.atSSOpm — Mr J Jlarechaland Mr P deRadzltsky “Poten 
t la! I tie* of Urea In Dewaxing JDddle and Heavy Distillate* 
irrrrTurx or ixronxATiox Sotextists (at the Be men Hotel 
10 Ilemer* Street, London W 1) at 0 p.m. — Disc-union on “Languagr* 
In Information Work — To What Extent I# Competence In a Foreign 
Language an Essential Qualification for an Information Scientist 7 

Wednesday December 2 — Thursday December 3 
IROX ajtd Steel Drill cun (In the Great Hall. Caxton Hall Caxton 
Street London, 8.W.3 , and the Hoare Memorial Hall Chnn* Honae 
Great Smith Street London 8 W 1) at 0.30 am. dally — Autumn 
General Meeting. 


Thursday December 3 

UxrvxiarrT Or Loxrrox (In the Anatomy Theatre University 
Oollega Gower Street London W C.1) at 116 pm. — Mr P R. 
Dell “The Origin or Indian Com” • 

Rotae Society (at Darlington House riecadlRr London, W 1) 
at 4 30 pm. — Mr F n C Edgoombe and Prof It- O w Norriib 
F R.8 A Study of the MechanUm of photochemical Electron 
Transfer Procease* in Solution Mr I 1L Dawson and Mr E A C 
Follett “An Electron Microscope Study of Synthetic Graphite 
I x ur iru T B or Marixe Byodtrers (Joint meeting with the Ixstttutr 
or Natal Architects, In the Weir nail 10 Upper Delgmre Street 
London, 8 W l) at 4 46*r to —Prof G AcTtaeen “New Sea Trial* 
on the Sandblaited iAtbumbatti" 

IJkttersttt or Lor dot (at the London School of Economic* and 
Political Science. Houghton Street London t\ 02) at 6 p.m. — Dr 
E R. Leach ‘‘Rethinking Anthropology"* (Mai 1 now* k l Memorial 
Lecture) 

Royal Society or A*T*. Oo5r*OYvmLTn Sectioy (at John Adam 
Street. Adelphl London W CX2) at MB p.m. — Mr*. Mildred Valley 
Thornton Indian* of Hrltlth Columbia 

B c am t m ox or Electrical Exqtxkxk* (at Bavoy Place London 
W CL2) at 6.30 p m. — Mr. ODD Wood and Mr LJ Shelley ”The 
Trannnlwlon of New* Film oyer the Tran* Atlantic Cable" 

Society or Crexical Ijtdcttbt Micxogioloot Group (Joint 
meeting with the Society tor applied Bacterioloot at the Royal 
Society of Medicine 1 Wlmpole Street London W 1) at 6.16 p.m. — 


Er . f . Tnf'etl'a Klbmradoio Add from fh» \1n» of Foot 

and Mouth DUeaae 

Royal PaoTooRArmc Bocnrrr Meoiqal Orocr (at ifl rrinoe* 
Gate, London, S W7K at 7 p m.— Sir Stanford Cade. K.B.E. CB 
F R CB \Vlut I Want Horn a Medical Photograph” 

Friday December 4 

IxsTirrriox or Elxotrioal EironnsaRa Medical Electroxic 3 
Dpcrrsarox Geo up (at Savoy PUee, London W 02) at fl p m — 
DUcosalon on “Nuclear Magnetic Reionanee" opened by Dr X 
Sheppard and Dr It. E Richard* 

Soclrtt or Dyers akd OoLOmsifl (at the Royal Society Burling 
ton Houae Piccadilly London V 1), at 0 p.m — Mr R. 0 Oakley 
Dyeing of Ribbon* ; Mr R. Wood* Tiyelng of Carpet Yam*” 
Royal XKrrrrmnojr (at 21 Albemarle Street London W 1) at 
0 p.m.— Dr n A. Thom** “Electronic ‘Brain* " 

APPOINTMENTS VACANT 

AmJcknoxs are Invited for the following appointment* on or 
before th% date* mentioned 

ABnrtAinr Lecturer w Phtrics— T he Regtrtrar The Unirenlty 
MancheaUr 13 (November 30) 

Chair or Chemical ExacrxERixo — The Reglitrar Unlvenltv 
College Singleton I'ark Swansea (November 30) 

AjjtfiTAjrr LBjnjMxm nr PKmotoor—Thc ReeUtrnr The Unlrer 
»lty Sheffield (December 6) 

Lecturer nr Pathological P*tcholoqt — T he Registrar (Room 
ii, Q -R-L ) The University Reading (December 0) 

Lecturer jh Social akthropoloot and a Lecturer ix Rural 
Sociology in the faculty or Eco toxic ajtp Social Sctrxceb — 
The Regi*trmr The Unlvenlty Manche*t*r 13 (December 12) 
OaaAMc OflzwiT Scfentlflc Oflleer or Senior Scientfflc Officer 
grade nr the Departxhxt or Hop Research for research problem* 
related to the hop plant — The EerUtrar Wye College n*ar Aaltford 
Kent (December 12) 

Assistaxt lecturer or Leoturrr nr atturo JIathexatics— 
The Regi*trar, The UDlmaity Sheffield (December 19) 

AasLBTAjrr lroturrr or Lrcturer ix the DirARrxExr or 
Zool oqt — T he Keglitrar The Unlveiaity Liverpool (December 10 ) 
Lecturjir/Sexior Lrcturer (with an interest In and qualified 
for teaching and research in any of the main branches of psychology) 
nr PrrcnoLoor at the Unlreralty of Sydney, An*t rails— Tlie Secre- 
tary. Association of Universities of the British Commonwealth, 36 
Gordon Square London W C 1 (Australia December 19) 

Lecturer nr Forest Patholoot at the Waite Agricultural Re 
*earch Institute — The Ileglitrar University of Adelaide Adelaide 
South Australia (December 21) 

Bexior Lectuhrr nr attubd Ahatoxt at the Unlreralty of 
Adelaide. Amtralia— The Secretary Association of UnJvenlUes or 
the Britlah Commonwealth 36 Gordon Square London W C.1 
(Auxtralla December 21) 

Sexior Leoturrr or Lectturer ix PrrcnoLoar at the University 
of Khartoum — The Registrar, Lnlverslty of Kliartoum c/o Inter 
University Council for Higher Education O verves* 20 Woburn Square 
London W 0 1 (December 22) 

Sexior PwxcirAL Baixrinc Oiticer fhonoura graduate in science 
with appropriate research experience) with the Hill Farming Research 
Organization to act at Deputy to the Director or the organization and 
In particular, to be reeponslble to him for the development and co- 
ordination of the programme of reaoareb carried out by the Organize 
tlon a scientific departments — The Secretary, nili Fanning Research 
Organization 48 Palmerston Place Edinburgh II (Docember 31) 
AsEiSTiXT Lecturer or Lrcturer In Phtfic* — T he Reglitrsr 
University College of South Wale* and Monmouthihlre Cathay* Park 
Cardiff (January 2) 

Reaper ix Medical jucrobiolooit at the University of Western 
Australia — The Secretary Association of Universities of the British 
Commonwealth 36 Gordon Square London W C.1 (January 16) 
Lecture* or Amistaxt Lecturer In Phtchologt — T he Regis- 
trar University College of South Wale* and Monmouthshire Oaths y* 
Park Cardiff (Janaury 10) 

Sexior Lecturer and a Lecturer ix Mathematics at the Unlver 
*lty of Western Australia — Tlie Secretary Association of Universitle* 
of the Britiih Commonwealth 36 Gordon Square Loudon WC1 
(January 30) 

Adxixistrativb Amwtaxt (male *dcnee graduate (preferably 
phvalciit) not more than 35 year* old and interested In space research) 
with the Secretariat of the British National Committee cm Space 
Research— Hie Assistant Secretary Royal Society Darlington House 
Piccadilly London W 1. 

Area Chrxist (with high academic and/or professional quaUflcn 
tlons good general experience of modern analytical method* and 
preferably wall versed In the teehndewy oflahrketlng oils and greaves 
— The Director of Research (British ILallway*), Britlth Transport 
Commission 222 Jfarylebcme Road London N W 1 
Biologist (with a good honour* degree In zoology and/or botany 
preferably « knowledge of both snbjerl* and tome poatgraduate 
experience) with the Fauna Research Unit Kenya, to carry out 
research on Kenya fauna to provide data for the building up of life 
table* , detail* of feeding habit* enemies predator* and disease* — 
The Director of Recruitment Colonial Office London 8W1 quoting 
Ref No DCD.m/7/00/01 

Botaxtst (Tlaxt rATHOLOOirr) (with a good honour* degree to 
boUar at agricultural baUnr and at least two jeon postgraduate 
experience in plant pathology) In the Department of Agricult ur e. 
Uganda, to diagnoie the cause of crop d 1* ease* _ an ^ rcccmi me 
control measure# and to aaalat with the breeding of 
crops — The Director of Recruitment Colon!* I Office 
quoting Ref No BCD 63/9 /02/Cl 
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Entomologist, Scientific or Senior Scientific Officer (with n good 
honours degree In zoology with postgraduate training or operlenco 
In entomology) at the West African Cocoa Research Institute, Ghana, 
fo^research^n^nsect posts of cocoa— The Director of ReCTultmcnt, 
Colonial Office, London, S W 1, quoting Ref Ivo BCD 107/200/Cu/Cl 
Geoss Anatomist (with research Interests preforablj, but not 
exclusively, either In electron microscopy or optical (especially Inter- 
ference) microscopy) — The Chairman Department of Anatomy, 
Emory Unlvorsltv, Atlanta 22, Geo win. USA 

Irrigation Research Officer (with a university degreo In agri- 
culture or a science degree with agricultural experience, and training 
or experience In soil phvslcs or irrigation) tn Swaziland, to carry out 
irrigation experiments on supar cano, citrus and other crops, and to 
take chargo of a new experimental station— The Director of Recruit- 
ment, Colonial Office, London, S W 1, quoting BCD 03/< 0/014/T 
Laboratory Technician (ablo to work with the minimum or 
supervision, a sound knowledge of chemistry, and some experience 
of biological techniques) — The Administrator, Department or Bio 
chemistry. The University South Parks Rond, Oxford 
Lecturer (well qualified physicist, and preferably with experience 
of the application of physics In Industry) is Pin sics—' Tho Registrar, 
Bradford Institute of Technology, Bradford 7 
Master to teach Chemistry, principal^ In the Sixth Form, up to 
scholarship standard with some 'Middle School work— The Head- 
master, Unlversltj College School, Frognal, Hampstead, London, 

N Plastics Chemist or Plastics Technologist in thf Department 
of Materials, to assist In the organization and supervision of the 
teaching laboratories and to participate In tho research activities of 
the plastics group— The Registrar, Tho Collcgo of Aeronautics, Cran- 
flold, Bletchlev, Bucks 

Technician or Senior Technician in thf Zoology Departmfnt 
—The Secretary, Royal Hollowaj Collego (University of London), 
Englefield Green Surrey 

Teohniclan (preferably with previous experience In bacteriological 
work), to work in the Virus Research Laboratory at Lodge Moor 
nospltal— Prof C H Stuart-Hnrrls, The Royal Hospital, Sheffield 1 

REPORTS and other PUBLICATIONS 

(not included tn the monthly Bools Supplement ) 

Great Britain and Ireland 

The Hannah Dairy Research Institute Report for tlio Threo Lears 
ended 31st March 1059 Pp 52+12 plates (KIrkhlll, Ayr Hannah 
Dairy Research Institute 1059 ) (1410 

The Needs of Youth In Stevenage a Report to the Calousto Gul- 
benklan Foundation Pp 47 (London Calouste Gulbenklnn Foun- 
dation, United Kingdom and British Commonwealth Branch, 1959 ) 
3* (1410 

Department of Scientific and Industrial Research Rond Research 
Laboratory Road Research Technical Paper No 46 Investigation 
of the Porrormnnce of Pneumatlc-tyrcd Rollers In the Compaction of 
Soil By IV A Lewis Pp lv+44+4platC3 (London HM Station 
cry Office 1969 ) 3* M net (1410 

The Scottish 8oclcty of the History of Medicine Report of Proceed- 
ings, Session 195S-1959 Pp 27+1 plate (Edinburgh Scottish 
society of the History of Medicine 1059 ) [1410 

Report of the Ilydrographcrofthe Navy for the year 1053 Pp 20 + 4 
plates (H D 514 ) (London Admiralty, 1959 ) [1410 

British Cast Iron Research Association Thirty-eighth Annnnl 
Report for the year ending June 30th, 1959 Pp 21 +6 plates (Alvc 
church, Birmingham British Cast Iron Research Association 
1059 ) [1410 

Archives of Oral Biology, Vol l.No 1 (August, 1959 ) Pp 1+83 
Subscriptions (Including postage) (A) For Libraries, Government 
Establishments and Research Institutions £0 (17 dollars) , (B) For 
Individuals who write directly to tho Publisher and certify Hint tho 
journal Is for their personal use £3 10» (lOdollnrs)pernnnum (London 
and New York Pergnmon Press, 1059 ) [1410 

Philosophical Transactions of the Royal Society of London Section 
A Mathematical and Physical Sciences No 1002 Vol 251 (8 
October 1959) The Electronic Absorption Spectra of NH, and ND, 
ByK Dressier and D A Ramsay Pp 653-604 +plates 3-5 (London 
Royal Society, 1959 ) 21s [1410 

Connell for the Preservation of Rural Wales Caernarvonshire 

Branch Fifteenth Annual Report, 1958-1959 Pp 22+4 plates (Pins 
Hebog, Beddgelert W Twlston Davies, Acting Hon Secretary 

1959 ) [221o' 

University of Bristol The Annual Report of the Agricultural and 
Horticultural Research Station (Tho National Fruit and Cider Insti- 
tute) Long Ashton, Bristol 1053 Pp 183 +18 plates (Long Ashton 
Bristol Agricultural and Horticultural Research Station, 1959 ) 
1B * [2210 


Report of the Committee of Enquiry Into tho Financial Structure 
or the Colonial Development Corporation Pp 111+26 (Cmnd 780 ) 
(London H YL Stationery Offico, 1059 ) Is Cd net [2210 

Imperial CoUmc of Science and Technologv (University of London) 
Research Report of the Royal College of Science, 1950-1059 pn 
v+77 (London Royal College of Science, 1959 ) tnoin 

Building Research Station Digest No 126 (August 1959) Small 
and Sewcr8 ' 2 FP 5 (London HM. Stationery 

Ufflce, 1959 ) 4 a r221 0 

Young Darwin and the Origin of Species By Dr C F A Pnnttn 
(Commemorative Oration delivered at the dinner given by the Master 
and FellowB of Christ’s College Cambridge, In the Oollogo Hall on 
Tuesday, 29 September, 1959 ) Pp 17 (Cambridge Christ’s College, 

luoy ) ro 2in 

Department of Scientific and Industrial Research. Pest Infestation 
1958 The Report of the Pest Infestation Research Board 
with the Report of the Director of Pest Infestation Research Pn 
iv+65+8 plates (London H.M Stationery Office 1959 ) 5 * 

net [2210 


Other Countries 

European Productivity Agoncy or tho Organization for European 
Economic Co operation Application of Atomic Science In Agriculture 
and Food Vol 2 Present Position, Fntnro Trends nnd Techniques— 
Report of the Working Conference hold at OELO Headquarters Parh 
July 1058 Pp 247 (Project No 300 ) (Paris European Productivity 
Agency of tho Organization for European Economic Co operation 
1050 ) 1,300 French francs , 21* , 4 dollars , 14 GO SwIbs francs [810 
Annnls of the New York Acadcmj of Sciences Vol 79. Article 4 
Modes and Natural Freqnonclcs of Suspension-Bridge Oscillation!. 
By D B Steinmnn Pp 109-142 2 60 dollars Vol 70, Article G 
On tho Design of Structural Models to Studj the Thermal Stress 
Phenomenon Bj L Albert Sclplo II Pp 143-160 2 dollars Vol 80, 
Article 3 Amine Oxidase Inhibitors By D Wayne Woolley and 97 
other authors Pp 651-1046 5 dollars (New York Now York 

Acadcmj of Sciences, 1069 ) [810 

Zoologj Publications from Victoria University of Wellington 
No 2G Some Additional New Zealand Ccphnlopods from Cook 
Strait By R K Dell Pp 12 (Wellington Victoria University of 
Wellington, 1059 ) [1410 

Mcdictna J-'xpenmentahs, Vol l.No 1,1059 (Internationa) Jonr 
nnl of Experimental Medicine ) Pp ll+CS 0 numbers per relume 
(2 volumes annually) Subscription prlco per volume 60 Swiss francs 
(Basel nnd New York 8 Kngcr, 1059 ) [1410 

South African Council for Scientific and Industrial Research 
Thirteenth Annual Report, 1957-1968 Pp xvll+220+xlx-llx. 

(Pretoria South African Council for Scientific nnd Industrial Re 
search 1053 ) [1410 

South Africa Advisory Council on Scientific Policy First Annual 
Report, December, 1950 (o 31 December 1957 Pp 6 (Reprint from 
Commerce and Industry ) Second Annual Report, 1 January to 31 
December 1053 Pp 7 (Reprint from Commerce and Industry) 
Human Problems In tho Scientific Age Tty Prof II O Monnlg. 
Pp 8 (Pretoria Advisory Connell on Scientific Tolley, 1058 and 
1059 ) [1410 

Annnls of the New Y'ork Acadcmj' of Sciences Vol 82, Article 2 
Current Trends In Research nnd Cllnlenl Management of Diabetes By 
Peter H Forsliam nnd 03 other Aulhora Pp 191-044 (New York 
New York Academy of Sciences, 1959 ) 4 60dollars [1410 

Now Zealand Department of Scientific and Industrial Research 
Geophysics Division Sclsmoloplcnl Observatory Bulletin No E 135 
January to December 1954 Wellington, other New 7enland Stations 
nnd Fiji Pp 27 (Wellington Government Printer, 1959 ) [1410 

Kungl Skogshfigskolnns Skrlfler, Tvr 32 Studlcr Over Kllmatcts 
Humldltet 1 Sverige DyOlnfF S Tnmm Pp 48+2 plates (Stock 
holm Skogsblbllotckct, ShopshCpsLolan, 1050 ) [1410 

Bulletin of the American Museum or Natural lllfitorj Vol 118, 
Articles A Historical Review of the Srollusks of Linnaeus Part 7 
Certain Species of the Genus Turbo of the Class Gastropoda By Henry 
Dodge l’p 207-25S (New York American Museum of Natural 
History, 1059 ) 1 dollar [1410 

Tho Cnrlsbcrg Foundation’* Oceanographical Expedition Round tlic 
World 1928-30 nnd previous "Dana" ]■ xprdltJonn Dana Report No 
49 Morphologic nnd Fnnktlon dcs Klcrcr- nnd Kirmcrnpparntrs von 
Ticrseefisrhcn dcr Gnttnngcn Mnlacostcus und rhotostomlBs (Teleostfl 
Isospondyll, Stomlntoldcn, Mnlncosteldac) Yon Klaus Gfnthcr und 
Kurt Dcckcrt Pp 64 (Copenhagen Andr Fred Host A Son, I960 ) 
Danish hr 15 [1410 

Tho Scientific Film In Gcrmnnj By Gottliard Wolf Pt> SO (17S 
block nnd white nnd 10 colour plnlcs) (Wuppertal Elbcrfcld Sam 
Lucas, Ltd 1950) (2210 

Cldcago Natural HIstorv Museum Flcldlnna 7oolopy Vol 39 
No 30 (Maj 22, 1059) Review oftho Colubrld Snake Genus Spolero- 
sonhu By HjTnen Marx Pp 347-301 (Chicago Chicago Jiatunu 
History Museum, 1059 ) 40 cents [2210 

Smithsonian Institution Freer Gnllerj of Art Occasional Pnpere, 
Yol 3 No 2 Calligraphers nnd Painters a Treatise by Qadi Ahmad. 
Son of Mlr-Ylunshl (circa A D 1016/AD 1GOC) Translated from the 
Persian by V YOnoreky With an Introduction by B X Znkhodw 
Translated from tho Russian by R Mlnorsky l’p x+ 223 (Publlca 

ton 4339) ( Washington, D C Smithsonian Institution, 105° ) [—10 
Colony nnd Protectorate of Kenya Forest Department Annual 
Ecport, 1058 Pp 11+63 (Nairobi Government Printer, 1J5JN 

Smithsonlnn Contributions lo Astrophysics Y’ol 3, No 8 Meteor 
Trains Bj Robert F Hughes Tp fl + 79-04 (YVashlngton, D C 
Government Printing Office, I960 ) 20 cents [22 10 

State of Illinois Department of Registration nnd Education 
Natural History Survey Division Bulletin, Y ol 27, Article 4 Food 
Habits ofMIgmtorj Ducks In Illinois By nnrrj G Anderson Pp lv+ 
280-344 Biological Notes No 40 Nlght-Llghtlng— a Technique 
Tor Capturing Birds nnd Mammals Bv Ronald F Lnblsky Pp H, 
(Urbana, 111 Department of Registration nnd Education— Nature* 
History Survey Division, 1059 ) [2210 
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LETTERS TO THE EDITORS 


ASTRO- AND RADfO-PHVSfCS 


Directional Observations of Radio Noise 
from the Outer Atmosphere 

Although many observations havo been made m 
tho ywBt of tho spectra of tbo radio omissions of tho 
Earth’s outer atmosphere in the frequency band 
2-40 Ko (n 1 3 f it is only recently that a tcchmquo has 
been dovelopod for continuously monitoring tho 
occurrence of theso phenomena 3 This Jma revealed 
that radio noise bursts lasting so mo hours are normally 
associated with disturbances of tbo geomagnetic field 
and follow manv high frequency radio outbursts from 
the sun It seems likely that these \ cry low frequency 
noise bursts are caused by the interaction between 
auroral streams of charged particles and tho plasma 
of the outer atmosphere and proposed mechanisms 
include Cercnko\ radiation 4 5 and gyro or synchro 
tron radiation* Studies of their spectra, houover Iwvo 
not provided nnv clear out tests of those theories and it 
appears that additional information is required 

Many burets of \ory Ion frequency noiso have a 
relatively narrow spectrum usually about 2 kc /s 
■wide and centred at about 5 ko /s 8 It is conceivablo 
that those are caused by synchrotron radiation from 
particles at a distance of about 0 Earth radii w hero tho 
geomagnetic gyro frequency is about 5 Kc /s In this 
oase tho radiation would bo guided down the lines of 
foroe of the Earth s magnetic Oold and would enter tlio 
ionosphere at geomagnetic latitudes greater than 05° 

Location of the geographical position of the entry 
point of very low frequency radiation into tho iouo 
sphere might therefore bo expected to prov ldo a test of 
t ho synchrotron hypothesis This test would bo possible 
if, a fter penetrating tho ionosphere, the radiation spread 
horizontally in the ionosphere Earth wnvo guide Tho 
entry point would then not ob a virtual eouroo which 
could be located by normal direction finding tech 
nlqucs However tins picture may bo m correct suico it 
is possible that tho radiation spreads honztonnliy 
within tho ionosphere and only reaches tho ground ns 
an on niiesccnt wave which would not provide useful 
directional information Indeed, attempts in tho post 
to locate tbo entry point of whistling atmospherics 
with direction finders hn\e been unsuccessful 1 

Before attempting the problem of locating tbo post 
tion and sizo of the virtual sources of tho \crv low 
frequency omissions it is therefore necessary to 
establish that it is poumblc to idontifv tho direction 
of the noiso Here we report preliminary results 
obtained with n direction finder operated at Camden 
N 8 W at n wave froquenc\ of 4 5 kc /s Tho equip 
ment consists of a two 2-50 ko /s amplifiers connected 
to two mutually perpendicular \ertical loop antennro 
cachofvhiclus 100 sq m in area and has 4 turns Tho 
outputs from tho amphfiore arc scanned by a rotating 
condenaor goniomotor Tlio syatem is equivalent 
olectricnliy to n single loop rotating once m ory 4 mm 
Tlio output of the goniometer is fed to n narrow band 


amplifier (4 0-5 0 ko /s ) and aftor dotection to a 
minimum rending pen recorder 

Wlion tho direction flndor is receiving lvonzontnllv 
propagating piano wave radintion its output goon to 
zero e\ cry two minutes when tlio piano of tho eqinva 
lent loop is perpendicular to tho direction of propftgn 
tion Tf, on the other hand, the virtual source of tlio 
radiation is of lnrgo extent either in azimuth or 
elevation non zoro minimum are recorded and it can 
bo shown® that the ratio of the mnumum to maximum 
output per rotation is a measure of tho source size for 
an assumed source brightness distribution 

Using this direction fin dor it has been found possible 
on many occasions to locate the direction and to 
estimate the size of tlio virtual sources of the very low 
frequency radiation nt 4 5 ko /s Tho source mo nos 
calculated in oach enso b\ assuming a uniformly bright 
source distributed in azimuth onlv Table 1 shows the 
results obtained since Ma\ , 1959 It can be seen that 
generally tbo sources were of largo angular sizo, most 
being between 70 ft nnd 70° Most directions lav eitbor 
in tlio southern or tho northern quadrant of tho 
compass the ambiguity resulting Trorn tho use of 
Bimpk loop antennas w ithout a sense accessory How 
o\er bcoouso of tho relatively low gcomngmtio lati 
tudo of Camdon (42° S ) it is considered liholy that ah 
\ irtual sources wore to tho south The ambiguities of 
direction and aourco brightness distribution will be 
reduced to a considerable extent in future observations 
by tho use of separate widely spaced direction finders 

Fig la shows a sample record of a noiso burst 
recorded at 3/4' per hr while Fig 15 shows tho 
corresponding direction findor record or this burst 
Tho considerable modulation of tho direction finding 
records resulting from the directional properties or the 
noise is easily v isible Fig 1c shows a record mndo of 
another noiso buret at a cliart speed of 2 per hr in 
order to demonstrate tlio chango in tho modulation 
depth During this burst tlio modulation depth in 
creased with time and sunultanoou^ly the noiso 
mtensitv decreased 

It appears from these observations that on mnnv 
occasions it should bo possiblo to map tho positions 
and sizes of tho regions from which v orv low frequency 
radio noiso from the outer atmosphere emerges below 
tho ionosphere 

Suitabfo techniques for suoli a study would Include 
either a network of direction finder* or perhaps radio 
link inlorferomotorfl similar to those used in radio 
astronomy 


TaHe l Liar or luttmoyt axd Axacun Sats or Anunixr 
Bo dots or m w/i iuuutiox 
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Local time (hr ) 

Fig 1 a, 4 5 he /s nolso bursts recorded at Camden, New South 
Wales , 6, direction flnding record of noise buret nt 4 f> he /s shotting 
chango In direction finding modulation depth with time , direction 
finding record of portion of the nolso burst of a 


Thanks are due to Mr D M Adams for assistance in 
the construction of the equipment 

G It A Ellis 
D G CARTWRIGHT 

Upper Atmosphere Section, 

Commonwealth Scientific and 
Industrial Research Organization, 

Camden, 

How South Wales 

1 Helllwell, R A., Stanford University Radio Propagation Report, 
A0110184 (1956) 

1 Gallet, R N , Proe In ft. Hoy Eng , 47, 211 (1959) 

* Bills, G R A , Planetary and Space Science ’ (In tho press) 

4 KoIomousU, A. A., Doll Alad Paul, SSS R , 106, (0) 982 (1930) 

* E11U, O E A, Jour Almos Terr Phys , 10, 302, (1037) 

* Cartwright, D G On preparation) 

The Inner Solar Corona during June 1959 

Study of the solar occultation of the Taurus A radio 
source has yielded new information concerning tho 
structure of the solar corona at large distances 1 , 
however, the interpretation of the observations is 
somewhat hampered by lack of knowledge of the 
electron densities prevailing m the corona at the time 
of the occultation Although observations made with 
the A-coronameter 1 at Climax, Colorado, do not 
extend out to the region of occultation, the measure- 
ments m Table 1 should give some indication of 
the conditions existing m the corona at the time of 
the recent passage 

In Figs 1-4 appear polar graphs of the product of 
polarization p times radiance B of the A -corona m 


units of tho radiance of tho cenlro of tho solar disk 
for the dates mvoh ed 

To nnnljso tho more complete data of Juno 10 in 
detail, wo plot ns a function of height above tho limb • 
(1) pB averaged at 10° intervals (heliograplnc) all 
around the solar limb (Fig 5) , (2) pB averaged nt 
10° intervals (heliograplnc) o\or tho south polar 
region A (Fig 5) , (1) pB n\orngcd nt 10° intervals 
(hehogrnphic) over tho latitude regions B and G 
(Fig 6) , (4) pB nt tho centre of tho active region D 
(Fig 0) In each case, except tho avis of tho activo 
region, the variation of pB with height is voll 
represented by tho relntion fomid by van do Hulst* 

Smco the Taurus A sourco passes to tho south of 
tho Sun, tho south polar region is of particular 
interest On Juno 10 tho point region marked A was 
quite weak Assuming for simplicity m integrating 
along tho lmo of sight a model with sphoncal sym 
motry, wo find that olectron densities over this region 
would bo about 0 3 times tho values tabulated by 
van do Hulst for a corona nt sunspot maximum 
Region A was flanked by regions B nnd G m which 
tho densities were nearly equal and considerably 
higher than m A On tho samo assumption, B nnd O 
have densities about that given by tho van do Hulst 
model The central axis of the activo rogion D 


Dato 
Juno 0 

Jnne 10 
Juno 11 

June 17 


Tadit 1 
Scan distances 
(min. of arc from llrub) 

2 4 


1 0, 4 4 0 4,8 4, 11 4, 15 4 
2 4, 4 4, 0 4 

2 4 


Remarks 

low we I cht data 
(calibration Bovcral hours 
later) 

standard wclRht data 
Ion weight data 
(calibration mado in cirrus) 
standard u eight data 
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Flff.1— * Polar plota of the product pS w here p lathe polar! tat km 
anil 11 the radiance for tho A -corona at the km height* Indicated 
The unit Is compared to tlm radiance of lbs centre of the aolar dbt 
and all position tuiflle* arc bcHottraphlc. The acannlng aperture U 
2 4 min, of are diameter 


is unusual in tliat tho enhancement of electron 
density boo ms roetnetod to tho loner 250,000 km 


(0 min of are above the limb) of the corona Whether 
or not this struoture la related to the flare and sub 
sequent large loop prominence of Juno 9 is not known 
Obser\ atxonfl of June 0 and 11 are not of sufficient 
quality to allow more than the determination that the 
general shape of the corona did not change significantly 
during the period By June 17, however the dip 
near the south pole had disappeared and the electron 
densities across tho south polar cap would have been 
those of tho -van do Hulst model if the smgle scan at 
2 4 abo\ e the limb can be considered as indicative of 
the reet of the corona 



Fig 6 Fig. 6 

FI* 5 Rad txl dependence of pD for June 10, 1M0 for tho 
a reran* of all position ancle* and for the average orer recto n 1 
(»ee Ktff 2) At r- 10 min. of are the error In measurement h 
approximately 00 per cent, white at r-2 min of are the error U 
about 10 per rent 

FI*. 0. Radial dependenre of pD for June 10 16o9 averaged ore r 
I region* B and O and along the axh of the active region D (re* Fig. 2) 


The scanning aperture of 2 4 min of ore diameter 
does not allow the detection of small scale structure 
such os polar brushes The tracings do show n my 
like structure in the south-east which has its baso at a 
position angle of approximately 100° hohogmphio 
during the interval June 0-11 Tho feature seems to 
bend toward lower position angle (equator ward) at 
greater distances from the sun 

Tills investigation was sponsored by tho Geophysics 
Research Directorate of the Air Forco Cambridge 
Reecaroh Conter, Air Research and Dovolopmont 
Command under Contract AF 19(004) 2140 as well 
as a research grant from the National Scienco 
Foundation 


High Altitudo Obsonntory, 
University of Colorado 
Bouldor, Colorado 
Sept 1 


G A Newkirk 
G \V Curtis 
D K. \\ ATSON 

R Manning 
J SUFLBY* 


•At lb* nigh Altitudo Obienmtory ou a 1059 Undergraduate 
Bummer Felltr«»blp. 

1 Vltkevich, y \ „ Parte 8yrnpo*hrm cm Radio Astronomy edit. 
Rmrewell, R-. 276 (1050) n<j»bh. A., R-uf., 204 Ulnm K. J- 
and Botediol A, 2S2, „ _ _ v ._vi,>- 

* TVWlck, O, «nd AxttU, J JiWjlnJ.m, =£<' Artftirr 

0_ Cultift, 0 \\ » ODd *.I«V P, K- Jn judlo 

sAcMu. 4 (Ads 

A»t ronoroy edit i»( ,oso1 

* Tan de UuUt, II. O, Bull 
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GEOLOGY 


The Geological Time-Scale 


Regent contributions 1-3 on post-Proterozoic geo- 
chronology are timely, for national organizations in 
the U S S R and m the United States are now prepar- 
ing reports on this topic for submission to the Inter- 
national Geological Congress next year In the recent 
discussions two questions have been raised (a) the 
validity of the extended time-scale proposed by 
investigators at the University of Oxford, and (6) the 
validity of ago determinations made on the Upper 
Cambrian kolm of Sweden On both these issues there 
is much more evidence than has been cited 

The time-scale proposed by Dr K I Mayno 1 and 
his colleagues puts back the date of the uppermost 
Cambrian strata from 450 to G50 million years The 
structure of evidence forming the foundation for this 
conclusion has, deservedly, been demolished by Prof 
J L Kulp 3 and his associates, of Columbia University, 
but the latter go too far m assorting that the scale of 
the Oxford workers “is not supported by measurements 
other than their own” While for reasons given below 
I do not accept this scale, it is very relevant that it is 
upheld by recent determinations reported from the 
laboratories of the United States Geological Survey 4 
These record a urammte from Tnassic strata m Now 
Jersey giving concordant lead/uraruum and lead/load 
determinations of 228, 228 and 230 m y , and a 
urammte from Lower Pennsylvanian strata in Penn- 
sylvania giving various ages ranging from 290 to 
337 my 

This greatly extended time scale is however ruled 
out, in my view, by an immense weight of other evi- 
dence The Oxford team claims to have evaluated 
earlier researches, with rejection of all save eleven 
determinations, “because the stratigraphy of the 
samples or their measured age is not free from un- 
warranted assumptions”, but of their IL acceptances, 
which are mostly transgressive igneous rocks of 
debatable stratigraphy, no less than ten values are 
rejected by Prof Kulp Lately, in preparing a geo- 
chronological table to be published elsewhere 5 , 1 have 
culled from world-wide literature more than two 
hundred age determinations on Mesozoic and Palffio- 
zoic rocks, mostly executed during the past five years 
Of these, more than half were adjudged unacceptable 
because of inadequacies of sampling, analysis or docu- 
mentation, and the remainder comprises 91 values, all 
relating to stratigraphically well-defined samples, 
which cannot bo so rejected Of these values, 66 are 
derived from Russian literature The great variety of 
techniques represented includes rubidium/strontium 
determinations on micas and glauconite, potassium/ 
argon assays on micas, glauconite, sylvite, primary 
feldspar, and authigemc feldspar, potassium/argon 
assays on lavas, tuffs, minor intrusions, slates, hom- 
felses, and some grarutio rocks, potassium/calcium 
analyses on sylvite, lead/alpha studies on zircon, 
and helium studies on magnetite In ten instances 
two or more methods have been employed on the 
same sample, with good agreement 

To establish a geochronology from these data with- 
out incurring suspicion of subjective selection, an 
average age has been calculated for the rooks of each 
system Where there are sufficient data this should 


approximate to the mid-point of the period in questio 
In Table 1 the values derived from recent expenmen 


Tablo 1 Mid-poikts op ran Geoumioad Periods (nations op tbars) 
Holmes B Boloosov Oxford llcecnt (Number 

experiment* ol records) 


Cretaceous 

92 

90 

100 

100 

Jurassic 

140 

130 

100 

153 

Trlasslc . 

107 

ICO 

22o 

174 

Permian 

102 

205 

275 

212 

Carboniferous 

229 

250 

350 

284 

Devonian 

284 

292 

440 

329 

Bllurlan 

322 

328 

610 

303 

Ordovician 

390 

308 

COO 

410 

Cambrian 

470 

423 

700 

617 



are compared with the mid-points on tlio Holmes, 
Belousov and Oxford scales 

The records from which these averages woro com 
pded include polnssium/argon determinations on 
feldspars and whole rocks If thoro has been loss of 
argon from feldspar, theso agos will bo loss than the 
truo values But, notwithstanding Dr Mnyno’B con- 
elusions to the contrary 3 , tho ovidonco strongly 
suggests that m unweathored and unmotamorphosod 
rocks such loss is exceptional Whoro sots of analyses 
are available (in four instances), thoro is no Significant 
difference between ago determinations on biotites, on 
non-perthitic foldspars, and on wholo rocks It seems 
that potassium/argon ages on feldspar havo quite 
unjustifiably received a had name as a rosult of many 
demonstrations of loss of argon from pogmatitic 
microclines Since Dr S S Sardnrov 0 has shown that 
this loss is directly proportional to tho degroo of 
development of portlnte or microporthito (thus being 
dependent on tho lato tliormal history of tho rock), we 
havo an acceptable explanation why ages based on 
pogmatitic feldspars tend to bo low, wlulo wholo-rock 
ages on granodiorites, plagiogrnmtcs and unmola* 
morphosed oruptivos dovoid of portlntic structures 
agroo well with determinations on tho biotites wluoh 
the same rocks contain 

A final word about lcolm Prof. Ivulp rojects my 
contention that although tho uranium and lead in tho 
alum shales is syngenotic, these elements are largoly 
epigenetic m tho kolm concretions It would bo wiso 
to boar m mind tho practical researches of Dr E V. 
Rozhkova and others 7 , who havo shown that ovon 
hydrocarbons as highly anthracitizod as tho middle 
Proterozoic sliungito of Karelia still retain a marked 
capacity for adsorbing uranium Since tho ground- 
waters of tho alum slinles are, and presumably always 
have been, highly uramforous, and smeo there has boon 
no demonstration that the adsorptive capacity of kolm 
is out of line wstli that of similar hydrocarbons, the 
hypothesis that uranium has boon continually intro- 
duced into tho kolm throughout tho ages should not be 
dismissed so cavalierly In brief, this material is no 
more suited to bo a goochronological bonch-mark than 
was the uramforous phosphorite on which Strutt made 
his pioneer age determinations more than fifty years 
ago 

C E Davidson 


Department of Goology, 
University of St Andrews, 
Scotland 
Sept 12 


. K I » Lamlwrt, H Bt J, and York, D , Nalurt, 183, 212 (1959) 

* Davidson, 0 F .Mature, 183, 70S (1059) 

* gsueoo)' J ° ’ L0De ’ L E ’ and M1,ler * 15 8 ’ Ifalun ’ 18t - 

! V J Sun- R te°rt, TEI-740, 301 (195S) 

Daudaon, C F , Lirerpool and Manchetltr Ged J , Contenary Yol 
\m too press) 

! fiytfttrov, S 8 , GcolMmiya, 103 (1957) 

^ShchlrtHib n V V I!j y ur 7 n 'W a . R G, Serebryakova, M B, and 
(Qeno^l’oS) ’ leaccfal TI » ca ° { Atomic inorgy, 6, 420 
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PHYSICS 

Sedimentation and Effective Viscosity 

Ik tlio course of a more extensive calculation, a set 
of equations has boon obtained whioh relates the 
the sedimentation velocity u of particlos falling 
through a liquid to tho effective viscosity (i of a 
suspension of similar particles having the same 
density as tho fluid The volume concentration o is 
the same in both cases 

To a mixture with moan Bottling velocity u and 
concentration o , lot us add a particle D the density 
of which is that of the fluid, that is it is m suspension 
Its moan v elocity averaged o\ or all possible positions, 
is equal to tho mean fluid velocity modifiod by the 
pressure gradient m tho fluid duo to the falling 
particles A 

v ~ t> f + v p (1) 

Now assume that its density is increased to that of 
the other particles A, bo that ltB mean velocity 
increases to v' Tho inoreose : 

U « v — v (2) 

is caused by the extra external force on ft, the forces 
on tho other particles being unchanged Consequent ly, 
if tho equations of motion of the fluid oro linear, 
U is also the voloclty of fall of B through a euspension 
of particles A with tho eamo density p, and, from 
Stokes’s law 

Uy =. Vy„ (3) 

whore V is the Stokoe a velocity of the particle in 
pure liquid of viscosity p*. 

Finally if B is typical of the particlee A, its mean 
velocity of fall is that of tho suspension, namely 

u' « u (4) 

Combining the lost throe equations 

p M >=- Fp# + p» (6) 

It is now necessary to estimate the volocity v of B 
whon suspended in the Bottling mixture Provided 
v < < v* it can ho neglected and we obtain the ap 
proxunation 

pu am ti,F 4- const (6) 

This us certamly truo in the limit c -v 0, whon p -*• p 0 
and u -*» V It is also an admittedly crude but valid 
approximation to u for all concentrations 

An approximate value of v, which might apply at 
low concentrations, can be obtained by neglecting the 
effect of a pressure gradient and assuming that a 
suspended particle B moves with the fluid In a 
closed vessel the fluid rises as particles fall through 
it with a mean velocity — cu/( I — c) determined by 
the equation of continuity Assuming that t 

v + v P « — cu/( 1 — c) (7) 

wo obtain from equation (5) r 

pu — p # F(2 — c) (8) 

This approximation scorns to agree with tho expen 
mental results up to concentrations of about 20 per 
cent (ref 1 ) Abovo this tho value of pu mes fairly 
rapidly It is rnthor surprising that equation 8 bolds 
ovor such a range of concentrations In a suspension 
where the force on a particlo is l times Its volumo, 
one expects a pressure gradlont of the order kc in a 
closed -vessel in tho direction of the force and this 
corresponds to ~ f cV for a spherical particio 
This is of tho samo order of magnitude as vj and in 
t5io opposito dlssootion and quite largo enough to alter 
considerably tho correction factor in equation 8 
As tho concentration rises and increases the 
valuo of « should certainly increase and this agrees 
once moro with oxpenment If this analysis is correct, 
the increaao can be used to estimate Vp Finally, it 


would be very useful if measurements were mads of 
this dnft. velocity of a partiole suspended in a fluid 
containing sediment , thoy should not bo difficult 

Q J Kynoh 

Department of Mathematics, 

Manchester College of Science and Technology, 

Man dies ter 1 

1 Wild 8. a J oc and Colour CVsi Ant . w 38 (1&55) 


METALLURGY 

A New Nitride Precipitate in Iron Silicon 
Alloys 

Recent work has indicated the presence of a now 
mtndo precipitate in iron silioon alloys Lock, 
Thermae and Look 1 using internal friction methods 
Investigated mtnded iron-silicon alloys and deduced 
the presence of an unknown precipitate thought to 
be an iron silicon rutride Turhdogan Bills and 
Tippet*, using X ray diffraction methods, oxnminod 
mtnded iron silicon alloys and found precipitates 
with an unknown structure which varfod with tho 
composition and heat treatment of tho specimen 
After the precipitates had been isolated from the 
alloys by the Becghly* bulk -extraction method they 
were found to bo a-Si,N 4 silicon nitride It was 
suggested* that the precipitates formed m tho metal 
specimens were a complex mtndo that decomposed 
during isolation With the advent of tho extraction 
replica method in whioh included material can bo 
isolated from motal specimens after very mild 
chemical treatments compared with bulk-extraction 
methods a further attempt has now been mado to 
isolate tho new precipitato 

A high punty iron silicon alloy (B J S R jV Code 
No 33AF2) of composition given in Tablo 1 was 


Tadle i 

Silicon f 8-05 prr cent Carbon 0-0028 percent 

Msna»ne*e <0-005 percent JUmvrn 0-00)4 percent 
Bulpaar O-OOJO percent Oxysm 0-00)0 percent 

.Aluminium 0-001 percent Hydrogen <0-000005 per cent 

(PbMpbonu nickel, chromlam and copper were not detennlDod.) J 


nitrided for 18 hr at 640°C and fumace-coolod 
produoing a nitrogen concentration gradient extend 
ing for about 0 22 in inwards from the surface Much 
of the mtnded tone had a mottled nppoamneo whon 
examined with the optical microscope Extraction 
replicas obtained by the Binglc-etch mothod 4 after 
etching for 3 mm with 10 per cent alcohol iodine 
solution were examined m tho eleotron microscope 
and showed the structure to be duo to numerous 
cubio-ehoped particles up to about 0 2pm size 
(Fig 1) Although tho appearance of tho particles 
suggested that they possessed a regular crystallo 
graphic form only weak transmission electron 
diffraction patterns wore obtained The patterns did 
not appear to correspond to any of tho known iron or 
eilioon nitrides and wore not identified 

Aftor tho abovo examination tho specimen was 
further annealed for 0 hr at 820°C and furnace 
cooled This caused a considerable change in the 
appearance of tho specimen tho mottled structure 
being replaced by a coarsor more doflnito structure 
Examination of extraction replicas obtained in a 
similar manner showed that the structure was due t-o 
the presence of rod like particles identified from 
oleotrun diffraction patterns ns Rlhcnn nitride 
(at Sl,\.) Tho rods occurring in tlio region" >>f 
nitrogen concentration were Ton* nnd ^'!i,ilrr 

whilst tlloso at higher concentration/, 
and moro nu morons 



NATURE 


October 24, 1959 


VOL 184 


1312 


i 


£ 


£ 




r% £, L T 




< -t. 


r 


• s AT 

^ / 4.A 

p /s^^; 




# ' 

/ ’ 

r>j * l . * 

* t \v t. ** r* 

- ' /> * L^c. 

t • r *** 

> , $s r 
*• 


*p*« 

vi:/ 1 


6» it f - 

V-** **t 


s:w ;■ 1 x •» i.c ** 

_a tug&SLLjS £~ , 

Fig 1 Precipitates formed In an To-3 per cent SI nllov after 
nitrlding nnd furnace cooling from 040°C Extraction replica 
(Electron micrograph x 20,000) 



Tho results strongly suggost thnt the cubjc-slmped 
particles are the new "precipitate and demonstrate 
that it transforms Within the motal specimen to 
a-Si $ H« when the temperature is increased 

Thanks are due to Mr R A Hacking, director of 
research, for permission to publish this communication 

G R Booker 
J Noiibury 

Physic3 Department, 

Central Research Laboratories, 

Richard Thomas and Baldwins Ltd , 

Whitchurch, Aylesbury, Buoks 

1 Leah, D A , Thomas, W R and Leak O M , Ada Met , 3, 501 (1055) 

1 Turkdognn. E T , Bills, P 31 , and Tippet, V A , J App C/,rm , 8 
290(1958) 

• Bccghly, H F , Anal Chtm , 21, 1513 (1040) 

* Booker, G R , and Aorbury, J , lint J App rhys , 8, 100 (1057) 

Identification of the High-Temperature 
Constituent in Mild Steel Surface-Hardened 
by Carbo-Nitriding 

During an investigation on tho heat treatment of 
mild steel m raw town-gas and ammonia atmospheres 1 
an unidentified constituent was observed in tho 
suiface layers winch appoarod as a dark -coloured 
phase visible m tho unotched condition This phaso 
is unstable at room temperature and can bo olimmated 
by slow cooling or reheating With tho limited 
information available at the time tho constituent a as 
presumed to bo an iron -carbon -nitrogen compound, 
positive identification has not been possiblo until now 


A method of removing thin oxido films from motal 
surfaces 1 lias boen adapted for stripping thicker 
scales 3 - 4 A tlnn plastic film is applied to tho surfaco 
and tho specimen is immersed m an oxygen-froo 
solution of iodine in alcohol, which penolratcs 
discontinuities in tho plastic and oxide films nnd 
dissohes metallic iron When tho surface deposits 
have been undermined sufficiently, tho plastic film 
and tho oxido particles ndhormg to it can ho removed 
for X-ray examination This tcchniquo 1ms boon 
applied to machined surfaces, and both sulphide 
inclusions nnd comcntitc lnmelhc linvo boon extracted 
The method was used to extract tho iron-carbon 
nitrogen constituent from a mild steel rod that had 
been treated for 50 mm at 800°C in an ntmosphero 
containing 10 per cent ammonia Beforo tho lodmo 
extraction the specimen was shot blasted to rcmo\o 
any ndheront oxides, it was thon coated with a 
plastic consisting of polyvinyl chlorido/ncetnto resin 
(‘Rhodopas AXCM’) in acetone 3 After stripping the 
plastic film was dissohcd m hot ncotono und tho 
residuo collected by centrifuging When tho rosiduo 
was completely fico from plnstie it mas dried nnd a 
small portion was mixed with ennada balsam, coated 
on a linir mid mounted m a 10 cm X my powder 
camera Tho photograph obtained with Co K 
rndintion (Fig 1) was measured and could ho indexed 
(Table 1) ns nn hexagonal structure, having Inltico 
parameters a = 2 0’10 A nnd c = 4 316 A 


<1 

T All IX 1 
/ 

Ml 

2 2.91 

m 

100 

2 158 

B 

002 

2 017 

vs 

301 

1 507 

m 

102 

1 318 

m 

110 

1 218 

m 

103 

3 120 

m 

312 

1 103 

in 

201 


This structure is tho snmo ns tho e-iron mlrido 
(Fo 3 N) reported by Jack 8 Tho parameters arc 
somewhat lower than nny observed by Jack but fit 
well on an extrapolation of lus curies to 4 0-4 5 per 
cent mtrogon (by weight) Jack lias nlso shown* that 
nitrogen m tho e -phase can ho partially roplaced by 
carbon nnd thnt this reduces tho lnttico spacing , 
this indicates thnt tho observed parameters can ho 
accounted for with rather less extensile extra- 
polation by tho presence of carbon. Iron nitrides are 
notoriously difficult to isolntc by preferential solution 
of the matrix and tho successful extraction of tins 
constituent londs support to tho inference that it has 
been stabilized by cnibon, nnd enn ho identified os 
e-iron cnrhonitrido 

M A H Howls 

Group Roscnrcli Laboratory, 

Josoph Lucas Ltd , Birmingham 

G T F J w, JC SAcns, D Wilkinson 

GKN Group Research Laboratory, 

Wolverhampton 


1 ITcmcs, Jf A IT , find Mitchell E J T S 7 , 187, 177 (1957) 
•lemon W II J , W ornnvcll, I , nnd A lime T ,1 , J Chtm Soc , 
(1939) lemon \V II 3 W ormwidl, I mid Anne T 
•//s/ 150,81(1914) Aursc, T J , nnd W onm'ell. r , J . 
Chcm , 2, 550 (1952) 

* Pork, L It nnd tnrrell B , (prl\nle communication) 

‘ Sachs K nnd 1m. (.11 I I S I (193 (1), 14 1950) 

* lock, K II , Ada Ur ml 5, 4111 ( 1052 ) 

•Jock K H I'rnc Any S or A 195, H(iniS) 
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CHEMISTRY 

Effect of Hybridization Changes on the Bond 
Energies of Carbon-~-Carbon Single Bonds 

It lias previously been suggested 1 that tho energy 
of a bond 1 b related to the overlap intogral of tho 
two atomic orbitals which are thought to form the 
bond To try to provide a quantitative expression 
of this idea wo have assumed that tho bond energy 
is diroctly proportional to tho overlap integral of 
tho bond orbitals The proportionality oonstant can 
bo evaluated by using tho bond energy of tho Ctp 9 — 
C*p 8 singlo bond obtamed from experimental values 
of tho boats of formation of saturated long chain 
hydrocarbons* Tho bond onergies of the five other 
types of carbon-carbon singlo bonds may thon bo 
calculated by using tables of ovorlap Integrals* and 
the appropriate bond lengths 4 (Tablo 1) Then by 
using the Cjp^H bond energy , obtained from tho 
saino sot of data as tlio tetrahodral carbon-carbon 
bond onorgy and the observed* heats of formation 
of cthylono propylone ftcotvleno and propyno, the 
bond onorgloe for t!io carbon-carbon doublo and 
triplo bonds and tho and C*p-H bonds can be 

caloulatod (Table 1) This tablo of ‘standard bond 
onorgios con thon bo used to predict the heats of 
formation and heats of hydrogenation of any un 
saturated hydrocarbon for which stone effects are 
small (Tablo 2) It is soon that the prodictod values 
are quite close to tho experimental ones oven in caaos 
whero there is usually considered to bo considerable 
rosonanco or hyporconpmgntive stabilisation m 
fact most of the results show a small destabilization 
onorg} probably duo to the simplifying assumption of 
neglecting polar offects and non bonding interactions 

This conclusion that resonance and liyperconjuga 
tive o fleet b aro small in comparison with changes 
in h} brtdizatlon for non aromatic compounds is in 
accordance with tho recent views* that compounds 


Table 1. CiLCtnunp Box© Kimnanra* 


Dnnd type 
C 4 B* — 

o,?* - S'?' 
c,y - o 4 S 

— Ctp* 
0*p* — 0*y 

c,? -<w 

c,p - I f 

c ,y - n 
cfp - n 
c - 0 
0=0 


Uond dli Omlip 

uxe (A ) Integral 

1*643 0*#7 

1*630 0-668 

1 460 0 716 

1 470 0*716 

1 *4°0 0 764 

1 380 0*600 


Bond energy 
(keaL/mole) 
(£. ” 6 ) 
86*48 
01 42 
01*68 
06*48 
103-60 
(08-67) 
08-60 
102 38 
143 tO 
187-23 


• Using I*_c - 171 kt»] D(Hi) - 104 18 ktal 


T»bk) 2 , 13 HATS OF IlTDEOaiKATlOK (BIT 2 ) Of KQU-pIOUl 



OUerred 

Calculated 

Stabilisation 

8nb«tanco 

(-4D) 

(-A/Z) 

energy 

Ethylene 

Propylene 

Acetylene 

Proiiyno 

2 Bntene ((ran*) 

its Si 

}mto| 

27*62 

27*42 

-0*20 

1 3 Hn tad lone (Irens) 

67-07 

66*50 

-1*67 

1 Methyl 1 3 buta 

diene 

W 11 

52*00 

-1 31 

Btyrene 4 
fitilhem* (from)* 

28-20 

26 72 

-1 48 

20 10 

20 82 

+0 72 

1 4 Diphenyl 1 3 
baUdleno (IniM 

b*an»)*t 

44*00 

44-63 

+0-62 

t llatyne 

65 12 

04 73 

-0 39 

Dtphenylethync* 

63 34 

60 85 

-3 40 

DlphcnylbnUdyoe* 

126*99 

124-67 

— 2 32 

Or! ooctatelrmene 

98-00 

06 84 

-2 16 

Cyctmjrntms 

1 3-Crclnpedtndlene 
Heptiun Irene 

26*92 

27 38 

+0-46 

60-90 

61 38 

+ 0-48 

63 

98-00 

+3 37 

• Refer* to hydrogenation of ailphsthla multi pi 
t Ooops J dal M tm*. eAf* n 781 (1953) 

o bonds only 


may bo classified into two types (1) those for which 
two or more classical structures of equal energy can 
bo written, for example* benzene, for whloh tlvo 
resonance stabilization is conmdorablo , (2) those for 
wluoh only ono low-energy classical structure mm bo 
written, for examplo, butadiene, cyclopentodieno 
Recent examination of tho experimental obsorva 
tions originally put forward ns evidence for the 
predominance of resonance or delocalization effects 
in governing bond lengths®, dipole moments?, force 
constants 8 , chemical reactions* and electronic spootra 10 
support the view that in typo (2) molecules, at least 
thoeo offocts aro small compared with other factors 
previously ignored 

Wo should like to record our appreciation for many 
fruitful discussions with tho Into Dr A. Burnwoy 
Ono of us (J E B ) wishes to acknowledge tho 
award of an Imporml Chemical Industries Followslup 
at tho University of Manchester during tho tenure 
of which this work was camod out. 

J E Bloor 

Chemistry Department, 

S Gartside 

Mathematics Department, 

Manchester Collego of Scienoo and Technology, 


*Ka«oll A Tnitt Fermi Soc. 46 160 (1060) Mullften n 8L 
J Phyt Chows.. 56 295 (196..) 

* Skinner H A , 'Modern Aspects of Therm oeb«nULry w Royal 

Institute of Chemistry Monograph No 3 (1058) 

* HaWl. en R 8 Rleke 6 A Orkjff D and OrlolT H j them. 

Phn , J9 247 (1061) 

* Interatonlc Distance* ' Chen. Soc Spec. Pnb No. 11 

4 Codhon C A. Chemical Society Symposium Bristol 103a Special 
Pub No 12 IX pra r U. J 8 and SelrmeUlne II JL Tetniedrott 
6. 166 (1050) 

•MaUtkea R, 8 TMnhniron 6 68 (1069) Bnrawoy \ Wtctor 
Henri Memorial Volume 73 (Liege, 1948) 

T Petro J ¥ J Amcr Chews Soc. 90, 42J0 11058) 

•Dncbesne J J Chews. Pkyt 19 247 (1051) 

•Borovoy A and Snlnncr E J Chews Soc. 3752 (105 1) Illoor 
J R. flterlc Effect • In Conlojxated Systems’ edit by Gray 
a W 114 (BuUerworths 1(6 8) 

14 Burawoy A. Tetrahedron 2 122 4 403 (1063) 5 340 (MU)) 


Quantitative Paper Chromatography based on 
the Sub-Micro Titration of Derivatives 
containing Nitro Groups 


An extensive litoraturo on the quantitative paper 
chromatography of a largo variety of organic com 
pounds already exists Most of these methods are 
based on (a) measurement of tho optioal density 
of a coloured spot produced on tho paper oliromato 
gram by spraying with a suitable reagent or 
(6) measurement of the optical density (in ultra v lolet 
or visiblo light) of an extraot of the component 
considered, after separation from other components 
by paper cliromatographv 

A \ cry simplo and rapid method lias been dovolopcu 
by us for tlie quantitative determination of different 
carbon} 1 compounds in complex mixtures. 

Tho carbonyl compounds nro converted to their 
dinitrephonyl hydrazonea Tho mixture of thoso 
dorlvativ ca is separated on paper using a modification 
of the method of Matthias 1 Tho bonds are cut out, 
concentrated on a small surfneo if necessary and put 
into a small titration vessel containing oxygen free 
acetic acid After addition of a suitable amount of 
sodium acetate excess 0 003 N titnnaus chloride 
solution Is added (<-«^0 6 ml ) and the mixture stirred 
for 6-10 minutes (if necessary at about C0°C ) After 
acidification with hydrochloric ncid tho 
back titrated with 0 03 N fomo ch, I or, ' 1 ^, ! ,g 11 "^! 
from a micrometer oyringo, w.nff rl.odonl.Io « nn 

indicator 
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The reduction rates of different dirutrophonyl- 
hydrazones proved to he different The results 
obtained with a number of dmitrophenylhydrazonos 
after development of a paper chromatogram are 
summarized in Table 1 

Table 1 Results found nr titration of dini trot hen yliiydra- 
IONF.S ON WHATMAN-l-PAPEB WITH TITAN0US CHLORIDE ICCOVCrlCS 
from 20 0 ngm carbonyl compound 

and tomperaturo of 
reduction 

15 min 5 min 
20 °C 6 0°C 

17 0 20 0 

17 0 10 2 

19 3 10 4 

19 0 20 0 

20 0 

21 2 

~18 10 3 

~22 8 24 0* 

.. ..t 

From these results it is clear that a reaction period 
of 5 minutes at 50°C will, in general, suffice for tho 
quantitative reduction of the nitro groups We 
found that under these conditions tho reproducibility' 
is very satisfactory 

Difficulties duo to tho stability of the titanous 
chloride solution 2 were coinplotoly ox orcomo by 
proper exclusion of air In contrast with a statement 
in the literature 2 wo found that light had no infiuonco 
A 0 003 N solution of titanous chlorido m 0 6 N 
hydrochloric acid, storod m a colourless glass bottle 
did not show a decrease of titre for about ono month 

The method described is not restricted to carbonyl 
compounds Work is m progress to adapt the mothod 
to the analyses of alcohols (dinitro esters), phonols, 
amines, and amino-acids (dinitro aryl-dorivativcs) 
The quantitative reduction ofmany of these derivatives 
on paper is possible The quantitative conversion 
of the parent compounds to tho derivatives is bomg 
studiod In principle tho mothod is applicable to all 
substances containing groups which are reduced by 
titanous chloride in a reproducible w ay 

A more detailed description of this work will bo 
pubhshod elsewhere 

L Bloai 
J Caius 

Centraal Laboratorium, 

Staatsmijnen in Limburg, 

Geleen, The Netherlands 

1 Matthias W Natnrmss, 43, 351 (1050) 

* Ma T S , and Early, J V , Aftm>eJnm Ada, 130 (1950) 


2 l-Dinitrophenylhydraiono 
of 


Formaldohydo 

Acetnldohyde 

IToplonaldehydo 

Acetone 

Butnnone 

Pcntanone 2 

Cyclohexanone 

Heptanono-2 


Time 


5 min 
£0°C 

~10 

~15 
~19 
~10 
10 4 
1G 4 
20 0 


* Renroduolblllty oxcellen 


BIOCHEMISTRY 

Distribution of 5-Carboxymethylhydantoinase 

The enzyme 5-carboxyraethylhydantomaso, which 
reversibly cyclized carbamylaspartate to 5-carboxy- 
metliylhydantom, was demonstrated in Zymobactcrmm 
oroticum by Lieberman and Komberg 1 No enzymatic 
activity was found m rat liver or m two coryne- 
bacterium strains 1 In recent Btudios on pyrunidmo 
metabolism m man this enzyme was foimd to be 
absent m erytlrrocytes and normal or leukmmic 
.leukocytes 3 ' 4 Tlio absence of tins enzyme in 
mammalian cells and its presence in bacteria suggested 
the possibility that chemotherapeutic agenta might be 
developed as competitive inhibitors of 6 carboxy- 
methylhydantomase Inhibition of the growth of 
Lact-obaciUus casei by tluohydantom-5-acetic acid has 
been reported 6 A survey of the distribution of the 
enzyme m micro-organisms was therefore undertaken 


d(-5-Carboxymothylhydantom- 14 C was synthesizod 
from orotato- 14 C as previously described 2 with 
specific activity of 1 9 x 10° c p m./gmolo. Enzyme 
assay was based on tho hydrolysis of 6 carboxy. 
mothylhydnntom- 14 C (3 X 10' 4 moles) to carbamyl 
aspartate- 14 C during 1 hour incubation nt 37°C, 
pH 8 2 ((ns) Following the addition of 10 gmoles 
carbamylaspartate carrier and protein precipitation, 
carbamylaspartate was isolated by elution from a 
'Dowox’-l-formato column (1x10 cm) with sodium 
formate buffer pH 3 2 (50 column volumes wash 
using 0 02 M , 20 column volumes using 0 05 M) 
Specific nctivity was dotermmod m duplicate tubes 1 
and the rato of sy ntlicsis calculated by tlio standard 
carrier formula Zymobactcnum oroticum xxns grown 
using a modification of the method of Friedmann and 
Vonnosland* Otlior bacteria woro grown in standard 
laboratory media, harvested by centrifugation, and 
disrupted by somcntion for 10 min using a Raytheon 
10 kc /s Oscillntoi By analogous reactions os for 
5-carboxymothylhvdnnloin synthesis, 1-5 carboxy- 
ctliylhydanloin was synthesized from 1 -carbamyl 
aspartic acid m p l04— 105°C (dco ) Calculated 
(per cent) C 41 80, H 4 08, N 10 28 , found C 42 07, 
H 4 91, N 10 39 , and 1-5 snlphonj Imotliylhydantom 
from 1-carbamylcysloic acid potassium salt mp 
270-274°C (dec ) Calculated (per cent) • C 20 70, 
H 2 59, N 12 OS, S 13 80 , found C 20 75, H 2 35, 
N 12 27, S 13 52 

The results can bo summarized briefly Tlio 
presence of 5 carbox'ymothylhydnntoinaso m Zymo 
bacterium oroticum was readily' confirmed with rates 
of synthesis of carbamylaspartate of approximately 
13 mumolos/mgm protcin/hr Trace enzymatic 
nctnntics, approximately 1-2 por cent of that m 
Zymobactcnum oroticum, woro found m Pseudomonas 
Jluorcsccns, Proteus vulgaris, and Staphylococcus 
aureus No significant cnzyurmiic activity' could bo 
detected in Bacillus subhlis , Alcahgcncs Jatcahs, 
Lactobacillus Icichmannu, Escherichia col i B, beta 
hiemolytic streptococcus, Salmonella st paul, Brower's 
y’enst, or tho Ehrlich ascites cell tumour Noithor of 
the structural analogues woro an offeclixo inhibitor of 
5-carboxyrnothylhydftnt.omnso from Zymobactcnum 
oroticum These results and thoso previously' cited 
demonstrate that G-carboxynmothylby’dantomaso has 
a very limited biological distribution Tlio metabolic 
significance of this spur reaction off tho gonernl path 
xx ay r of pywimidmo synthesis has lomnmcd obscure, 
and its limited nctixoty' m pathogomc bacteria doos 
not recommend it as a focus for chomotherapoutio 
attack 

This study' has beon supported by Grant No 
-4-1G0G (02) fioin tho Institute of Arthritis and 
Metabolic Diseases, National Institutes of Health, 
Public Health Servico Wo are gratoful to Dr H C. 
Friedmann for help m obtaining and culturing 
Zymobactcnum oroticum 






Faith A. Baker 
Margaret Sullivan 
Lawrence J Koto 

Departments of Medicine and Bacteriology, 
Massachusetts Gonernl Hospital, 

Boston, Mass 
July' 28 

> Liobommn, I and Komberg A , J Biot Chcm , 207, 911 (1054) 

® • Uclicminn, I , and Kornbcrg, A , J Baclenol , 89, 

(1955) 

4 t 5 j i UD * an( L ^ a ¥ r V A ' J Chn ****** » 38 ' 703 ( l059 > 

* IaV* t 1 Vv-S u ? ’ l )P d H a ' ccr F A > tllood (In (lie press) . 

C^ilny, L , Kcmiiny, T , Harmos, G . l'er£n> 1, L Sclincll, H* 

* n Acla Acatl Sci Bung , 10, 307 (1050) 
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Enzymic Conversion of L-Rhamnulose to 
L-Fuculose in Escherichia coll 

In a previous paper 1 indirect adaptation to d ara 
binose induced by L-rhamnoBo in some n n rob i nose 
negative strains of Escherichia colt has boon reported 
These strains when grown on L-rhamnoso, metabolize 
D-arobmoso and utihzo It for growth This effect is 
not duo to selection of mutants but to enzymio 
adaptation induction of d arobmoae isomeraso by 
n-rbamnoeo has been demonstrated 

This indirect induction can possibly occur through 
tho onzyrmo conversion of rliamnulose (phosphate) to 
fueulose (phosphate) Fuculose is known m fact to 
be an inducer of the metabolic enzymes of D orabrn 
oso* Rhamnuloso and rliaronuloso phosphate are 
normal products of rhamnose metabolism in E colt * 
Huang and Miller m their studies on lactnldohyde 
motaholiBin 4 also put forward tho hypothesis that 
fuculose was formed from rhamnulose 

We liave identified fuculose phospliato among the 
sugar phosphates obtained by incubating rhamnoso 
with an homogenate of E coh (strain 30) cells in the 
preeoneo of adenosino triphoapliate 

E colt (strain 30} was grown on a synthotio medium 
containing 0 3 per cent rhamnose and the cells were 
collected during exponential growth Homogenates 
obtained by grind mg with alumina or by the Hughes 
press were diluted with 1 X per cent potassium 
ohlonde 

For tho preparation of the sugar phosphates, 
rhamnose was at first isomonzed to rhamnulose under 
tho following conditions rhamnose 0 35 m mole 
homogenate (containing 16-17 mgm protein per ml ) 
8 ml , 0 2 M borate buffer 30 ml cobaltoua sulphate, 
1(H M (final concentration) Tho reaction was 
followed by the method of Discho and Boren Freund* 
for the determination of rhamnulose until tho 
equilibrium was reached At this point 0 36 munole 
of odanomno triphosphate (as the disodium salt), 
6 ml of homogenate and magnesium chlorido so as 
to gne a final concentration of 10 -4 Af were added 
After 2 hr incubation tho reaction was stopped 
with trichloroacetic acid The precipitate was 
remov ed by filtration and tho filtrato was brought to 
pH 8 Sugar phoapliates were precipitated os tho 
barium salts with othanol and the precipitate was 
dissolved in 0 1 M acetio noid Barium was pre- 
cipitated ns sulphate and the nucleotides adsorbed 
on charcoal until the absorption at 200 mp. 
disappeared 

Sugar phosphates were chromatographed on Wliat- 
man No 1 paper with 80 per cent othanol containing 
0 8 per cent acetic acid Two yellow and a green 
spot were obtainod with tho orcinol reagent® Tho 
green spot was due to froo rhamnuloso 5 the others 
which were due to sugar phosphates also appeared 
with the ammonium molybdate reagent 7 

The sugar pliosphates corresponding to the yellow 
spots wore eluted from paper and hydrolysed with 
acid phosphatase (‘Pobdoso S’, Schwarz) The froo 
sugars were chromatographed on Whatman No 4 
paper with bonzono— cthanol-wator 109 47 16 v/v 

iiamg mitbontio samples of rhamnulose and fuculose 
as standards 

After hydrolysis, the slow moving yellow spot gave 
with tho orcinol reagent a yellow and a green spot 
tho first ono liad tho same Hr and colour as fuculose, 
tho second as rhamnuloso The fast-moving yellow 
spot gave ono green spot moving as rhamnuloso 
Tho sugar moving aa fuouloao was eluted from the 
paper By tho cystomo carbazolo reaction it guv e a 


red oolour with an absorption maximum at 650 mp. 
By the ore moi- feme chloride reaction* it showed 
absorption maxima at 426 and 620 mp like ail heto- 
methylpentoees By the Dische and Shettles reaction* 
it showed the 400 mp maximum characteristic of 
methylpent oses 

This sugar was also treated with an homogenate 
of E coh 30 cells containing d arabinoso isomeraso 
After this treatment two sugars could bo detected 
by paper chromatography with butanol-ocotlc acid- 
water 4 1 16 \/v os solvent, using the benzidine 
spray reagent these sugars showed the same 
ohromatographio behaviour as fucoso and fuculose 
respect iv oly 

Fuculose phosphate, which wo have tentatively 
identified among the sugar phosphates obtained from 
rhamnose is probably formed by the inversion of 
carbon four of rhamnulose phosphate 

Laura Frontau 
Giorgio Tecce 

Nationol Institute of Nutrition, 

Institute of General Phymology, 

University of Rome 


1 DIGIrokmo Ifarfo, Ifagttocfo T , fictfeuer A and Tccc« G 
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*Orw»n M. *nd Cdien 8 S J Biol Cktm 119,657 (1056) 
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3 17 (1057) WlUoa, D M. and All 8 , BloeXlm. Biorh V* Ada, 
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4 Ilnanc I> 0 and Milter N , J Bid t Am., 230 805 (1953) 

* D!*be Z and ilofcnrrmmd, E , J Bid Cktm 102 633 (1051) 
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' Drury II F Arek. Dioektm 10 456 (1048) 
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Ionized Calcium In Biological Media 

The unsatisfactory status of the Important problem 
of the determination of ionized calcium in biological 
media has recently been re appraised by W F and 
M 8 Neuman 1 After critical examination of methods 
then existing and of available data on tho medium 
most generally investigated, serum, thoy state that 
“the amount of iornzod calcium In normal serum now 
seems to be pretty well established — approximately 
X 3 mJU /litre 

Using a direct general method quite recently 
developed, which is based on the absorbance of 
metal (or pM) indicators at two wave lengths*, wo 
have redetermined the concentration of ionized 
calcium in the serum of normal adults using murexide 
os Indicator The effect of light scattering by serum, 
and of ita variation with the wave length, Is elimi- 
nated in this two wave length method by the use 
of serum as a blank at each wave length Amondye 
binding has alao been considered by investigating 
solutions of Armour serum albumin and apparently 
is not of significance In this method 

Samples were taken at random from healthy 
student nurses Equal volumes of tho bo rums were 
pooled ns a means of obtaining tho equivalent of an 
average normal serum and wore analysed almost 
immediately after being collected This simple 
approach was used in order to make a comparison 
of the results obtained by the new method with those 
adopted by authorities in the field 

In the following table the values for the formation 
constants Kr used for the calcium murexide complex 

correspond* to ionic strength 0 Ifinndtlio 
pB value of each pooled (round to bo wtum 

0 2 pH of tho normal) 
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Table 1 

Sample No No of pooled sorums Ionized calcium found 

(fiilll ) 


1 

2 
3 


0 1 32 

2 1 27 

0 1 29 


In addition, serums were collected from hospital 
patients without obvious metabolic disorders and 
kept refrigerated for one week These showed values 
probably due to alterations of serum on agomg 
There is good agreement between the foregoing 
results for normal subjects and the value adopted 
by the Neumans As emphasized by them, an error 
of 2 or 3 per cent due to competing ions such as 
magnesium can be ignored for practical purposes m 
the frog-heart method When usmg spectrophoto- 
metry, magnesium does not interfere as in the 
physiological assay since it remains practically 
unchelated by murexide in the physiological pH- 
range as previously stated by Raafiaub 3 This has 
been verified by us, for wo have found a difference 
of 0 01, at the most, in the absorbances of muroxide 
regardless of the presence or absence of magnesium 
ions, corresponding to a maximum error of 2 per cent 
in the value of ionized calcium, which is well within 
the range admitted m spectrophotometric deter- 
minations 

The fact that thero is such close agreement between 
the numerical values for the concentration of ionized 
calcium m normal serum obtainod from methods so 
different in principle as the now direct motliod based 
on pM indicators, and indirect methods such as tho 
frog-heart method of McLean and Hastings 4 and tho 
Yendt bioassay technique usmg the mineralization 
of cartilage from rachitic rats m human serum as 
quoted and discussed in the review by the Neumans 1 , 
reinforces tho conviction that it is actually the ionized 
calcium that is determined by all these methods 
Because the usual e m f determinations cannot be 
used with some of the most important metal ions and 
since the new membrane electrodes are unsuitable for 
media containing many different ions, the intro- 
duction of suitable new pM indicators for the study 
of metal ions m biological systems seems highly 
desirable due to the directness and simplicity of purely 
physico-chemical methods as compared to biological 
ones 

J Ettori 
Sybil M Scoggan 

Department of Biochemistry, 

Faculty of Medicine, 

University of Ottawa, 

Ottawa, Ontario 


'Neuman, W F and Neuman, M W, "Chemical Dynamlca o: 
Bene JOneral (University of Chicago Press, Chicago, Illinois 
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’ Bttori j , and Scoggnn, S JL, Arch Biochcm and Biophyt , 78, 21' 

•Raallaub, J, Hoppe-Seylors 7 phi/nol Ohem , 288, 228 (1051) 
McLean, F 0 , and Hastings, A. B , J Biol Chem , 107. 337 (10 ) 


Formation of Noradrenaline from Adrenaline 
by Rat Liver Mitochondria 

By condensation with ethylenediamine, adrenaline 
gives noradrenaline as the main product 1 This 
suggests the possibility that adrenaline is demethylated 
during this reaction 

Conversion of adrenaline to noradrenaline tn vivo 
has now been tested in several ways , since this 
possibility has so far been overlooked except bv 
Lockett*. 


Rat livor mitochondria wore shown to contort 
ndronahno to norndrenalmo by tho following in vitro 
experiment Tho mitochondria (200 mgm , dry 
woight), prepared by the method of Schneider and 
Hogoboom 3 , woro suspended in 5 ml of jff/30 
phosphate buffer (pH 7 0), and L-adronnbno was 
added to bring tho final concentration to 5 X 10* 4 M 
and tlion incubated at 37°C for 1 hr After tlie 
incubation, 2 vol of ethanol containing 2 5 per cent 
(v/v) 1 A 7 -snlphunc acid wore added, and tho mixture 
-was kept at 3°C for 3 hr , then contrifugod and filtered 
The filtrate was adsorbed with alutninn at pH 8 6 
tlion eluated with 0 2 A 7 acetic ncul Tho oluato was 
evaporated to dryness under reduced pressure at 
about 30°C Tho residue was extracted threo times 
woth 0 5 ml acid ncotono (1 ml cone hydrochlorio 
acid in 100 ml. ncotono) and tho extract w-as apphod 
to tho throe filter pipor strips (Whntmnn No l) 4 
Phenol containing 15 per cent (v/w) 0 1 A 7 hydro 
chloric acid 6 was used os tho mobile plinso 

At tho ond of run (after about 24 hr ), ono of the 
paper ships was nnmorsed twice m benzene and 
hung up to dry 4 When tho strip was sprayed with 
potassium femeyamde, a red spot nppoaied at Rp 
0 21, which was just identical with that of noradren 
nhno, together with n spot of adrenaline at Rj. 0 52 
Tho quantity of ndronahno was found to decrease 
compared with controls mentioned below 

When ethylonediomino was sprayed on tho second 
paper strip, a bluish-green fiuorescont spot appoared 
at Rf 0 21 under ultra-violet light 

Tho zono occupied by tho lip 0 21 substance was 
cut out from tho third paper strip, and was extracted 
with 0 01 A 7 hydrochloric acid nt 3°C. for 12 hr 
The extract was examined both by ethylencdinmino 
condensation and tnhydroxymdolo fluorescence A 
part of tho oxtrnct (5 ml ) was added to a mixture of 
0 25 ml 2 M othylonedmminc dihydrochlorido and 
0 5 ml of othy lencdmmmo hydrate, and tho mixture 
was heated at 50°C for 1 hr After the addition of 
2 gm of sodium olilorido, tho solution was extracted 
with 2 ml of iso-butanol, and lightly centrifuged*. 
This iso-butanol oxtract was analysed by paper 
chromatography m tho dork, using 5 per cent 
crystalline disodmm hydrogen pliosphato, tho upper 
layer of n-butnnol/othnnol/5 por cent crystalline 
disodium hydrogen phosphate (50 25 30, v/v) 7 , or 
n-butanol-saturatcd pliosphato buffor nt pH 0 O’ as 
the mobile phase In all cases, tho bluish-green 
fluorescent spot was observed, and the Rf values 
were identical to tho main condensation product of 
noradronahno This condensation product was also 
examined by papoi olcctrophorosis (0 05 M phosphate 
buffer at pH 7 0, 1 m amp /cm of constant current 1 ), 
the mobility of tho bluisli-groon fiuorescont substance 
was identical with that of tho mam product of 
noradrenalino 

Tho extract of tho zono of Rf 0 21 substance 
showed strong fluoresconeo when it was oxidized by 
potassium ferricyamdo at pH 0 0 and then mixed 
vnth the combmed reagent of sodium hydroxido ond 
ascorbio acid nccordmg to Euler and Floding 3 

Those results confirm tho identity of tins substanoo 
at Rp 0 21 with noradrenaline 

At the same time, control experiments w r ero earned 
out as follows (1) the same amount of the mito- 
chondria was previously heated at 80°C for 10 mm., 
and then incubated as described above , (2) tho 
same amount of mitochondria m tho same reaction 
mixture was incubated at 0°C , (3) tho mitochondna 
were incubated at 37°C -with tlie samo reaction mix- 
ture without adrenaline They were trentod just m the 
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same wny as in the main experiment Howover, no 
occurrence of noradronolmo was obeor\ ed 

Theso results show that noradronolme was produced 
from adrenaline by the enzymic action of the mlto 
chondria, which suggests the possibility of the 
enzymio demothylation of adrenaline 

Considering the different physiological actions of 
noradrenaline and adrenaline, this reaction is of 
physiological interest 

Kuxio Yagi 

Department of Biochemistry 

TOBHmAHTT NAOAT8U 
Department of N e ur opsych lat ry , 

School of Modioino, 

University of Nagoya 
July 10 
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A Bronchodllator Alkaloid (Vasfclnone) from 
Adhatoda vaslca Nees 

A new alkaloid lias boon molatod by us in tho 
crystalline form from the loaves of Adhatoda vasica 
Nees (Indian Patent No 02340 of Novomber 21, 1057 
Patent application No 04003 of July 0, 1058) The 
alkaloid, winch lias boon named vasiomone has boen 
found to bo a much weaker base than vasicine an 
alkaloid which is already known to be present in this 
plant Elementary analysis gave, 0 — 05 33 H ■=• 
4 93, N 13 05 per cent The molecular weight 
(Rost) was found to be about 210 and tho molecular 
formula CuHj 0 N t O, The alkaloid was found to bo 
identical with 2,3 (a hydroxytrlmethylono) 4 quin 
nzolono which had boon prepared earlier by the 
oxidation of vasicine with 30 per cent hyarogon 
peroxide 1 1 

Ynsioinone showed characteristic ultra violet and 
infra red spootra and formed salts os well as crystal 
line double chlorides of gold and platinum. When 
cliromatograpliod on filter paper (Whatman No l) 
by capillary ascent method using the organic phase 
of tho solvont system obtained from n butanol 
acetic acid: wntor 10 1 5 it ga\o a bght red 
spot whon sprayed with DragendorfPe roagent. 
By valuo « 0 77-0 70 Vasicino under tho same 
conditions gave an orango rod spot, By value 
0 67-0 58 

It was found that tho crudo total alkaloids obtained 
from tho loaves of tlio plant contained vasicine as tho 
mam alkaloid mixed with small quantities of vnsl 
cinono , but tho proportion of vasicinone increased 
by shaking the crude alkaloids in non polar solvents 
like chloroform and benxono and oxposing tho 
solutions to sunlight, so much so that after a time, 
tho vasicine m the crude total alkaloids was almost 
completely converted to vasicinono by auto-oxidation. 
Pure \aaicmo could similarly bo auto -oxidized to 
vasiomone 

Vasicinono isolated directly from the crude total 
alkaloids by partition obromatography (over ‘Hyflo’, 
pH ■=* 1) "mis predominantly l- vasicinono and tliat 
obtained by onto -oxidation was a mixture of i> and 
dl* forms Pure l and dl- forms could be separated 
from tins mixture Ltovo-vnsioinono showed (a)}) 0 «=> 


— 100 (0 5 per cent in chloroform) and molted at 
200-201° 0 , DL-vasicinono melted at 212-213° C 
and a mixture of l- and dl forms melted betwoon 
200° and 212° 0 Both tho L- and dl- forms of 
vasiomone had similar ultra \ lolet and infra rod 
spectra and same By value on paper chromatograms 
Recently an alkaloid 1 4 has been isolated from 
Pegamtm harmala Linn wlilch has the molecular 
formula C^Hi.NjO, and melting point 203-4° 0 
Wo ha vo confirmed those findings by isolating this 
alkaloid from the crudo alkaloids of the plant and 
established its identity with vasicinone 

Tho pharmacological actions of vasicinono on tho 
bronchial musculature wore studied on tho guinea 
pig traclioal ohaln on perfused guinea pig lung 
according to tho pro cod tiro of Bliattacharya and 
Delaunois*, and by the overflow method of Konzett 
and R&ssler® in intact gurnoa pigs Vasiomone luvd 
a doflmto bronohodflat or action on tho normal lungs 
and a powerful bronohodllator action against tho 
Instamino induced bronchoconstriotion , but its 
action was weaker than adrenalino Lrovo-vnm 
cinono was, however stronger in action time its 
dl form. Vamoinono showed a slight and transient 
fall in tho blood pressure of a dog On isolated 
perfused hearts of gurnoa pig and rabbit (LangendoriT 
preparation) vasicinono had a pomtivo inotropic 
action and incrcaood tho flow m tho coronary vessels 
Both l- and dl- forms of vasiomo displayod a bronoho 
constrict or action liad a nogativo motropio notion 
on tho heart and also reduced the flow in the coronary 
vessels 

Tho benofioial action of tho leaves of Adhatoda 
vamca Noes in respiratory disorders may be attnbutod 
to tho small quantities of vasiomono, oithor already 
present or formed by auto oxidation of vasicino 

A H Amin 
D R Mehta 

Pharmacology Laboratory, 

Alombic Chemical Works Co Ltd , 

Baredn 


1 Oh 059 KrUhna Nimna and Lay J Cktm See Tart 2, 2"40 (1032) 
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(1056) 
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Interfering Substances In the Determination 
of Glucosam’ne Syntheslns 

Previous communications lmv o dealt with tho 
enzymatic formation of glucosamine from glucose 0 
phosphato and glutammo in cartilogo 1 1 

I wished to tost tho activity of tho onzymo in 
volved m glncosamino syntlioeia in normal and 
pathological organs The technique suggested by 
Castollam ei at 1 * was appliod to rat gastno mucosa, 
aorta, liver, brain, lungB, blood, testis and to rabbit 
cartilago 

High synthesis of gluoosommo was soon whon the 
substrates were moubated with cartilago ih or and 
gnstrio mucosa liomogonatcs To mako the deter 
mination of activity more specific tho distillation 
method suggested by Prod i 4 instead of the Schloss 
motliod, was used In later oxporlmonte Considerably 
lower activity values wore ohtainod after distillation 
and, moreover, the colour of our samples proved to bo 
duo in part to interfering substances aa shown by 
tlioir absorption spectrum. This fact led mo 
on some hoxosamme dotcrmlm»tI°n ■*? r 0 f D £ ti c „tIon 
of tho interfering subHtances (od b> LLw* 

exchange rosin ( XJowox: 0 ) 
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Table 1 GmCOS AMS E a KB INTERFERING SUBSTANCES FOItUATIOV 
IK RABBIT CARTILAGE 

rncubnied samples JToa-ln cubatcd samples 

Glucosamlno 

Interfering Interfering synthctlicd 

substances Glucosamine substances Glucosamlno 

70 270 23 5 140 4 23 4 

Averago \ allies of six determinations Values expressed as -/ glucos- 
amlne/gm fresh tissue Experimental conditions were tlioso proposed 
by Castellanl and Zambotti (ref 1) 

Still lower values of hexosamine synthesis wore 
obtained by this method, suggesting that the high 
values given by the Schloss method were duo to inter- 
fering Ehrlich-positive substances formed or extrac- 
ted during mcubation (Table 1) Part of the inter- 
fering substances seems to bo duo to free glucoso-6- 
pliosphate (which gives Ehrlich-positive reaction) 
liberated from glucose-G-phosphate (which gives 
Ehrlich-negative reaction), accompanied by the 
mcrease of inorganic phosphorus of the incubated 
samples, as compared to the control samples (450y 
free glucose/100 mgm fresh tissue liberated during 
mcubation with liver homogenates , 150y free glucose/ 
100 mgm fresh tissuo liberated during mcubation 
with cartilage homogenate) The mcubation of 
cartdage or liver homogenates with glucose 0- 
phosphate only, m absence of glntammo, also leads 
to an apparent synthesis of glutamine 

My experiences suggest that, using tho teclimquo 
proposed by Castellani and Zambotti, in addition to 
the synthesis of glucosamine, Ehrlich-positivo free 
glucose, liberated by a process of dophosphorylation 
of glucose-6-phosphate is mensurod 

I am indebted to Dr Luigi Tessari for advico and 
help during the course of tho above work 

Fiokenzo Paronetto* 
Department of Pharmacology, 

University of Milano, 

Italy 

* Present address Department of Pathology. Tho Mount Sinai 
Hospital, h'eiv York. 

1 Castellanl, A A , and Zambotti, V , Nature, 178, 313 (1058) 

* Dlkshlt, P K . Nature, 183 331 (1059) 

• Castellanl, A A., Perrl, G C , nnd Zambotti, V , Boll S I B S ,31, 

1303 (1955) 

• Prodl, G ,Proc Exp Biol Med , 88, 005 (1955) 

* Boas, N F , J Biol Chem , 204, 553 (1963) 


Glycolaldehyde Trapped from Aerobic 
Oxidation of D-Xylose by 
Torulopsts utilis 

In previous experiments on the aerobic degradation 
of D xylose by living cells of Torulopsts utilis, wo 
succeeded in isolating the trioso-pliosphate, pyruvic 
acid and the acetyl groups using the phonylliydrazino 
trapping technique Our results have been confirmed 
by Heath ct al 3 , who purified from Lactobacillus 
pentosus an enzyme which phospliorolytically cleaves 
n-xylulose-5-pkosphato into trioso-phosphato and 
acetyl -phosphate Schra mm and Rackor 4 have shown 
m a mutant of Acelobacter xyltnum tho presenco of an 
enzyme which carries out the same pliosphorolytic 
split of n -xylulose - 5 -phosphate and cleaves also tho 
fructose-6-phosphate into erythrose-4-phosphato and 
acetyl-phosphate From the results of our precedmg 
experiments we supposed a split of an intermediate 
phosphorylated ketopentose into trioso-phosplmte 
and into an unknown C-2 intermediate, both origin- 
ating the acetyl group according ‘{to the formulation 
given in ref 2 \ 

The unknown C-2 intermediate wasglycolaldohyde, 
but we were unable to separate it at that time from 


tho trapped intermediates With chromatographic 
techniques w r o have now succeeded m isolating it 
together with tho trioso-phosphato, pyruvate nnd the 
acetyl group, m tho same experimental conditions 
used m tho preceding experiments 5 Freo glycolal- 
deliydo w as first isolated by Kauslinl cl al 5 from tho 
fermentation of pentoses by Acelobacter acchgenum 
From our results it seems that D-xyluIoso-C phosphate, 
probnblo intermediate of tho fermentation of 
D-xyloso 3 , is enzymatically cleaved with tho for- 
mation of trioso-phosphato and glycolaldehyde the 
so called ‘active glycolaldehydo’. In our aerobic 
conditions, tho acetyl group is formed from triosc 
phosphate by the w ay of tho pyruvate and from the 
glycolaldehydo as suggested by us in a preceding 
paper 0 which deals with tho oxidation of ncotato to 
glycolato In effect, this reaction appears to occur 
through tho intermediate formation of an enohe 
form of aeotyl-coon/yme A, which is transformed by 
hydration into glycolaldehydo, that ib afterwards 
dohj’drogonoted to glj colic acid 

40 gm wot weight of living colls of T utilis 
(Wmdisch strain), grown on mineral solution at 
1 5 por cent of raw sncchnroso, w oro w ashed tlirco times 
and suspended in tho follow mg medium distilled 
water 1,000 ml , D-xyloso (C-iba) 5 gm, , disodmm 
hydrogen phosphate, 2 gm , potassium dihydrogen 
phosphate, 3 gm ; ammonium sulphate, 2 gm , 
crystalline magnesium sulphate, 0 3 gm Tho pH 
was adjusted to about 5-5, nnd the suspension aerated 
in a 1,500 ml cylindrical glass flask through n 
sintered-glnss disk at tho base of tho flask Depending 
on tho pH changes, three portions of 1 gm of tho 
phenylhydrnzmo oxnlato were added within 2 hr 
Each portion was dissolved m 50 ml distilled water 
containing sodium hydroxido to pH 5 5 After 
7-8 hr incubation, tho medium was centrifuged and 
tho clear liquid analysed for fixed products 1 ’ 5 For 
tho separation of tho glycolaldehyde, in tho form of 
its 2,4-dinitroplienylosazono, tho centrifuged medium 
was treated with an excess of benzaldohydo at 70°C 
to freo all tho trapped intermediates from plienvl 
hydrnzino, oxcopt the osazono of tho glycolaldehyde 
The mixture was chilled and filtored to soparnto tho 
precipitated phenylhydrazono of tho bcn/nldehydc, 
after which tho liquid was concentrated 3 1 and 
glycolaldehydo isolated by tho chromatographic 
mothod previously reported 0 . Tho glycolaldehydo 
2,4-dmtrophonylosazono obtained melted at 326°C , 
and no depression was observ cd m the presenco of the 
synthetic substance, found amounts, 10-70 mgm / 1 
Failure to trap largor amounts of glycolaldehydo is 
duo to tho fact that tho aldohydo is degraded also m 
tho presence of phonylliydrazino 0 

Glycolaldehydo w as trapped ovon m oxponments on 
fermentation of L-nrnbmoso by a strain of E coh 
and one of Lactobacillus buchncn This work is 
continuing, and a dotailed report will bo published 

elsewhere 

V Boecato 

G Leggiero 

Istituto di Chimica Farmacoutica 
dell’Umvorsith di Pavia 
July 29 
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Sugars of the Glycoside of the Root of 
M arsdenla erecta R Br 

Ma rsdenui erccla is a plant which grows in Turkoy 
as well ns the Near East Recently some of us 1 have 
studied the morphological and chemical properties of 
this plant and isolated a glycosides — marsdemn. To 
identify tho sugar contents of this glycoside and 
compare with the sugars of tho other Marsdenxa 
glycosides, we obtained the glyooside, hydrolysed it 
and identified its sugars by paper chromatography 
200 gm of dry root of Marsdenxa erecia were pow 
derod and extracted with petrol ether, chloroform and 
ether os previously described by F Korte and I Korto 5 , 
who uflod this method for extraction of the glycoside 
oondurangm The extraction product was dissolved in 
200 ml of 10 per cent methyl alcohol and filtered 
through an aluminium oxide column The filtrate is 
dried by aeration and gave the glyooside This glyco 
side is hydrolysed in 20 ml of 5 por cent sulphuric acud 
solution m a boiling water bath for 6 min and the 
aglycone fraction is separated by filtration The 
filtrate is neutralised with barium carbonate de- 
colourized with charcoal and dissolved in othyl 
alcohol and evaporated tho residue Is redissolved in 
water Tho water-soluble hydrolysates woro run for 
24 hr on paper chromatograms, Whatman No 1 
(descending technique) using tho orgaruo layer from a 
freshly prepared n butanol aoetio acid water mixture 
(4 1 5,v/v)» 

Those were sprayed with aniline hydrogen phthalate 
reagent 4 and the chromatograms were dried in an 
oven at 110° C The chromatograms showed 4 spots 
The first one was dark brown and agreed with authen 
tic specimen of glucoso, the second one was brown and 
corresponded to oondurangobiose Third and fourth 
spots were dark brown and authentic for thovetose 
and cymatoso respectively 
It seems that the sugars of both glycosides (con 
durangin and marsdomn) are chromatographically 
the same On tho other hand the aglyoono fractions of 
these two glycosides are different To show tho differ 
once between those two aglycone fractions, we used 
different solvents as described by Zechner and ZSlsa 5 , 
and observed that the solubility of these two aglycone 
fractions wore entirely different 

T Baytop 
M Tanker 
N Oner 
S Tekuan 

Institutes of Pharmacognosy and Biochemistry, 
University of Istanbul, 

Istanbul 
Juno 8 
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Production of Emetic Materia! by Species 
of Fusarlum 

Occasionally crops of borlev and other ooroals 
in tho mid western States of America havo boon 
mfoctod with ono of sovoral speoios of Fusanxtm that 
cause a condition known as ‘scab’ Such grain often 
contains on oraotic prinoiplo 1 which renders it un 
suitable for feeding to animals having simplo stomachs 
To tho beet of our knowledge, there are no reports 
of tlioso micro-organisms producing oraotic material 
m artificial media As port of an investigation into 
tho physiology of micro-organisms associated with 


grain, wo havo found that certain of tho Fxtsana 
produce emetio material when grown for at least 
10 days in a suitable artificial liquid medium with 
agitation 

Tho micro organisms investigated wore F month 
forme (two strains), F oxysporum lycoptrsxc g F 
gramxnearum F avenaccum, F poas, F sporo- 
tnchxoxdcs, F egxnsdt and F etdmorum All thosa 
micro-organisms oxcopt F oxysporum lycopersxcx 
produce or causo the plant to produce emetio material 
m grain. Tlioso which produced emetio material in 
artificial media wore F monxhjorme (one strain), 
F poac, F c ulmorum and F ntvale All the last 
n a m ed, except F ntnaic, wore grown in Richards’ 
solution* For F nivale, which showed poor growth 
in this medium, nutrient broth was used (3 gm 
Thfco’ beef extract, 10 gm. Thfco’ peptono, 10 gm 
glucoee and 1 litre water) Culture filtrates were 
evaporated to ono fifth thorr original volumes, 
adjusted to pH 9 with sodium hydroxide solution 
and extracted exhaustively with diothyl other Upon 
the evaporation of the dried other solutions, tho 
ethar soluble residues were examined for the presence 
of emetio material by injecting an aqueous suspension 
of 6-10 mgm. mtravonously mto pigeons A positive 
response wna indicated by prolonged emesis Controls 
prepared similarly by processing stcrilo modia showed 
no activity 

Work is m progress to ascertain the chomical nature 
of the emetic compoimd(s) m thoeo preparations and 
in extracts of ‘scabbed’ gram. 

We thank Dr W L Gordon, University of Moni 
toba, Winnipeg, for some of tho Fusanum cultured 
used in this investigation. Assistance from an 
industrial research grant from Malting Barley Im 
provement Association, Milwaukee, Wisconsin, is 
gratefully acknowledged 

Neville Prentice 
A D Dickson 
J G Diokson 

United States Department of Agriculture, 

Agricultural Research Service, 

Barley and Malt Laboratory and 
Plant Pathology Department, 

University of Wisconsin 
Madison 
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Stero! Glycosides In Oilseed Phospholipids 

Sterol glucosides (sterolins) have been shown to 
be present in the commercial phospholipids obtained 
from soybean 1 , cotton sood*, oom* and groundnut 4 
Using the acotono extraction procedure already 
described 4 wo havo now isolated similar compounds 
from rapceeed and Imsced phospholipids to tho best 
of our knowledge this is tho first report of tho oxistcnce 
of sterol glycosides in any part of tho flax or rapesoed 

Precipitation with acetone of an ethereal solution of 
commercial rapoeeod ‘lecithin’ yielded a crude 
phospholipid which contained 2 1 por cent of sterol 
glycoside, and a similar substance was found to 
comprise 2 9 per cent of linseed phospholipid* 
propnrod m a liko mannor It is P’"°Jj“*’'° l^nrnt 
each case p-Bttostcro] is tlio mojor ■|^J > (oro E^ may 

ol .ho 
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hydrolysis products from groundnut phytosterolin 4 
has revealed the presence of small quantities of 
stigmasterol and a saturated sterol 

Our thanks are duo to the Nuffield Foundation for 
their support of this vrork 

Francis Aylward 
B W Nichols 

Department of Chemistry and Food Technology, 
Borough Polyteclimc, London, S E 1. 

July 29 

1 Thornton 5L H , KrajbM, H R , nnd Mitchell, J H , J Am er Clem 
Soc , 62, 2000 (1040) , „ 

* Thornton .M. H . KrnybilL, H R , find Broome, F K , J Amer Clem 

Soc , 63, 2079 (1041) 

1 Perlman, II , and Xtattvhow 11 , U S Pntcnt, 2 691,011 (Oct 5,1054) 

* Avlward, F , and Nichols B IV , Mature, 181, 1064 (195S) 

Isolation of the Antifungal Substance, 
6-Methoxybenzoxazolinone, from Field Corn 
( Zea mays L ) in Canada 

The presence of an antifungal substance which is 
inhibitory to the growth of Fusarnnn momlifomie 
(Shcld ) and Gibbcrella zeae (Scliw ) Petch , two 
pathogenic fungi associated with root and stalk rot 
of com m Ontario, has been reported 1 The present 
communication reports the isolation and identification 
of the antifungal substance 

An ether extract was prepared from 9,000 gm of 
com plant tissue by the procedure reported pre- 
viously The ether was evaporated and the residue 
dissolved by boding in GO ml triplo-distdled water 
On cooling, buff-coloured needle-shaped crystals 
formed at 25°C Tins crystalline material, at a 
concentration of 0 12 mgm per ml Czapek’s agar, 
prevented growth of G zcac, Pyrenochacta tc.r res Iris 
(Hansen) Gorenz, Walker nnd Larson, F monih forme 
and Diplodm zcac (Schw ) Lev 

The crystallization procedure and the typo of 
crystals obtained characterized this material as 
6-methoxybenzoxazolinone as reported by Loomis 
ct al - and Smissman ct al 3 Tins identification was 
confirmed by Dr E Y Spencer, Head of the Chemistry 
Section, Pesticide Research Institute, Research 
Branch, Canada Department of Agriculture, London, 
Canada 

N J Whitney 
C G Mortdiore 
R esearch Station, Research Branch, 

Canada Department of Agriculture, 

Harrow, Ontario 
July 3 
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PHYSIOLOGY 

Urokinase-Induced Fibrinolysis of Human 
Standard Clots 

Studies with human fibrinolysis, either induced by 
pyrogens or appearing during thoracic surgory, 
together with other observations, indicate that very 
likely the first phase of an endogenous fibrinolytic 
reaction in man is the release of a plasminogen 
activator from the tissues into the blood stream 
The question whether this activator can induce lysis 
of an intravascular clot directly was studied in mtro 
with human urokinase, a plasminogen activator 
excreted with the urine, as the enzyme source and 
human standard clots as substrate 

Urokinase was prepared as follows 2,500-3,000 
ml of clear pooled urine was collected during the 


day, filtered (from inside to outside) overnight by 
gravity through a Coors porcelain filtering cylinder, 
porosity No 1, sizo 1 (pore size diam 13 5-15 g) 
Tho next mommg, the cylinder was emptied and 
then eluted by forcing fluids with suction from the 
outside to tho msido m tho following succession- 
20 ml of distilled water, which was discarded; 
140 ml of distilled water, which olutes tlirombo- 
plastic material 1 , 40 ml of 1 M potassium thio- 
cyanate, which was discarded, 120 ml of 1 M 
potassium tluocynnntc, which elutes urokinaso Tins 
cluato was cleared by centrifugation and concentrated 
ten times by pen npouration m a 8 X 32-rn colluloso 
dialysing tubing Ono end of the tubing was dialjsed 
during tho pervapouration (0 hr ) Sovernl concen- 
trated oluates, after being cleared by centrifugation 
and dialysed for 2 hr against cool running tap water, 
woro pooled and again concentrated hv pcrvnpoura- 
tion (3 lir ) This preparation, ‘Uro-100y’, was 
again cleared by centrifugation, dialysed for 00 nun 
against distilled wator and was then read}- for use. 
The activity of tho material was retained sol oral days 
when it was frozen Fibnnoljsis occurred within 
20-40 mm. when 5 per cent ‘Uro-100 X ’ was added 
to human plasma nnd tho mixturo clotted with 
thrombin 

Standard clots were prepared ns follows Human 
ACjD-bnnk blood plasma was mixed with 10 per cent 
0 25 M calcium chloride, poured into tho stem of a 
THimax’ protein sedimentation tubo No 4G815 to 
exactly tho 0 4 ml mark, and allowed to clot at 37° 
At least 1 ml of tho tost solution was poured into tho 
wndo part of tho tubo on top of tho clot filling tho 
stem A small glass bend was added, and the tubo 
closed by insertion of a rubber stopper, allowing 
space for a small air bubble nboio tho test solution 
The tubes wero chermcnllj clean, siliconized, and tlio 
procedure, except for tho urokinase, carried out under 
sterile conditions The tubes were attached horizon- 
tallv to a rocking device with a cycle of 30 sec and 
a deviation for the horizontal of ten degrees in either 
direction, nnd placed in an incubator Tho air buhblo 
and tho glass bead mixed tho cnzvmo solution gently 
without touching tho clot With this arrangement, 
tho rotation of onzymo solution to tho clot and Us 
ly6ed product was kept constant within a few per 
cent during the experiment and provonted local 
accumulation of inhibitor doming from tho lysed, 
clot There was no marked progressive dilution of 
tho test solution ns in tho fibrin pinto method 
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fibrinolysis induced In human standard clots 
i?nv.'?n h,^°iir nsc „ Enzrmc Bolntions A. 10 per cent 'Uro 
*. n ^red ja ine . Is, 10 per cent ‘Uro-100 x * In plasma , 

mllne buffcr ? d ra’lnc. replaced after 2 hr hr 

saline (arrow) Abscissa , Incubation tlmo (hr ) , ordinate, 
volume of clot digested 



No 4003 


October 24, 1959 


NATURE 


1321 



PeretnUffe concentration of Uro 100* x In buffered lillnc 

Fig 2. Flbrinolyili Induced In human iUndard doU by human 
urakinaie UrokJuMe replaced by buffered wllne after luring 
been In eontart with the clot for 6 min. Incubation time 72 lir 
Ab*cU*a oouoent ration of Uro-l<Xfx In buffered tallne ordinate 
▼ohnno of clot digested 

Tho progress of tlio fibrmolytio disintegration wlucli 
started from the ono onxymo -covered surfaco (8 mm *) 
of tlio dot waa rood directly in volume unite of 

0 004 ml and could be followed for many hours 

10 per cent ‘Uro 100 X * in buffered saline produced 
a continuous fibrinolysis of tho standard clot which 
continued for days (Fig 1 , A) 10 per cent ‘Uro 
100 X ’ in human plasma produced a progressive lysis 
of tho clot which was loss intensive and slowed down 
inoro rapidly than urokinase in buffered sal me 
(Fig 1 B) When tlio urokumso solution was 
removed and replaced by buffered saline alone, the 
dot lysis continued for man} hours, but at a reduced 
rate (Fig l t O) Urokinase had to Btay in contact 
with the dot for only 6 mm , without producing any 
visible lysis, in order to triggor progressive fibrinolysis 
when it was roplaoed by buffo rod salino alone The 
speed of progression was directly proportional to the 
strength of activity of tho contacting urokinase 
solution (Fig 2) Replacement of urokinase solution 
by non fibrmolytio plasma completely inhibits any 
furthor progression of fibrmolvsis Fresh human 
dot b from coronary arteries, femoral veins, and other 
locations dissolved quickly when exposed to uroklnaso 
solutions From the Btuaies described, tho details of 
which will bo reported elsewhere, it is concluded 
(1) Orolanase penetrates tho dot quickly (2) Non 
retracted dots contain enough plasminogen which, 
when activated by human plasminogen activator, 
brings about their lysis The activator itself may act 
on tlio dot m tneo and participate directly In tlirom 
boljsis 

Kuno N vow Kahlua 
D epartment of Medicine, 

University of Colorado School of Modicino 
and Bello Bon fils Memorial Blood Bank 
Den\ or, Colorado 

1 too Kantl* K. H grew Soe. Biol and Erji Med 01 513 (IWfl) 


Spectral Composition of the Luminescence 
of the Euphauslld Thysanoena rascM/ 

We havo determined tho spectral characteristics 
of the bioluminoscence of Thysanocasa ra*ch\i 

The crustaceans were collected m Looh Fyno, 
dark adapted, deep froren, and sent to the Plymouth 
Laboratory, Marino Biological Association, in vacuum 
flasks 


For the experiments the animals were homogenized 
in sea water in a small beaker Tho homogenate 
glowod spontaneously with an intensity that did not 
change appreciably during tho experiments 
Tho instrument used in the laboratory observations 
is a telemetering bathyphotomotor normally used 
for undersea photomotrio determinations The sensor 
in the instrument is a R CjV 03 W photomultiplier 
tube The signal from this tube is amplified and fed 
into a Leeds and Northrup Speodomox’ recorder 
The photooathode is just behind a filter holder in 
front of which is a collimating tube At the distal 
end of the tube is an opal plastic disk -^ith the 
characteristics of a Lambert collector The boakor 
containing the homogenate is placed at the end of 
the tube The light is collimated because narrow 
band interference filters ore used, and their useful 
angle is limited to 5° Twelve interference filters 
were used in the range 420-040 mg 

The instrument measured irradiance (ff ), obtained 
from 

n ~LB ~&E?TiiSdX, 

where n is recorder reading, E is energy of tho 
source through the wave length interval dX, Ti is 
measured transmission of tho individual interference 
filter through the wave length interval dX, and S fa 
the relative sensitivity of the photomultiplier tube 
through tho wavo longth interval dX The value of 
l was obtained from calibration of the entire mstru 
ment against a U S Bureau of Standards source 
Irradiance values were m watts /cm* \ and quanta 
were derived from Planok’s equation The data wore 
equated to 1 0 at the wave longth of maximum 
emission 

All measurements were made in a dark room 
The mean of the lummesoent emission from four 
homogenates of T ra&chn is shown In Fig 1 Thoro 
is a sharp primary peak at about 476 mg, and a 
Blight secondary inflexion con bo dolootod between 
600 and 680 mpu The spectrum is rethor similar to 
that of Euphausia pacifica, tho only other ouphausud 
for whioh an emission spectrum has been determined 
The primary peak of tho E pactflca spectrum is at 
472 mg when tho results are calculated in quanta, 
and the secondary inflexion is more pronounced than 
that of T rascht* 

Although the 1067 measurements of E pacifica 
were made with the samo instrument, a different 
senes of interference filters was used, and tlio ter 
mmol glow of animals killed with ammonia was 
measured 

E pactjlca is an open ocean form, whereas T 
rasa/m is oonfined to noritic habitats 

We thank Dr Harold Barnes, Millport, for supply 
ing us with specimens of T rascJm, and Dr F S 
Russell for the hospitality of tho Plymouth Lahore 



1 Spectral dldrieoUon o f I am 1 
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tory of the Marine Biological Association, -where 
these experiments were undertaken This work 
received support from the U S National Science 
Foundation 

This communication represents results of research 
carried out by the University of California under 
contract with the Office of Naval Research 

Brian P Boden 
Elizabeth hi Nampa 
Scripps Institution of Oceanography, 

University of California, 

La Jolla, California 

1 Kampn, E M., and Boden, B P , Deep Sea Re* , 4 (2), 73 (1057) 


Mechanism of Autoregulation of Renal Blood 
Flow 


hr has been noted by Winton 1 and lias since boon 
confirmed many times 1 ' 6 , that tho renal vascular 
resistance is not constant but increases with increasing 
arterial pressure in the range 80-120 mm mercury 
mean pressuro The phenomenon does not depond 
on an intact norvo supply to tho kidney but occurs in 
the denervated, perfused kidney Tho nutorcgulation 
of renal blood flow has been considered attributable 
either to an activo vasomotor process 1-1 or, m somo 
recent work, to a flow-dependent separation of plasma 
from red cells in the renal oirculat ion Tho first of thoso 
theories appears to have been dovolopod only by tho 
process of elimination, and tho second appears no 
longer tenable in tho light of experiments by several 
groups 6 ' 7 Tho ccdomatous kidnoy displays a high 
resistance to flow winch probably results from 
compression of vossels by extravascular fluid This 
factor has not been considered important m tho 
function of kidnoj s subjected to normal nrtonal and 
venous pressure, since measurements of renal tissue 
pressure 5 indicated that it does not vary directly with 
renal vascular resistance 

In the experiments reported hero, kidneys wore 
removed from one dog and perfused v, it,h blood from 
the carotid artery of a second animal Tho blood was 
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\ \ BAsponMs of the lddney to step Increases. in pressure 
Rote that as the pressure Is Increased by a series ofxirtial lncre 
ments the flow does not Increase proportionately and that th! 
changes In weight tend, to parauel theNvhanges In flow 



with about the same time courso ns the slow pressure cliango 
Time mark below indicates 5 msec. 


returned to tho second animal’s jugular vein A 
eonstant-slroko output pump was used Its speod 
•nas adjusted tlvrough a foodback circuit, so that 
constant prossuro was maintained A senes of 
stopping switches and batteries in tho feedback loop 
made it possible to apply \oltago which changed tho 
pump speed and maintained a now pressuro Pressuro 
was measured with a resistance pressure gaugo Flow 
was calculated from tho pump speed and checked with 
an outflow recorder Kidnoy volumo was at times 
recorded by an oncomotor or, alternatively, tho 
kidney was suspended from a strain gauge and 
weighed 

In 24 experiments, 17 kidneys oxhibited auto- 
rogulation Tho flow always parallolod tho renal 
volume (Fig 1) When tho change of flow per unit 
prossuro chango in tho autorcgulatory range was 
small, tho volumo cliango per unit pressuro chango 
was also small When tho kidnoy was subjected to an 
abrupt increase in perfusion pressure in tho auto- 
regulntory range, tho flow rose initially and thon fell 
as tho renal v olumo increased Tho increase in volumo 
exhibited a rapid (vascular filling) and a slow 
(filtration) phase The equilibrium times for tho 
changes in flow and v olumo woro always nearly 
identical (Fig 2) Tho opposite phenomenon was 
apparent when tho perfusion pressuro was rapidly 
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A step function of pressuro within the outorogulatory 
Jocular filling of gain In weight Is not large 
Ja exceeds the gain In weight from mtration, that the 
£?)!_ increases during tho filtration phase, reaching its terminal 
value at about the Bnmo time as tho kidney censes to Increase 
in weight Time mark below Indicates 6 msec. 
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docreased, that is, tho kidney initially had a high 
resistance which foil as tho renal volume docreased 

In eomo orponmonts tho ronal venous hicmatocrit 
was contmuously measured by a conductivity 
method, 7 As might bo expootod the haomatocrit 
increased with a rise m pressure and fell with a drop 
in preesure This effect was loss pronounced in tho 
auto regulatory range than below it, a finding 
indicating that in tho nutorogulatory range, the 
kidnoy does not sequester plasma as pressure increases 
Wkon autoregulation was abolished by cyanide tho 
t oscular distenmbflity and tho distensibility of the 
kidney both decreased 

Thoso results conflict with those in which intraronal 
pressure did not vary with renal resistance 1 The fact 
that renal volume changes parallel renal flow changes 
is in accord with tho possibility that the normal kidnoy 
oxhibita autoregulation of flow because extra vascular 
fluid compresses eomo low pressure vessels This 
mechanism has previously boon considered unaccept- 
able 8 

I would like to thank Mr O F Brown for his 
technical assistance 


Allen M Scjheh 

Department of Physiology and Biophysics, 
School of Modioine, 

TJnivormty of Washington, 

Soattlo 5, Washington 


1 Wlnton, F IL Tran*. Fourteenth Ocmffrc«o Internal, do FUloL 264 
(1032) 

• Bhlpley. It R. and Study R. 8 Amer J rhytiol 167, 076 (1061) 

• Odiwmdt B PflUpePt ArrA PkytioL 363 £07 (1050) 

4 Pai^onlKtlincr J R. and Klnlcr W B Amer J Phytioi 186 877 

‘ Tliominon D I) Karaler.F Lomno IL and Pitt* IL F Amer J 
PhytLoL, 191 403 (10j7) 

• mJet B E Ventotn *L O and do Wardener II E. J Pkytiol 

133 143 (1004) 

’ Waugh, W It. Cire-R* 6 363 (1063) 

' flood win It. 8 nnd Saplrtteln L. A , Circ Jlet 5 632 (1957) 

• Wlnton F R. Harvey Lecture 47 4l (1061-62) 


Carbohydrate Metabolism in 
Hypervltamlnosls A 

Excess vitamin A ingestion m creases blooding 
tendency 1 , depresses basal metabolism* and increases 
excretion of neutral 17 kotostoroids in urine of albino 
rats* The Qo t of liver sllooe of hypervitammotio A 
rats is lower than that of control rats (Bay, Amal and 
Sadhu, D P , unpublished observations), tho weight 
of tho thyroid is diminished and that of the adrenal 
increased* In an attempt to oluoidate the mechanism 
of hypo metabolism induced in hypervitammosis A, 
liver was studied for glycogen and fat contents and 
diaphragm as an index of glucoeo utilization in peri 
phcral tlssuee 

Twelve young albino rats of 55 - 00 gm weight 
were fed 30,000 iu vitamin A (‘Arovit’ Bocho) 
daily for 10 days and woro fed with twelve control 
rats and wore killed by decapitation A small piece 
from tho upper part of tho right lobo of the liver 
was takon for estimation of glycogon and fat oontent 
by a mothod previously doscribod 4 The diaphragm 
wn 3 divided into two halves and each ho mid 1 a- 
phragm was used for studying glncoso utilization and 
glycogen Byntlioflis* and tho values compared with 
that of the pair fed oontrol rots In hypcrvitommoeis 
A liver glycogen is decreased from tho control valno 
of 15 1± 1 8 (standard deviation) mgm. per gm. 
liver tissue to 12 2 ± 0 93 mgm while tho fat per 
cento go is increased from control 8 1 ± 0 71 to 10 1 
£ 0 72 Diaphragms show a decrease of gluoofio 
utilization from tho control valuo of 0 31 ± 0 02 
mgm. 100 mgm wot diaphragm per hour to 0 213 ± 
0 05 mgm , whilo glj cogon synthesis which is 0 103 ± 


0 024 mgm./ 100 mgm wot diaphragm per hour in 
tho control rats is decreased to 0 008 ± 0*013 mgm 
in tho hypcrvrtArmnotio A rats 
Thoeo experiments show that the depression of 
metabolism is not restricted to liver alone, but tlrnt 
in muscles is also depressed, in spito of hyper 
tkyroxirmomia in h yporvitaminos i s 8 A. 

We are gratoful to Voltas Ltd (India) and to Hoff 
man La Bocho for a generous grant of ‘Arovit’ and to 
Principal K. C Mukorjoe for advice and interest 

Amal Bay 
D P Sadhu 


Department of Phywology and Nutrition, 

Bengal Veterinary College, 

Calcutta 37, India 

1 Poole, J 0 F Quart J Exp Pkytiol. 43, 457 (1058) 

* B*dhu D P wd Brody, 3 Ftd Proe 6 420 (104/) Awur J 

PhViiol 149 400 (1047) 

* Ra^Amal and Sadhu D P Ind J Pkytiol and Anted Sd U 1 

* SadhS^'i T Aahtn 177 1286 (1056) 

* Garner K J and Robert* B Biodtn* J 69 224 (1055) 

* Sadhu D P and RruKOtt B Lionel Endocrinol 43 120 (1948). 


Effect of Thloctic Add on Gain in 
Body-Weight by Turkey Poults 

Tmoono acid (hpoio acid, dl-0 8 dithiooctlnoio 
acid) is known to be a component of certain enzyme 
systems It is also required as a growth factor by 
Streptococcus fercahs in certain synthetic modia, if this 
organism is to oxidize pyruvate successfully Certain 
other bacteria, such as BschertcJita c oh, that oxidizo 
pyruvate also require thioctio acid 1 It has been 
tosted for its ability to stimulato growth in higher 
animals , but the results have not been uniform 
Positive results were obtained by DoBuak and 
Williams* with rate and chicks In their experiments 
a growth response was obtnlnod whother tho basal 
ration was a practical com soybean alfalfa meal typo 
or a purified sucrose-aloohol ertmoted ensom gelatin 
type Food efficiency was also unpro\od with both 
the chickB and the rats 

Briggs and Fox* afterwards reviewed tho literature 
up to 1957 and initiated anothor experiment with 
ohicks They could obtain no o\ idonce of a growth 
stimulation when semi purified or practical dicta 
woro supplemented with thioctio acid Tbeao workers 
concluded that thioctio aoid could not bo conmdorod 
as an animal growth factor 

Kratzor et al 4 at a later date did obtain a slight 
growth response to thioctio acid with turkey poults ; 
but tho response was not statistically significant 
There is a possibility that the turkoy poult may 
differ from the chick m its requirements or in its 
ability to synthoelzo mioronutnonts Tho present 
experiment was sot up in an attempt to clarify further 
the role of this factor in turkey poult nutrition 
A practical poult starter ration, currently in uso 
at this laboratory, was supplemented with thioctio 
add at a level of 7 mgm /kgm This poult starter 
contained ground wheat and barley, soybean meal, 
fish meal meat scrap and alfalfa meal It was 
fortified with vitamin and mineral supplements in 
accordance with general recommendations for this 
typo of diet Procaino penioillin was added at 
0 mgm /kgm Each dietary treatment was ropheotod 

Table 1 Errarr or Tmocno Acid ox poclt Goottth to six Wxxx* 
or Ao* 


Dintary treatment 

Poult starter 
Poult iUrter pin* thioctio 
»cid (7 manL/kum.) 


Body velEbt Or®.) 


ITiIn 

1462 


jVmjUr» 

90S 

DTI 
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six tunes with 18 unsexed Broad Bioasted Bronzo 
poults per replicate The poults were randomized 
mto tho compartments of an electrically boated 
battery brooder The experiment was terminated 
when the poults were six weeks of age 

Body-weight results for male and female poults 
are summarized m Table 1 

Analysis of variance showed no significant differ- 
ences m 6-week body weights of male or fomnle 
poults The above results would indicate that tho 
response to thioctic acid by turkey poults is negligible 
when the birds are fed a practical ration 

J R Jowsey 
R M Blakely 
H I MacGregor 


Research Branch, 

Canada Agriculture, 

Swift Current, Saskatchewan 


‘Baldwin, E , "Dynamlo Aspects of Biochemistry”, Third edit 
(Cambridge University Press 1057) , 

* DoBush, B G , and Williams, It J , Arch Biochem Btophys , 55, 

537 (1055) 

•Briggs, G M,nndrox.M It S , Poultry Set , 30, 057 (1057) 

* Kratzor, F H , Vohrn, P , Davis, P N , and Atkinson, It L , Poultry 

Set , 87, 055 (1053) 


A Biological Action of Deoxyribonuclease I 
on the Growth of Euglena gracilis 


On realizing that tho activity of tho enzyme 
deoxyribonuclease was increased considerably in re- 
generating rat liver 1 , wo decided to investigate 
whether it might influence tho rato of collular multi- 
plication by itself 

In our experiments w e endeav oured to maintain tho 
enzyme at the same concentration as it occurs m 
regeneratmg tissue Smco nothing is Imown about 
permeability of cell boundaries to dcoxyribonucloaso 
we tried to compensate for any pormoation difficulties 
This was done by increasing the outer enzymo con- 
centration by a factor of ten as compared with what 
we assumed it to be from previous experiments In 
the second set of experiments wo tested tho doso- 
action relationship 

Euglena gracilis had previously been cultivated for 
a week m the medium of Elsasser and Adler 1 contain- 
ing 10- 10 gm vitamin B 12 per ml 0 6 ml of this 
Euglena ‘suspension’ was transferred to 5 ml of fresh, 
sterilized medium with vitamin B I5 contained m 
20 ml penicillin-flasks Tho cultures wero then 
incubated in a moist oxygon atmosphere at 28°C 
under fluorescent light (Philips TLSW) 70 hr later 
the total cell volume was determined after spinning 
down an aliquot at 1,000 g for three mm Controls 
were taken as 100 per cent and tho difference in 
volume was expressed as a percentage increase It 
was found that the number of cells was proportional 
to the total volume of cells within reasonable limits 
Clearly it can be seen from the fust experiment that 
deoxyribonuclease m doses of the order of micrograms 

Table 1 The action op Dfoxyribonucleabe I (Woutmngton) 
on Euglena gracilis 


gm por 
mb 

Deoxyri- 
bonuclease 
I added 
to oultnre 

0 0 

4 2X10-* 

0 0 
10- T 


10 -* 

10 -‘ 

8 3xl0-‘ 


Increase In total 

Arithmetic Standard Probability 

cell volume or 
number of cells (%) 

mean of 
Increase 

deviation 

for (ref 3) 
perfect 
random 
Incidcnco 
(%) 

12 controls 

±0 0 

±8 2 

>>6 

12 tests 

102 7 

±30 7 

<<0 5 

5 controls 

±0 0 

± 51 

>> 5 

-18, -12, -11, 
14, 10 

-2 2 

±14 1 

>> 5 

0, 0, 0 14, 10 

10 8 

±41 

<<0 5 

18, 21, 28, 43, 45 

31 0 

±12 4 
'±23 7 

<<0 5 

35, 65, 82 

00 7 

<<0 5 


will under suitnblo conditions double tho rate of 
growth in Euglena In tho second oxporimcnt when 
tho intensity of light is reduced tho growth promoting 
o fleet is loss, but the grow th rato is still depondont on 
tho doso of deoxyribonuclonso 

From this oxpenmont it is apparent that the 
onzjmo may act as a glow th promoting agent in low 
concentrations It will bo of interest for us to dolor 
mine whether this is limited to special organisms or 
is ratlici a genoral phenomenon 

I thank tho Doutscho Forschungsgomomsclmrt 
for its support I nm grateful to Dr Jlso Pencil for 
supplying a Euglena gracilis strain and to Miss A 
Doctor and Miss. B Ohly for their help 

Rudolf Iv Z Airs’ 
Institut fiir x egotative Physiologio dor Unix ersitat, 
Frankfurt nm Mum, 

Ludw lg Relmstr 1 1 
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H/EMATOLOGY 

A ‘New’ Human Blood Group Antigen, Sw, 

In tho course of compatibility fests with tho scrum 
of a patient Gu , tho red colls of ono donor, Swann, 
woro found to bo strongly agglutinated m all media 
The patient w ns in crisis from auto immune hmmolytic 
discaso of the ‘cold’ non-gamma globulin type, with 
no fieo ‘non-specific’ antibody in tho souim Her 
groups were 0, ede/edo , HS/Ms, Mi(a — ), Yw — , 
JMk — , Pi+ , K— , Lc(n — b -{-) , Fv(a-f), 
Jh(a-fb-f), Wi(a-) 

Mr Swann’s groups woro 0, cdo/cdo, E^— , 
O— , V—, Ms/Ms, Mi(a— ), Yw — , Yr— , Ho—, 
Me — , Pi+, Lu(a — b +) , K— k-f, Kp(n— b-f), 
Lc(a— b-f), Fy (a — b -j-) , Jk(a-jb-l), Di(a— ) , 
Js(a— } , Wr(a— ) , Bo(n— ) , By — , Levny— , 
Rm — Mogntivo results woro also obtained with 
seven nntiscrn from unsolved ‘family’’ groups, and 
with ovor 300 Group 0 (nnti-AB) sera His snhva 
inhibited anti-H of human and of plant (Ulcx) 
origin, anti-Le’ 1 and an t i -L eE but not nntt-A, nnti-Ai, 
anti-B or nnti-AB Xor was tho reaction of sonim 
Gu with Ins own colls inhibited w’lth Dir Swann’s 
snh\ a 

Further testing of tho scrum Gu rovealed tho 
presonco of nnti-Mi a , ant i-Wr-s and nnti-By r Tho 
former wms only' weak, but tho latter two antibodies 
wero avid and powerful, and clearly separnblo by 
suitablo absorptions both from each other, and from 
tho antibody against Sw ami’s colls Ho other 
oxamplo of this latter antibody wms found in over 
1,200 normal sera, but sovornl exnmples woro en- 
countered in othor ensos of auto immuno haemolytic 
disoaso In oneli such instance, anti-Wr- -1 was also 
present, and somotimes nnti-Mi n or anti-Yw ns well 
Pure antisera woro prepared from all theso mixturos 
by appropriate absorption without significant loss 
of avidity or titro 

It is clear from theso observations that a ‘now ’ blood 
group antigen is present on the colls of Dir Swann 
It is proposod to name this nnligon Sw", and the 
corresponding antibody anti-Sw* Tosts of 29,487 
random blood samples from adults disclosed four 
more Sw“ positives, two of whom wero rolated 
Tests on throe of the famihos liavo shown Sw“ to bo 
inherited as a Mondelian dominant character which 
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fiogrogntea independently of the ABO, Rhesus 
MNSfl, Koll, Lewis red cell (and ABH secretion), 
Duffy and Kidd blood group systems , nor is the 
character partially sox linked 

These findings will bo reported in detail at a Inter 
dato 

T E Glecikorn 

South London Transfusion Centre 
Sutton, Surrey 


Glutathione Stability of the Erythrocytes in 
Iranians 


Hath o lytic reactions following the ingestion of 
drugs suoh as primaquine and the broad bean (Ytcm 
faba) liavo been shown to be duo to an inherited 
abnormality of the erythrocytes which can be 
detected by an tn vitro glutathione stability test 
devised by Beutler 1 The use of this test in sur\oys 
has established that tho incidence of the dofoct 
varies with peoples and moo American Negroes, 
Sophardic Jews and Sardinians have a much highor 
incidence of sensitive individuals than Ashhonazio 
Jows or American Caucasians Beutler has recently 
reviewed tho Bubjeot 8 Many cases of favism lia\e 
been seen locally during tho past few years, and it 
was reasonable to assumo that a survoy of tlio gluta 
tliiono stability of the erythrocytes in Iranians would 
show tho presenco of tho abnormality in this area. 

The survey group consisted of 550 Moslems who 
woro members of the medical nursing and ancillary 
staff at our two institutions Only one member of a 
family was sampled However, because consanguinity 
is quite common in Iran, it was impossible to bo euro 
of eliminating oliildren of first-cousin marriages 
Persons of Jewish Armenian, Assyrian or Zoroastnnn 
origin wero not in sufficient number for evaluation 
These groups, along with various tribes are being 
studied and will be the subjects of later reports 
Tho blood samples were collected into an acid 
oitrato -dextrose solution , glutatluone determinations 
and the glutathione stability tost were performed bv 
the standard technique usually on tho samo day or 
within 24 hr of collection Htcmatocrit v alues wero 
also determined 

Sinoe it has been shown that tho gone which controls 
the abnormality is probably sox linked, tho results 


Tablo l Analysis or Blood nLtmreno ye- le vels b crone and 
a mm incubation with AorrrLrHiaTLTnrDnAicrc (thb glutathione 

BTABIUTT TEST) 


Sensitive male* 


Nonas n*Ulvo 
male** 
Son*! tiro 
femalrt 

Ncm#en*itlre 

femalo* 


All valt** Are In rorm (datathJono per 100 ml red blood celt*. 

Tins number* in bracket* *ro tbo number of wimple* terted both 
before tnd after treatment with aretripbfnyihydraxine . the remainder 
of the nomerultlve peraoru were te*ted only after treatment with 
act t j-l phen y 1 hydruxln e 


No of 


Itnnar of 

Mean 

8J> 

3JS 

Bubject* 

35 


Value* 




before 

23 2 - 70 1 

33-0 

83 

1 4 

after 

0 2 - 10-6 

6 1 

4-0 

0 8 

323 

( 257 )* 

before 

40 - 0-111 5 

34 1 

12 3 

08 

after 

S3 **- 0 j 8 

64 C 

12 5 

07 


before 

20 0 — 60 fl 

43 7 

11-0 

3 2 

12 

after 

0 7 - 27 1 

14 2 

0 4 

2 7 

180 

( 133 )* 

before 

30 3 - 124-0 

06 0 

16-6 

1-4 

after 

32 3-100 2 

605 

13 2 

1-0 


Table 2 . DrrmBtmoT of oiuTATmoirs levels (ct nan. omjta 
THIOME FEE 100 ML. BED BLOOD CELLS) AXOXOST raOTriVE TEKWM 
Arm lkccbatiox wrra AcrrrizuENTLHTD&Amn: 


Itanfle of 0 1-5-0 5 1-10-0 10 1-15-0 15 1-20-0 20 1-30 0 

value* 

No of 

male* 22 8 3 2 0 

"So of 

female* 2 3 1 0 fi 


wore calculated indopendontly for the two sexes 
Using as tho criteria of sensitivity to tho glutathione 
stability test all values of less tlrnn 30 mgm gluta 
tluono per 100 ml red blood count after incubation 
with acetylphenyUiydrazme*, there were 35 sensitive 
males out of 868 (9 8 per cent) and 12 sensitive 
females out of 198 (G per cent) Tills difference of 
incidence between the males and fomales in this 
sones is not statistically significant (P>0 10) 
Tablo 1 gives an analysis of the lovela of glutathione 
in the erythrocytes before and after incubation with 
acetylphonylhydrazmo and Tablo 2 shows tho 
distribution of post incubation glutatiiiono lovels 
among the sensitive individuals As previously 
desenbed by othor workers* sensitive mnles gave 
lower poet-incubation glutatluone levels than 
females 

Having thus established an overall moidcnoo of 
8 5 per cent of sensitive individuals the subjects wore 
analysed according to place of birth Tho results 
woro as follows : SI liraz area 276 rest of Fars (the 
provinco m south west Iran of which Shiraz is tho 
chief town) 89 Bush ire 5, Teheran region 63 Azer 
hnfjan 8, Caspian eea area 12, Kliolirasan 16, Kerman 
4 Kurdistan 12, Bandar Abbas 1, KhuziBtnn 18, 
Yozd 26, Isfahan and provinco 31 bom of Iranian 
parents outside Iron 7 Of tho total of 47 sonsitivo 
persons, 2G were bom in Shiraz (that is, an incidence 
of 0 6 per cent m tins area), 10 wero bom in tho rest 
of Fare and 1 1 were bom in the roet of Iran Though 
tho number of subjocts bora outside Shiraz constituted 
slightly moro than half of the sones, they woro too 
spread out over Iran to allow comparison with tho 
Slurnz group However it appears that persons 
sensitive to tho glutathiono stability test aro to bo 
found in the Moslem population throughout Iran 

At tho samo time as this surv ey was performed a 
number of other genetically determined characteristics 
wore also examined A statistical analysis of the 
ABO and Rh data revealed tliat tho survey group 
represented a good random selection of individuals 
Tho results of these and othor blood antliropological 
studies will he presented later 

We gratofully acknowledge tho assistance of Drs 
M Quoramy and S Ivhajoh Nnssin Messrs A 
Khodadoost, M Mogaddarn K Snnui M Sliushtanan 
and Jhss F Rahnmi Part of the expenses of this 
work was defrayed from a grant from tho Wollcorao 
Trust to ono of us (D G W ) 

D G Walker 

Department of Biochemistry, 

Faculty of Medicine, 

University of Slurnz 

T E Bowman 


Department of Pathology 
Shiraz Medical Center 
The Xomazee Hospital, 
Shiraz, Iran. 


1 Beatkr V J Lab and Clin J/rrf., 4®, 84 (I0S7) 

•Beutler E.. Mood 14. 103 (1050). _ , 

• Siclnberg A A*ber Y., and Sheba, C., Wool 13, 349 (1054) 

* 8xelnbers A., She bo, 0., and Adam, A, Blood 13 1043 (10jS) 


Haemoglobin Pattern of the Cyclostome 
Pertromyz on p/onerl during the course 
of Development 


Two luemoglobln components liavo been domon 
strated by starch ^lj^lcM^roplior^iA^ ^i5j,o!ich7ho 


and ad alt forms of Pcirotni/zon 
components aro moat dearly 
phoroew in starch gd 


popornt 
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Fig 1 Tooth VI half natural sire D 0 C , deep nlht colour 
1 c, jellow colour, 1700p, maximal thickness of manganese 
covering 

dentine disappeared and the manganese dioxide laj cr 
was much thicker than on tho surface — up to 1 cm 
But the results of Pettersson’s work are scarcely 
applicable to this part of the manganese dioxido layer 
he investigated tho surfaces of nodules, and tho rate 
of formation of tho manganese dioxide layer inside tho 
deposits cavity is a separate problem to be soh ed by 
special investigation To determmo tho age of tho 
teeth, we take the lowest rate of nodule formation and 
the greatest depth of covering only 

The colour of tho mam part of tho front sido of 
tooth N 1 resembled the light-coloured yolk of a hen’s 
egg varying from barite — j ollow to buff — j ellow, or 
apricot yellow and pale orange according to Ridge- 
way* It is seen clearly on a photograph as a light 
field surrounded from the top and sides bj a dark 
stripe and spots, deep ohv o in colour, which is charact- 
eristic of fossilsliark teeth found in tho ground and from 
the ocean bottom deeply embedded in manganese di- 
oxide Yellowseems to be anatural colour and indirectly 
shows that this tooth is geologically young Tho 
manganese dioxide layer was preserved in several 
small spots only, tho tluckest of which is 1,700 g 
Using the minimal Pettersson’s rate — 0 15 mm in 
l,000years — it will require 11,333 years for deposition 
Tooth JV2 is much darker than the first ono, tho 
deep ohve colour of the fossil predominating, the 
yellow (cream buff) colour occupying a noticeably 
smaller surface, which on the front side formed rather 



8040fi 

Fig 2 Tooth A'2, half nntnral Eire DOC, deep olive colour 
T C , yellow colour , 3040fi, maximal thickness of manganese 
covering 


a small triangle in tho middle Tho maximal thick- 
ness of tho mnnganoso dioxide covering is 3,040 g. 
The minimal rnto gives an age of 24 200 years This 
means that Carcharodon mcgalodon became extinct m 
tho latest Pleislocono or ovon survived until tho 
Holocono period To pi ovo this, lot us imagine that 
Carcharodon mcgalodon w ns really extinct in the middlo 
Pleistocene — about 500,000 years ago. Then cv on tho 
minimal rate shows that its tooth must bo covered 
with a mangnneso dioxide Inver about 75 mm in 
thickness Or let us imagine that tho tooth in 500,000 
vears was covered with a coating of 4 mm. only 
Then tho rate of mangnneso nodules growth will bo 
literallj microscopic, that is, 8 g in 1,000 years This 
small, "quite speculative figure sharply contradicts all 
tho results of Pettersson’s experimental work 

Recognizing tho icintion between tho ago of the 
fossil and tho thickness of tho mnnganc->e dioxido 
covering, we can also determine tho rate of nodule 
growth on the basis of the ago of enclosed fossil Up 
to 40,000 years, tho carbon — 14 method gives very 
exact results , but it. needs a rather largo quantity of 
organic material This method is thence more suitable 
for such big deposits ns whnlo enrbones, covered with 
a manganese dioxido layer in tho snino mnnner ns a 
shark tooth 

Knowing the age of tho bone, wo could estimate tho 
overall rate of growth of tho surroundings at different 
points anil particularly in tho deposit cavity 

I am grateful to Dr .T D II Wiseman of tho 
British Museum and Prof .J E Smith, head of tho 
Department of Zoologv, Queen Mnrj College, for 
then help and ndvice during this w ork and to Mr. S V 
N Casey for tho photographs 

W TscmtRN'EZKY 

Queen Mary College, 

Milo End Road, London, E 1 

* JInurIre Lnrlcbe, Vim Mutfr Jton J) JJirt Xal Jlrfgijut 12!h Srr , 

3 (lSSC) 

* Jtcport on tho Scientific Kcoulti of the V oynce of II VI S CIiatlcDEer 

(Iiirtne the jesrs 1873-70 'Deep Svi lie loiltv (Condon, 1801) 

’ linns PcIterF^on Tvpcrx In Mnrlno lilolopv anil Ocennofinphy’ 

V ol 3 of Deep Sex Itescuch’ (1’cnsuln i rtss, London nnd >ew 

V orh) 

‘Itldccwnj, 'Colour Stmdnrdi nnd Xomcnclnturc’ (Wnrldnston, 

1012 ) 

Distribution of Sodium in Compact Bone, as 
Revealed by Autoradiography of 
Neutron-Activated Sections 

Recent work has omplmsizcd tho heterogeneous 
composition of compact bone According to X-ray 
absorption, young osteons contain less calcium than 
tho others 1 Histological methods mdicnto that tho 
mucopolysaccharides of tho ground-substance are 
different m the preossoons layers, in the incompletely 
calcified osteons, and m the fully mineralized struc- 
tures 2 

The distribution of sodium in compact bono was 
inv estigated in flic same respect Since Instochomicnl 
methods arc deficient m sodium, an attempt was made 
to identify this element after its activation in a 
nuclear reactor 

Pieces of ribs or tibine were taken from humans 
during surgical operations. They woro kept in 90 per 
cent ethanol It is obvious that part of tho sodium, 
not firmly attached to the tissuo, escaped in tho fluid 
Bonos were cut in transvorso sections with a saw, and 
these woro ground down and polished by hand with 
emery paper 

Tho sections were submitted for six hours to a flux 
of 3 5x10“ noutrons/cm =/sec in Tnco (Triga 
Reactor supplied by General Atomic to tho Govern- 
ment of Belgian Congo) It lias boon demonstrated* 
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that, after 3 hr , nearly all tho radioactivity induced 
in bone originates from sodium 24 R Loos, of the 
Deportment of Physics confirmed tin* fact for our 
material bj y-epeotoogwipliy 

After tins dolay tlie sections -were sandwiched be 
tween two Maximum Resolution’ plates (Kodak Ltd ) 
When exposed for about 40 hr , the plates were 
developed mD 178 

Microradiograms of tho sections wero then obtained 
in 10 mm by exposure at a distanco of 25 mm from 
tho tube of a Philips apparatus sot at 5 kV and 
18m amp 

Fig 1 shows an autoradiogram (A) and a micro 
radiogram ( B ) of the some region of ft human nb m 
transverse section The darkening of the autoradio 
gram is not uniform On the loft a large area w hi oh 
is not radioactive corresponds to an absorption cavity 
Smaller white spots on tho autoradiogram indicate 
Haversian canals as scon on the microradiogrnm 
Besides these empty spaces which could be expected 
to be devoid of sodium, ono may observe tliat the 
osseous substance itsolf is not uniformly radioactive 
More procisoly, tho osteons not yet full} calcifiod and 
thus appearing gray on the micro radiogram, have 
given a weaker imprint on tho autoradiogram No 
doubt the^ are poorer in sodium than the completely 
calcified tissue 

Somo sections wore decalcified in ethylenediarmne 
totracetio acid others woro thus treated 4 before 
neutron aotivation The former produce much paler 
images on the autoradiographic emulsion , tho latter 
givo the Bomo pictures as untreated bone It is thus 
confirmed that most of the sodium is linked in the 
mineral portion of bone tissue * 

Tlicso observations bIiow tliat the load of sodium at 
least of sodium remaining in ground sections of bone 
fixed m alcohol parallels the load of calcium as 
indicated by X rays The concentration of sodium is 
lower m young osteons than in old ones, just as it is 
lower m the akeleton of young rats than in that of old 
ruts* It Booms that an osteon reaches saturation 
nearly at the some time for both calcium and for 
sodium 

I vish to thank tho Commission Consultative doa 
Sciences Nucl&uree du Congo Beige et du Ruanda 
Urundi for financial Bupport and uso of tho roaotor 
Tnco Mr E M de Doriodot, director of tho reactor 



Fla. i Tr*n*vrT*e rrction of ft human rib Correia t loo between 
EUtorxdlocmm alter neutron activntkm (A), where dxrteaina U 
related to *odlum eoocentr»Uon. and mJcroridio*r»m (B) where 
white «rrti Indlcat# the tcre»te#t amount* of calcium The 
ab*7Tptkm cavity (on the mt) and the Hivmlin canal# are not 
radioactive. The lem calcified oeteonn contain lea* aodlum than 
the other*. (Xc 23) 


for kind collaboration, and Mr L Mandtangu for 
technical assistance 

J "Vincent 

Department of Anatomy and Histology, 

Lovamum Univorsit}, 

Leopoldville 11, Belgian Congo 
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Dimorphism and Size Distribution In 
Velella and Physalla 

Woodcock 1 attributed right- and left handedness 
in Physalia, tho Portuguese man of war to a selective 
advantage In avoiding entrapment in windrows of 
Sargassum weed and floating dobris This eoloctno 
advantage was presumed to be due to differences m 
sailing pattoms through convoction cells in tho surface 
water of tlie northom and southern hemispheres 
The absence of Sargassum from the South Atlantic 
and tlio paucity of dobns in the barren, bluo wators 
m which Physalia is cliaractenstically found would 
seem to invalidate this hypothesis On tho other 
hand Woodcock s arguments concerning food con 
oentration by the conveotion colls and sailing patterns 
are more convincing Woodcock* continued to fav our 
the hypothesis tliat tliero aro significant differences in 
abundance of the two forms betweon tho northom and 
southern homisphoros Other authors 1 4 have com 
mented on this problem howovor, nono lins pointed 
out tliat the more extensive literature on Velella long 
known to be dunorpluc 1 , allows no statistically relzablo 
difference betweon the abundance of tho tuo forma in 
the northern and Bouthem hemispheres 

The fact that Agassiz 1 found only loft handed 
specimens present in more than two thousand Velella 
coll oc tod along tho shores of tho north west Atlantic 
wlulo Chun’ found 71 left-handed and 0 right handed 
Velella off Africa in the north-east Atlnntio would 
indicate an cast west or zonal difference Chun e 7 
find mgs are confirmed by tho results of Moser* In 
a recent paper 8a\ilov* reported loft and right 
1 landed specimens of Velella from tho north west and 
south west Pacific Of more than 250 spooimcns 
examined by the author from the north cast Paoifio 
all wore left handed Tims if there is an east-west 
difference m relative abundance of tho two forms, tho 
results a\ nilnble to dnto indicate that the situation in 
the Paoifio is tho reverse of that in tho Atlantic 

8avilo\ ad\ ances a hypothesis tliat appears to boIvo 
this problem In tlie northern hemisphere left- 
handed specimens of Velella movo to the loft of the 
wind direction duo to tho antic} clonic wind circulation 
ovor tho ocean Tlie left-handed specimens are there 
fore concentrated along tho outer odges of tho dlstri 
buti on. The right handed Velella move to tho right 
of tho wind direction and aro concentrated in tho 
oontro of tho distribution Thus ono should find the 
loft handod specimens noar shore In the anti 
cyclonic wind circulation of tho southern homisphoro 
tho left handed Velella ore concentrated m tho centre 
of tlie distribution with tho right-handed specimens 
moro abundant along the borders of the distribution 
The only results wlnoh weaken this argument arc t o 
exclusively loft handod spooimcns taken 
California Man> of those woro collected moro 
300 miles off shore 
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Savilov 5 found largo specimens of Vehlla xnost 
abundant in the region of 40° N lat m the Ivuroshio 
Extension Young and larval forms weto common m 
tho south and far v, estern parts of the Pacific Ho 
attributed this size distribution to tho wind and 
ourrent patterns An alternative explanation follows 
studies of Veldla off California, ox tonchng over 
a period of six years (unpublished results), shorn a 
marked seasonal appearance of Vdclla at tho surface 
This is confirmed by a caroful examination of tho 
previously published literaturo Tho post-inrval 
specimens first appear at the surface in very lato 
December or early January and continue to reach tho 
surface through the spring Tho largest specimens 
are found in late autumn and early winter 

Examination of tho track of the Vityas shows that 
tho stations in the Kuroslno Extension -were occupied 
from July to November when neither larval nor very 
young forms w ould be present Tho southern and far- 
western stations wore occupied m December, January, 
February, July and August when the largest speci- 
mens are rare if present at nil Larval and young 
specimens would be present in December, January 
and February Tims tho size distribution Savilov 
describes m general terms can bo more ensilv explained 
by seasonal differences The data ho presents do not 
allow a more precise analysis of tho problem Ono 
might also expect to find mean length differences 
between local populations because of different sea 
surface temperatures However, tiieso would bo 
much smaller than those duo to seasonal npponraneo 
and growth 

From the abovo it is apparent that tho origin and 
occurrence of the different sizes and morphological 
forms of Vehlla and Pht/saha arc not vet satisfactorily 
explained Of the se\ oral variables that appear to bo 
involved, seasonal appearance and growth have not 
been properly considered m previous reports 

Robert Bccnr 


Antioch College, 
Yellow Springs, 
Oluo 
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Penetration of the Liver-fluke, Fasciola hepatlca 
into the Snail, Limnaea truncatula 

The life-history of Fasciola hepatica has boon 
recounted m nearly every text-book of zoology or of 
parasitology since it was elucidated by R Louckart 
(1881-82) and A P Thomas (1881-83) In spite of 
this and much original work by other investigators 
our knowledge of (a) the form which penetrates the 
snail host and ( b ) tho manner of its penetration is 
misconceived For example, m the modem account 
given by G. Lapage 5 it is stated that once a snail 
has been found, the miracidium “applies tho papilla 
at its broadest, anterior end to the soft skin of tho 
snail and, spinning by means of its cilia on its lone 
axis, it drives the papilla into the snail and penetrates 
the snail s body” Other writers have introduced 
something between thiB sort of statement and the 
more correct idea, succinctly expressed by Faust’ 
that penetration “is accomplished by the secretion 
of digestive enzymes elaborated in the so-called 


‘penetration glands’ winch dischargo tho secretion 
at tho anterior end of tho mirneidium’’ It is difficult 
to prove that ‘digestive secrot ions’ nro produced, 
or ovon to demonstrate tho cytological ofiects pro 
dueod by a penetrating larva which is smaller than 
somo ciliated protozoa It is hero shown, for tho first 
limo by means of photomicrographs, that tho mira- 
cidmm creates a perforation in tho snail’s integument 
by tho loosomng, cyiolvsis and abstraction of epithe- 
lial colls, an action which appears to bo chemical 
rather than mechanical and is probably tho result of 
enzyme activ ity It will bo shown also that, because 
tho mirncidmm loses its ciliated epithelium and is m 
othorwavs transformed boforo penetration is effected, 
it is an early eporoevst and not a miracidium which 
onfers tho snail 

Tho miracidia of Fasciola hepatica aro not as officiont 
m locating and ponotrntmg snail hosts as somo 
studios of thoir tropistic behaviour load ns to suppose 
In tho immediate viumtv of a snail many larvm 
swim to and fro without over attacking, and many 
moro encounter tho snail but do not succeed in ad- 
hering to it, much lc<s penetrating it Wien contact 
is established, however, the miracidium butts tho 
snail bovoral times, and it is this net ion which has 
given tho false impression that the rotating larva is 
boring liko an nugor into tho snail whemjn fact is is 
moreh trying to attach itself. ICarly adhesidX is so 
light that no matter how carefully snails an^LT” 
and prepared for sectioning, tho larvao fall pc 
Attempts to adhere often fail and tho latvai 
away to try again olscwbero Aftc r sev oral unsucj 
ful attempts of thm kind miracidia seem to lx) 
hnnst od , thoir gw immmg mo\ omenta become or/ 
and eventually they die Romo such mor/ 
larvrc lose them ciliated epithelium, howovenf 
undci-go partial metamorphosis into ovoid | 
sporocjsts According to Mattes 5 , tho antorin 
posterior ‘Klcbdru«en’ aro concerned with odli ; 
Caroful study 1ms not so far revealed fheso xj 
unicellular glands, although their largo nuch ( 
thoir position beneath tho first- and socoi/ 
epithelial colls of tho miracidium should mnko } 
conspicuous Eatlv attachment is moro pnoh, 
brought about bv suctorial notion of tho ant 
papilla which, by its mtrov orsion, pressos tho first- 
epithohal cells hard against, tho snail’s mtegumo 
mucus assisting adhesion Once attaclvmont 
established, retraction of tho papilla would create 
saucor-hko spato between tho anterior nonciliatod j 
of tho larva and tho snail’s integument, and tl 
would servo for tho rocoplion of socrotions of the gur 
and tho unicollnlar pharyngeal glands Not until 
marked cytolytic effects havo been produced m tho 
opithomm of tho snail docs tlio anterior papilla of the 
miracidium ponotrato mto tins layer (Fig 1, Al, A 2) 

Complolo ponotration of tho larva mto tho snail 
takes only about 30 minutes from tho time of ad- 
hesion During this period tho larva ja a sac-bko object 
which occosionallv contracts and relaxes but which 
certainly does not rotate At tho end of tho poriod 
when foiluro to ponotrato scorns likely, tho lnrvs 
suddenly disappears mto the snail Sections indicate 
that about tho rmddlo of tho poriod the ant_i >. 
papilla is only slightly extended and is approai < ■ 
tho sub-opitholml tissues of tho snail, amidst t 
debris of loosened and oytolysod epithelial cel’ 
(F lg 1, A 2) 

As the larva presses into the cytolj sing mass, " ■ 
of those colls are heapod externally at tho < u 
of tho opemng (Fig 1, Al) At' the samo ti"' 
larval epithohal cells are becoming detached, aithc"^ 
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Tic 1 A E attached mctaraorphoalnc mlraddla F penetrating iporocyit 0 entered 
■porocyit. A\ and ASaroadJacontaeeUcmJ re terminal cell*. (\ arlou* mignlflcatiotn D 
and F ofl lmmenlon tba remainder 1 In. objectire) 


^ie anterior ends of the first tier colls aro trapped 
in the roiBod margin of tho opening CytolyBifl is very 
ovident when attachment is to tho rnantlo, which lias 
a shallow epithelium nuclei standing oat starkly 
(Fig 1 B) and tho papilla is seen to be retracted in 
suctorial action 

Tho papilla is now becoming attached to the sub 
epithelial layer of the snail (Fig 1, O and D) and 
damage to this tissue soon becomes ovident As the 
larva draws its anterior end further into tho cyto- 
lysing host colls it presses aside iho damaged opi 
tholium forming tho rim of tho opening, which ia thus 
enlarged Tho larva then contracts momentarily 
inaldo a kind of sac formed partly of cytolysing colls 
and partly of its own discarded epithelium, together 
with s omo mucus (Fig 1, E) This stage munodwtoly 
precedes the swift final thrust which takoe the 
extending larva Into tho body of tho Bnail Available 
soctions show the thrust m several phases, tho larva 
becoming constricted at different levels along the 
antoro posterior axis progress^ aly as it squeeze* 
through tho opening Only ono Btago is shown here 
(Fig 1, F) and in this, tho cytolysod sub -epithelial 


tissuo (x) is being pressed out through tho opening 
as tho larva on tors the snail As the larva completes 
its entry, the damaged colls at the rim of tho opening 
aro drawn inwardly, partially sealing the opening 
(Fig 1 (?) Tho posterior end of tho larva is soon as a 
zone of dons© tissuo produced by intonso contraction. 

Tho larva which outers tho snail Is certainly not a 
mirac/dium although it retains tho oyoe, tho gut and 
other organs and also tho germinal colls , it is a young 
sporocyst covorod by what was formerly sub -op it ho- 
lml tissuo, carrying with it into tho snail some 
epithelial and other dobris The numcidium may bo 
regarded as a form which serves to implant tho sporo 
cyst in tho body of tho snail host by what appoors to 
bo on elaborated process of external digestion A 
fuller account of this work, with more adequate 


discussion, will bo published soon My thanks are duo 
to Mr A. T Green, for making the photographs 
Department of Zoologj , •® EN Dawes 

King’s College, London WC2 
‘Lapace 0 , “Veterinary r*rwlUd(jn£ 
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Production of Seedless Hops by Interspecific 
Pollination 

The difficulty in inducing liop cone formation 
through the application of growth-stimulating sub- 
stances has been well illustrated by Sccloy and 
Wain 1 who found that, at best, it was possiblo to 
aclnve only temporary stimulation of cono grow th 
m experiments using somo 22 growth-stimulating 
substances, as well as pollen extiacts 

In order to test the stimulation produced by foreign 
pollen, a small-scale experiment was conducted using 
the cultivated variety Lato Clusters (of the species 
Hum-ulus lupulua L ) and crossing this with tlio wild 
hop, Humvlits japomcv? Sieb and Zucc These two 
species, H lupulus and H japomeus, aroverydistinot 
The former is a poronnial with a chromosome 
number 3 * 3 of 20 and the latter an annual of 17 
chromosomes m the male, 1G in tho fomalo* 

Table 1 contains measurements, based upon 30 
samples, from unpollinated and pollinated cones 

Table 1 

Aicrngo Average Aicrngc AierARC 
length length length Ko of 
(mm ) of (mm ) of (mm ) of nodes 
bracts bract coles lntcrnodcs 

Pollinated with B 

japomeus pollen 12 0 147 If* 84 

Unpollinated 10 1 11 3, 10 11 1 


The stimulation of bracts, bracteoles nnd intemodnl 
length m the cone of Late Clusters produced by 
pollen of H japomeus is very noticeable, though it is 
unquestionably less than that produced by pollen 
from the male plants of Late Clusters Fig 1 shows 
pollinated (ET japomeus pollen) and unpollinated 
cones collected at the same stago of maturity 

Early workers, including Salmon nnd Amos 0 , had 
shown the importance of pollination (by pollen of tho 
same species) upon increasing yield Their results 
indicated, as in this experiment, that pollination 
decreased the number of nodes formed, though they 
did not discuss this effect which is based upon tho 
indeterminate growth of the cone apex Pollination 
brings this apical growth to a halt Tho length of 
time during which such growth continues w ithout 
pollination vanes with vanoty, being longer in a 
variety such as Late Clusters than Fuggles These 
facts help to explam the difference among vnnoties m 
the influence of pollination upon yield In somo 
vaneties the smaller sizo of bracts and bracteoles in 
unpollinated cones is offsot by a continued grow th of 
the apex, and a resulting increase m their numbor 
Conversely, in those varieties m which apical growth 
ceases early, pollination is vital for tho stimulation it 
produces upon bract and bracteole size 

As with normal pollination, tho effect of inter- 
specific pollination is to reduce greatly tho critical 
‘burr’ stage, when the cone is so susceptible to disease 
Following interspecific pollination, tho ovary is 
stimulated at the same time as the intomodes, 
bracts, and bracteoles However, since fertilization 
does not occur, due to the difference in chromosome 
number between the species, no embryo, ondosporm or 
seed develops The matured pistil, much smaller than 
the normal product of pollination, remains empty 
It is not possible to draw conclusions regarding the 
commercial usefulness of such interspecific pollination 
m hop cultivation Extensive experiments would be 
necessary to determine the extent to which such pollen 
will effectively carry by wmd, the practicability of 


t 


* i 



r-’K 4 



Jig 1 Cones pollinitcil wltli pollen from B japonleus on left , 
unpulllnnti'd routs ol liile ilustcrn on rlglit Scale In mm 

growing tho weed hop in cultivated Holds nnd tho 
desirability of the cono, formed without seeds but 
containing nboitno pistils This does, howevor, 
lllustrnfo a principle which may provo of some 
importance, namely, that stimulation may bo producod 
in hops bv pollination which cannot lend to fertilize 
tion, nnd consequent lv, seed formation Morcovor, 
it suggests that t lie triggcnng inochnnism for stimu 
lalion of cono grow tli in hops must occur at tho timo 
of pollination, with fertilization pro\ iding only a 
secondary boost, if nnj boost at nil 

Edward L Davis 
Commonwealth of Massachusetts, 

University of Massachusetts, 

Amherst 


> Seeley It C nnd Wnln, It X* Ann Arp JJtof , 43, 365 (1055) 
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* Ono, T Cptolosta 535 (1037) 

* Kilmm, II , nml UlnjOsU, I , Assoc Ad\ Scl , Eighth Cong , 368 

(1032) 

•Salmon, E S , nnd Ainos, A , J South Bait Apnc Coll , lfi/f, 17, 
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Vein Anastomoses in the Leaves of Long 
Shoots of Ginkgo blloba 

It lias recently been foiuid tlint four tvp 03 of vom 
unions occiu' m tho lem cs of Gmlgo btloba L and 
that long shoots linvo a significantly highor avorago 
per cent of lea\os with anastomosos than short 
shoots 1 In tho presont examination of 2,249 leaves 
collected from 154 long shoots from 10 trees it was 
found that tho lea\cs fiom tho median portion of tho 
long shoots have a highor per cent of anastomoses 
than either tho basal or apical loa\cs It was also 
found that considorablo variation existed m tho 
porcontago of lciw os with anastomosos in tho samples 
taken from vm ious trees An n\ orago of 33 por cont 
of tho 2,240 leavos had ono or moro anastomoses , 
but tho range in tho individual 10 treos extended 
from a low of 7 3 por cont to a high of 7 1 2 por cont 

By collecting tho lca\os m a mannor so that tho 
position of each leaf on its shoot was known, tho 
porcontago of loa\os having anastomosos could bo 
determined for each loaf position Bocauso of 
multiple anastomosos occurring in many loaves, tho 
total numbor of anastomoses at each loaf position is 
bost oxpressod as an anastomosis mdox, which is 
dorivod by dividing tho total numbor of anastomoses 
by tho total numbor of loavos at a givon loaf position 
In Fig 1 results are prosontod which show tho 
relationship botwoon anastomosis mdox and loaf 
position Tho median loaf positions (10—13) show 
an anastomosis mdox moro than double that of tho 
most basal (1—5) and tho most apical (19—20) loaf 
positions 
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Tho number of leaves etudfod at oaoli leaf position 
averaged 112 and varied from 164 at leaf position 9 
to 18 at loaf position 20 Tho first 13 leaf positions 
•wore represented by a minimum of 121 leaves each, 
•while those from 14-20 were represented by on 
average of 41 leave* The number of loaves from the 
apical leaf positions is lower becauso many of tho 
long shoots studied hod less than 16 loaves Loaves 
above leaf position 20 which were few in number, 
wero not included in this study 

While surveying tho literature on Ginkgo bo mo 
striking similarities m the pattern of auxin distribu 
tion and that of anastomosis frequency were noted 
The concinnlty of these distribution patterns con be 
olucidntod by the hypothesis that the percentage of 
anastomoses in tho loaves of long shoots of Ginkgo 
bxloba is in some way correlated with tho amount of 
auxin present m the shoot at tho timo of leaf diffcron 
tuition Tho similarity of the pattern of auxin 
production and anastomosis distribution in the long 
shoots of Qinlgo bxloba can bo seen by comparing tho 
data rosulta above with those of the auxin diffusion 
experiments of Qunckol and Thimann* They found 
that in very young long shoots “the peak of auxin 
production lies in the middle or toward the baeo of 
tho shoot” 

Fostor*, and Qunckol and Wet more 1 roport that 
there is no fundamental difference In the organisation 
of tho apical moristoms of long and short shoots 
Qunckol and Wotmore 4 roport that tho oarly stages 
of growth and differentiation in long and short shoots 
oro indistinguishable Gunokel and Thimann 1 com 
pored tho amounts of diffusible) auxin In ‘putativo’ 
long and short shoots during early ontogenetic 
development The} found that in both shoot 
categories tho amount of auxin mcroasod to a peak 
and then decreased during tho early stages of bud 
expansion In short shoots auxin proditotion con 
tmuoe to dimmish, however, in long shoots auxin 
production undergoes n further and much higher, 
increase as the shoot begins to elongate Results 
collected during this work show that in loaf positions 


1-6 the average anastomosis mdox is 0 23 whereas 
in leaf positions 0-18 tho anastomosis mdox avoragos 
0 G1 A tentative explanation for tins anastomosis 
distribution is tliat approximate!} tho first five 
leaven of a long shoot are produced under a ‘short 
shoot roguno’, a rcgimo which is apparently oxactly 
the same as tliat of a short shoot both in morphological 
differentiation and in auxin production Tho more 
median leaves of long shoots however, are differen 
tiated under a ‘long shoot regime during wlucli nuxin 
production is higher and tho shoot is elongating Tho 
higher anastomosis indox of theso leaves is in harmony 
with tho data on auxin diffueibihty in long shoots 
gi\ en b> Gunckel and Thimann* and again tends to 
support a correlation between anastomosis frequency 
and auxin 

At present no experimental ovidonco is available 
which tests a hypothesis Unking auxin concentration 
and anastomosis frequency in Ginkgo , howover, 
experiments which may shod somo light on this 
relationship nro now under wav 

How ABD J ArJTOTT 

Northwestern "University 
Evanston, Illinois 
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ENTOMOLOGY 

Pentachlorocyc/ohexeno as a possible Inter- 
mediate Metabolite of Benzene Hexachlorlde 
In Houseflies 

Sternberg and Kearns 1 have reported that both 
y benzene hexachlonde (y BHC) roeistant and bus 
oeptible housoflles can doh} drochlormnte y BHC to 
pentacbiorocyc/^hexene (PCOH) Thoir evidence 
relied on the formation of l-chloro 2 4 dirutro 
benzene when the method of Schecter and Homstoin* 
for the determination of y BHO was applied to flies 
treated with the msooticido This mot hod mvolvod 
the redaction with zmo and a cotio aoid of unchanged 
f BHO and PCOH to benzene and ohlorobcnzono 
followod by nitration to form wi-dinitrobenzono and 
1-cliloro 2 4-dlnitrobonzone rospoctivoly Bradbury 
and Standen*, working with a different strain of 
resistant and susceptible housofbos used an isotopic 
dilution technique to dotermmo an} y PCCH present 
after y BHO treatment but fuilod to find tho largo 
amounts reported by Sternberg and Kearns 

Work has boon oarried out at this laboratory on a 
strain of dieldrin resistant (R strain) and susccptiblo 
Mxisca dornestica obtained ongmnllv as pupro tlirough 
the kindness of Dr J R Busvino Tho dieldrin 
resistance of tlie R strain has boon built up to a high 
level b} exposure of tho larvre to diolclnn alone 
The same msocts lmvo howover becoroo highly 
resistant to y BHC Studies of tho resistance 
mochnnism have been mado using the a , y and 8 
isomers labelled with aarbon 14 Preliminary oxporl 
merits wore made using tho tecliniquo of Sternberg 
and Kearns Flic* wore tree tod with 2 ggm of tho 
radioactive BHC isomora m ncotono solution 2jxL 
of tlio solution being applied topical!} to tho dorsal 
thorax of oach fly After 3 hr at 26°C tho flies 
wore ground under acotio acid nnd subjected to tho 
Schector Homstoin reduction and nitration proeoduro 
Tho l-chloro 2 4-dmitrobenzeno wa* ^j^ratod 
tho m -di n i t robe nzeno b> 
impregnated with castor olj 4 
dotoot rmlioaotiv it> * - 
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Table 1 


Type of colicine 
prodnced 


PROHUCTIOX OF COLICDTES BY COLIC; V 00 K VI 0 STRATXS TV 
Simmons's Citrate aoat 


Ko of coliclnogenlc 
strains 


Ko of strains producing 
coliclne In Simmons’s 
olfrite mrar 


I 

30 

E 

12 

E+r 

11 

r 

4 

K 

4 

A 

3 

B 

1 

D 

1 

A 

1 

F 

1 

O 

1 

C 

1 

n 

1 

S 2 +I 

1 


0 

5 

5 

4 

4 

3 

1 

1 

1 

1 

0 

1 

1 

1 

0 


Total 73 


23 


colicmes B, 1 D, A, F, O, C, H, S 3 +I and S D , finally, 
a very strong, non-typed colicine, produced by tho 
strain Mutaflor of Prof Nissle, largely produced in 
Germany by tlie A G Hngeda for the treatment of 
‘Dysbakterie’ 6 , is defined as colicme X 

Strains producing cohcine I, a part of strains 
producing colicine E, or colicmes E +1 simultaneously , 
and type cultures producing colicmes G, H, and «S’; 
did not produce any inhibition zones on tho stram 
sensitive to the indicator (Table 1) 

Strains producing cohcmes V and K, some of the 
strains producing cohcmes E or E+I, and typo 
cultures producing colicmes B, A, G and S 3 +I, 
gay e smaller inhibition zones of tho indicator m 
Simmons’s citrate than m nutrient agar 

Finally, the typo cultures producing colicmes 
D and F, and the cultures produemg colicme X gave 
very large inhibition zones m the synthetic medium 
Tins observation can be of practical value in tho 
typing of the cohcmogemc strains This typing 
was found to be important in epidemiological studies 
of mfantde diarrhoea due to Escherichia coh 1 . A 
large number of cohcmogemc E coh isolated from 
epidemics produce colicme 1 8 or colicme I together 
with another cohcme (unpublished results) 

J Patavassiliou 

Department of Microbiology, 

National University of Athens, 

Goudi-Ampelokipi, Athens 
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’ Fredericq, P Betz-Barcau, AI , and Mcolle, P ,Ci! Soc Biol , 150, 
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Lysogeny in the Genus Proteus 

A lysogenic stram of Proteus species was detected 
by Fejgm in 1924 1 but no systematic attempt has 
ever been made to ascertain the prevalence of such 
strains We have investigated the incidence of 
lysogeny using 23 Proteus strains for which vo have 
previously isolated lytic phages from sewago 1 , 
media used have been previously' described 1 3 

The Fisk technique 4 using overnight broth cultures 
gave uniformly' negativ e results, and other motliods 
of induction were then used The 3 methods used, 
details of winch will be published elsewhere were 
(1) individual cultures of the 23 strains wore grown m 
broth for 10 days at 37°C , (2) ultra-violet irradiation 
according to the method of Gots and Hunt 6 , (3) 
all possible combinations of pairs of the 23 strains 
were grown together m broth for 10 days according 
to the Scholtens’ method* 

Cultures thus obtained were centrifuged to clarity, 
kept at 56°C for 45 m m to inactivate remaining 


bacteria, and then tested for phage ncliv lty by a 
modification of tho agar layer teclmiquo 3 Using 
49 different Proteus strains ns indicators, 12 of tho 
23 strains were found to bo hsogomc Tho threo 
induction methods apparently possess a degree of 
species specified v, in that not all lysogenic strains 
wero induced by all tliree mothods, and tho strains 
induced by method (3) vero nil rmrahlis species, 
vlnle 4 of 5 induced by method (2) wore vulgaris 
species In only one instance did a phage derived 
from a vulgaris act on a mirabtlvt species Tho host 
range of most temperate phages isolated was re 
strictcd to one strain, in contradistinction to tho 
sen age phages isolated 3 

Some phngo suspensions appeared to contain 
mixtures of phages Tins is being investigated 
It is possiblo that if a greater v arietv of methods of 
induction and n wider range of indicator strains had 
been used more lysogenic Proteus strains would have 
been detected 

This work was nidcd by grants from tho South 
African Council of Scientific and Industrial Research 

J. N CorrrzEE 

T. G Sacks 

Department of Microbiology', 

University of Pretoria, 

Pretoria 

1 Fcjcin, B , r n Soc Biol 00,1100(1024) 

* Foctrce, j X , S .4/r J Lab Chit Mtd , 4, 147 (105S) 

* Footrec T JT .5 1 Jr J Ub Clin Urd , 6, 10 (1931) 
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influence of Carotenoids on the Infra-Red 
Spectrum of Bacteriochlorophyll in 
Chromatium 

Altbottgii it is well known that tho infra red 
maxima m tho absorption spectrum of Chromatium 
exhibit considerable variability’, tho basis of this 
phenomenon has remained obscure Wnssink cl al 1 
described in detail the v anations which they observed 
in tho infra -red spectrum of both tho organisms and 
colloidal extracts After considering several explana- 
tions, these authors took tho viow that all these 
infra-red maxima represent one pigment, nnmely, 
bacteriochlorophy'll bound to different proteins More 
recently', Duy'sens 3 also has claimed that each of tho 
infra-red peaks represents bacteriochlorophyll , how- 
ever, he has not tried to explain tho oxistcnco of more 
than one peak Work in tins laboratory lias led to a 
hypothesis of tho ultra-structure of the bacterial 
chroma tophoro 3 It was posulated from this model 
that tho transfer of energy from carotenoids to 
bacteriochlorophvll has spatial requirements which 
arc mot only when tho chromatophore is m a suitoblo 
environment and further that tho complexity’ of the 
infra-red spectrum is related to tho interaction 
between these two pigment systems At this time 
both postulates have received experimental support 
Variation in the concentration of inert solute in tho 
suspension medium has pronounced effects upon tho 
efficiency' with which quanta absorbed by the caro- 
tenoids are used for photopbospbory'lation by isolated 
ehromatophores 4 Tho loss of tho "ability to transfer 
energy is also correlated with specific changes which 
appear in tho mfra-red spectrum Those changes which 
appear in the mfra-red spectrum of isolated chromato- 
phores are comparable to the differences which are 
observed in organisms with differing cnrotonoid 
content 

In Fig 1 the changes in light absorption which 
accompany tho ‘uncoupling’ between the carotenoids 



NO 4093 


October 24 , 1959 


NATURE 


1341 


and baofceriocldorophyll in the chroma tophoro nro 
comparod with the changes ahich occur when caro 
tenoid dofficionoy is induced by diphonylnmine 
treatment* The infra red spectrum of the Isolated 
chromatophoros In which tho two pigments are 
‘coupled’ is identical with the spectrum obtained tn 
vxvo , similarly the activity of the carotenoids for 
photophosphorylation in such preparations is com 
parable to the activity tn nro for carbon dioxide 
fixation* Both ‘uncoupling’ and carotenoid deficiency 
are associated with an increase in absorption in tho 
800 mp maximum and a disproportionate decrease of 
th© maxima at 850 and 890 m|i, respectively in 
addition tho latter iwo peaks tend to shift to lower 
wave lengths A similar family of ourves (Fig 2) 
rosults w i th the spectra obtained tn taro from normal 
cultures which diffor in carotenoid content Those 
changes aro remarkably similar to the alterations 
produced by the interaction between certain dyes 
for example, cbrysophenine O and eky bluo 2PF* 
Although those observations aro consistent with tho 
view that bacteriochlorophyll contributes to tho 
absorption m the infra red, they indicate that the 
fino structure of the infra rod spectrum is determined 
by moro subtle offecta which are rolatod to nn inter 
aotion between bactonooliloropbyll and the caro 
ten oids An analysis and thoorotical evaluation of 

this phenomenon will be presented in detail elsewhere 



Wsve-lonffth (nv) 

Fin 1 Tho chromatophoroa con lain] nff Uie normal amoimk or 
carotenoid* were pfernird from s 4S-hr *oal culture The coopt'd 
chroma to pborta were Uolatfd and impended In 0*6 *ocro»e 
buffered to pH 7 8 In 0 1 M Irit Tb® uncoupled ehromato- 
phorei were uolated and impended In 0 4 31 ahico m at tho same 
pH (ref 3) Tho carotenoid deficient chromatopbom were 
prepared In the iuctom medium from cell* grown In the pretence 
of diphenTiaraVne (ref 6) Th* ipectra compared mine the 
Sorei peak at 370 a* * reference 
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Ft g 2L Th* *peetra abow^bow tSsnomiJJ carotenoid rarlabintj' 
found InroUtue* of differing age* Opal tf A *»'*** medio mi nlrnlro 


This work was earned out at tho Brookhaven 
National Laboratory under tho auspices of tho 
TJ S Atomio Energy Commission 

J A Berouhon 
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Biology Department, 

Brookhaven National Laboratory, 

Upton, Long Island, 

New York 
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Release of Compounds containing 
Diaminopimeiic Acid from Vibrio metchnlkovl 
treated with Antibody and Complement 


There w now much ei idonco supporting tho 
suggestion that it is the poptido-anuno sugar complex: 
of the walls of Gram nogativo bacteria which is 
responsible for tho rigidity of tho surface ‘envoi opo 1 
Loss of these components from tho cell either bj 
direct onzymio digestion os with lysozyme or by the 
metabolic disturbances brought about b> ponicillm 
action or diammopimolic acid dopnvation, results m 
a weakening of tlia wall and o transformation to 
spherical colls 1 Wo have been Interested in tho 
possible similarity botweon tho ovonts responsible for 
immuno bacteriolysis and those leading to tho 
formation of spherical colls during lysozyme treat 
ment and penicillin action 

When fresh guinea pig complement was added to 
cell suspensions of Vibno cJiolcrac and V metchmkon 
s uuitucod with their specifio antisera, tho cells became 
distorted and wore eventually transformed into 
spherical colls of fairly uniform ftppearanco Tho 
conversion to spherical cells was virtually quantitative 
witlun 1-2 hr at 37° C after tho addition of tho 
complomont To dotormino whether any roloaso of 
compounds containing dioralnopiraclic acid occom 
paruod tlieso morphological changes, thick suspensions 
of cells of Y meteftnilovi woro incubated with the 
appropriate amount of antibody and complement 
which effected tho transformation to spherical colls 
on incubation for 2 hr at 37°, and tho supernatant 
fluids wero oxnminod for tho presence of diamino 
pimolio acid Control suspensions with ontvbods 
alone, complement alono and neither antibody nor 
complement wore incubated under identical con 
ditioos a small proportion of spherical trans 
formations occurred in tho control series Colls wore 
removed by centrifugation and tho supernatant fluids 
wore do-protoimzed by tho addition of tncldoroacotio 
acid to a final concentration of 5 per cent w/v Tho 
material solublo in trlchloroacetio acid was extracted 
with other to remove the acid, dialysed and then 
hydrolysed with N hydrochloric acid for 10 hr at 


105° C and tho dtaminopimoho acid contents were 
estimotod by the color imo trio method of Work* nftor 
separation on paper chromatograms using tho solvent 
system of Rhulnnd el al Tho amount of diamino 
piraoho acid released m the form of a non dmlyaablo 
compound soluble m trichloracetic acid during treat 

mont with the antibody -complomont 

compared with the control aoriofto T* ® dUunino 
wall of Y ntelchmkoc* 00 n 1 1 tbo wall account** 

p.mol.oool.l nTKlirit i»n»’' u "" 1 ' 
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Tablo 1 Effect of Antibody and Comt-i/tment on the RELryer 
of Soluble Compounds containing Diamikommelio Acid from 
T tirio mctchmkom 


Dlamlnoplmcllc ncld 
Treatment released from 200 

mgm drj noiRlit cells 
(/'Km ) 

Cells Incubated with antibody and complement 104 

Colls Incubated with antibody alone 30 

Cells Incubated with complement alone 10 

Cells alone 34 


for 20 per cent of tho -weight of tho coll, tlio amount 
of diarrunopimelic acid roleased on treatment with 
antibody and complement w ould ropresont half tho 
cell -wall diaminopunelic acid (if tho Trail accounted 
for a smaller fraction of tho -whole coll tlion of courso 
the proportion of tho "wall diaminopunoltc acid 
releasod will bo greater) 

Those results make it clear that tho moipliological 
changes occurring during inununo bacteriolysis -with 
antibody and complomont aio accompanied bv a 
release of soluble, non dialysablo components con- 
taining diaminoprmohe acid Tho coll constituents 
released aro almost certamly denved from tho 
bacterial cell wall Tlius, it is reasonable to concludo 
that the spherical transformation occurring dining 
immune bacteriolysis (Pfoiffor’s phenomenon) is 
explicable m terms of an enzymic (?) release of tho 
cell -wall peptido -which in the normal coll provides 
tho wall with a rigid structural framo-work Amano 
et al 4 have suggested tho possibility of on/yimc 
disintegration of the coll vail plnjing somo part in 
immune bacteriolysis and tho results reported hero 
contribute experimental ovidonco m gonoral accoid 
with this view From light microscopic studies, 
Amano el al 4 infer tho comploto disintegration of 
tho vail by complement and antibodj Hovoior, 
our oxpenenco vith isolated walls of V 7>ictchmkovi 
meubated with complement and antibody indicated 
no appreciable lysis Whethoi the complomont acts 
enzymically or activates an enzvme svstom normally 
present in the cell cannot be said at tho moment 

F SiiArA* 

M R J Salton 

Department of Bacteriology, 

University of Manchester 
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Group and Type-specific Polysaccharides of 
Group D Streptococci 

McCarty 1 showed that m group A streptococci 
the serologmaHy group -specific polysaccharide (Lanco- 
lolds C substance”) is a major component of tho 
bacterial cell wall and contains glueosammo and 
rhamnose Tho type-specific protoms (“ill substance”) 
are located at tho surface of the cell wall from vhich 
they may be detached by proteolytic digestion*, s 
Recent work here has shown that m group D 
streptococci, which mclude the predominant intes- 
tinal streptococci of mammals and birds, a different 
situation exists The results of this work are sum- 
marized m Table 1 from which it will be seen that 


Table 1 Oil ARACTERIST1CS OF TWO POLISICCIHRIDFS FROM GROFF ]> 
STItFPTOCOCCt 


Probablo location 
In streptococcus 

Cell wall 
Cell counts 


Serological 

Bpcclflcltj 

Cell specific 
Group npeclfic 


Component Rugars 

Hexosamlno 

Rlmrnnoso 

Glucose 


iho cell-vnll polysaccharides of group D aro sorologic 
ally typo-specific instead of group-specific ns m 
group A Acid hydrolysates of these coll-vall poly- 
saccharides from fix o diffeient sorologicnl types of 
group D streptococci contained hoxosamino (probably 
glueosammo) rlinmnoso and glucoso 

Tlio gioup-spccific polysncchnndo m group D 
appears to bo situated deep within tlio streptococcus 
from vhich it may ho extracted by slinking with 
glass bends in a Micklo disintegrator A preparation 
made m this vnv from Lnncofiold’s group D strain 
‘C'3’ ( Sir durans ) vns jinrtinlly purified bv lugli speed 
contnfugation to remove most of tho cell-v nil material 
followed by digestion with protemnses and nucleases 
Tlio final produet after dmlvsis contained npproxi 
mately 20 per cent (w/v) total carbobydrnto and 
0 G per cent hexosmnme Jn precipitin tests it 
reacted sfronglv with group react i\ e nntisem mado 
against group T) strains of hotcrologous typo but 
reacted onlv venhly with homologous tjpe specific 
antiserum From tho same streptococcus u coll vail 
preparation, serologically type specific, contained 
npproMinntolv 10 per rent totnl onrholijdratc and 
8 0 per cent hexosnmine Allowing for contam- 
ination of tho group preparation with residual cell 
vail material estimated nt between 5 nnd 10 per coni 
of tlio totnl serologically reactive carbohydrate, it 
may bo inferred t lint the group specific poh saccharide 
probably contained no hexosnmine Indeed, glucoso 
vns tho only sugar found when acid liydroh sates of 
tlio group polysncchnndo vero submitted to paper 
chromntogrnphy By contrast , hexosnmine nccountcd 
for approximately 80 per cent of the cell-vnll typo 
specific polysncchnndo isolated from tho sumo strain 
of streptococci 

Clenrly, Ihcso results need confirmation with moro 
highly purified matonnl , but. tho present o\ idenco 
suggests tlint tho type specific antigens m group B 
aro tho structural nnd chemical counterparts of tho 
group-specific polysacchnrido in group A streptococci 
Although tho OMdcncc is not conclusive it seems 
likely that in group D streptococci tho group specific 
polysaccharide is situated deep within tho bacterial 
coll Tho diffeicnco in location nnd chemical con 
stitution of tho group specific antigens in group B 
nnd group A mnv account for the greater difficulty 
generally experienced m making ‘grouping’ nnti 
serum with group D streptococci and would help to 
explain Shntlock’s* obserrntion that, for inducing 
tho formntion of group specific antibodies in rabbits, 
a vnccino consisting of disrupted group D streptococci 
is more cffectivo thnn ono consisting of intact 
micio-orgamsms 

A more detailed account of this work will appear 
olsowhore My thanks aro duo to Dr R C Lance 
hold for culluros of hor 4 ‘typo’ strains of group B 
stioptococci and corresponding nntisora This work 
was supported in part by a grant from tho Helen 
Hay Whitney Foundation, Now York 

S D Elt.iott 


.Uopartment of Animal Pathology, 
University of Cambndgo 
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TAXATION OF LEARNED AND PROFESSIONAL SOCIETIES IN 

BRITAIN 


D URING the pant two decades, the professional 
and learned societies have encountered mcreas 
mg financial difficulties The major institutions no 
longer possess the intimate and social character that 
once was thoirs, and this may well bo one factor that 
lias encouraged the proliferation of specialist societies 
with only a limited range of interests Nevertheless, 
oven those with a membership of several thousands 
liave encountered difficulties in maintaining the pub 
lioation of professional periodicals, and this is a 
matter to which the Nuffield Foundation has given 
some attention since 1950, in co-operation with the 
Royal Society for scientific periodicals, and the 
British Academy for periodicals in tho humanities 
Moreover, there appears to bo a marked reluctance 
on tho part of younger scientists and technologists to 
join tho more general societies ; tho tendency is to 
support institutions tho membership of which con 
atitutos a professional qualification. 

It is probably too oarly to assess as yet the effect 
of tho concession made In the Finance Act last year 
which allowed fees and subscriptions to professional 
bodies learned societies etc not of a mainly local 
character to be claimed as oxponeos against incomo 
tax: When this olause was considered m the House 
of Commons on Juno 17, 1058, the Financial Secretary 
to the Treasury explained that while there was no 
logical reason to exclude the local societies, to include 
thorn would place on administrative burden on the 
Inland Revenue out of all proportion to tho relief to 
tho taxpayer It was estimated that the national 
societies alone probably numbered about 3,000, and 
since tho subscriptions to tlio local societies were 
usually small, the cost to the general body of tax 
payers was not consonant with any relief to the 
individual 

During the past year, the Inland Rovenue has 
exammod tho activities of the national societies in 
the light of tho new olause, and most of the societies 
have already boon able to notify tlioir members that 
they are in a position to claim relief If it could be 
shown that tho membership of thoso societies has 
appreciably bonofited from this concession, it might 
bo reasonable to re-open tho question of tho local 
societies and, with the position of tho national 
societies already olarificd tho Inland Revenue should 
not find it an unreasonable task to deal with the 
local learned societies 

To tho professional and loomed societies, however 
tlio offoot of this concession is unlikely to be groat 
Its main bonofit is to the individual member Tho 
concession is important, so far as tho sooiotios are 
concerned in holping to offset a number of adverse 
factors against which most of them have been 
struggling stationary or declining membership (m 
spite of tho increasing numbers of scientists and 
technologists) mounting costs of printing and pub 


lication, and the steady rise in postal charges Some 
of these factors could be offset by a measure of 
rationalization, and tho pilot survey of the pub 
bailing and distribution practices of the learned 
periodicals earned out by Mr Robert Lusty on 
behalf of tho Nuffield Foundation may be regarded 
as a step m this direction. 

A much more serious matter for the leamod 
societies and professional institutions is, however, 
the complexity of rulings about tho payments they 
make to local authorities in tho form of rates. During 
tho past three years or more, the Parliamentary and 
Scientific Committee has made repeated represents, 
tionu to the Government on this matter, submitting, 
for example, a comprehensive memorandum to tho 
Minister of Housing and Looal Govemmont directing 
attention to ano malice in the rating of both scientific 
societies and research associations During tbo second 
reading debate of the Local Government Bill in the 
House of Commons on December 9, 1957, tlio Minister 
announced that he intended to sot up a committee 
to give speoial consideration to the rating of charities 
and similar organizations, and the chairman of the 
Parliamentary and Scientific Committee was event- 
ually informed that the terms of reforonoe of this 
committee would be wide enough to permit con 
Bideration of the special position of scientific in 
stitutions 

Tina commit too was, in fact appointed on January 
22, 1958, under the chairmanship of Sir Fred 
Pritchard, “To review the present treatment for 
rating of hereditaments in England and Wales 
occupied for purposes of a charitablo nature or for 
other similar purposes (other than hereditaments to 
whloh Soction 7 of the Rating and Valuation (Mis 
oellonoous Provisions) Act, 1955, applies) ; to con 
aider in particular tho provisions of Soction 8 of tho 
Act of 1955 and of the Soiontifio Societies Act, 1843 , 
and to advise on tho proper treatment for rating of 
the hereditaments within these terms of reference” 
The Parliamentary and Scientific Committee sub 
mitted a memorandum on tho general linos of that 
previously submitted to tbo Minister of Housing and 
Local Government and was later invited to submit 
oral owdenoe only tho Roval Society also gave 
oral evidence 

The report of this Committee*, which was presented 
to Parliament in August 1950 is of considerable 
general soiontifio interest, quite apart from tho 
specific re commendations and their effect on scientific 
or professional sooiotios It should bo remembered 
that rates are the main sourco of rovenue within tho 
direct control of local authorities, and it is tho 
occupier rather than the owner of a hereditament 


• Hoporl or tbo Coramltto. on tb« lutln* 

Pn lv + 90 (Cmnd. 831 ) (London, njr 
it ) not 
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who is ratable in respect of it Tbo earliest general 
enactment still extant 'winch exempts a specific class 
of hereditament from rates is Section 1 of the Scientific 
Societies Act, 1843, -which covors societies instituted 
for the purposes of science, literature or the fine arts 
This section exempts such societies from rates if these 
societies are supported "wholly or in part by annual 
voluntary subscriptions and do not make any dividond 
or bonus to their members It "would seem that in 
granting such exemption, Parliament intended to do 
no more than put the buildings of such societies on 
a par with buildings dedicated to public purposes 

The commonest ground for loss or refusal of 
exemption has been failure to comply with tlio 
condition about support by annual voluntary con- 
tributions, and m reviewing the workmg of the Act, 
the Committee gives most attention to tlus condition, 
which has led to a good deal of litigation and is still 
not entirely clear It appears that income from 
invested voluntary contributions is not itself an 
annual voluntary contribution and, m consoquonco, 
a society wluch depends almost entirely upon volun- 
tary contributions but accumulates trust funds for 
prizes, exhibitions or scholarships could ultimately 
be disqualified because the investment income from 
contributions, although undoubtedly voluntary, was 
too large m relation to curront activities Moroovor, 
the Committee could often see no difference botwoon 
societies within and those without the exemption, 
and several societies now exempt appoar to bo 
fundamentally different from tho kmd of institution 
which members of Parliament who supported tho 
Bill in 1843 appear to have had m mind 

The Committee was agreed that tho provision could 
not be left unchanged , and bocauso wdiorovor tho 
line were drawn there would be anomalies at tho 
margin and any re-drafting of tho conditions prcccdont 
to exemption would give riso to fresh litigation, tho 
Committee invited the Royal Society and tho Parlia- 
mentary and Scientific Committee to give oral 
evidence The Committee was not, however, satisfied 
that any of the societies had a better claim to 
exemption than other charities Most of them would 
be entitled under the Committee’s other recom- 
mendations to 50 per cent mandatory relief as 
charities and, accordingly, the Committee recom- 
mended that the Scientific Societies Act of 1843 
should be repealed 

Nevertheless, the Committee, like tho Som Com- 
mittee which reported m September 1954 on tho 
Scottish rating system, recognizes that to withdraw 
abruptly the exemption under the Scientific Societies 
Act, 1843, might cause undue disturbance to the 
finances of the bodies concerned It suggests, there- 
fore, that in the first full financial year after the 
repeal of the provision, none of the societies which 
was a beneficiary under it at the date of ropoal 
should be hable for rates m respect of hereditaments 
which were exempt at that date In the second year, 
the rates which, apart from the transitional arrange- 
ments, would have been payable by tho societies 
concerned should be abated by four-fifths, and in 
the third year by three-fifths, m the fourth year by 


two-fifths, and in tho fifth year by one-fifth A 
scientific socioty would thus not bo liable for the 
full 50 per cent until the sixth and subsoquont years, 
while if it was not a charity it would pay 20 per cont 
m tho socond and 40 por cont in tho third, rising to 
full rates m tho sixth and subsoquont yoars 

Tho Committoo sharos tho gonoral viow of its 
witnossos that Section 8 of tho Rating and Valuation 
(Miscellaneous Provisions) Act, 1955, which governs 
the rates payable by charitnblo and other organiza 
tions, is unacceptable os a pormanont provision, and 
it soos Jno justification for giving pormanont rnto 
roliof to all organizations m so wido a Cold It con 
sidors that tho timo has come to nitroduco a moasuro 
of uniformity and certainty into tho rating roliof 
onjoyod by bodios witlnn its terms of roforonco, and 
that a satisfactory sehomo should bo simplo and 
economical to administer and should notadd materially 
to tho rates borno by other classes of rate -pa} or Its 
essential basiB should bo mandatory roliof for tho 
groat majority of tho classes of organization which 
in tho past havo onjoyod some moasuro of roliof 

It recommends accordingly that chanties should 
have mandatorj'' roliof and that, although tho docision 
os to tho amount must bo to a considorablo dogreo 
arbitrary, roliof of 50 por cont strikes a reasonable 
balanco It docs not considor that tlioro is any need 
to ro-dofino tho term ‘charity’ for rating purposes 
only, and in tho Wluto Paper outlining its poke} 
on Cliantahlo Trusts in July 1955, tho Goiemment 
rojoctod proposals for a now definition for gonoral 
purposes Tho Committee rocommonds that organ 
izations on tho frmgo of tho field of chnntv should 
ho ohgiblo for roliof at tho discretion of tho local 
authorities, but it does not rocommond that chard ios 
in gonoral should ho excluded from roliof on tho 
ground that tho body ib national or that it is in 
recoipt of Exchoquor grant or foes or bocauso its 
voluntary incomo is small Tho position of the 
universities was specially considered, but tho Com. 
mittco docs not considor that, on balanco, tho 
exclusion of all umvorsity institutions would bo 
justifiod by tho ovidonce or argumonts prosontod 

Representations woro made to tho Committoo that a 
now statutory roliof of 75 per cont should bo allowed 
to industrial rosoorcli associations, and on tlus also 
oral ovidcnco has boon hoard from tho Parliamentary 
and Soiontific Committoo Tho Pritchard Committee, 
houovor, submits reasonably enough that research 
associations aro muoh more akin to tho research 
establishments of individual firms than to charities, 
and that tho roliof considered appropriate for research 
establishments conducted by individual firms within 
tho curtilage of their industrial hereditaments should 
be oxtondod to tho promises of industrial research 
associations Tins view is in accordance with that 
expressed in evidenco by tho Department of Scientific 
and Industrial Research 

No pronouncement has yet been made by the 
Government regarding its acceptance or othorwiso of 
the recommendations of tho Pritchard Committoo , 
this matter of rating relief is only ono way m which 
Section 8 of tho Rating and Valuation (Miscellaneous 
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Provisions) Act, I960, lias touched the scientific and 
other learned societies vory closely Under the Local 
Government Act, 1048, valuation officers of the Board 
of Inland Revenue became responsible for valuation 
rating on Fobruary 2, 1950, with the object of 
securing um form standards of valuation, and this, 
of course precluded tho continuation of the practice 
of sympathetically undervaluing hereditaments 
occupied by o hardies and kindred bodies Section 8 
of the Rating and Valuation (Miscellaneous Pro 
visions) Bill introduoed in March 1065 was intended 
to avoid the substantial increases in liabilities for 
rates which such bodies ’would otherwise have in 
currcd, and it was quite door in tho dobatos on tho 
Bill, which received Royal Assent on July 27, 1956 
that the Government fully appreciated the difficulties 
of tho scientific and loomed societies 

The Pritchard Committee in ite report emphasises 
that this Section of the Act provides tlio first statutory 
relief from rates for charities as such, and tho first 
endorsement by Parliament of the relief previously 
gi\ on extra statutorily by local government in various 
ways Further, this element of mandatory relief was 
mtroduoed by tho Government not, initially , os a 
matter of Government policy, but in deference to tho 
wishes of the House of Commons after a provision 
relying entirely upon local discretion had been 
criticized from all quarters Moreover, this particular 
enactment was designed as a holding provision and 
never intended as a permanent arrangement 

Those observations ore important, os they indicate 
cloarly tho lino whioh should be taken by scientific 
sociotioa and professional organizations which may 
be unfairly a floated in the new situation It follows, 
moreover, that legislation to provide some reasonable 
permanent arrangement is not merely probable but 
almost inovrtablo, and that it is in tho debates on 
suoh legislation that the needs of the soientiflo and 
learned societies and professional organizations should 
be olearly and offoctlvoly preeonted to Parliament 

When in 1950 the valuation officers of the Board of 
Inland Revenuo assumed responsibility for valuation 
for rating, they did not disturb the exemptions m tho 
old bate unless they woro asked to do bo by the 
rr ting authorities , but m preparing tho now valua 
tion lists which came into force on April 1 1950 
they applied stnotly the provisions of the Act of 
1843 os recently interpreted by tho courts In con 
soquenoe some sooioties whioh had boon exempt 
bocamo liablo for rates on assessments basod on full 
current rental valuos, and only some of those wliloh 
cliallongod this liability m the courts sucoooded 
Further, tho Board of Inland Rovonuo has suspended 
the income tax rebate which tho loaraod sooioties 
onjoyod on seven year covenants entered into by 
their members, and for some of them has finally 
withdrawn tho relief 

This is tho second aspect of tho situation whioh 
deeply concornfl the professional associations (and 
liMirnod sooioties and other bodies, and maj affect 
so mo of thorn much moro seriously than the con 
cession nmdo regarding subscriptions to such bodies 
, n Olaueo 14 of tho Finance Bill, 1958 Indeed, 


although the situation is complex and is still being 
argued between various bodies and tho Inland 
Revenue, sometimes in the Court of Appeal, it would 
appear tliat those bodies which liavo lost the right 
to tax rebates on subscription income guaranteed 
from covenants are likely also to lose rating relief 
and the advantage of their members boing able to 
claim subscriptions as expanses against inco me tax 
Probably it is not too much to say that so mo of the 
societies have only been oblo to meet post-war costs 
through tho rebates in covenanted subscriptions and 
relief from rates which they havo luthort© enjoyed 
Tho Pritchard Comiruttoo argues lucidly and 
cogontly for a mandatory and uniform system of 
rating relief It docs not suggest that all anomalies 
will be removed or that there should be no dis 
cretionary relief It is difficult to refute the argument 
of an eminently sensible report but before adopting 
tho legislation to which the report points, Parliament 
might reasonably re-exnmino the fundamental quos 
tion what is a charity for tax purposes and especially 
tho full and wide implications of what could not 
unfairly be described as an assault on learned societies 
launched by the Board of Inland Rovonuo Parlia 
ment, at least should bo concerned not so much with 
tho benefits and advantages, to particular institutions 
and their members, of taxation or rating relief, but 
with the extent to which the public interest is served 
by suoh bodlos A recent survey of leisure and 
learning in Bolton and Rochdalo pointed to the 
value of such societies in tho world of to-day j quite 
apart from their place in tho dissemination of 
knowledge and the maintenance of professional 
standards, and to tlioir need of assistance in tho 
maintenance and equipment of promisee Tho place 
of the scientific and learned sooioty m the world of 
to-day could bo appropriately re-examinod in tho 
light of all the implications of the situation on wiuch 
the Pritchard Committee has now reported 

KEW, PAST AND PRESENT 

The Royal Botanic Gardens, Kew 
By W B Turrfll Pp 25G + 10 plates (London 
Herbert Jonkins, Ltd., 1969 ) 25s net 
" 17 * EW” to botanists horticulturists and admirers 
of plants tho world ovor is tho Royal Botanic 
Gordons Kew, Richmond, Surrey, England Like 
many other famous places or institutions tho exact 
day of its founding is uncertain This summer, how 
ever, the Royal Botanio Gardens oolebrotod a birth 
day of approximately two hundred histone profitable, 
ovontful and beautiful vears At this occasion 
grateful botanists paid tribute by manuscript letter 
or personal visit Few liavo honoured Kew ns wo 11 
though, as William Bertram Turnll does in this 
book. It is a do vo tod tribute to tho Gordons tho 
author knew and served for fort} nine } oars until 
his retirement in 1957 

"The Rovnl Botanic Gardens, Kew" is both a 
historical account of the development of tho Gardens 
and laboratories and a deteilod description of thoir 
current contents ^Tho book is remliblo, but t o 
historical portion and that of ,x 

tho staff are wri* “h *° 

4 * 
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that one longs for greater emphasis on the personality 
and procedures of the men who made Kmv and 
contribute to its reputation to-day Tho Royal 
Botanic Gardens have served as a training ground 
for many scientists, exploiors and gardeners, but 
Dr Turrill is almost reluctant m admitting tho con- 
tributions of these men Procedures, ldoas and oven 
the architecture developed at Kew wore takon by 
students to distant lands, and one sees tho infiuonco 
of Kmv in some aspect of overy major herbarium 
and botanic garden of the world A single chapter of 
a scant fourteen pages describes tho current scientific 
research of nearly eighty-five people Tlireo pagos 
are devoted to “Plant Introductions via Kow”, and 
nearly half of this concerns the story of quinine 
One wishes Dr Turrill had elaborated moro tho credit 
which is due to the activities and leadership of Kew, 
and m basic research and practical horticulture 
The remaining chapters, particularly those on 
“Economic Botany and the Kow Musoums”, “Tho 
Greenhouses” and Kew at various seasons, charmingly 
describe a tour of tho exhibits, living and preserved, 
m mfim te detail The book will serve as a guido, 
supplying, where appropriate, tho personal exposition 
of a tour leader on how trees grow or manufacture 
food, or how plant products are used, or whoro par- 
ticular plants can be found One familiar with 
museum and garden exhibition tecliruques visualizes 
in Tumll’s account both tho display and tho in- 
formation on the labols At tho same timo, tho casual 
reader may bo unaware that chapters of a basic 
text-book of botany have been paraplirasod to prosont 
bnofly and clearly the reasons for tho exhibit 

A chapter on “Wild Life at Kow” oxomplifies tho 
detail of the book in relating much information, 
including the introduction of tho American grey 
squirrel and its destruction, tho amount of myxo- 
matosis in the rabbits of Kew during tho yonr 1955, 
the types of weeds in the lawn or tho rocord-sized 
fish caught in a Kew pond and its prosent location 
Throughout this and other chapters are tho intimato 
stones one gets in a personally conducted, leisurely 
tour by a guide who knows and loves the Royal 
Botanic Gardens, Kew 

Sixteen excellent plates illustrate tho men and 
women responsible for Kow’s past, tho present 
buildings, and scenes from the Gardens Appendixes 
give details on the climate, the rules and regulations, 
the physical plant, the composition of the staff and 
the chronology of the curators and keepers of tho 
Herbarium, Library and musoums A bibliography 
of sixty-six titles relating to Kow , on index and a 
grid map, referred to frequently in tho text, complete 
the book 

As one enjoys a garden at many hours of many 
seasons, so I recommend to past, present and future 
friends of Kew a leisurely and frequent reading of 
this book Richard A Howard 

JET PROPULSION 

Jets and Rockets 

By A Barker, T R F Nonweiler and R Smelt 
Pp xiv + 268 (London Chapman and Hall, Ltd 
1959 ) 36s, net 

T HE history of this hook prior to publication was 
unusually rich, and Mr Nonweiler recites it 
with relish in his candid preface The book was 
begun by Mr Smelt in 1945, and then passed to Mr 
Nonweiler after the former ‘went West to the States’ , 


finally Mr Barkor brought it up to date and completed 
it Although a few nuthontic touchos of antiquity 
survivo, most of tho book has boon satisfactorily 
modernized, and tho roadci need havo only occasional 
qualms on this score 

Tho book is intended as an introductory text-book 
on all forms of jot propulsion, rockot, ramjot, turbo 
jot, pulso-jot and \arious h} finds, and on tho wholo, 
it nchioics this purpose veil Tho authors desenbo 
clearly tho mam foatmos of each power plant, and 
presorvo a fair balanco , tlioy do not dolvo very 
deeply into tho spociahzod problems of each ongino, 
but this cannot bo oxpooted in a 250 pago book so 
w ldo m its scopo Tho cliomistry of rockot combustion 
and tho thermodynamics of tho various engines — 
tho theory under]} mg tho calculation of thrust 
coofficiont and fuol consumption — aro prosonlcd m 
adoquato detail , and tho methods of calculating 
drag and tho design of air intakes aro also thorougldy 
discussed Ono of tho best features of tho book is 
its emphasis on tho closo links botwoon tho internal 
thermodynamics of nn engino and i!r external aero- 
dynamics Hub emphasis is particularly xaluablo 
bceauso man}' text-hooks on propulsion tend to ignore 
the external aorodynamics, although minimizing drag 
can bo just ns important ns maximizing thrust, 
especially at supersonic speeds 

Unforiunnteh , tho book is marred by lack of 
attention to detail Sovoral of tho formula; nro m 
error (og, equations 5 13 and 6 15), somo of tho 
graphs lock units, tho spoiling is erratic, misprints 
abound nnd there aro mnny st} fistic lapses Chapter 
15 is in places Badly out of dato it gives tho impres 
sion that tho V2 was tho ultimato in rockot missiles 
and that space vohiclcs nro virtually impossible 
Indeed, throughout tho book, Gorman war-timo 
engines, now musoum-picces, aro too often quoted 
os oxamplcs, thus gi\ ing tho falso impression that 
tho accompanying toxt is equally obsoloto On 
ono point of detail tho book is excellent thoro aro 
moro than 120 diagrams nnd pliotograplis, most of 
thorn portinont., clear and mformntivo 

D G Kixg-Hflk 


NUCLEAR FUEL TREATMENT 

Chemical Processing of Nuclear Fuels 
By Dr F S Martin and Dr G L Miles Pp x+242 
(London Butterwortlis Scientific Publications , 
Now York Academic Press, Inc , 1958 ) 40 s , 

7 50 dollars 

A LTHOUGH this book is intended mainly ns nn 
introduction to tho problems of chemical pro 
cessing of nuclear fuel after irradiation m a reactor, its 
scopo oxtends much furlhor In Part ], which deals 
with “Nuclear Considerations”, tho tlireo main 
systems uranium-235, urnnium-238-plutonnmi nnd 
thonum-uramum-233 aro considered separately and 
the reactions occurring under thormal neutron irradia- 
tion Bhowm dingrammaticnlly 

Tho sovoral highly developed solvent-oxtmcfion 
processes employed m nuclear processing nro described 
and decontamination factors listed Tho require 
ments of a process for purifying tho plutonium product 
of primary separation aro also enumerated and 
tho value quoted for tho overall rocovory of plu- 
tonium (99 4 per cent) in ono process show's how 
highly developed this particular teclinology has 
become 
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In the middle chapters the authors survey other 
prooeeses which have been considered (and in some 
cases developed) for the separation of heavy nuclides 
from fission products The range covered is sufficient 
to indicate the amazing volume of research which 
has been carried out on both sides of the Atlantic in 
this field — ion -exchange separations, metal distilla 
tions, halide volatilizations, extractions by molten 
metals, purification by slagging processes, extraction 
by fused chlondoe ns well as the more conventional 
(and historically important) processes of separation 
by precipitation 

There is also a section in the book dealing with the 
disposal of effluents and fission product recovery, a 
field which has received much attention from authors, 
both knowledgeable and otherwise, in recent years It 
la sufficient to say that the treatment here is brief 
and chemically factual and scoree on both these 
counts 

A criticism which may be advanced, perhaps, is that 
the reader is not given very clearly to understand 
which are the most important separation processes 
described The dominant position now held by 
solvent extraction proooesos and the resultant com 
morcial difficulties in the way of any competing 
technology oro not brought out very fully But such 
an appreciation is not necessarily a function of this 
book , it is abundantly oleor that it represents 
a valuable and important contribution to chemical 
literature It should find its way not only to those 
science and engineering graduates with somo acquaint- 
ance of nuclear reactor development but also to that 
much wider reading public of chemists and chemical 
engmoors who would like to read and have by thorn 
an authoritative and interesting work on the applied 
chemistry of nuclear power J E Ltitleotiild 


in fish and other foods There are also ohapters on 
pesticide residues, radiochemioal determinations food 
poisoning and preservative The detection of horse 
incnt in presence of other animal tissues is dmoussed 
Chapters are m eluded on artificial sweetening agents 
and on colouring matters Instructions oro oven 
given for such do tails as how to count the pits m 
peeorvod chemcs from which the pits have ostensibly 
been removed 

In a few respoots — for example, in epoctrophoto 
metrj, m nbsonoo of mention of mothyl cellulose m 
determination of tocopherol* and of carotene in Jack 
of reference t-o paper chromatography — -tho book is 
not up to date, but it would be impossible for so 
largo a work to be kept up to tho minute by one 
author Tho book has been produced in the United 
States and is primarily concemod with codec of 
practice and food laws in that country, but in nearly 
all cases the information has general application 
The book is indeed a useful compilation 

V H Booth 


A FLORA OF THE ARCTIC 

Clrcumpo'ar Arctic Flora 

By Nicholas Polunin. Pp xxviu + 614 (Oxford 
Clarendon Press , London Oxford University Press, 
1959 ) 126s net 

T WO problems immediately confront those who 
write on arctic plants first, tho difficulty of 
defining the limits of what ono proposes to term *‘tho 
Arctic and secondly, the even groater difficulty of 
providing on adequate and up to-dato account of 
that vast and virtually inaccoesfWo area lying oast 
of Finland and west of the Bering straits Ur Polunin 
with his extensive experience of tho arctic and arctic 


FOOD ANALYSIS 

The Chemical Analysis of Foods and Food Products 
By Dr Morris B Jacobs Third edition Pp xxiv-f- 
070 (Pnncoton, N J D Van Noetrand Company, 
Inc London D Von Nostrand Company, Ltd, 
1958 ) 103* 6d 

T HE 970 pages of this book include more 
material than tho title indicates The text 
includes information on the make-up of several types 
of food For example, the chapter on sugar foods 
and carbohydrates begins with a useful summary’ of 
the types of carbohydrates found in foods tho 
chapter on moat gives definitions of moat products 
and tables of typical compositions , tho chapter on 
oils and fats contains In tabular form Information on 
24 Catty acids , tho chapter on quality measurement 
includes a general introduction on flavour acceptance , 
while the chapter on milk comprises more than a 
hundred pogos and fnoludes dot ailed information on 
composition, on choose and other products, and on 
adulterants 

Essentially, however, the work is a practical book 
for use at tho bench Tho book begins by’ describing 
general chemical and physical methods that aro used 
m the analyses of food products Directions ore 
given for analysing constituents of all common and 
somo loss common foods Tho book also includes 
chapters on undesirable materials in food For 
examplo, one chapter deals with filth, and includes 
working directions for estimating the amount of 
rodent excreta, maggots, rancidity, and decomposition 


vegetation faces up boldly to the first problom and 
can no doubt furnish weighty arguments in favour of 
what appears to be a curiously involved indeod 
almost tortuous, delimitation As regards tho second 
problem, tho author freely admits that our know 
ledge of the Soviet arctic is inadequate, and that, in 
present circumstances , no Western or American 
botanist can hope to oompilo a detailed and critical 
circumpolar flora Some may feel this being so, that 
any attempt to doal with tho flora of the area is 
bound to bo premature and unsatisfactory The 
number of flowering plants and vascular cryptogams 
occurring in tho Arctic is so small that the critic has 
some right to expect a minute and detailed analysis, 
and to be more exacting in his demands than if tho 
author wore attempting a survey of some tropical 
region with a riohiy diversified flora If tho reader 
approaches Dr Polunin’s book in this frame of mind 
ho will find much to criticize, for the very freqtiont 
use of tho toll tale abbreviations agg and sj after 
the scientific names shows how much has still to bo 
done before the last word con bo written on this 
subject But half a loaf is bettor than no bread, and 
tho lees oxncting will be glad that Dr Polunin has 
hod the onergy and enterprise to give ufl a concise, 
lavishly illustrated and, for practical purposes, 
a tolerably complete account of thoeo northern 


uanca. 

British botanists, whose thoughts turn not mfre- 
[aently to those opochs when much of Great Britain 
ly buriod under ice and snow, will bo Intrigued to 
oe how mnny truly arctio spooiM rtOJ 

boss bygone glamotlon*. end (bearing In min d recent 
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records of Koenigia, Diapenma and Artemisia nor- 
veaica) some may choose to ruminate on the number 
and likely identity of species yet to he discovered 
here Palynologists, geologists and archaeologists will 
also find, m these pages, the sort of information that 
can save hours of exhausting work in tlio identifica- 
tion of doubtful grains or fragments Two features 
that will certainly not be commended by botanists 
are tho absence of author citations m tho mam body 
of the text, and the invention of popular names, somo 
of which (for example, “Boreal Blinlung-chiclcwoed ) 
would, in a less august environment, raise a laugh 
It is a pity, too, that space should havo boon dovotod 
to derivations of generic names , such looming is 
scarcely called for in a book of tlus sort Tho illus- 
trations, though uneven in quality, are on tho wliolo 
very pleasant to look at, and sufficiently dotailod to 
give us a very fair idoa of each plant Printing and 
format are excellent, though tho rogrettably high 
price must necessarily put the book beyond tho 
means of many who would bo happy to possess it 

R D. Meikle 


NEW IDEAS FOR INDUSTRY 

Investment In Innovation 

By C F Carter and B R Williams Pp lx + 167. 
(London Oxford University Press, 1958 ) 15 s not 

T HIS book is m effect a supplement to tho same 
authors’ work on industry and technical progress, 
being in the main a by-product of the case studios 
which were undertaken in connexion with tho -writing 
of that book under tho auspices of the British Associa- 
tion and the Conditional Aid schomo It is a detailed 
investigation, based upon case material, of the reasons 
why firms invest or do not mve3t in teclinioal innova- 
tions Perhaps the only brief statement that can bo 
made about its conclusions is that it shows tho 
enormous range of difference between firms and 
industries in the nature of the incentives to invest- 
ment Thus, for example, it is mado clear that, in 
some cases, keener competition at home or abroad is 
an mcentive to investment while in other cases 
protection from competition will have this effect 
Tho effect of excess demand manifesting itself in 
long order books is also noted as one of the factors 
that have been important in some cases m recont 
years, and there is a careful discussion of the effect 
of fiscal changes in stimulating either new investment 
or quicker replacement of plant Tho general factors 
which are regarded as likely to promoto accelerated 
investment in innovations most effectively, however, 
seem to be the supply and wide diffusion through 
industry of scientifically literate people and tho 
improvement of recruitment and training for manage- 
ment It is essentially effective access to information 
about new technical possibilities and the willingness 
and ability to introduce chango without creating 
insuperable opposition that seem to be key factors in 
determining the rate of industrial progress 

Hot very much attention is given by the authors 
to the supply of capital as a factor limiting investment 
of tho relevant kind, though they found some cases 
m which shortage of risk capital had been important 
Their investigation, however, throws more bght on 
the old question whether interest rate is an important 
controlling factor governing industrial investment 
In general, they conclude from their field studies 
that with interest rates varying over the normal range 


their direct influence is slight — investment projects 
are either so attractive that a difference in interest 
rate botwoon, say, 2 and 6 por cont will havo littlo 
effect upon thorn or so unattractive that thoy will 
not bo undertaken at any interest rate however low 
Tho authors think, however, that there is an inter- 
mediate class of projects to which tho rate of interest 
is critical oven ns things are, and that this class might 
bo much bigger if interest rates u oro capable of going 
higlior than m fact thoy havo gono in ndvnnced 
countries in modem times 

Aitogothor this is an extremely valuablo and 
stimulating book belonging to tho select but growing 
class of contributions to economics which seek 
answors to tho really fundamental questions from 
diroct investigation of industrial life - 

A J Brown 

THE FUTURE OF THE ETRUSCANS 

Ciba Foundation Symposium on Medical Biology 
and Etruscan Origins 

Edited by G. E W Wolslenholmo and Cecilia M 
O’Connor Pp xn+255 (London J and A 
Churchill, Ltd , 1959 ) 45s not 

T HE publication of a Ciba Foundation symposium 
is always an interesting event This volumo lias 
a stimulating titlo , tho synthesis attempted is an 
innovation of somo significance, and it will bo viewed 
from many quarters with a critical eye, m order to 
assess tho value of its application to populations 
other than tho Etruscans 

Tho Foundation must bo congratulated on baling 
drawn togotlior a group of eminent scientists and 
Etruscologists, and on the cloar layout and attrac- 
tive presentation of tlio volumo Tho illustrations 
show evidonco of a care not always oxtended to tho 
maps Tho first five pnpors presented at tho sym- 
posium givo tlio evidonco of nrclmology, religion and 
linguistics, and some spaco is givon to discussion of 
tho vnrymg theories on tho origins of tho Etruscans 
wlucli this evidence pormits As Prof Banti points 
out, no ono theory can bo held dogmatically on tho 
basis of tho present information from theso Holds , 
and for this reason if for no other, much might be 
oxpoctcd of tho contributions of tho scientists to 
tlus meeting IS, m tlio conclusions which may bo 
drawn from it, tho second section falls short of tho 
reader’s expectations, it must bo borno m mind that 
tho value of scientific work to such studies lias only 
recently been appreciated , indeed, this is made 
cloar m tho discussions, m wlucli it is admitted that 
skeletal material has rocoivod cave her treatment m 
the past Tho mam valuo of this mooting of scientists 
and arcliroologists lies in its promise, and in tho 
opportunity it has providod to discuss mutual require 
monts , many interesting possibilities are outlined 
by tlio various speakers, not tho least of winch is 
that of tho blood grouping of skoloi al remains Several 
speakers discuss the serology of the modem popula- 
tion of Etruria , a feature tho impact of which is somo- 
what spoilt by tho failuro of tho historians to show- that 
this region lias remained gonotically isolated since the 
Etruscan period 

Tins book presents an intriguing approach to an 
old and fascinating problom, and much can bo gained 
from its careful outline of tho requirements and pitfalls 
of such studios It is hkoly to bocome a useful 
reference book Madeleine Smith 
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Khaml Ruins 

Hoport on Eicavations undertaken for tho Com 
mission for tho Preservation of Natural and Historical 
Monuments and Relics, Southern Rhodesia, 1947- 
1955 By K R Robinson. With Reports by G Bond 
andE Voce Pp x\ 1 + 192+28 plates (Cambridge 
At the University Proes, 1959 ) 40s net 

I T seems likely that Iron working agriculture and 
the manufacture of well made pottery readied 
Central Africa at the sarao tirno ana as dements of 
tho same culture complex, within a century or two 
of the beginning of tho Christian era The event 
marks the begin n i n g of the history of the Bantu 
b peaking peoples in the area and forms a most 
important field of pro- and proto historical research 
None tho loss it is a sadly nog! octod field of study 
and much credit must go to prohlstonans working on 
this period in Southern Rhodesia 

Miss Cat-on Thompson’s work on Zimbabwo is 
well known, and earlier this year Roger Summers 
produced a most important book on the terrace* and 
rums of Inyanga Keith Robinson’s excellent book 
on the Khami rums now ortablos us to mako some 
fionso of tho third of tho groat ruins sites of Southern 
Rhodesia 

Tho book is an excellent objective study of th© 
ruins basod on many years of intimate study booked 
b> carefully selected excavation. It is attractively 
set out with good illustrations, and m Chapter 5 
tho conclusions are logically and dearly presented 
The ov er riding weakness m all three of the works 
mentioned is the lack of conclusive dating evidonoe 
Tins is no fault of the writers concerned and is 
ontirely due to tho difficult nature of tho evidence 
Radiocarbon dates aro urgently needed 

It is to be hopod that the future will eee a con 
tmuation of the excellent work now being done in 
Southern Rhodesia, porhaps we may add, with 
rather more emphasis on the crucial earlier phases 
of the Rhodesian Iron Age R R Inskekp 

Rock Pressure In Mines 

By E de 8t Q Isaacson Pp x + 313 (London x 
Mining Publications, Ltd , 1958 ) 46 « 

S EVENTY FIVE years ago Fayol published results 
of his investigations into ground failure While 
his conclusions were valid at shallow depths, it was 
found that at deeper levels stresses, which had littlo 
significance near the surface, began to play an ever 
increasing part During tho past thirty > ears many 
workers have investigated the problem, and in “Rook 
Pressure in Mines’' we Iiavo a comprehensive account 
of the theoretical and practical principles that govern 
tho behaviour of pressure m underground workings 
The author who is In chargo of tho Rockburat 
Research Unit of the Kolar Gold Mines devotes the 
first four chapters to theoretical considerations, 
doalmg with elastic stresses and strains clast io 
stresses in isotropic rocks around dlfferenth shaped 
excavations, the bohaviour of rook streesoa beyond 
the olastio limit, and modifications due to departures 
from homogeneity Ho then applies theso cons id era 
tions to tho planning and lay out of workings In a 
chapter on rock bursts ho show’s how strain energy 
may bo built up Ho considers that good planning 
coupled with depressing should substantially reduce 
the danger of rock bursts Descriptions and criticisms 
of several occurrences are given Finally some of 
the instruments suitable for measurement of stresses 
and strain underground are described Tho book is 


well planned and pleasingly written There are 135 
simple line-drawings and some plates References to 
standard text books and technical papers are ade- 
quate It is a book which will bo invaluable to all 
who are concerned with problems of rock pressure 
J K L Graham 

Plant Nematodes 

Their Bionomics and Control By Dr Josso R 
Christie Pp xi + 256 (Gainoevillo, Fla : Agricul 
tural Experiment Stations, University of Florida, 
1959 ) 3 76 dollars 

N E MAT O LO GY as a separate discipline is a 
relatively recent development and, os a result 
tho information on the bionomics and control of plant 
parasitic nematodes is spread widely through technical 
journals and bulletins This literature has not only 
been surveyed and compiled by the author but is also 
presented in a clear and logical manner The author 
of this relatively small book has succeeded admirably 
m fulfilling his declared intention of writing a work 
for specialists which is also understandable to others 
generally interested in agriculture and horticulture 
This lie has done in fourteen chapters of whioh the 
first is a general introduction to nematodes and 
nomatology, while the second is a general discussion 
of the principles of nematode control Each of tho 
remaining chapters deals with one group of relatod 
nematodes ana each is laid out in the samo sequonco, 
so far as the subject matter will allow First, tho 
taxonomy of the parasite then tho lifodnstory und 
habits, tho injury causod to the host a list of hosts, 
the parasites’ known distribution and methods of 
spread, and, finally methods of control Five tables, 
in an appendix list tho parasites and their distnbu 
tion, under the crop plants attacked control 
measure© do tails of hot- water treatments , the 

common names of plant parasitic nematodes and in 
tho fifth table a list of scientific names of nematodes 
attacking plants and their synonymies, is given 
Tho symptoms resulting from nematodo attack are 
illustrated by photographs whioh aro generally of 
a high standard Tho book should form a useful 
sourco of reference to experienced workers as well ns a 
text book for the studont W G Inolts 

Acetophenetidln 

A Critical Bibliographic Review By Prof Paul K 
Smith (Monographs of the Institute for tho Study 
of Analgesic and Sedativo Drugs, No 4 ) Pp x + 
180 (Now York Intenioienco Publishers, 
Inc London Intorecienco Publishers, Ltd , 1968 ) 
46s 

P K SMITH’S book on acetophonotidln is the 
fourth In a senes of monographs reviewing tho 
literature on individual drugs. It deals with 629 
reference* on tho clinical uses, pharmacological 
properties, metabolism and side effects of accto 
phonetidin (phonaoetm) and its metabolite N acetyl 
p-aminophonol Tho hook throws an interesting light 
on tho history of the use of antipyretics, and roflocts 
the changes in medical thought on disease during tho 
past seventy years If the purpose for which tho 
drug is employ od has changed, its popularity has 
stood tho tost of time, and justifiably so, sinoe 
acctophenotidln la not only efficacious but virtually 
free from harmful si do -effects Pharmacological work 
on the substance will continuo, as wo are far from 
undemanding the reason, for .1. 
action 



1350 


NATURE 


October 31, 1959 


VOL. 184 


A NEW EXPERIMENTAL TEST OF SPECIAL RELATIVITY 

By J. P CEDARHOLM 

I B M Watson Laboratory 
AND 

Prof C H TOWNES 
Columbia University, New York 


E XPERIMENTS which have tested special rela- 
tivity have usually been forced to rely on great 
delicacy and precision in order to detect or oxamino 
the small differences between predictions of special 
relativity and those of alternate theories This is 
because these differences appear multiplied by a 4 cry 
small quantity {vie)', where c is the volocity of light 
and v is some relative velocity which is generally 
much smaller than c Wlulo giving a clear-cut 
support to special relativity over somo other theories 
such as a simple ether, experiments ha\ o not generally 
measured the small terms in (e/c) 1 with impressive 
fractional accuracy Michelson and Morloy’s first 
experiment 1 , for example, was of remarkable pre- 
cision, But it was searching for a change in light- 
path of only about one part in 10* duo to the motion 
of the Earth about the Sun on the basis of the then 
current ether theory, and was ablo to sot on uppor 
limit no less than 1/40 of this, or an other drift of 
about one sixth the orbital volocity of the Earth 
Subsequent very refined experiments* of a similar 
type succeeded, a half-century later, in sotting an 
upper limit on any ether drift of 1/20 tho volocity of 
the Earth around tho Sim Others’ evon suggested 
the existence of an ethor drift as largo as about one- 
fifth of tho orbital velocity of tho Earth Tho advent 
of very high precision atomic clocks suggests that 
still more exacting experimental tests may now bo 
made , one such, which is now more or less com- 
pleted, is reported here 

The experiment compares the frequencies of two 
maser oscillators* with thoir beams of ammonia 
molecules pointed in opposite directions, but both 
parallel to a supposed direction of motion through 
the ether If both masers are rotated 180°, and their 
frequencies again compared, a change in relative 
frequency should be found due to motion of tho 
masers through the ether, assuming tho molecular 
vibrations are unchanged by such motion A pre- 
cision of one part in 10 1 * has boon achieved m this 
frequency comparison, and fadure to find a frequency 
change of the predicted typo allows sotting tho upper 
limit on an ether drift as low as 1/1,000 of the orbital 
velocity of the Earth This precision also provides a 
test for some other effects which will be discussed 
below 

Tho effect on tho frequency of a beam-typo maser 
oscillator of motion through tho ether was first 
worked out by Holler 6 A brief, somewhat intuitive 
explanation of this shift follows In this device, 
ammonia molecules m an excited state travel at 
thermal velocities along the axis of a circular cylin- 
drical cavity, giving it energy If the cavity is 
stationary in the ether, the standing waves may bo 
considered to be made of travelling waves with wave- 
fronts nearly parallel to the axis As the molecule 
moves along the axis, there is then no Doppler shift 


If tho apparatus is moving axially through tho othor 
at volocity v, tho wave fronts must tilt at an angle 
a = vie m ordor to follow this axial volocity. Bonce, 
moloculos travelling at volocity v through tlio cavitj 
produce a frequency shifted by tho Dopplor effect of 
an amount vua/c = vuv/c’- Hero v is tho molecular 
frequency Stneo m?v/c* depends on tho relative 
direction of u and v, two masers -with oppositoh 
directed beams should linvo frequencies -which differ 
by 2ia.'v/c* duo t-o this effect If each is rotated 
180°, tho total cliango m their frequency difference 
is 4miv/c* 

A more prcciso dorivntion of this effect is obtained 
from tho fact that special relativity predicts tho same 
result as does an ether theory, provided that the 


FitzGerald contraction y/(^ ~ — J is mtroducod for 

any length parallol to tho motion t> tlirough tho other, 
and also that tho proper timo of any clock or oscillator 

is modified by the samo factor — duo to 


tins motion In othor -words, any effect due to 
motion through a simplo other is just compensated 
by appropriate changes m scalo for length and timo 
which correspond to tho Lorcntz transformation 
If, then, an othor thorny is used without FitzGerald 
contraction and timo dilation, tho expected shift m 
frequoncy may bo computed from an oxnmmntion of 
tho effects of theso changes of scalo for longth and 
timo 

Consider first tho FitzGerald contraction Its effect 
on tho frequency of maser oscillation is very small 
and may bo neglected because tins frequency is 
rather insensitive to tho dimensions and resonant 
frequency of tho cavity* 

Tho timo dilation, Iiowovct, produces tho effect wo 
seok If tho cavity moves through tho othor at a 
volocity v and the molcculo tlirough tho cavity nt 
velocity «, then tho molecular volocity through tho 
othor is V = v -f i>, and tho molecular time will bo 
slow, for an observer m tho framework of tlio ether, 
for tho factor 



(u + v)= 


:1 , w* . mi 

j « 1 - J-J- ^ 


Hi 

c : 


But timo m tho actual laboratory framework, which 
is fixed with respect to tho cavity, is slow by tlio 
factor 



Hi- 

20* 


Hence tho moloculo w ould appear slow to an obsorvor 
in tho laboratory by tho difference botwcon thoso 
two, or by tho factor 
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Tha first sma ll correction is the well known transverse 
Doppler effect, and 1 a independent of ether drift 
Tlie eocond email correction is the discrepancy tiv/c 1 
winch -would occur if we -were to accept a simple 
ether and no tune dilation in the proper oscillation 
of the molecule, as postulated in Moller’s or iginal 
discussion* 

Tho above derivation makea it clear that failure 
to see any clrnnge in time equivalent to the small 
fractional amount uvjc* may be explained away by 
the assumption of a time dilation for those who 
wish to adhere to an ether with such peculiarities 
Hence the experiment is more olosoly related to the 
Kennedy-Thomdike experiment* than to that 
of Miahelson and Morloy A nuli result m the 
latter needs, of course, only a FitzGerald oontrac 
tion for an explanation in forms of an ether 
theory 

For performance of the present experiment, two 
ammonia beam masers wore mounted with oppositely 
directed beams on a rack whiali rotated about a 
vertical axis The frequencies of these oscillators ore 
near 23,870 Mo /s The thermal velocity u ■=> 
0 0 km,/s for NH, at room temperature If the 
orbital velocity of the Earth is assumed to be the 
rate of motion through the other tlien v « 30 km /a 
and the frequency change 4 uwv/e* — 20 0/0 when 
tho masers are rotated 180° from on initial eoatr-west 
position at noon or midnight 

During a small fraction of a second the relative 
frequency of the two masers fluctuates randomly 
about fa 0 Js. Over somewhat longer periods such 
na those required for measurement before and after 
rotation, the average froquoncy difference does not 
vary more than about fa a (a or one part in 10 19 
Hence the 20 o /s variation expected on an ether 
theory would be very easily detected. Variation of 
about 1 c fa on rotation of the two masers was in 
fact observed. However, this \ aria tion. could be 
eliminated by magnetically shielding tho masers, and 
without shielding it remained constant to within 
about bV 0 /a as the Earth rotated throughout a 
24 hr run. This shows that no more than 
about fa o Ib shift could be attributed to an ether 
drift 

The experiment involving rotation of the two 
masers was carofully done for tho first time on 
September 20 1968 1 No proper effect os large as 
fa o /s was found. Hence, since the orbital velocity 
of the Earth of 30 km /s would have given an effect 
of 20 0 /s the ether drift could not have been larger 
than 1/1,000 of this value, or 30 m /a It is, of course, 
possible for tho motion of tho Earth to be just 
cancelled by the motion of the solar system through 
the other at some particular timo of the year Tho 
experiment has now been repeated at the Watson 
Laboratory during 24-hr runs at approximately 
threo month intervals throughout the yoar In none 
of those runs was anj effect as largo aa jVo/b found 

The present experiment sets an upper limit on an 
ether-drift velocity about one-fiftieth that allowed 
by previous experiments This is in part because tho 
effect measured is linear in the ether drift velooity v 
An experiment of tho Micholson-Morley type is 
designed to detect a fractional change of the form 
jti a /o\ which is an order of magnitude larger than 
the term uv(c * discussed hero An upper limit of 
1/400 of has been set by the very careful 


experiments of Jooa* with a Mlchelson interferometer 
However, since this terra is second order m t>, the 
upper limit given for the ether -drift velocity is one 
twentieth of the orbital velocity of the Ear th, or 
1 6 km {b The present experiments have tho advan 
tage that the expected effect us linear in v, and also 
that two docks can. now bo compared with much 
greeter precision than can two distances This 
experiment, involving a comparison of two maser 
oscillators to an accuracy of one part in 10 1 * may 
perhaps represent the most precise experiment bo far 
reported. 

For most physicists, a confirmation of tho fun da 
mental postulate of special relativity tlrnt no absolute 
motion can be detected comes as no surprise, and a 
more precise experimental test may not oven seem 
important because this postulate is so intuitivoh 
satisfactory and firmly accepted. It should bo noted 
however, that tlie positive detection of an effect in 
the present experiment could gi\ o some new informa 
tion without necessarily contradicting tho general 
principles of relath lty The motion of tho Earth 
involves velocity relative to other parts of the solor 
system, as well as to the fixed stars and external 
galaxies Hence this relative motion might, in 
principle, produce some anisotropy in space and some 
shift in relative froquoncy of the two masers when 
they ore rotated by 180° 

Dioke* has suggested that an effect due to motion 
with respect to fixed mosses in the \vmverso should 
be preeent whioh Is of tho order of tho fine structure 
constant, a, times the effect due to ether drift Tins 
would correspond to a frequency shift m the present 
experiment of the order of 1 c /a Rcosons givon by 
Dicke why such a shift might ocour are speculative 
but very interesting Tho present results allow no 
shift larger than fa 0 /s , which gives some indication 
against a term of the order 4 xuov/e* 

Optical maser oscillators* should also lend them 
selves to interesting experiments on relativity smeo 
they will probably bo capablo of examining changes 
in length as small as ono part in 10 l * An optical 
TnRHnr osoiUator could be constructed with a resonance 
between two d talon plates which is narrower in fro 
quenoy than the atomic resonance supplying onorgj 
In this caso tho frequency would depend primarily 
on the spacing between the plates rather than on 
the atomic frequency It is estimated tliat tho 
oscillation would be raonodiromatio to about one 
part in 10 11 This suggests an experiment in which 
the oscillations of two optical masers aro boat together 
m a photocell One of the masers maj be rotated 
about a vertical axis On tho basis of an ether theory , 
the beat froquoncy should thon vary by an amount 
± o*v/2e 1 , for the samo reasons that tho Micholson- 
Morley experiment was expected to sliow a variation 
of path length The fraction r*/c* is 10 -1 so that 
its presence could probably bo tooted with oxoollont 
precision. 


1 JUehoUon A A. and llorley E. W A**r J Sci. M, 833 (1837) 

• Jooi Q Amu PA**. 7 836 (1830) 

•lnller D a,P*T* Mod. PAjffc, 8. J03 (1833) 8«e, howttrer.ShjLnk 
Und K S. McCmtoT 8 W Leone ¥ a ana Kaertl 0 Odd 
£7 207 (1856) 

• Gordon. J P Zeiger H J and Towne* C II PA** Rev 09 If 01 

(iosi) 

• Holler 0 Xoovo (Hmndo 6 8opp 381 (1867) 

• Kennedy It. J and Thorndike E. II. PA** JUv 43 -100 (1W2) 
1 Odarbolrn, J P Bland G F Haven* B L. and Tom** O If 

PA*» Ret Ldlnt 1 3*2 (1853) 

• Dicke B H Proc. Bvmp Quantum Electronic* Oolum 

Prt*t (to be poblUbed) nt loW (i£»M) 

• Bchawiow A L. and Town®* C. H 
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ECHO-LOCATION AMONG COLLOCALIA 

By LORD MEDWAY 

Department of Anatomy, University of Birmingham 


I T is known that a number of species of the swiftlets 
(Gollocaha) of south-east Asia aro able to fly m 
total darkness m the caves in which they nest Wien 
on the wing in the dark or in poor light thoy utter ft 
series of click-like calls m very rapid succession so 
that the final effect is a staccato rattle Noviclt 1 has 
recently demonstrated that tlus call is essontial for 
oriented flight in darkness by Collocaha brevirostris 
unicolor, a swiftlot found in Ceylon 

A similar call is heard from Gollocaha maxima lowi 1 , 
which nests in a numbor of caves in Sarawak 3 In 
1957, recordings of this swiftlet were made for the 
Sarawak Museum with tho assistance of staff of 
Radio Sarawak Successful recordings woro made 
both under natural conditions in Merajft cave, Bau*, 
known to be inhabited only by 0 maxima, and of 
individuals of the same species flying singly in tho 
dark-room of the Sarawak Musoum, which measures 
11 ft by 1G ft by 12 ft high and lias interior nails 
finished m rough plaster and distemper 

The recordmg apparatus used -was a Philips hand 
microphone typo 9564/10 with an EMI portablo 
battery-operated recorder, typo L2D Parts of tho 
tape weie later played into tho ‘Sonograph’ sound 
spectrograph to give a plot of frequency spectrum 
against timo Thoy wore also playod back into an 
oscillograph wluch was photographod on moving 
film From these films the spectrum was calculated 
by carrying out a Fourier transform of the wave- 
form 

Although blindfolding and doafomng experiments 
were not performed, there are soveral features of tho 
rattle call of this swiftlot that empliasizo its function 
in dark orientation , many of thoso listed below aro 
discernible on the tape recording (Copies of tho 
edited tape, with commentary, aro held in Kuching, 
at Cambridge and by mysolf ) 

(1) Birds approaching tho cave from outside are 
heard rattling while still some distance from the 
mouth, but those leaving the cave by day in direct 
flight are silent well within it whon m sight of tho 
mouth Tins has already been noted and discussed 
by Novick (op cit ) By night, howevor, outgomg 
birds continue to rattle beyond the mouth 

(2) In imperfect darkness tho rattle is not con- 
tinuous but intermittent , cloarly its uso is not 
obligatory and, for example, in the dim light noar 
the cave mouth, it is employed only in dark comers 
wheie eyesight fads 

(3) In comploto darkness the rattle is continuous, 
although it tends still to be somewliat spasmodic 
when the bird is on a famdiar flight line through a 
largo chamber The highest rate of steady rattle 
recorded on the tape is six clicks per sec , but when 
a bird approaches its nest site, or if it is frightened 
in the dark, the rate may he higher still 

(4) In dark regions of the cave away from tho 
nest sites, where all birds aro in passage to or from 
the mouth, only the rattle call is heard and never 
song or other vocalization , apparently the two types 
of call cannot be uttered simultaneously This sug- 


gests that tho raochanism is syringoal , howovor, tho 
rattlo sound is so unlike any othor call that a different 
moohanism may bo involved 

(5) Roostmg or nosting birds do not utter the 
rattlo call , a bird flushed from tho nost is silont for 
tho first yard or two of flight For this ronson 
attempts to rocord at tho nest sites woro unsuccessful 

(G) Tho lattlo call appoars Into in development, 
and w oil-grown flodghngs winch aro forcod to fly 
promaturoly often do so silently, and aro thon totallj 
disorientated m darkness 

In tho Musoum dark-room, live birds wero flown 
singly In ovory caso tho rattlo civil was ‘switched 
on’ tho instant tho electric light was switched off, 
when tho light was turned on again it ceasod less 
abruptly, tending to dio away slowly into short woll- 
spacod bursts or singlo clicks Such brief outbreaks 
of rattlo aro hoard in tho field from swiftlote flying 
noar cliffs or mountain tops, or diving to drmk (on 
tho w mg) from tho riv ors Chason*, m an account of 
wontlior movements of mixed swift and swiftlot 
floclcs m Mnlaj a, rocords tho rattlo call far from any 
cave 

In caves tho rattlo is novor heard from birds at 
roost and usunlly consos tho moment thoy alight on 
tho nost , but occasional clicks or briof outbreaks of 
rattlo woro hoard from tho cagod swift lots m transit 
from Moraja cavo to tho Musoum It seems likolj 
that in unfamiliar surroundings or whon closo to 60 kd 
(or liquid) surfneos tho rattlo call may bo tisod 
tentatively to supplement oyosight ovon m full 
daylight 

Analysis was npphod to throe rocordmgs n singlo 
bird fljing in tho cavo, a singlo bird flying in tho 
dark-room, and very many birds rattling simul- 



0*5 «ec 

Fig 1 Spootrum of many birds sounding simultaneously in tho cave 
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Ha 2 • and b Two different bird* rrxorded *ep*r*tely In the mtaetim dark room 


20 ft This calculation ns 
Rumefl that the echoes from 
onl\ throe successive clicks 
are noted if n greater 
number can be utilized the 
discrimination increases ear 
respond rngly 

The only other avian genus 
known to echo navigate is 
the oil bird Steatorms • Tins 
utters a similar call , but the 
mean frequency is consider 
flbly Iiigher (7 3 ho /s ) and 
the range (6—10 ko /s ) does 
not overlap with that of 
OoUocaha maxima which is 
shown to roh for some 


tanoously in the cav o mouth by night Results show 
that tlio single click is very brief, lasting approx 
imately 2 6 msec Tli© spectrum of the crowd of birds 
sounding together is contmuous from 1 5 to 6 5 
kc /s , with peaks at around 2 and 4 5 ko /s (Fig 1) 
Isolated bursts of sound from individual swift-lots all 
fall w lthin the samo frequency range (Fig 2) and 
suocewnve clicks are moro or loss similar although 
tliey show no exact correspondence of wave form 
The Fourier anal} aes of tho wave forms correspond 
well with the sound spectrograms Tho single clicks 
of different birds (Fig 2a and 6), however, show 
different distributions of frequonoy peaks within tho 
oliaracteristic range this variation might assist each 
bird to identify tho coho of ita own call among a 
crowd although in most circumstances tho coincidence 
In timing botween omission and echo would be quite 
sufficient to discriminate against the calls of other 
birds For example, it can be shown that if the bird 
neglects all echoes returning more than 10 msec a ft or 
emission (that is, reflected from more than 5 ft 
away) it may bo able to infer the presence of an 
obstacle with 90 per cent certainty, oven though 
there may bo twenty other birds within a radius of 


navigation on lower frequen 
cies than am other bird, bat or dolphin so far 
investigated Other OoUocaha in Sarawak also utter 
the same call one species ( O cscuhnla) lacks it As 
part of a survey of the life and habits of the genus 
in Bomoo at pro sent in hand it is hoped soon to 
extend investigation of the use of echo navigation 
and of the physiology of the mechanism involved 
I am grateful to Air Tom Harrmson, curator of the 
Sarawak Museum for tlie opportunity to work in 
Sarawak, for encouragement m the study of Oollotalia 
and for critioisra of this communication before publi 
cation to the staff of Radio Sarawak whoso interest 
and help made those recordings possiblo and to 
Dr K E Machm of tho Department of Zoology 
Cambridge, for the analysis of tho recordings and for 
the discussion on the identification of a bird a own 
call 

1 NoTtck, A- (In tb» pre**) AI*o t id* Qriffln D It. “rj*tenins In the 
IHrk~ (1058) 

• Delffiun 11 a Dull Bril, Om. Gf 75 82 (1955) 

' S mythic* D B Samioat Mu* J 7 (24) 623 (1957) 

• Oraphladly de*crfb&d, though not n*med by Lnke \V*n T1 k> in 

drtffln (nl 1 p 202) 

‘ ChMem F V "The Bird* of tho Malay Ponlrual*" 4 116 (1930) 

' OrlBla D IL Proa. U~S XaL Acad. Sa SO (S) 831 (1953) 


IONIZATION PHENOMENA IN GASES 


T HE fourth International Conference on Ioniza theso sessions were t (1) Fundamental Processes , 
tion Phenomena in Oases took place at Uppsala (2) Different Types of Discharges end Their Appli 
Sweden, during August 17-21 Tho very wiao pro cation , (3) Theoretical and Experimental Studios in 

gramrno moluded sections on plasma physics, as well Plasma Phynncs j and (4) Production Confinement 

os on fundamental processes and other applications and Heating of Plasmas Since there wore, altogether, 
of electric discharges and attracted a representative about 250 papers presented considerations of space 
gathormg of about 800 scientists from research make it impossible to givo a complete eoverogo in 

organizations active in this field in twenty five this report inst-ond , a selective review of tho papers 

different countries This number of do legates ropre given in tho plenary session together with those in 

eon tod a considerable increase when compared with tho related sessions which can bo regarded as having 
tho previous Conference at Venice in 1067 and the most general interest is gi\ en, but this inevitably 
reflects tho increasing world interest in this subject moans the omission of mention of many papers 
After a short opening address by tho honorary 

president, tho Reotor Magnlficns of tho University Fundamental Processes 

of Uppsala Prof Torgny Segeretedt, the general 

pattern of tho Conference followed closely that of \V L Fite (San Diego) presented a paper surveying 
previous conferences in tho series'. In that part of recent advances in the study of collision processes m 
each day was de\ oted to plenary sessions at which gases, in which he first discussed the results obtained 
general survey papers were read while for the rest for the cross section for scattering 
of tho time tho Conference split into four parallel exchange using modulated crossed ^ 

sessions taking place simultaneously Tho titles of work with which ho himaolf has been 
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the diamagnetism of tho plasma during its accelera- 
tion and affcor removal of the radial electric field -wore 
discussed 

It F Post (Livermoie) reviewed recent piogross 
on muTor machines whero investigations ha\o been 
concerned primarilv with (a) studios of injection 
methods, (6) investigation of diffusion and non- 
ndiabatic loss processes, and (c) further attempts to 
analyso tho energy spectrum of trapped and heated 
plasma particles Tho experimental difficulties being 
encountered at this stage in tho pioject wero out- 
lined Results wore given of measurements of tho 
radial distribution and. rate of diffusion loss of tho 
high-energy olectron component of a honied plasma, 
produced by magnetic compression 

The present state of tho DOX oxpenmont -was 
reported by A H Snoll (Oak Ridge) and diffiuilties 
being encountered in providing a suitablj oncrgetic 
injection system v ero analysed Tho paper discussed, 
among other things, observations on tho spreading of 
the trapped ions, life-times of trapped particles, the 
density of the trapped plasma and an assessment of 
the factors that may bo limiting this densitv A.not hoi , 
earlier paper by J S Luce (Oak Ridgo) had discussed 
in more detail the trapping of lugli-onergy ions 
within tho walls of a hollow vacuum arc This wall 
prevents neutral atoms from reaching tho trapped 
ions and therefore reduces cliargo exchange losses 
New arc techniques wero described w Inch include 
plans for 15 m diameter discharges 

Contributions from tho United Kingdom w ore 
presented by G Francis (Harwell), G B F Niblott 
(Atomic Weapons Research Establishment, A1 der- 
ma ston) and D R Cluck (Associated Electrical 
Industries, Aldermaston) Progress reported from 
Harwell included the recont identification of Alf\ <fn 
waves m a high-current toroidal discharge , an 
earlior paper by D F Jepheott (Harwell) had dis 
cussed measurements of tlio velocity and damping 
of these waves Other fields of 1 m cstigntion lin\o 
mcluded experiments with linear pinch and mvorso 
pinch systems (which have shown that m tho mvorso 
pinch case the current sheath remains stable for a 
longer time than m tho straightforward pinch svstem) 
and some further work on Zcta 

Much of the work on dovices such as tho tliotatron 
(azimuthal current) carried out at tho Atomic 
Weapons Research Establishment, Aldermaston, had 
been reported m other papers, so that tho roviow 
by G B F Niblett was confined to a discussion of 
attempts to produce very largo rates of current 
growth, by the design of vory low inductanco systems, 
and some very recent studies of dissociation phen- 
omena m the hydrogen molecule Rates of curront 
rise of 6 x 10 11 amp /sec , with peak currents of 
3 x 10" amp , wero reported for tho parallol spark 
gap condenser bank known as Maggie Again, 
because of many earher papers from othor mombers 
of the A E I team, tho review by D R Chick 
was confined to a description of tho design and 
engineering of the machine to bo known as Sccplrc 
IV, and an outhne of tho proposed experimental 
programme 

Although members of tho USSR delegation 
delivered papers during this plenary session, thoro 
were no review papers in the sense of those prosonted 
by the United States and tho United Kingdom 
Because of this, the papers from tho USSR will bo 
discussed in those sections of this report to which 
they were directly related Two other papers con- 
cerned with thermonuclear investigations were pro- 
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sented m plonarj sessions W B Thompson (Har 
woll) considered fine scalo mngnoto-hydrodynamicbc 
haviour in plasmas, whoro tho effects of the finite 
ion Larmor radius may bo important, by use of tbo 
collision-free Bolt /maim equation A consistent 
senes expnnsion of this equation was used to denvt 
first order magneto-hydrodynamics, and tho magneto 
hydrodynamic shock was studied as an npphcation 
of this tcclmiquo “Recent Progress m Shock Wave 
Research” was tho title of a paper by A C Kolb 
(Washington), and in it. ho described tho spcctro 
scopie study of temperature and density m shock 
wave fionts Verj high-ionization densities had been 
achio\ed and there was strong ovidonco for high 
temperatures, and thus considerable ionization, ahead 
of tho travelling w mo-front, probably produced In n 
radiation process In tho general paper sessions, 
those concerned with plasma plijsics wero dnided 
into two («) theoretical and experimental studies m 
plnstna physics, and (b) production, confinement and 
heating of plasmas Theso two sections will ly 
bncfij re\ lowed mdiv idunlh 


Theoretical and Experimental Studies In Plasma 
Physics 

Tho topics in this section wero trausjiort phon 
omonn, interactions involving oleetno and magnetic 
fields, microwave radiation measurements and 
spectra from plasmns 

An interesting theoretical approach to transport 
phononiona was described m a paper l)j M X 
Rosenblutli and N Rostokor (San Diego), whore, in a 
fullv ionized plasma, nil field particles are considered 
to lie in equilibrium excojit for ono ‘tost’ particle 
Tho rcsultnnt reaction on tins test particle, due to 
its interaction with tho fiold particles, consists of a 
frictional drag and a random force tlint produces 
acceleration and diffusion m velocity space A sjs 
tomntic procedure for determining these effects with 
no magnetic fiold and in tho presence of a constant 
magnet k field hns been developed 

Tho topic “Interaction involving Electric and 
Magnotic Fields” produced tho largest number of 
papers of anv at the Conference Among tlioni was 
a papor by Dormildinnov, Govorkov and Popov 
(Moscow) on “Tho Internet ion of n Beam of Charged 
Particles with a Plasma” Tins paper described the 
invest igtvl ion of plasma oscillations created In a con 
tmuouslv mjectcd electron beam It was shown that 
tho maximum mtonsitv of plasma oscillation is pro 
ducod when tho electron beam passes through the 
plasma Electromagnetic fields with the snmo plasma 
froquoncics wero also found outsido tho plnsnw 
column , tho intensity of theso oscillations ns a 
function of tho donsity of tho plnsma was mvesh 
gated and found to bo tho samo ns that inside tho 
plnsma column Detection of tlicso oscillations 
was possiblo bccauso of tho considerably increased 
sonsitivily of tho rocordmg nppnrntus compared 
with that used by previous workors Another 
papor on this topio was that by Klmzchcnko and 
others (Moscow ) , m this enso an electron beam was 
modulated by oscillations m a plasma tlirough wind' 
it passed and afterwards dotected m n resonant 
cav lty 

Other papers of interest mcludcd ono b\ J 
Wesson (Associated Electrical Industries, Alder 
maston) on tho offoct of runaway electrons on the 
heating of a plasmn, whoro it wns shown that, f° r 
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constant electric Hold, runaway electrons sot a limit 
to the temperature whioh can be efficiently achiovod 
by olimio beating ; but for constant current density, if 
the fraction of the current carried by the runaways 
is small this fraction wiU decrease as the temperature 
Increases A paper by I B Bernstein and I N 
Rabinowitz (Princeton) considered tho velocity dis 
tribution of plasma electrons in an external magnetlo 
field whon the ions are assumed to be infinitely 
massivo, and electron-electron interaction is sup 
pressed- These assumptions produced equations 
which could be solved numerically on a oomputer, 
and results indicated tliat, with an initially Max 
wellian distribution, the distribution functions do 
not develop the double humped character which 
oscillation theory indicates to be unstablo 

J E Allen and F Mogistrelli (Rome) described 
experiments on the plasma sheath transition in the 
presence of a magnetio flolcL Using an azimuthal 
magnetic field which oould be applied in the ‘pin oh 1 
or J anti pinch* dirootion, they showed that a mag 
no tic fiold in tho pinch direction reduced the directed 
onorgy of tho positive ions leaving tho plasma and a 
nmgnotio fiold in tho anti pinch direction increased 
this onorgy The result was shown to be in accord 
with theoretical predictions 

8 0 Brown (Massachusetts) in his review paper 
on “High Frequency Waves in Ionized Gases’ con 
sidorod tho various types of electromagnetic wavos 
that are sot up in an ionized gas due to tho application 
of a magnetic fiold- There are six natural frequencies, 
throe being oyolotron frequencies and three plasma 
frequencies Because the magnetic field is a vector 
tho resultant oscillations in the plasma oan bo 
parallel or perpendicular to the field and thus a 
very largo range of possible oscillations exists 
Tho paper discussed some basic properties of these 
waves 

A fasoinating combination of plasma and micro 
wave physics was presented in a paper by G 8 Kino 
and B Ludovici (Stanford) The paper diaoussod a 
plasma parametno amplifier based on the principle 
that if electromagnetic waves of throe frequencies 
to to j and co a such that co — « coj 4- co, can bo pro pa 
gated through a loss loss non linear modi um with 
propagation constants p, (S„ strong interactions 
will tako place between theso signals if p w + 0, , 
if co is of large amplitude tbero will be a power 
transfer to and to, This principle has been oon 
firmed in a mercury vapour d c discharge with 
co — 800 Me /a , ca i — BOO Mo /s and co, «« 300 Mo /s 
Bo tli co! and co, have been observed to increase in 
amplitude by a few db in travelling from one end of 
the positn e column to tho other 

Tho broadening of spectral lines by Stark effects 
was discussed bj H Margcnau (Yale) Equations 
for tho calculation of half widths wore given for throo 
difforent cases : (i) when both electrons and ions can 
be treated by impact theory, (ii) when the electrons 
can be treated by impact theory but the Ions have to 
bo considered statistically, and (ill) whon both elec 
trons and ions can be treated statistically Physical 
conditions to which those equations ore applicable 
wore disoussod. Improved methods of calculating 
Stark broadening of spectral lines wore presented in 
a paper by H. R Griem (Maryland) and A C Kolb 
(Washington) It was shown that the calculated line 
profiles depend only slightly on temperature and can 
therefore be usod to deduce electron densities in 
dense plasmas from measured profiles with muoh 
improved accuracy 


Production, Confinement and Heating of Plasmas 
This soction, os with the other sections of the Con 
ference, was split into sub sections which ware 
(a) the longitudinal pinoh , (6) mirror machines and 
tho azimuthal pinoh , (c) shock waves , and (rf) 

further methods of production and oonfinemont 
In a paper by D W Allan (London) consideration 
was given to the detailed behaviour of the simplo 
unstabilized pinch in respoct of tho inward movement 
of the current sheet He conoludod that evidence 
favours the free particle piston model and the shock 
wave model rather than tho snowplough model 
Whether tho behaviour follows more oloeely the froo 
particle model or the chock wave model depends on 
the effective moan free path 

Two papers by 8 A Colgate, H P Forth and 
othora (Livermore) discussed the linear and toroidal 
hard-core or inverse pinoh Small-scalo instabflitiofl 
in the linear case have been shown to bo of non 
hydro magnetio origin A toroidal version of tho 
hard-core pinch has been attempted using a magnetio 
field to levitate a ring conductor inside a toroidal 
shell. This device will be used to study the naturo of 
these small scale instabilities and also to study the 
stability of near vacuum field hard-core configura 
tiona and to determine if this stability loads to an 
improved containment of the plasma onorgy * A 
Dynamically Stable Current Column'’ was tho title 
of n paper by V S Komelkov and others (Moscow) 
Tho formation and development of a current cord 
appearing during the movoment of a plasma jet 
were examined by means of advanced high speed 
photographic techniques Measurements wore mode 
of the current distribution in the moving plasma jot 
and showed that the current in the cord hod re main od 
stable throughout the half period of tho discliorgo 
Tho existenoo of a radiation continuum the nppoarnneo 
of whioh coincided with the appearance of tho current 
cord had also boon demonstrated 
A Kantrowitz and others presented a paper on 
tho use of collision free shocks to study dissipation 
mechanisms in collision free plasmas. At high tom 
peraturee, oollisional dissipation in plasmas is slow, 
and losses doe to magnoto hydrodynamic turbulence 
become important Preliminary oxperimonts show 
that it is possiblo to produoo shook waves that oboj 
the required theoretical oondition that the shock 
thiokness is less than tho moan froo path, and that 
observations on thoeo thin shocks can provido a 
powerful tool for tho study of dissipative meolianisms 
in collision free plasmas 

Finally, L Hftgborg K. Siogbnlui and K Bockaston 
(Uppsala) described an apparatus for tho electrode 
less generation and acceleration of plasma rings A 
single turn prim an, winding pin cod closo to tho end 
wall of a 'Pyrox* tubo indnoos a ring discharge wliich 
Is accelerated as a function of the gaa current and 
tho magnetio fiold Ion velocities in tho range 
lO'-lO 7 cm /sec lia\o boon obsaned with this 
technique 


Conclusion 

During tho Conference, visits to tho Institute of 
Physics and tho Institute of High Tension Research 
at Uppsala and the Nobel Institute of Physics in 
Stockholm were organized , a full social programme 
for members and thoir wi\ cs was also arranged All 
those concerned with tho organization of tho 
ference and particularly tho hard working "jJ 

Dr AkoNiUson oftl.o InotIUrto ofPhv*l«. Wl**' 
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are to be congratulated on tbe excellence of tho 
arrangements which, enabled such a large conference 
to run so smoothly throughout 

It is no reflexion on tlus organization to comment 
that these conferences, including as they do such a 
wide range of topics, are becoming too largo and 
unwieldy , one possible solution would seem to bo 
to divide the subject-matter into tun groups, ono 
devoted to ionization phenomena and gas discharges 
and the other to controlled thermonuclear research 
and plasmas If these groups wore arranged to rim 


consecutively it would givo thoso with intorost in 
both fields an opportunity to attend more of tho 
locturos in which they are interested, whilo con- 
siderably reducing tho total number of dologatos 
pTosont at any given timo 

Tho noxt conference in this senes is to bo hold in 
Germany, probably at Baden-Baden, during 1001 

J Button 
D Hakcombe 
E Jones 

1 G niton, W 31 S, nnd Latlmm, It , Mature, 180, 700 (1057) 
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RADIO ECHO OBSERVATIONS OF VENUS 


By J V EVANS and G N. TAYLOR 

Jodrell Bank Experimental Station, University of Manchester 


D URING Septemboi 1959 an attempt was made 
to observe radio echoes from tho planet Venus 
using the 250-ft radio telescope at J odroll Bank 
The radar equipment used with tho telescope operated 
on a frequency of 408 00 Me /s Tho transmitted 
power was 50 kW , pulse-length 30 msec and pulso 
repetition rate 1 per soc The rocoivor had a noiso 
figure of 4 6 db and a bandwidth of GO c p s Tho 
overall losses m the feeders amountod to 2 5 db , 
and tbe polarization of tho transmitted nave was 
right circular Observations were mndo with tho 
telescope m continuous motion to follow tho planot 
across the sky, with alternate periods of transmitting 
and receiving The longtli of thoso periods was 
approximately equal to tho tune of travel of tho radio 
pulse to and from tho planot (5-6 1 mm ) 


No echoes noro observed with this oquipmont 
stronger than tho noiso-lovol in the receiver An 
analysis of tho signals for echoes which were weaker 
than tho noiso was made with an integrating equip 
mont, which added together receiver noiso powers 
corresponding to tho same range-intervals on suc- 
cossn o swoops of tho timo-bnso With this system 
eight adjacent rango-mtor\ als woro examined Theso 
were mndo equal m width to the transmitter pulso 
(30 lnsoc ) and their distanco along tho timo base 
was controlled in order to compensate for tho clinngo 
in rango of Venus, so that any echo would remain 
in tho samo 30 msoc timo-intci val It was also 
nocossary to provido compensation for tho Dopplor 
shift of the echo relative to the transmitter 
frequency 


Total Integration* 5SJ hr 

Rango ofoclio oliservcd bj Price (ref 1) 
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Fig. 1 The deviations of tho counters in tho Integrator system from tlioir mean is plotted os o histogram Different positions of 
the eight gates along the time base woro employed nnd only seven range intervals were common to nil tho periods of observation 

Hence there are only soven counts Bliown in tho histogram 
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Exhaustive checks were raado t-o confirm that tho 
integrated noise counts in the eight rango channels 
showed statistical fluctuations "which agreed -with 
theory, and that no systematic errors wore introduced 
by, for example, the operation of the transmitter or 
the telescope Such systematic errors -were unlikely 
because the transmitter and receiver operated nltem 
atoly for />— 0 min. intervals 

A total of 58 J hr useful operating time was 
obtained before the range of Venus had increased to 
a point whore further work was not considered worth 
while The addition of all the periods of obsers ation 
is presented as a histogram (Fig 1) 'whore one of tho 
eight rango intervals shows an excess count of 2{ times 
the standard deviation The addition of many 
samples of noise by the integrating equipment gives 
a Gaussian distribution of counts, hence there is on 
8 per cent chance that noise alone will produce a 
count 2\ standard deviations greater than tho mean 
in one of eight channels If tho high oount is caused 
by tho planetary ocho, thon tho rango observed gives 
a value for tho solar parallax of 8 8020 ± 0 0005 seo 
of arc Tills value is m agreement with that obtained 
by Price tt al 1 using the Millstone Hill Radar Station 
operated by Lincoln Laboratory of tho Massachusetts 
Institute of Technology (8 8022 ± 0 0001 sec of arc) 
Tho likelihood that, by coincidence, a high oount 
should appear in tho range interval predicted by the 
Millstone Hill result is 1 per oont 

The signal to no iso ratio required to produce an 
excess count of standard deviations has been 
oatimated by applying to the receiver signals which 


are weaker than tho noise by a known amount and 
is —23 ± 2 db This js within 6 ± 2 db of that 
expected on the basis of a model for Venus in which 
it was assumed that the scattering is similar to that 
observed for the Moon* and that the period of rotation 
is of the order of 20 days However tho result is not 
in agreement with the work reported by Price, which 
suggested that the radar cross-section of Venus was 
equal to the physical area presented by its disk If 
thiB were the case a signal to noise ratio of about 
— 5 db should have been observed This discrepawn 
of 18 db in signal strength might be accounted for 
m two way* (a) if the rotation period of Venus is 
much fester than once every 20 days the Popp lor 
broadening of the ocho will cause some of tho received 
power to fall outside the 60 o ps bandwidth limit of 
the receiver , (6) if the echo is subject to largo rapid 
changes m intensity then because o squaro law 
detection system was employed at Millstono Hill, a 
false estimate of the average signal to noise ratio 
would be obtained Suoli fading could not have been 
caused by Faraday rotation m the Earth s ionosphere 
because circularly polarized radio waves wore used 
in both experiments 

We are indebted to our colleagues at Millstono Hill 
for their interest and co -operation particularly in 
producing for us predictions of the range and Dopplor 
corrections which were applied to select the received 
signal 

1 Price R., Clretn P E. r Jon .Oobllck T J Kincrton, ft. H . Kraft 
L.G , ran. PettenglU G H Sllr«r ft. and Smith W B Sdtt%ct 
129 751 <1959) 

1 Hvam J V Proc Pkf$ See B TO 1105 (1957) 


OBITUARIES 


Prof M Caffrey 

Through tho death of Prof M Caffrey, which 
occurred on September 17 at the ago of seventy 
Ireland has lost an outstanding personality in tho 
field of agricultural science and one who took an 
active port in the Faculty of Agriculture in tho 
National University of Ireland 

Miohael Caffrey was born at LughiU, near Monas 
tore van, Co Kildare He received his early education 
at the local national school and at the Christian 
Brothers’ School, Monasterovan Ho entered the 
Albert Agricultural College, Glasnevin, in 1908 and 
in. the following year was awarded an agricultural 
scholarship into the Royal College of Science, Dublin 
After a distinguished undergraduato oourse, he 
gained the diploma of tho latter institution in 1912, 
and was appointed as assistant to Dr H Hunter in 
the Plant Breeding Section of the Department of 
Agriculture, Dublin The studios and work lie thon 
undertook under the able guidance of Dr Hunter 
formed tho basis of his later successful career m plant 
breed mg, lecturing and teaching When Dr Hunter 
resigned after the First World War, Caflrey became 
head of the Plant Brood mg Section of the Depart- 
ment of Agriculture, and when a Faculty of Agri 
culture was established in the National University of 
Ireland in 1027, the University made him lecturer in 
plant breeding, and afterwards in 1938 appointed him 
to fill tho nowlj established chair of plant breeding 
a post which he occupied until his death 

Throughout his career, Prof Caffroy remained in 
close contact with the Department of Agriculture, 
which ho kopt supplied with nucleus stocks of loading 


cereals and grasses Those in turn became available 
to the various county committees of agriculture In 
which they were tested and reported on in duo 
course Prof Caffrey was also in oloso contact with 
plant breeding stations abroad, and he introduced 
many foreign cultivars of wheat, oats and barlej 
They were tested against cultivars commonly grown 
in Ireland and numerous crosses made with the most 
promising sorts During four decades ho produced 
not only varieties of wheat suitable to local soil and 
climatic conditions, but also improied varieties of 
oats and grasses In crossing and breeding. Prof 
Caffroy was particularly mtercstod m tho reaction of 
the hybrids to disease resistance, and one outstanding 
case of ins work on this aspoct may bo quoted here 
At Glasnevm year after year, the moat common and 
serious disease of wheat has boon, yellow rust (Puecmtu 
glurnanttn) To combat this, Caffro} produced 
the oultivar Glasnevm Rosa, a wheat which was 
immune to yellow rust for seven years, o period 
which is about usual for varieties bred immuno or 
resistant to rust diseases before the} become attached 
by new strains of tho pathogen which develop in the 
meantime 

Close co-operation always existed between tho 
Plant Breeding Division and tho Plant Pathological 
Division at Glaenevm, and down the years the 
latter Division has been indebted to Prof Caffrey on 
many occasions for directing attention to outbreaks 
of disease and to the appearance of new pathogens 
on cereal crops 

Although Prof Caffrej 0 entire profoewannl career 
■was devoted to plant brooding ho ninned 

in all agricultural subject* H» ™ Couno “ 
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member of the Irish Grassland Association , a mem- 
ber of the Agricultural Commission appointed by tho 
Government to examine agricultural development m 
the late ’thirties , and in general he identified him- 
self with many agricultural developments He was 
equally at homo with students and scientific audiences, 
and as a lecturer on behalf of tho Royal Dublin 
Society he became intimately acquainted with and 
highly appreciated by a wide range of farmers all 
over the country 

Prof Caffrey’s outspoken manner, gonial person- 
ality and hearty laugh will long bo romembered by 
all who knew him He was predeceased by his wife 
some years ago, and ho is survived by tliree sons 
and three daughters, for whom the greatest sym- 
pathy is felt R McKay 

Dr E J Holmyard 

Eric Jobet Holmyard was bom on July 11, 1891, 
at Midsomer Horton, Somerset, and all lus life ho 
was a faithful man of Somerset He was a scholar of 
Sidney Sussex College, Cambridge, and after gradua- 
tion he served as a sixth-form science master at 
Marlborough College during 1917-19 Ho then 
became head of the Science Department at Clifton 
College, an appointment which ho filled with signal 
success for the twenty years 1920-40 It was at 
Clifton that his best work was done In 1941 ho 
became editor of Endeavour, retiring m 1954 to hvo 
at Clevedon, Somerset Among his other activities, 
he was chairman of the Society for tho Study of 
Alchemy and Early Chemistry and co editor of a 
“History of Technology” in five volumes 

Holmyard, as a teacher, well knew tho capacities 
of young pupils at school, and his books on inorganic 
and organic chemistry of this standard have de- 
servedly been very popular They are written in a 
lucid and attractive style and many renders of this 
notice must owe tlieu introduction to chemistry to 
them In collaboration with F A Plnlbrick, he 
wrote a more ad\anced book on theoretical and 
inorganic chemistry which lias also been very suc- 
cessful All these books present tho basic facts of 
chemistry as an experimental science, relating them 
to general principles m a way winch gives them 
significance and interest , but the theory is kept m 
proper proportion, so that those who gamed their 
knowledge from them m tho past w ill now have % cry 
little to unlearn 

Dr Holmyard, who was a member of tho Royal 
Asiatic Society, wall probably bo best remombered for 


his profound studies of Muslim chemistry Ho was 
well equipped with a knowledge of Arabic, and m 
this field he was a recognized authority He made a 
special study of Jubir ibn Hayyiin and tho writings 
attributed to him Ho published somo Arabic texts, 
brought to light somo httlo-known works of Jabir, 
and ro-mterproted somo which had previously been 
studied More recont research has shown that tho 
problem of Jabir is very difficult and much remains 
to be cleared up, but Holmyard’s pioneering work 
has a pormanont value Ho showed that the theory 
which domumted alchemy and early chomistry, that 
metals are composed of mercury and sulphur, was 
taught by Jabir, who derived it from a statement in 
tho “Moteorology” of Aristotle 

In collaboration with lus pupil at Clifton, Mnndo 
villo, Holmyard published tho Arabic text and a 
translation of a work lcnown m Latin as by Avicenna 
and showed that it is, m fact, part of the gonuino 
Shifu' of Ibn Sinn This text, which domes tho 
transmutability of species and stigmatizes alchemical 
gold as fraudulent, was a puzzle m tho Middlo Age3, 
when it was thought to bo part of the “Meteorology ” 
of Aristotle Holmvard also edited and translated an 
alchemical text of Abu’l Qasim nl ‘Iruql In nil these 
studies ho made much use of tho writings of Jildaki, 
axailablo only in manuscripts, and established their 
xaluo as a sourco of information on Muslim alchemy 
The work in this field by Holmyard completely 
changed the outlook on Muslim chemistry' which 
prevailed when he began 

Holmyard wtoIo somo excellent small hooks on 
tho lustorv of chomistry', tho best known bomg his 
“Makers of Chemistry” and lus recently published 
“Alchemy” Thcso oro accurate and authoritative, 
and it is to be regretted that lie did not write a 
general sun of Muslim chemistry' which lie was so 
well qualified to undertako 

Holmyard was modest and unassuming, ready to 
put Ins knowledge at tho disposal of those who asked 
it, with a cool and critical outlook m scholarship, 
expressing himself concisely and molding poloroics 
His learning sat lightly upon lnm, and for all ho 
cared it could remain unknown m circles incapablo 
of understanding it Ho was opon and friendly and 
in wliatover company he found lumsolf Ins quiet 
charm and delicate sonso of humour, wholly' froo from 
malice, endeared him Ho was a member of Clo\ cdon 
Golf Club He died at Clevedon on October 13, and 
among those who xalucd lus knowledge and friend- 
ship Ins death loaves a \ nennt place which it will bo 
hard to fill J R Parte-ctox 


N EWS and VIEWS 


Royal Society Award of Royal Medals 
H.M the Queen has been graciously pleased to 
approx o recommendations made by' tho Council of 
tho Royal Society' for the award of tho two Royal 
Medals for the current year as follows to Prof 
R E Peierrls, professor of mathematical physics in 
the University of Birmingham, for his distinguished 
work on tho theoretical foundations of high energy 
and nuclear physics , to Prof P B Medawar, 
J odrell professor of zoology and comparative anatomy 
at University College, University of London, for his 
distinguished contributions in tbe field of tissue 
transplantation immunity' and acquired tolerance 


Geological Society of London : Foreign Members 
The Geological Society' of London has elected to 
foreign membership tho follow mg distinguished 
geologists Academician V V Belousov, of the 
Academy' of Scioncos, Moscow, m recognition of his 
studies on sedimentation and geotoctorucs , Prof 
J A Broggi, of Lima, Peru, for his work in tho 
advancement of geological scionco in Peru and his 
contributions to Peruvian geology' , Academician 
D V Ualivkm, of tho Academy of Sciences, Moscow, 
in recognition of his contributions to tho geology °f 
the Soviet Union and ospociolly of his part in tho 
preparation of tho rocontly published goological mop 
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Of that country , Academician N S S cba tsky, of 
tho Academy of Sciences, Moscow, for hie work on 
tectonics, stratigraphy and economic geology , Dr 
F Prantl, vice-president of the National Museum 
Prague, in recognition of his distinguished researches 
in pokcography stratigraphy and palaeontology 
Prof Norman D Nowell, of tho American Museum 
of Natural History Now York, for his contributions 
to invertebrate palaeontology and lus work on reef 
deposition 


would be a Commonwealth Education Liaison Unit 
consisting initially of a director (who would also be 
BOcretarj to the Committee) and one administrative 
assistant The Unit would supplement normal direct 
dealings between the countries of the Commonwealth 
on education, and would deal on ro quest with inquiries 
from education authorities in Commonwealth coun 
tries and generally act as a reference centre Tho 
cost of the Unit would bo shared between member 
countries of the Commonwealth. 


British Broadcasting Corporation Sdence Unit 
A Science Unit has been established by the 
British Broadcasting Corporation with the object of 
providing a more extensive coverage of science in 
sound programmes. The senior member of the Unit 
is Dr Archie Clow, who jomed the B J3 C in 1946 
and has produced many science senee and individual 
talks notably the two weekly senes ' Science Survey” 
and “Who Knows V , in which leading experts deal 
'nth all kinds of scientific developments in a non 
technical way Tho Unit is also responsible for 
'Science Review” and Third Programmo scion oo 
talks and discussions Recently, Mr David Edge 
jo mod Dr Clow in the Talks Department Both 
received their earlier education at Aberdeen, tho 
former at Aberdeen Grammar School and tho latter 
at Robert Gordon’s College Mr Edge did research 
work in radio astronomy for three years after taking 
his degree in physics at Cambridge in 1066 

A third member of tbo Corporation staff who is 
contributing to the expansion of science broadcasts 
is Mr C L Boltx, who is now attached to the News 
Division ns science correspondent (Nature 183 
1231 i 1969) Ho formerly worked for sewn years 
m a similar capacity m tho B.B 0 ’s European 
Service Succeeding Mr Boltz in tho European 
Service is Mr Bryan Silcock, who was bom in 
Liverpool in 1933 and has since 1067 been an 
assistant editor of Nature He went to Dartington 
Hall School In Devon, and after National Service in 
the West Yorkshire Regiment and tho Royal Artil 
lory, to Jesus College, Cambridge graduating with 
honours in natural science 

British Commonwealth Education Liaison Com- 
mittee 

In a written answer in tho Houso of Commons on 
November 12, tho Minister of State for Common 
wealth Relations, Mr 0 J M. Alport, stated that in 
accordance* with tho recommendations of tho Common 
wealth Education Conference representatives of all 
member countries m the Commonwealth mot in 
London on October 27 under tho chairmanship of 
Sir Henry Lrntott It was proposed to establish a 
Commonwealth Education Liaison Committee, com 
prtmng ono representative of each member country 
and of Nigeria and in addition tho United K i n gdom 
would appoint a member to represent tho other 
Colonial tern tones This Committee would follow up 
and record progress on tho schemes of assistanoe 
agreed at tho Oxford Conference and would also 
consider suggestions for tho further improv ement of 
Commonwealth co operation m education, and, m 
particular, it would prepare material for submission 
to the next Commonwealth Education Conference, 
to be bold in India m tho winter of 1961-62, at tho 
in\ itation of the Government of India. Tho chan- 
man would bo Sir Philip Moms, and under the 
general direction of tho Liaison Comm it too there 


United States and Great Britain to exchange Data 
on Advanced Gas-cooled Reactors 
The United States Atomic Energy Commission 
and tho United Kingdom Atomic Energy Authority 
have signed a five-year agreement to exchange tech 
nical information on advanced gas -cooled reactors 
Tho exchange, effective as from November 16 will 
be carried out under tho terms of the agreement 
between the two countries for co operation in the 
civil uses of atomio energy , which has been in effect 
since 1965 Data will be exchanged on development 
design construction and operation, os well as on 
related research and development, of the advanced 
gae-coolod reactors being built at Windscale, England 
and on the U S experimental reactor project of this 
type at the Oak Ridge (Tennessee) National Labor 
atory Information exchanged under this agreement 
will be made available to British and American 
industry 

British Book Exhibition In Moscow 
A large exhibition of British books and periodicals 
sponsored by the British Council and tho Soviet 
Ministry of Culture is opening in Moscow on Nov om 
ber 21 for a fortnight A similar exhibition of Russian 
books and periodicals will be shown at tho Festival 
Hall in London next February Tina will bo tho 
largo st exhibition of British books and periodicals 
to have been shown in tho UK S.R at any time so 
far as is known Between three and four thousand 
books will be exhibited together with six hundred 
periodicals, a display of posters and largo photo 
graphs Tho exhibition will bo shown in tho mam 
lecturo hall of the Lenin Library, one of tho largest 
libraries in tho world The books selected by tho 
British Counoil have boon provided freo of charge In 
British publishers through tho oo-oporation of tho 
Publishers’ Association Tho main omphosis lies on 
science and technology, although tlicro are important 
sections dealing with tho arts and tho humanities 
Under tho terms of tbo agreement made with tho 
Soviet Ministry of Culture, there aro no sections on 
religion, politics or economics Two thirds of tho 
periodicals are on medical and scientific subject*. At 
the end of the exhibition all tho British material will 
be handed over to the Soviet Ministry of Culture for 
use in Russian libraries and cultural institutions 


New Zealand Research on Weed Transportation 


"Weed species aro eomotiraee inadvertently intro 
d ucod into ono country from another, but it is not 
always possible to establish tho means by which this 
occurs. A J Hoaly, of tho Botany Division, Depart- 
ment of Scientific and Industrial Research, Chnst- 


hurch has gi\ on somo particular instances of 
Production of foreign species into New Zealand 
Veto Zealand Journal of Agricultural ^ esearcft . 
lo 2, April 1959) The first robb?*h 

nvelopo from a whisky bottlo picked p 
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heap on a North Canterbury form Tho envelope 
contained a flowering stem of bindweed, Calystcgxa 
septum, portions of Qn inflorcsconco of tall oat grass, 
Arrhenatherum claims, and a bent grass, AgrosUs sp 
Such containers when discaided are generally thrown 
on rubbish heaps and other sites suitable foi weed 
establishment A plate-glass container from an 
English source, examined m the Wellington district, 
contained wheaton straw m which was found portions 
of Californian thistle, Gxrsmm anense, cleavers, 
Gahxim aparinc, wallow' weed, Polygonum, fruiting 
matenal of Bela sp , mpplew'ort, Lapsttna commtnus, 
and a hemp nettle, Galcopsis sp Tins straw was 
being used locally both for compost heaps and in 
racing pigeon cages, which would further servo t-o 
disperse the weeds throughout tho country An 
examination of the trouser cuffs of a tourist rotumod 
from a trip through Spain, France, Switzerland and 
Italy revealed fruits of Gramineac and Coinposifnc 

University News Birmingham 

The title of readei in mathematical physics has 
been conferred on Dr J G Valatm, senior lecturer 
m mathematical physics Tho follow mg appoint- 
ments have been mado to lectureships Dr H B 
Griffiths (pure mathematics) , Dr J K Brown 
(chemistry) , Dr M E Davies (botany) , Dr 
Nancy Montgomery (botany) , Bionda Manly (zoo- 
logy) , J Cohen (zoology ) , C R Slndden (biology 
in the department of zoology) , Dr D J Blundoll 
(geology) , I R Smith (electrical engineering) ; 
K B Haley (engineering production) , Dr V G 
Jenson (chemical engineering) , K A Rodisli (com- 
puting in tho Department of Mathematical Physics) , 
N A. Dyson (physics) , N A J Rogers (chemistry) 

The annual lecture of the Institute of Education 
is to be named “Tho Raymond Priestloy Lccturo” 
in recognition of the help which Sir Raymond 
Priestley gave to the Institute of Education when tho 
Institute was established 

Preliminary plans have been approved for a 
building for highway and traffic engineering as an 
addition to the new Civil Engineering Building 

Oxford 

The following research grants are announced 
from European Research Associates, Brussels, £1,200 
for one year from September 1, for research on 
acetylene chemistry being carried out m tho Dvson 
Perrins Laboratory under the diroction of Prof 
E R H Jones , from the Department of Scientific 
and Industrial Resoarch a grant not exceeding £3,400 
for the year ending July 31, I960, for tho main- 
tenance of the 140 MeV synchrotron for nuclear 
physics research in the Clarendon Laboratory , from 
the Colonial Medical Research Council a grant not 
exceeding £2,500 for a further tw r o years ending 
August 31, 1901, for the study of tho sonsory nouro- 
histological changes in skin infected with loprosy, 
being carried out m the Department of Human 
Anatomy under the direction of A G M Weddell, 
reader m human anatomy , from tho Smith, Klmo 
and French Research Institute a grant not exceeding 
£1,500 for research on the electrophysiology and 
pharmacology of smooth muscle to bo carried out in 
the Department of Pharmacology by E Bulbrmg , 
from the United States Public Health Service a grant* 
not exceeding 30,600 dollars for the year beginning 
September 1, 1959, for research in the Department of 
Biochemistry under the direction of Sir Hans Krebs 


Announcements 

Prof C F Carter, Stanley Jovons professoi of 
political economy and Cobdon lecturer in tho 
Umvorsity of Manchester, has boon appointed a 
momber of tho Council for Scientific and Industrial 
Research, in succession to Prof E A G Robinson, 
who rotiros on completion of Jus poriod of service 
Prof Carter’s interests nro m tho field of applied 
economics Ho is tho author of “Industry and 
Technical Progress” (with Prof R B Willinms), 
published m J957, nnd “Investment m Innova 
tion”, 1958 , he is chairman of tho Science nnd 
Industry Committeo of tho Royal Society of Arts, 
tho British Association for tho Advancement of 
Science nnd tho Nuffield Foundation 

The Mot nllurgicnl Society of tho American Institute 
of Mining, Metallurgical, nnd Potroloum Engineers, 
in association with Intcrscionco Publishers, Inc , has 
nrmoimced tho publication of a now' sonos of boohs 
entitled “Met nllurgicnl Society Conferences”, each 
volume being the proceedings of a teclmicnl con- 
ference sponsored by tho Sociotv tlirough one of it*, 
teclmicnl committees It is lioped by those means 
to provido for co-ordinated nnd coinpnrntivolv rapid 
publication of scientific nnd engineering pnpors of 
interest to metallurgists Tlio first volume m the series, 
“Fiat Rolled Product s, Rolling nnd Treatment’ , can be 
ordered from Intorscience Publishers, Inc , 250 Fifth 
Avenue, Now York 1, New Y6rk (price 3 75 dollars) 

The Population Coiuicil Incorporated of New York 
is making grants totalling 89,348 dollnrs over tlirco 
yenrs to the National Institute for Research m 
Dairying Tho award is in support, of researches on 
cervical mucus wntli particular reference to tho con 
trol of fertility, to bo carried out in tho Physiology 
Department under tho direction of Dr S J Follov 

Industrial and Trade Fairs, Ltd , nnnounco 
that a conference on New Engineering Materials and 
Design will bo Jiold m conjunction wntli tho first 
Engineering Materials nnd Design Exhibition at 
Earls Court, London, during February 22-20, 1900 
Among tho subjects selected for discussion at the 
conference will bo safety factors nnd tho appearance 
m design Further information can bo obtained 
from tho Secretary for the Conferonco on Engineering 
Materials and Design, Drurv House, Russell Street, 
Drury Lano, London, W C 2 

At tho annual gonoral mooting of tho Pliotobiologv 
Group, hold at* the National Physical Laboratory, 
Toddingt-on, on Novombor 6, Dr D Vinco, of the 
Department of Horticulture, University of Rending, 
was elected honorary secretary m succession to Dr 
E M F Roe 

The sixth National Symposium on Reliability and 
Quality Control in Electronics will bo hold at tho 
Statlcr Hilton Hotel, Waslungton, D C , during 
January 11—13, 1960 Further information can he 
obtained from Mr R Brower, Tho Resoarch Labora- 
tories, Tho Gonoral Electric Co , Ltd , Womblov, 
Middlesex 

Errata In tho communication entitled “Effect 
of Sorbitol on tho Urinary Excrotion of some B 
Vitamins in Man” m Nature of September 19, p 911, 
the numerical values of tho ordinates hnvo been 
mvorted ; thus, reading from below upwards, tho 
values for riboflavin should bo 150, 200, 250 pgm . 
those for thiamine, 10, 20, 30 pgm , those for 
N-mothylnicotinido, 2, 3 mgm 
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ASSISTANCE FOR UNDER-DEVELOPED COUNTRIES 


T HE Queen's speeoh at the opening of Parliament 
on October 27 referred to the Government's 
urgent concern to improve conditions of life in the 
less developed countries of the world and its intention 
to promote eoonomio oo operation and support plana 
for flnanoial and technical assistance This was 
warmly welcomed in both Houses in the subsequent 
debates. Lord S to noham askod. for further informa- 
tion on this matter and, emphasizing its urgency, 
atrossod the need to (seek international agreement to 
stabilize baaio commodity prices, the fall in whioh in 
1058 liad cost the under developed ooun tries 2,000 
million dollars Only urgent and increasing flnanoial 
and tedinioal assistance can avert the human suffering 
implicit in the two thirds increase forecast in the 
population of Asia in the noxt fifteen years The 
Marquees of Lamdowne was unablo to specify the 
exact increases but assured Lord Stoneham that the 
Government intended to xncroaso considerably eon 
tnbutlona m tho various fields of aid to under 
developed countries Lord Homo also expressed the 
\ iow that the foundation of peace probably lies in 
bringing tho standard of living of tho under-developed 
nations nearer to that of the industrial nations 
In replying on tho debate, the Lord Chanoellor 
said that under tho Colonial Development and 
Welfare Acts, £140 million would bo available for 
tho Colonial territories during tho 'next five years, 
with up to £100 million more by way of Exchequer 
loans External private investment of all kinds 
averaged £90 million a year, two thirds being from 
the United Kingdom, and it was estimated that the 
United Kingdom’s flnanoial contribution to tho 
Colonial tom tones averaged £100 million a year in 
1050-58 Economic and technical assistance to all 
overseas countries and territories from United 
Kingdom public funds rose by a third in tho past 
flnanoial year to about £100 million, and is expected 
to increase similarly this year, exclusive of military 
assistance and certain emergency and miscellaneous 
expenditure amounting to about £30 million. Subject 
to agreement on the constitution for the now Inter 
national Development Association, Parliament would 
be asked to put £50 million into the now Association 
In the Home of Commons, Mr J Harvey, referring 
to the growing awareness of tho need to give greater 
asststanoe to the under-developed territories sug 
gested that the Government might take some initia- 
tive in stimulating such interest so os to enlist 
voluntary contributions in addition to Government 
funds for this purpose Mr W Owen suggested the 
Co-operative movement as a possible source of 
experience, knowledge and enterprise In this con 
noxion, and Sir John Barlow advocated use of the 
International Monetary Fund to stabilize world 
production and prices of such primary commodities 
as tin and rubber Mr H A Price pointing out that 
we are already devoting more than 1 per oent of our 
national expenditure to the under-developed coun 
tries, thought that we could do much mors and that 
these territories offer great potentialities for the 
production of inoroasod wealth- The President of 
the Board of Trade, Mr R Maudling referred to our 
neod to increase our balance of payments position if 
we are to play our full part m helping the dovolop 
ment of these countries and Mr J Arbutlmot sug 


gee tod that reduced taxation in these countries would 



Mr Anthony Head emphasized the vital importance 

of giving adequate attention to the backward, de- 
pendent and under developed countries during tho 
next five or ten years He direoted attention more 
particularly to the educational problem, and urged 
that here the West needs to overhaul its wholo 
approach, and that oo-ordinated effort is imperative) 
In this he was supported by Mr K. ZQhaous, who 
pointed out that economic) oo -operation and the 
provision of financial, economic and technical 
assistance to backward ooun trios internationally 
through the United Nations represent the support 
of constructive and modernizing forces. Sir Henry 
d’Avigdor Goldsmid and Mr J Grimond Bpoke 
strongly in the same sense, Mr Grimond referring 
also to the importance both of the type of govern 
ment which is established in the newly independent 
territories and of education, including technical 
education. Mr Philip Noel Baker was somowhat 
critical of the magnitude of ourp resent contribution 
Although our contribution to United Nations Tech 
meal Assistance has risen from 2 6 to 3 0 million 
dollars, the Commonwealth has every year received 
far more from Technical Assistance than it has paid 
in, and against the increase in our contribution to 
the United Nations Special Fund from 1 to 6 million 
dollars should be eet tho schemes, costing 15 million 
dollars, for work in the Commonwealth already sub 
mittod by tho Colonial Office to Mr P Hoffman 
Moreover, the £1,000 million loan to tho under 
developed ooun tries by the International Bank during 
the first twelve years of its existence was less than 
one tenth of the extra capital required daring the 
following ten years to aohieve Mr Hoffman’s 
objectives 

Replying on the debate, tho Minister of State for 
Foreign Affairs, Mr J Profumo, recognized the 
importance of the struggle for men s minds and the 
part whioh the Chancellor of the Duchy of Lancaster 
hag to play in that connexion He also took up the 
point about education whioh had been stressed 
separately in the Queen s speech in a reference to 
the introduction of legislation to implement recoin 
msndations of the Commonwealth Education Con 
ferenoo, which had been warmly weloomed by Mr 
E Gardner and, in the House of Lords by Lord 
Hastings Lord Home noting that tho presence of 
42,000 overseas students in Groat Britain put a 
considerable strain on our unhersitios and t-ochmcnl 
oolleges, weloomed Lord Hastings’s reference to tho 
importance of education nevertheless ho thought 
tint the tank of equipping youth to meet the in to Hoc 
tual physical and moral oliallongo of the time will 
strain our resources to the full Apart from a reference 
by Mr P Wall on November 2 to the way in which tho 
under-dovoloped countries in Asm, Africa and the 
Mlddlo East are beginning to realize the importonoe 
of European capital and European technicians, there 
was no further reference to the under developed 
countries in the debate on the Address although 
others besides Mr Wall stressed the importance of 
education when the position in Control ^Af on was 
dismissed at some length on November 
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NEW RESEARCH LABORATORIES FOR THE CAMBRIDGE 
INSTRUMENT COMPANY, LTD. 

By Dr. M C MARSH 

Head of Research Department 


O N October 14 a new block of research laboratories 
for the Cambridge Instrument Company, Ltd , 
was opened by Lord Adrian, Master of Trinity College 
and until recently Vice-Chancellor of the University 
of Cambridge Following the opening, about 120 
distinguished guests were entertained to lunch by tho 
Directors of the Company, and they afterwards had 
an opportunity to inspect the new accommodation 
On October 16 an open day was arranged for share- 
holders and for guests from the University and from 
several research establishments in tho neighbourhood 
of Cambridge About four hundred guests availed 
th ems elves of this opportunity On both occasions 
the guests were received by Dr P. Dunslieath, 
chairman of the Board of Directors, and Jlr H. C 
Pritchard, managing director of the Company. 

Tlus new building is the result of a decision to 
expand greatly the research and development facilities 
of the Company It provides about three times tho 
previous floor area and permits tho wholo of these 
activities, which before this were dispersed in various 
parts of the works, to be brought under one roof, 
together with a design and drawing office 

The new laboratories are situated m Chesterton 
Road, adjacent to the Cambridge factory They 
have a very fine view over the River Cam and over 
Jesus Green and provide accommodation suited to 
the work to bo undertaken As will bo seen from 
Fig 1, the clean, modem appearance of the building 
is emphasized by large windows that run tho length 
of the first three floors and also by tho colour con- 
trast afforded by the bght buff brickwork of tho sido 
walls and the dark green of the slate panels beneath 
the front windows The building, which has a floor 
area of approximately 20,000 sq ft , 
has four storeys and is provided 
with a three-storied entrance block 
and a rear link block giving access 
to the factory buildings The mode 
of construction gives a clear area 
on each floor entirely uninterrupted 
by columns or beams, and extensive 
use has been made of modem build- 
ing materials and fittings, such as 
red thermoplastic flooring, heating 
coils embedded in the structure, 
double-glazed windows and acoustic 
panels 

The entrance block is distin- 
guished by a spacious entrance hall, 
which is decorated in contemporary 
style and contains an instrument 
showroom and a reception area 
The block also houses offices and a 
lift serving all floors 

The laboratory block consists of 
four floors approximately 100 ft 
long and 40 ft wide ‘ On the 
ground floor is the mechanical 
engineering laboratory with its 


offices, storos and constant-tcmporaturo room Instru- 
ment makers’ bonclios and oxpcrimontal benches 
are arranged mainly boncath tho front windows, 
and tho remaining floor spaco is taken up by 
precision machine tools and moclmrucal laboratory 
equipment Tho first floor is dot oted to physics and 
electronics It has a largo and airy mam laboratory, 
offices, dark room and optical laboratory, standards 
room and electronics workshop Tho second floor 
houses tho physical chemical laboratory which, in 
addition to offices, has special rooms for balances, 
glnss-blowmg and for chorrucal preparations Poly- 
thono and ‘Vulcnllienc’ fittings nro used in a special 
system for draining chomicol wnsto from tlus floor 
Tho top floor is taken up by design and draw ing offices 
Excellent lighting is provided by a number of roof- 
lights m addition to windows running tho entire 
length of both walls Along the front of this floor 
is a eoxored balcony, edged with flower-boxos 
In designing tho laboratories, groat stress lias been 
laid on versatility With tlus in view all tho sen ices 
are laid m trunks of nmplo size, and it would bo an 
easy matter to add any facilities not originally pro- 
vided Besides tho usual supplies of gas, water and 
electricity, Ihoro is a special low-xoltago decimal 
supply for portablo apparatus At 18 places tliero 
aro boards containing four terminals and an appro 
priato switch From a control control board it is 
possiblo to feed to tlieso tormmals a tliroo-plmso and 
noutral supply of any required \oltago, smglo-phftso 
a c of any \ oltago up to 250 volts at frequencies 
botweon 25 and CO c /s , a c stabilized against changes 
of voltago and frequency and d c botweon 0 and 
250 volts Tlieso supplies are obtained from trans 



Fig 1 Research Laboratorlea of tho Cambridge Inatromcnt Company, Ltd 
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formers, stabiUzor and a Word Leonard set with a and Sons, Ltd. (London and Manchester), to the 
connected motor alternator The last two are situated design of the architects, Messrs Edward D Mills 
In a cellar but ore controlled from two points in the and Partners. Light oak furniture with took tops 
laboratories On the third floor a large glass demerotor has bean supplied to all the laboratories by Messrs 
of spociat design bns been fitted m order to supply Baird and Tatlook (London), Ltd 
oiygon freo water for researches on boiler feed Theee laboratories ore now fully occupied and 
water problems Compressed air of high and low with on expanding staff, a large programme of 
pressure is supplied to all laboratories, with an research and development work is being undertaken 
extra high pressure supply In the mechanical This programme relates to improvements to instru 
laboratory menta which are already being manufactured, os well 

The budding was completed m the remarkably as to a number of entirely new projects in wluoh 
short time of just under one year by Messrs J Jarvis the Company ia interested 


CARBON-DATING CONFERENCE AT GRONINGEN 

SEPTEMBER 14-19, I9S9 

O N tho Invitation of Prof HI. do Vries (Natuur cultures from south-eastern and central Europe, 
kundig Laboratorium) and Prof H. T Water indicating a spread from the Near East across thoso 
bo Ik ( Arc hitologi BChe-BioIogiBch.es Instituut), of the regions as early as 4000 B 0 , theeo findings woro 
University of Groningen, a small conference of paralleled to some extent by numerous datings mndo 
scientists from carbon -dating laboratories wne hold m Pisa upon. Italian material 

In Groningen during tho week September 14-10 It Several contributions concerned the dating of 
■was similar In character to tho conferenooe held in stages of tho lost glaciation characterised by strati 
Copenhagen, Cambridge and Andover, Mass , already graphy archioology or biological and climatic evi 
reported in Nature 1 1 and Science* Twenty two donee Here the contribution of Groningen was 
dating laboratonee were ropreeontod, some well particularly important, since tho technique of lsotopio 
established and others just getting Into their stride, enrichment had permitted the addition of several 
from twelve countries We were happy for the first half lives to tho maximum possible ago attainable* 
time to welcome Russian colleagues at these meetings With favourable materials that warrant tins costly 
Some tlirrty five communications were made to the and lengthy prooesa, ages as groat as 04 000 ± 1 100 
meeting, which was partly concerned with the years are attainable This fn fact appears to be tho 
technique of carbon-daring and partly with selected date of the first mild interstadlal period after tho last 
aapecte of it® application to geological and arcluco (Eemianl interglacial There ia considerable evidence 
logical problems. now for an interstadial about 30,000 } oars ago at 

There was less emphasis than hitherto upon the several places in western Europo Prom tho American 
techniques of counter and circuit design, but none laboratories comes verj convincing evidence obtained 
thelesa there was a very interesting survey of the by dating ocean cores, and deposits both in the 
methods in use at various laboratories Two lab Caribbean and in salt lakes, for a very abrupt 

oratorios described their scintillation counting tech amelioration of climate about 11 000 years ago It is 
mquee, that at Soclay, using paraldehyde, and that striking that this climario break corresponds exnctlj 
at Tnruty College, Dublin, using methanol While a with the well-dated Late-Glacial period of climatio 
few laboratories use acetylene or methane in their change m Europe 

proportional gas-counters, it seems that the majority A substantial port of the time of tho meeting was 
of dating laboratories now favour carbon dioxide properly dev oted to various matters of co-ordination 
oounting Considerable emphasis was laid on the of the work of different laboratories The successful 
need for careful pro treatment of samples, especially outcome was reported of two policy decisions taken 
with difficult materials such as bone, charcoal, cave- at earlier conferences, namely, to establish an agreed 
earths and all samples of peat ago Accounts wore system of publication of date lists and to publish a 
given of several promising investigations into matters punch-card system of all published dates The first 
affecting the principles of tho method and its npplica- of those objectives lisa been met by tho publication 
tions, os, for example, those at Heidelberg illustrating of the Radiocarbon Supplement of tho American 
possiblo seasonal variation* of radiocarbon content Journal of Science the first volume of which appeared 
of the atmosphere Particular interest was attracted in May of this year The second was met by tho forma 
by on account of tho joint investigations of Cambridge, tion of Radiocarbon Dates Association, Ino Mr Fred 
Copenhagen and Hoidolberg upon possible fluctua Johnson gave a description of the principles ho had 
tions in tho initial atmospheric carbon 14 con adopted in designing tho punch -card system and 
contrati on during the past 1,200 years , this is a reported tho first issue of cards to subscribers It is 
promising extension of ideas recently suggested bj not yet sufficiently widely known by orchicological 
de Vries* os possibly offering insight into past geological and biological laboratories concerned with 
olimatic changes the liistory of the past 70,000 years how masrnvo w 

Without attempting to summarize all tho interest- the contribution already made by carbon-dating to 
ing contribution* it may suffice to point to two or knowledge of this period, nor what a very rich source 
three fields in which tho application of carbon-dating of information this punch-card system will provide 
has now apparently led to a highly significant {Inquiries for subscriptions to tho 
advnnoe in knowledge First, we may note a scries of punch-card index should bo directed to 1 
datingB modo at Groningen of the earliest Neolithic Dates Association, Inc Robert 8 Fco 
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tion for Archieology, Philips Academy, Andover, 
Massachusetts, USA) 

With regard to future procedure, it was decided 
that all earbon-datmg laboratories should chock by 
a common standard and that this should be the oxalic 
acid standard of the U S Bureau of Standards It 
was agreed that a value of 95 per cent of tlus standard 
activity could be taken as the agreed radiocarbon 
activity for organic material (but not shells) originat- 
ing in a d 1950 This decision should remove many 
of the minor difficulties caused by the different 
laboratories having individual standards of contem- 
porary activity on which to base their calculations 
of age, and it is hoped that either the next or the 
next but one date-list of every laboratory will be 
based upon this agreed standard, which will take 
care of the industrial carbon and hydrogen-bomb 
effects upon recent samples It was at the same time 
recognized that the carbonate sample provided by 
Heidelberg would be a further check of importance , 
that laboratory has undertaken the co-ordination of 
all inter-laboratory calibration measurements 

It was agreed to defer decision on a carbon- 13 
standard, pending exact absolute determinations to 
be made m the Lamont Laboratories 

It was agreed to use the methods of presentation 
of bibliography now employed m the Radiocarbon 
Supplement and in Quaternana the conference also 
recommended that new dating stations should adopt 


as their index letters tho most distinct and simplo 
combmation possible, avoiding thoso that havo 
already boon used ovon by stations not at prosent 
producing dates 

While thero was no agreomont as to whether dates 
ought preferably to bo expressed 03 B.r (boforo tho 
presont), or BO (and ad), thoro was considerable 
sympathy for tho view that dates primarily relevant 
to arclireology should bo given in the bc/ab scale, 
ovon wlioro tho dato b r liad also boon given 
Members of tho confcrenco had tho concentration 
of lecture room attendance brokon by visits to Prof 
do Vries’s laboratory, to tho groat peat bog and 
moraine region Boutli of Gronmgon and to tho 
dramatic areas of reclamation whero earbon-datmg is 
assisting tho Geological Survoy to provide funda 
mental knowledge of tho stratigraphy of coastal 
deposits 

Tho thanks of all participants aro duo to all our 
Dutch hosts, to tho Roktor Magnificus of tho Univer- 
sity of Groningen, to tho Royal Dutch Slioll Company, 
to tho Chief Enginoor and Director of tho Rtjks 
Waterstaat, and abovo all to tho primary organizers 
of tho conference H Godwin 

* Godwin, n , Nature, 174, 80S (1054) 

* Devi, H , Nature, 178, 727 (1055) 

* Johnson, F .Arnold, J R-, and Flint, R r , Science, 125, 240 (1057) 

* Vries XU do, Proc Kon Ned Ahad r an tYetennhappen, J), 81 (2), 1 

(1053) 

•Vries, HI dc, Vries. A E do, and nnrris, A .Science, 128, 472 (1958), 


ENZYMES IN THE FOOD INDUSTRY 


T HE Committee of tho Food Group of tho Society 
of Chemical Industry has an established reputa- 
tion for organizing symposia on subjects of vital 
importance and with a wide range of intorost to food 
scientists and technologists The most recont, hold 
on October 1-2, dealing with enzymes associated with 
the manufacture, storage and distribution of food, 
attracted an audience which taxed the capacity of 
the hall of the Royal Society of Medicine m which 
it was held Tho organizers very wisely decided to 
limit the scope of the contributions and to divide 
them roughly into two groups one dealing -with 
the production of enzymes and their use in manu- 
factured foods and the other with the activity, both 
useful and deleterious, of naturally occurring enzymes 
m foods 

Dr Malcolm Dixon opened the symposium with a 
paper, giving in his own characteristic way the 
necessary background information on tho types of 
reactions which may be catalysed by enzymes, and 
such of thoir properties as would have a bearing on 
the matters discussed by later speakers The valuo 
of such an introduction to a symposium covering a 
broad field of biochemistry cannot be too highly 
stressed when it is appreciated that the audience was 
composed mainly of persons connected with the food 
manufacturing and processing industries, specialists 
maybe m rather limited fields, who frequently find 
it hard to keep abreast of fundamental developments 
Tile remainder of the first day was given over to 
papers deakng with fungal amylase, invertase, rennin, 
glucose-oxidase, the pectin-degrading enzymes and 
protemases from plants and micro-organisms The 
mam interest m fungal amylase and invertase was 
in the methods adopted to secure conditions of 


culture of tho Boloctod organism so that high yields 
of high-purity onzymo oro possiblo on a commercial 
scalo Tlio discussion on tho papers not unexpectedly 
centred around tho nowor applications of onzymes 
by r tho food industry and m particular tho use of 
amylase in broad-making, tho application of such 
protemasos as papain, bromolin (from pineapple) and 
ficin (from figs) to meat with tho viow of increasing 
its tenderness, and tho recont availability of glucose 
oxidaso as an oxygon scavenger in packaged foods 
Tho proceedings of tho first day having presented 
tho onzymes in a favourable light, as processing aids 
in a variety of food products, tho socond day, dovoted 
to “Innate Enzymes Their Action and Control”, 
revealed tho rovorso side of tho modal and showed 
enzymes in a less co-oporativo mood ThiB was not 
unoxpoctod Dr Dixon, m his introductory remarks, 
had already pointed out that foods aro tho product 
of enzyme action in tho living plant or animal and 
aro metabolized after consumption by onzymo action 
m tho body of tho consumer, stressing tho fact that 
m tho living coll tho urgo of tho onzymo processes 
is towards synthosis and that onzymo changes in 
foods, which can bo regarded os post-mortom changes, 
may well be deteriorative in character It is, how ever, 
8omotrmos difficult to draw tho lino , tho onzymic 
ripening of fruit loads progressively into tho deteriora- 
tive changes of ovor-ripening Other cases aro more 
specific papers presented during tho day doalt with 
enzymic deterioration m colour (blackorung of 
potatoes by polyphonoloso), m flavour (‘soapiness’ 
m coconut and palm kernel oil products due to 
liberation of free fatty acids by lipase action) and in 
nutritive valuo (oxidation of ascorbic acid and of 
vitamin A precursors m plant tissues) 
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The problem of control is a formidable one Cold 
storage merely delays but does not prov ont enzymic 
deterioration, since enzyme reactions, like all other 
chemical reactions, are slowed but not stopped by 
lowering of temperature Other standard methods 
such as the addition of inhibitors or competitive sub 
strates, are by no means universally applicable 
Probably the most oommonly used procedure is that 
of hoat inactivation (‘blanching’), but this can lead 
to unwanted structural changes m fruits and vege 
tables At present there is no simple and universal 
solution 

It must be said that on one point the arrangement 
of the symposium was open to critical attack namoly, 
the lack of timo availablo for free discussion. It is 
in this discussion that the value of a symposium such 
as this largely resides, both for the audience and for 
the contributors thomseives Arrangements had been 
made for the dismissions to be opened by appropriate 
authorities and thoso authorities presented what 
virtually amounted to additional contributions, com 


parable in weight and importance to those of the 
mam contributors On this account, the unscripted 
discussion was seriously restricted, particularly at 
the final session, and a number of potential questions 
had to remain unasked and unanswered This was 
undoubtedly a loss and one can but ask that the 
point should be borne in mind when future symposia 
are being planned 

It is, however pleasant to reoord that the tjon 
poaium went with a swing to the end and was oiosed 
by the clock there was no noticeable whittling away 
of the audience os special interests wore disposed of 
In its lighter moments the meeting considered future 
possibilities , these included 'tailored’ enzymes for 
specified purposes and the application of enzymes 
to the restoration of fla\ oar in over -cooked cabbage 
It woe also pointed out that one speaker had coined 
a new word— the verb “to enzyme” The purists 
may refuse to accept this innovation, but we 
mast oil accept the importance of the process it 
describes 


BIOCHEMICAL RESEARCH IN INDIA 

GOLDEN JUBILEE SYMPOSIUM 


A SERIES of symposia was organized bj the 
Deportment of Biochemistry Fermentation, and 
Pharmacology laboratories of the Indian Institute of 
Scionoo, as part of the celebrations of the golden 
jubilee of the Institute during August 28-30 and 
was attended by more than two hundred scientists 
including fifty dolegates representing important 
oentree of biochemical research in the country The 
subjects covered wore Biology and Biochemistry of 
Micro-organisms” ‘ Enzymes ’ and Vitamins 
The symposia were inaugurated bv Dr S Bhaga 
vantam, tne director of the Indian Institute of 
Scionoo, and the first day of the session was presided 
over by Major General 8 L Bhatia, who spoko on 
the “Progress of Physiology and Biochemistry in 
India” Prof P 8 Sarma, who presided over the 
proceedings of tho second day outlined the contribu 
tions in onzyme chemistry made by the late Prof 
K. V Giri (eee Nature, 182, 1201 1958) Dr V N 

Patwardhan who took the chair on the third and 
final day of the symposium, gave on address on the 
mod© of action of vitamin D on which he and his 
group have been working for the post two decades 
He and his collaborators have adduced experimental 
ovidenco to show that vitamin D acts presumably 
by promoting tho synthesis of citno add in the 
opiphysenl cartilage Dr Y Subrahmanyan, director 
of the Central Food Technological Research Institute, 
Mysore, who was professor of biochemistry in tho 
Indian Institute of So i once from 1931 until 1949, 
reviewed the work done in tho department during 
his regime Ho gav e a brlof account of the dovelop 
ment of tho Bangalore process of composting the 
elucidation of tho principles of sewago purification, 
tho preparation of a material from poddy husk for 
defiuormflting fluonde -oontaming waters and the 
preparation of insulin and other hormones from 
slaughter house material and \ egotahle ‘mflk 1 from 
soya bean Prof M. Sroemvusayn, who was one of 
the pioneers in enzyme chemistry during the early 
years of the Biochemistry Department, described 
tho elegant method developed by him for the study 


of enzymes both hy the ultra-micro- as well a* by 
micro -dUato metric methods 

Sixty nine original research papers wore presented 
at the symposia, and only a selection can bo mentioned 
here 

M G Bhftt of the Indian Institute of Science read 
a paper on the nutrition and metabolism of Pseudo 
monns convexa var hippurtcum representing tlie work 
done by her in collaboration with Drs T Rama 
krishnan and J V Bhat, Detailed investigations 
with regard to tho nutritional requirements and 
metabolic pathways of this organism, which was 
isolated from soil using tho enrichment culture toch 
niquo wore outlined and a now pathwav of benzoate 
breakdown by the bacteria Involving salicjlato a 
rnoahamsm different from tlie classical sohemo of the 
metabolism of the aromatio ring, described M K 
Subramanyam (Indian Institute of Science) gov o a 
rfeuraii of his studios on tho oytnlogy of yeast, whioh 
included the demonstration of tno presence of a 
nucleus and a vacuole as well os the occurrence of 
nuclear and vnouolar membranes in tho yeast cell 
Ho also pointed out tho general similarity of the 
structures of yeast and plant nuclol 

M. Chakravorty and D P Burma of the Bose 
Institute, Calcutta, presented a paper on “Microbial 
Synthesis of Protein in Relation to tho Biogenesis of 
Nncloio Aoida’ Using phosphorus 32 and sulphur 35, 
the} hav e shown that in tho resting coll of Azoldbactcr 
vinelandix conditions under which nuoloic acid 
synthesis is Inhibited lend to a decrease in protein 
synthesis On tho contrary, it was found that the 
incorporation of phosphorus 32 int-o tho nuoloio acid 
continued in an uninterrupted manner even when 
protom synthesis was inhibited. P S Sarma and 
co-workers, of the University Biochemical Labors 
tory Madras, working on metal requirements 
of nicotinamide deaminases, have investigated the 
inhibition by metal -chelating agents of nicotinamide 
deamidfttmg systems in coll freo ortraotB 
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by a-a'-dipyridyl with various metal ions, has shown 
that the enzyme systems m the insect Corey ra 
cephakmica St, pigeon liver and chick kidneys are 
reactivated by Fe++, that in A ntger by Mg++ and 
the one m N crassa by Mn++ 

The detection and purification of a steroo-spooific 
dihydrolipoic acid dehydrogenase formed the subjoct- 
matter of an interesting paper by D K Basu and 
D P Burma, of the Bose Institute, Calcutta Tho 
enzyme, which was purified 60—70-fold, was found 
to be diphosphopyridine nucleotide-linked and specific 
for dihydrolipoic acid and its amide Tho reaction 
was irreversible when tested with hpoic acid as tho 
substrate I S Bhatia and co-w r orkers, of tho Tocldai 
Experimental Station, Cinnomara, Assam, gave an 
account of then work on tho transglycosidaso present 
m tea leaves This enzyme reacted with maltoso 
with the formation of maltotriose, maltotetroso and 
glucose With arabmose as tho acceptor of glucosyl 
residues and maltose as the donor, a disaccharido 
containing glucose and arabmose was formed 

The purification and properties of glutumic- 
oxalaeetic transaminase from ox brain and from 
human bram were described by T N Paltabhirnman 
andB K Bachhawat, of the Christian Medical College, 
Vellore A 30-40-fold purification of tho onzymo 
was achieved by fractionating the initial extract with 
alcohol, Zn++ and ammonium sulphate Tho purified 
ox-bram transaminase showed complete dependence 
on pyridoxal phosphate for its activity 

A new type of enzymatic transamination reaction 
m which glyoxylate transammatos with a number of 
amino-acids to produce glycine was roported by 
L V S Sastry and T Ramakrishnan (Indian Institute 
of Science) Isonicotmio acid hydrazido and L- 
penicillamine at low concentrations inhibited tho 
enzyme but the inhibition was reversed by pyridoxal 
phosphate or metal Tho authors adduced unequi- 
vocal evidence to show that tho transaminase was a 
me tallo -enzyme The purification and properties of a 
naturally occurring inhibitor of glutamine synthesis 


prosont m Pongaima galls w-as described by N K 
Sukanya and C S Vaidyanathan (Indian Institute 
of Science) , they also showed tho preponderance of 
this inhibitor m tho gall tissue, as compared to 
normal tissuo 

N Appaji Rao, H R Cama and S A Kumar 
(Indian Institute of Scionco) gavo dotuils of some of 
thoir recent work on tho occurrence of flavin nucleo 
tides in plants and tho changes in their concentration 
with gorminntion of green gram ( Phascolus radxatus) 
and cow pea {Vxgna cahang) Tho rndiclo of 
tho gorminntmg seedlings contmnod almost all tho 
flavin ndonmo dmucleotido and tho major portion 
of tho total flavin, whilo tho cotyledons and tho 
plumulos contained flavin mononucleotido ns tho 
major flavin Somo mterestmg oxnmplos of spocies 
spocificity m tho mechanism of pyridino nuclcotido 
synthesis by erythrocytes woro roported by P. G 
Tulpnlo, of tho Nutrition Rosonrch Laboratories, 
Hyderabad Of tho sovon species studied by thorn 
only human and giunea pig erythrocytes woro capablo 
of synthesizing diphosphopyridine nuclootido from 
mcotmamtdo and glucoso Human as w oil as monkov 
erythrocytes could also synthcsi/o appreciable 
amounts of dipliospliopyridino nuclootido from 
nicotinic acid nnd glucoso m tho prcsenco of glut- 
ammo, w borons this motabohe pathway did not seom 
to operate m tho guinea pig Red blood colls of tho 
monkey woro ablo to synthesize diphospliopyridino 
nuclootido only m tho prcsenco of glutamine, suggest- 
ing that mcotinnmido was conierted to nicotinic acid 
prior to mcorpornt ion m diphosphopyridine nuclootido 

Four special locturos woro gnon in tho evenings 
on each day of tho symposium* Dr D P Burma, 
of tho Boso Instituto, Calcutta, on “Pentose Phos 
phnto Metabolism”, Dr B K Baclihawat (Christina 
Modical College) on “Purification of Enzymes” , 
Dr P M Bliargava (Regional Research Laboratories, 
Hyderabad) on "Protein Synthesis” and Dr T 
Ramosarma (Indian Instituto of Scionco) on 
“Coenzyme Q” PS Sajuua 


NATIONAL VEGETABLE RESEARCH STATION 

NEW LABORATORY BUILDING 


T HE new laboratory budding of tho National 
Vegetable Rosearch Station was officially opened 
on Ootober 23 by H R H The Buko of Edinburgh 
The decision to establish the Station was takon 
after the Second World War because of a continuing 
need to encourage vegetable production m Groat 
Britain, and tho Agricultural Research Councd is 
now responsible for government grant-aid to finance 
the Station and for the general supervision of its 
scientific programme 

The new budding marks the culmination of ton 
years development from the time when the director, 
Dr J Phdp, took over 280 acres of land at Wollos- 
boume, near Warwick, m September 1949 Initially 
the site had no electricity, roads or suitable water 
suppbes, and the only buddings were three small 
cottages and a few farm buddings Budding restric- 
tions m the early years severely hampered develop- 
ment and the research staff had to be housed 
temporsnly m old service huts, whde Dutch light 
structures served as temporary glasshouses 


Tlio now laboratory budding was dosignod by Mr 
F W Holdor, cluof architect of tho Ministry of 
Agriculture, Fishorios and Food, and has a total floor 
area of 33,800 sq ft Besides laboratories nnd offices 
it contains a library, lecture room and committeo 
room, and tlio basomont has spaco for the futuro 
provision of controlled -environment cliambors Tho 
construction uses pro-cast concroto frame nnd floors 
with extornnl curtain-walling of msulatod plastic 
and somo brickwork, tho roof bomg of coppor Tho 
Station also lias about a half-acro of glasshouses used 
for pot-oxpornnonts m research projocts, a packing 
shed, implement shod, farm stores and buddings for 
livestock 170 acres are eorvod by underground 
irrigation mains with a boroholo for tho water 
source 

Tho site at Wollcsboume is central for tlio country 
as a whole and tho sod and climato aro suitable for 
vegetable production, bomg similar to those in tho 
nearby Vale of Evesham, an important horticultural 
area The area of 280 ocros, to which 95 acres liavo 
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recently boon added allows a farm unit to be run in 
conjunction with the experimental vegetable crops 
and ib largo enough to provide the isolation necessary 
for some of tho research work. In addition, there is a 
mib station, at Paglesham, Eeeox, with an area of 
150 acres, which is chiefly used for the multiplication 
of seed stocks. 

All vegetable crops grown in tho open and in cold 
frames, except potatoes, come within the purview 
of tho Station, and its work is organized under eight 
sections plant breeding , chemistry , physiology ; 
irrigation , entomology pathology , weed control , 
statistics 

Long term experiments with a rotation of vegetable 
crops are now in their sixth year The treatments 
comprise organic and inorganic fertilizers, tune and 
frequency of application of nitrogen, and methods 
of soil cultivation. Growth studies are being mado 
on some of the crops in these experiments to obtain 
information on the stages of growth most affected 
by fertilizers , tho wood populations and soil moisture 
characteristics of the soils under different cultivation 
methods are also being investigated Dung has been 
shown to exert a marked influence on growth during 
tho very small seedling stage 

Plant-breeding is carried on at a practical level 
with the production of improved varieties of vege 
tables, and at a more fundamental level with the 
application and development in vegetable crops of 
breeding methods os such The method of inbree d i ng 
to attain uniformity followed by cros s i n g to restore 
vigour, used bo successfully in maize, has been applied 
to brussols sprouts, and hybrids with yields 40 per 
cent above the parent strains have been produced. 
The backcross technique is being used for the intro 
duct i on of winter hardiness into an otherwise satis 
factory quick freeze variety of pea In the dioecious 
species, asparagus, where tho malo plant is com 
mere i ally desirable and usually heterogametic, iso la 
tion of homogametio male plants has produced 
strains giving all male progeny on crossing 

Entomological research is mainly concentrated on 
the carrot fly the cabbage-root fly and the lettuce 
root aphid. Ecological work on tho effect of msecti 
cides on tho balance between tho cabbage-root fly and 
its predators has shown that tho balance can bo tipped 
in favour of tho pest by indiscriminate broadcast 
application of insecticides Tho use of insecticides 
against carrot fly raises problems of off flavours in 
the crop and of tho poefqblo build up of insecticides 
in tho soil Extensive tooting teste have boon earned 
out at tli© Station with carrots to assess tho effect 
of insecticides on their flavour A technique which 


has been developed for the assay of insecticide 
residues m the aoii enables concentrations of dieldrm 
os low os 0 05 p pun. of soil to be measured. 

The diseases of vegetable crops ore as divers© as 
the crops themselves. The silvering disease of red 
beet which is bacterial has been successfully con 
trolled with streptomycin. Fungal diseases include 
the long known club root of brassicas and tho 
relatively new crook root disease of watercress new 
fungicidal techniques give hope of control] mg both 
these, while the prevention of v mis diseases in water 
cress and lettuce is being Bought through tho pro- 
duction of clean stocks Tho development of resistant 
varieties by selection and breeding techniques is 
being tried for parsnip canker and DxdymeUa stem 
rot of tomatoes 

Work on the irrigation of vegetables has been 
primarily concerned with the most efficient use of 
water Moisture -sensitive periods during growth 
hav e been found to exist with some vegetable crops 
and at these periods irrigation has its maximum 
effect while at others it does not produce an economic 
response Work has been started on the relationship 
between water and nutrient uptake in the root 
system and on the use of additives to irrigation 
water 

The newer residual herbicides are being tested for 
suitability on a wide rango of vegetable crops, and 
work has recently started on tho nature and extent 
of the damage to vegetable crops caused by the drift 
of spray from herbicide* used on neighbouring agn 
cultural crops. The effects of weeds are also boing 
studied m two other aspects tho unevenness of 
weed distribution has been shown to bo partly 
responsible for field plot variation m tho yields of 
experimental crops and the reduction in crop yields 
caused by weeds has been found to be affected b> 
tho spatial arrangement of tho crop plants. Suitable 
mathematical models to describe the growth of som© 
crop plants are bo mg sought, with tho view of improv 
mg tho interpretation of treatment year interactions 
in long term experiments 

On tho practical side tho Station maintains close 
links with the National Agricultural Advisory Service 
and is fortunate in being able to moho uso of tho 
experimental horticulture stations of this body for 
the further testing of experimental findings under a 
wider rango of conditions On tho academic side, an 
arrangement with the University of Birmingham 
enables postgraduate work carried out at the Station 
to bo recognized for the purpose of obtaining 
internal higher degree* of tho TJnfvorretj' 
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THE GRASSLAND RESEARCH INSTITUTE 


I N the past, grassland has received much less than 
its due share of attention from the scientist, but 
some of the extensive work on this subject now being 
done in Great Britain is summarized m the recently 
published annual report for 1957—58 of the Grassland 
Research Institute (Experiments in Progress, 
No 11 Pp 108 Hurley, near Maidonhead Grass- 
land Research Institute, 1959 7s G d ) Many 

aspects of the composition, treatment and use of 
grassland swards are investigated by the iuno depart- 
ments The Department of Herbage Agronomy is 
concerned with management, yiold and quality of 
herbage at all seasons of the year, and the emphasis 
has shifted from comparison of species and vanoties 
to establishment and management of the sward 
Continuation of the study of the Telationslup between 
white clover and top-dressings of nitrogenous fertil- 
izer has shown that the effect of white clovor on 
gross yield of herbage was equivalent to approx- 
imately 9 cwt per acre of a nitrogenous fertilizer 
annually on a no-clover sward Tlio results of 
experiments with gibberelhc acid showed that 
response to nitrogenous fertilizer at 4 cwt per acre 
was greater than response to 2 oz per aero gibborolho 
acid Nitrogen plus gibberelhc acid produced an 
additive effect at first, but m tho presence of mtrogon 
there was a significant depression m yield os a result 
of gibberelhc acid treatment , depression was greatest 
where the initial response to gibborolho acid was 
marked 

In the Section of Animal Agronomy, grassland 
production is measured m terms of tho animal 
Better live-weight performance per animal was 
obtained when cocksfoot was grown with lucomo 
than when lucerne was grown alono A comparison 
of two methods of sowing and managing lucerne and 
cocksfoot indicates that it is possiblo to extend tho 
grazing season by about four weeks in the autumn 
by use of nitrogenous fertilizers The live-weight 
gam per acre of ewe lambs carried throughout the 


year at a stocking rate of G 1 por acre was, on 
average, G5 lb higher on swards containing whito 
clovor, although tho grass swards recoivod nitrogen 
to compensate Tho comparative influence of loys, 
variously managed, on tho yiold of subsequent cereal 
and kale crops has boon investigated by tho Depart- 
ment of ley Agronomy It is demonstrated that 
management of loy awards lias an appreciable offect 
on yield of tho following crops This is accounted for 
largely by tho nitrogen status of tho soil Tho study 
of tho intake and digestibility of herbage is one of 
the mam concoms of tho Dopartmont of Biochemistry 
and Animal Nutrition Tins mvolvos both feeding 
oxporimonls and biochemical studios of horbago 
plants The formor havo shown that cortnm of 
tho major grassos aro more digestiblo than others 
and tho latter that tho older methods of fraction- 
ation aro too arbitrary , modorn techniques are 
likely to give a moro roliablo assessment of digest- 
ibility 

Tho work of tho Dopartmont of Plant Physiology 
is lmkod with that of Herbngo Agronomy m labor- 
atory and fiold Tho detailed growth studies aro 
likely to provide valuablo guidance on grazing 
practice. Experiments m microbiology nro connected 
to soil and horbago studios in othor departments, 
with ompliasis on tho oxammation of tho processes 
of decomposition which tako placo when tho Joy is 
ploughed A small oxporimont on sterilization of 
grass by radiation suggests that it mav ho possiblo 
to prosorvo grass for several months without unduo 
changes m portability Extra-mural oxporunonte 
provide supplementary ovidonco ovor a wide \ariotj' 
of environmental conditions Such experiments aro 
usually done in collaboration with tho National 
Agricultural Advisory Service Tho Dopartmont of 
Biomotncs provides statistical odvico and n com- 
puting service for othor departments and has com- 
menced its own fiold-exporimonts to answer specific 
questions 


SCIENTIFIC RESEARCH IN ALBERTA 


T HE thirty-ninth annual report of the Research 
Councd of Alberta, covering the year 1958, 
stresses the work on ground water geology and tho 
studies on the Precambnan Shield area of north- 
east Alberta (Report No 78 Pp GG Edmonton 
Research Councd of Alberta, 1959) Work was com- 
menced on the delineation of areas with largo coal 
reserves which could be developed by industry os a 
source of power, and reconnaissance survoys wore 
made of alkali lakes in Alberta and of the mountains 
west of Nordegg A laboratory study of till from the 
Cooking Lake moraine showed that electrical poten- 
tials up to 0 5 V can he generated in soil between 
individual horizons by natural processes Soil surveys 
continued and a study is being made to dotemune 
tho characteristics of the dominant parent materials of 
Alberta soils, the composition of the glacial till and 
the local variations Further work at Youngstown 
showed that the productivity of the eolonetz sods 
was limited by the physical condition of the sod, 
times and timeliness of irrigation being both critical 
under such soil conditions The hail reporting net- 


work was further oxtondod and valuablo i osidts woro 
obtamod m spite of an unusually low moidonce of 
had m tho aroa Tho highway rosoarcli programme 
was largely concerned with tho instrumentation ond 
study of a fivo-milo portion of tho trans Canada 
highway west of Calgary, on which test soclions of 
throo different types of concrete pavement wore 
laid 

Fundamental studios on coal in tho organic 
chemistry laboratory included nn examination of 
reactions of humic acids, a preliminary survoy of 
the properties of korogons and other organic sub 
stances associated with inorganic sediments, and sub 
stantial progress m tlio separation of tho products 
obtained by oxidizing pyrolysod truxono with nitric 
acid Tho mam effort of tho physical chemistry 
laboratory was in studies of the mechanism, of tliormal 
decomposition of coal and tho control of the decom- 
position. by gaseous and gas-ontrainod additives , hut 
the effects of ultrasonic irradiation on small molooules 
were also examined and tho viscosity characteristics 
of solvent oxtracts from ooal and tho shape and size 
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of the extracted molecules In palieobotany sub 
stantial progress was made in formulating meflns for 
identifying fossil spores and pollen grams and the 
de\ elopment of a key’ for identifying living and 
fossil conifer woods is now virtually complete Further 
studies are reported on fluidised carbonization, and 
tho first stago of a coal grindabibty investigation was 
completed. In the petroloum division studios con 
turned of the catalytic desulphurization of sulphur 
compounds at high temperatures to remove sulphur 
as hydrogen sulphide and on the oxidation of sulphur 
compounds to remove it as sulphate The study of 
two phase flow of oil and water m pipe lines -was 


continued in winch a general mathematical analysis 
was developed for two unmiscibio fluids flowing 
between v. ide parallel platos and flowing concentric 
ally in a circular pipe Considerable progress was 
made in the study of the effects of hydrogen isotopes 
on the rates of chemical reactions, while tho study of 
the retention volumes of hydrocarbon gases on 
chroma tograplno columns of a series of activated 
diarcoals lias been extended to an examination of the 
relative widths of th© chromatographic hands The 
autothemuo surface combustion reactor for pyrolymng 
hydrocarbons was further developed. A list of 
publication* of tho Council is appended 


BIOLOGY OF AMCE&A 


T HE late Robert Cliambera was a much loved 
personality on both sides of the Atlantio A 
publication by the New York Academy of Sciences 
lias been greatly influenced by him, many papers 
bo mg presented b> his former students and second 
generation’ of students* Tho papers deal exclusive!} 
with tho 'fission cycle’ of the life history of Amoeba 
I first mado acquaintance with Cliambera when 
studying Daphma pulex, each having worked out its 
spermatogenesis Later, I sent to him supplies of 
A profits at various localities 

An article by Mazia in ‘ Scion co in Progress 1 
prepared readers for ftoirio of the many good things 
in this volume After a short biography of Chambers 
and on introduction by Hirahflold the subject-matter 
is grouped into four parts In part 1 (“Structural 
and Taxonomic Considerations ) Torch describes 
the cytology of Pelomyxa The most interesting 
conclusion is that crystals arc a metabolic waste 
product, probably an accessory raoohaiusm for the 
excretion of nitrogen Particulates of Amcebre ora 
studied by Kassel using a drop retraction technique , 
proteins on reaching an experimentally introduced 
oil-water interface unfold and produce a surface 
donaturation curvo resembling that of a medium 
containing a protom of low molecular weight Useful 
practical hints and photographs of apparatus, as well 
as electron microscope studies, are given in “Micro 
acoplc Studies” by Borysko end Roelansky Beautiful 
eloctron microscopic work by Pappas reveals the 
astounding pxwenco of fine fibrous extensions on the 
outer surface of the plasmalemma of three species of 
amoeba and other unsuspected structures Kudo 
gives a welcome tesum<5 of tho work of the early 
observers and their nomenclature and makes a strong 
plea for the retention of the namo Amoeba for tho 
genus 

In part 2 (“Physical Studios and Cell Division ') 
Landau deals with sol-gel transformations in Amoebro, 
and considers that tho findings of myosin like proteins 
in amoeboid forms lond credence to the idea of a 
oontractflo substratum “Synchronization of Cell 
Division” by James gives much fascinating detail 
of tho observations made daring tho establishment 
of the main thesis Threo authors describe pmo 
cytosifc which was discovered by Lewis and 
observed by Mast and Doy le in amoeba, but 
only recognized as important in the past few years 
Hoi ter, in tho next paper, givee some beautiful 
pictures of the phenomenon, and stresses its im 

• Ann%l* of the New York Aefcdwny of EWeacet Vol 78, Art S 
The Blolozy or the Amrrba. By henry I UtrUjfldd and £2 other 
author*, Pp. <01-701 (New \ork : New York Academy of ftdencei 
10W) IffodnDm. 


portance in the physiology of amoeboid cells though 
ho thinks that the original definition may require 
modification towards less emphasis on tho fluid 
uptake and more on the dissolved substance 

A very long paper of sixty threo pages by 
Guthwm and Kopac is a vade mecum for the 
microscopic enzyme chemistry of carboxylic cet erases 
in Amoebic * Cyto chemical Differentiation m Normal 
and Starving Amoebic’ , by Heller is the second 
articlo of part 3 An interesting analysis of the 
cytoplaamio inclusions deals with refractive bodies 
As I have repeatedly pointed out, those refractive 
bod toe are nutritive, and for that reason Dr Carmola 
Hayes renamed them ‘nutritive spheres Thov plav 
a great part in the formation of the spores in the 
Proteus group of Amcebro Their dmrnotcr is indica* 
tive of the age of the Amcoba- — an individual with 
large nutritive sphere® is old and ready to sporul ate 
Cohen, m Physiological and Morphological Observe 
tions ’ gives the first hint as to the groat weakness 
or the work under review when ho says “A protcua 
in our experienoo consists of at least two strains 
investigators should give tho Idstory of the stock 
they use’ I maintain that two distinct species 
masquerade under the specific namo proieua I have 
hod an opportunity of studying a rich culture from 
the laboratory of Brachet it was A Itachemt 
and not A protena It also contained very young 
stages of development, proving that even under rigid 
subculturmg a few individuals oscapo and spondaic 
Want of space prohibits more than montionof ’‘Tracer 
Studies m Amcebro” by Plaut, “Effect of Selected 
Chemical Agents on Amoobro ’ by Zimmerman. 

In part 4 Hirahfleld dismisses “Nu doer Control 
of Cytoplaamio Activities” and Prescott pictures 
tho wonderful Cartesian diver for weighing Amccbco 
in his article on microtechnique in amcebro studies 
“Micrurgical Studies on Irradiated Polomyra”, by 
Daniels, is followed by an account of tho cole 
brated work of Dam obi on strains of Amocb© that 
hnvo been continuously cultivated for years in King s 
College, London In conclusion, one would urge 
the examination of older Amcobte for tho proeonco 
of deoxvribonuolelo acid 13 ra chat's beautiful work 
on the ‘Cytoplasmic Dependence in Amcoba’ ovi 
dently omits this. The volume ends on a lighter 
vo m when Kopao visualizes Amoeba research in 2IGB 
Used in conjunction with Jeppas “Tho Protozoa, 
Sarcodma" 1 , this volume is a uaoful reference book 
for all students of Amoeba Mohica Tayiok 

» Sdeoc* In Proem*” edit, by T*yk>r Both lcrth * w 

H*.v*n Y*U) /oflrer *r*d i v»pi 

* Jepp* It. W rrot-azo* Skit*#”* < 

borffi 3 PM) 
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VALUE OF CONTOUR ANALYSIS IN EQUATORIAL METEOROLOGY 

By D H. JOHNSON and D H. T. MORTH 

East African Meteorological Department, Nairobi 


S INCE November 1958, daily contour analyses 
have been made at the East African Meteoro- 
logical Department, Central Forecast Office, East 
Africa, for standard pressure-levels from the surface 
to 100 mb , and for an area winch includes all Africa, 
and Europe to 56° N Such analyses are bohoved 
to be unique for Africa they are giving an insight 
into mechanisms governing equatorial weather which 
has not been provided by conventional streamline 
analyses of the upper wmds 
Flow and changes in the flow are as dependent in 
the tropics as elsewhere on the pressure field and its 
evolution However, the -a ant of radiosonde data, 
lack of success in explaining day-to-day variations 
m weather in terms of the surface pressure fiold, and 
the absence of a fixed relation between pressure 
gradient and wind, have led to a concentration m 
the past decade on streamline analysis alone Stream- 
lines define usefully the instantaneous wind but they 
have failed m everyday use m East Africa to account 
satisfactorily for the obser\ od w oatlior, and tlioy liavo 
contributed httle by themsolvcs to the solution of 
forecasting problems Improvements m radiosonde 
and radar wind coverage over Africa, duo largely to 
the stimulus of the International Geophysical Year, 
now permit some deductions regarding tho role of 
the upper pressure distribution to bo made 

Principal pomts of contrast with middle-latitude 
upper patterns are (a) equatorial pressure gradients 
are weak, a consequence of the inability of other 
terms m the equations of motion to balance a large 
pressure force m the free atmosphere , (b) pressure 
systems which influence East African weathor are 
slow-moving or stationary and weather changes are 
effected more often through development i n situ than 
by travelling disturbances 

Though the observations are still insufficiently 
dense and accurate to define the contours precisely, 
certain characteristic states have been recognized 
An important case arises when upper anticyclones 
m the lower latitudes of each hemisphere are separated 
by a trough along the equator (Fig 1) Tins system 
is associated with zonal flow Pressure gradients and 
wmds derived by assuming a geostrophic balance 
agree well with observations When tho contours 
are confluent as m the right of Fig 1, acceleration 
leads to convergence near to tho equator, and if tho 
convergence extends in depth through tho lowor 
layers, a rain-producing mechanism exists Under- 
standably, the most marked effects on tho weathor 
occur when the pressure field is not stationary, but 
either or both of the anticyclones change their in- 
tensity or location , the accelerations are then 
potentially greatest since the geostrophic balance is 
particularly delicate due to the smallness of the 
Coriolis parameter 

A second well-defined model occurs when a meri- 
dionally directed pressure gradient exists across the 
equator (Fig 2) The geostrophic departure increases 
as the equator is approached and the unbalanced 
pressure force at the equator itself leads simply to 
down-gradient (Eulerian) flow the contours are 


crossed perpendicularly by tho streamlines a fen 
degrees downstream of tho equator, tho lag being 
due to tho zonal momentum carriod Tins model 
was observed primarily in tho ponod January-March 
1959 when, in tho lower troposplioro, tho low pressure 
to tho south took the form of a zonal trough 
Cochcme 1 has romarked on tho predommanco of this 
pattern near tho surfaco during February 1955 and 
has noted tho resomblonco to tho largo-scalo monsoon 
flow associated -with tho Indian summer low pressure 
On other occasions tho low pressure is tho equator- 
ward portion of a largo-amphtudo trough in tho 
polar westerlies which lias penetrated tho sub- 
tropical anticyclonic bolt This pattern was typically 
associated with lower divergence and fine weathor 
north of tho equator and with ram m tho convergent 
westerlies to the south 

Tho foregoing two cases liavo boon illustrated in 
simplo form , but smaller scalo complications, some 
orographic, some dor olopmental, may bo super- 
imposed upon thorn, and tho two patterns can co exist 
m adjoining longitudes Other characteristic states 
arise Of particular importance aro tlioso which givo 
riso to westerlies m tho lowor half of tho troposphere 
East African meteorologists hare long recognized 
an association botwcon westerly wands and wndo- 
spread ram Previously this lias been ascribed to 
the presence of a source of moisture to tho west 
Wo obsorro, however, that a more than adequato 
supply of moisture is carried inland in tho lower 
layers of tho easterly monsoon currents, and consider 
tins to bo tho more important moisture source for 
East African rainfall Westerly flow is often simply 
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Pig 2. Crow-egnidoriil drift. — Ocm tour line* (bright In m.) 
— * — *trc»m]Ine» 


a recurving easterly monsoon current A basic 
tendency for moisture to be contained in the lower 
layers in easterlies, due to subsidence, and for up 
ward transport of the moisture in westerlies, is 
ascribed to the operation of the Coriolis term, Sficosp w, 
m iho equation for the vertical acceleration 

+ 2nco *P u 

where the symbols have their conventional sigmfle 
ance Considering a fixod value for ti the term 
Bflcos^p u has ita maximum at the equator It has 
usually been dismissed as being negligibly small* in 
comparison with the pressure gradient and gravity 
terms, but these oppose each other, being approx 
imately in balance In these oircumstanoee smaller 
terms can achieve significance Calculation of the 
last term shows that, providing the possible com 
pensating mochaiusms only partially diminish the 
instantaneous acceleration, appreciable vortical 


motions oould build up on the time-scale of synoptic 
processes The effect is by no moans over riding and 
maj be opposed or enhanced by the synoptic 
aituation 

The importance of examining pressure and flow 
patterns at several levels of the lower troposphere 
when assessing the significant vortical motions was 
amply demonstrated during May 1659 Marked low 
level di verge noe over Kenya and Tanganyika in the 
outflow from tho surfaco/850 mb Mauritiua/Mada 
gascar sub tropical anticyclone underlay on different 
occasions a confluent 700 mb pattern (Fig 1 } and a 
weak westerly flow , in both cases no rain fell 

As recently as December 1068, the opening speaker 
at a Meteorological Office discussion on tropical 
meteorology* remarked that the forecasting of upper 
winds from prontours is invalid m equatorial regions 
because a relationship between contours and wind 
has not been established Contrariwise, the present 
work^ whioh raises hopes of a basically synoptio 
solution to East African weather forecasting problems, 
suggests that the ability to prediot changes in the 
oontonr pattern in low latitudes is a fundamental 
need Wo moat strongly disagree with the view 
expressed by Walker in the same discussion* that 
there is no guarantee that an improved upper air 
network would improve (equatorial) forecasting 
significantly In a paper which has very recently 
come to hand Palmer and collaborators* have 
pro\ ed the occurrence of approximately geostrophic 
flow down to equatorial latitudes in the Pnciflo 
Trades , their mi cstigntion demonstrates most 
eloquently tho value of a close homogenoous network 
of radiosondo and radar wind observations in soK ing 
tho problems of equatorial flow the establishment 
of a similarly dose network in East Africa and 
adjoining territories where a greater variety of 
pressure patterns and far more synoptio change 
occurs, would, we contend, lead to fundamental 
progress in our understanding of equatorial weather 
mechanisms 

We wish to thank Mr B W Thompson, regional 
meteorological representative, Kenya East Africa, 
for his constant support and ad\ ico, and Mr J P 
Henderson, director, East African Meteorological 
Department, for permission to publish this account 
1 Cochcn>6 J (nnpobl!*b*d n ot«* 1069) 

1 Pettenon 8 Weather AiuhiU »ttd Fort outing - (WcOraw THU 

105C) 

» MtLilme 88 118(1960) 

* Palmer C. B. , Balllf, J R. Sinclair P 0. and Yleiee, W An 

Empirical Study or Air MoTcment near the Equator - (unit* r*Uy 

of California Loc Angel©* 1968) 


PERMANENT MOISTURE EXPANSION OF CLAY PRODUCTS 
ON NATURAL EXPOSURE 


By J S HOSKING and H V HUEBER 

Division of Building Research Commonwealth Scientific and Industrial Research Organlxatlon 
Graham Road, Hlghett, S.2I Victoria, Australia 


T TTE criticisms by Vaughan and Dinsdale 1 of our 
communication* on the progressive long form 
moisture expansion of clay products, and their 
objoction to our use of the term ‘permanent’ to 
describe it, lead us to fear that thoy still regard tho 
problom as one of acadomio interest only and not as 
a serious practical one, such as our observations of 


dam ago to buildings in Australia* and thoao of 
MoB umey 4 in tho United Staton of America hnvo 
shown it to bo Although the expansion mo> 
apparently bo removed bj subjecting 4110 
ials to high temperatures, it is permanent n 
Spheric temperature*, and hone* C no 

are considering tho problom s® 
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Fig 1 Average permanent moleturo expansion curves for eight types of clay product 
on standing In air for two years Curvo 1, roofing tiles , curve 2, wall tiles , curve 3, 
architectural terra-cotta, curve 4, bricks, curvo 5, china body , curve 0, refractory 
body, curve 7, floor tllo , curvo 8, firebrick 


the expansion can properly be roferrod to as 
permanent 

Our mam object m studying the problem is to 
determine, for a wide range of clay products, the 
ultimate expansions and the times takon to roach 
these, whether they bo 60, 100 or 1,000 yoars A 
knowledge of both is necessary if wo are to find out 
how to offset the expansion and so prevent the 
resultant damage The reason that wo, hko others, 
have autoclaved the bodies in steam has been to 
accelerate the process of expansion and thus to study, 
m a reasonable time, the reactions which normally 
take a life-time or more Unlike others, how ever, w o 
have continued the procoss of autoclaving until the 
bodies reached dimensional stability and havo thus 
obtained measures of the maximum expansions tho 
bodies suffer at high temperatures At tho same 
time, we have not neglected to observo tho bodies 
under natural conditions, for it is only thus that the 
practical behaviour of tho bodios can bo correlated 
with the results at high temporaturoS 

In all, we now have more than a thousand indus- 
trial and laboratory specimens exposed under natural 
conditions, and these are bomg added to from time 
to time Replicate samples are exposed, out of doors, 
m an air-conditioned laboratory and m an atmo- 
sphere of 100 per cent relative humidity, while others 
are kept totally immersed in water , others again 
have been subjected to cycles of soaking m water 
and drying at 110° C Some bricks have now boen 
under observation for five years, at the end of which 
time they show expansions ranging from 0 046 to 
0 20 per cent with an average rate still between 
0 006-0 000 per cent per annum Most products 
have been under observation for shorter periods, and 
the average and range of the expansions for tho 
eight types of body for which results on autoclaving 
have already been reported 1 , after standing for two 
years either m the laboratory or out of doors, are 
given m Table 1 Curves for the average expansion 
of the products with time are givon in Fig 1 Because 
of the small number of some of tho products so far 
examined the values cannot be considered as com- 
pletely characteristic, but they do indicate the 
general trends for the various bodies 

Our results show that the expansions on standing 
m air are higher than those predicted from tho tem- 
perature coefficient of the expansion process based 
on high temperature data*, and from this and other 


observations it is clear that thero 
aro no practical relationships be- 
tween autoclave and low-tempora- 
tui o data 3 Estimates of ultimate 
expansions hkoly in practico and 
tho timeB to reach thoso havo 
tliereforo to bo based on tho results 
obtained for natural exposures to 
date, and ns they como to hand m 
tho future 

From our experience wo aro not 
surprised that spocunons used by 
Vaughan and Dmsdalo did not 
reach equilibrium during relatively 
short periods of either natural 
exposure or nutoclnving Standing 
foi three years is a long way short 
of tho periods for which wo know 
that bodies can contmuo to expand 3 , 
and calculations based on tho 
temperature coefficient of the 
expansion process 1 . 3 show that 
times of tho order of 12,000 hr would bo required 
if tho bodies aro to roach dimonsionnl stability in 
steam at 50 lb /sq in 

Wo liavo observed shrinkages on drying ns roportod 
by Vaughan and Dmsdnlo only in under burnt 
bodios, and tlion only on drj mg after moro than ono 
cyclo of wotting and drying , these slirmknges aro, 
howovor, always less than tho original expansions on 
wottmg Normal coramic bodies ha\o, m general, 
contmuod to oxpand on drying at 110° C whothor 
thoy havo boon sonkod m w r ator or treated m tho 
autoclave 3 Tins lias also boon tho oxpononco of 
other w'orkors 6 , and Bormoll and Butterworth* havo 
found that no loss than 60 por cent of tho bricks of 
the United Kingdom oxpanded whon tested for 
drying shrmkago Only whon specimens havo been 
autoclaved until thoy appioacli dimonsionnl stability 
(far beyond tho stago to w'hich Vaughan and Hins- 
dale’s specimens woro takon) do drying shrinkages 
become apparent, and then only of tho order of 
0 01-0 02 por cent, a moro fraction of tho total 
expansion In this connexion it is of practical sig- 
nificance that all mno experimental walls which havo 
now boen standing for moro than tliroo yoars at this 
Division oxpanded at slightly higher rates when 
drying out during tho hot summer montlis 3 Tho 
explanation for this is simple • it is duo to tho 
increased rate of reaction botweon tho roactivo com- 
pounds in tho bricks and tho water still presont at 
the higher tomporaturos during tho drying out 
process 

Vaughan and Dinsdalo’s observation that a com- 
plete reversal of tho change m sizo can bo obtained 
by heating to 300° C suggests that thoy havo not 
investigated a very wade rango of bodios This 


Table 1 Ferhanfnt Moisture Expansion for Eioht Ttpf.s of 
Olay Froduot standing in Air 


Froduct 

No 

examined 

Expansion 

Avcrago 
(por cent) 

Rango 
(por cent) 

Koofing tllo 

Wall tllo 

Architectural terra-cotto 
Brick 

China body 

Refractory body 

Floor tllo 

Firebrick 

04 

18 

12 

200 

0 

0 

12 

12 

0-082 

0-070 

0-074 

0 001 

0 001 
0-042 
0-034 

0 031 

0 102-0 000 
0-094-0 000 
0-098-0 -059 

0 186-0 010 

0 110-0-034 
0-0 SO -0-023 
0-080-0 014 
0-045-0-020 
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phenomenon has been reported once before 7 , but 
most other workers havo found that temperatures of 
ttfc least COO* C and often much higher are necessary 
for this purpose* In some cases it has proved im 
possible to romovo expansion without heating to 
temperatures approaching and abovo those at which 
the specimens v. ore originally fired At these turn 
peratures further firing shrinkage* occur and the 
two effects become confused , this suggests that oven 
at lower tomporaturos the shrinkages obtained by 
reheating ore not nooossardy caused by a reversal of 
the expansion process, and hence any approximate 
numerical agreomont may be quite fortuitous 

Our critics also raiso the question of expansion 
taking place during the cooling of the cloy bodies in 
tho kiln and its effect on the establishment of a 
standard zero of measurement We aro fully aware 
of this problem but do not see that their proposal of 
a preliminary desorption is of practical value The 
specimens will still have to be ooolod after this 
treatment boforo they can bo measured and hence 
they will again adsorb moisture, and further, as we 
have pointed out abovo most bodies if hoatod after 
they have adsorbed moisture expand still more We 
therefore consider that the small amounts of oxpan 
sion in the kiln must be disregarded from the proo 
tical point of view What matters is tho expansion 
that takes place in the structures into vrhich the 
units aro built, and therefore tho practical basis for 


calculating and comparing expansions is the ex kiln 
length of the products 

From experimental evidence m this Division* * * wc 
consider that chemical processes involving hydration 
of such constituents as amorphous alummo-sihcates, 
glasses and amorphous silica are responsible for 
expansion, and that reversible physical swelling, 
except in under burnt bodies plays a very minor 
part Furthermore, wo consider that tho ovidonoo 
presented by our critics does not substantiate a 
physical explanation 

A full account of our work to date on bricks* is 
now avadablo and we hope to present a summary of 
current studios on the expansion (under natural con 
ditions of exposure) of all clay products examined so 
far to the seventh International Ceramic Congress m 
1900 
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EXISTENCE OF AN INNER AURORAL ZONE 

By Dn KNUD LASSEN 

Danish Meteorological Institute Copenhagen 


F ROM theoretical considerations Alfvdn 1 predicted 
tho existence of an inner auroral rone nt a polar 
distance of 5-10° Nikolsky', Meek*, and others have 
found that the maxima of geomagnetic and iono 
Bpherio disturbances are concentrated around a spiral 
si inpod zone which Nikolsky identifies with the inner 
auroral zone Howover no observation of nirrorro 
in relation to this zone seems to have boon modo 
the spiral ►shapod zone is presumably identical with 
the curve of geographical distribution of maxima 
of magnetic) activity of olass J 4 At Godliavn (09 2° , 
306 6° geog ) this class of activity is not at all, or 
very poorly, correlated with aurora , hence the zono 
of Nikolsky, Meek and others can scarcely be regarded 
as an auroral zone in tlio proper sense 

It ib tlio purpose of this artiolo to direot attention 
to a ‘population* of aurora which seems to form 
on inner auroral zone it summarizes a study whioh 
was presented in part at the Auroral Conference at 
Uppsala in August 1968 A more detailed paper will 
be published olsewhore 

As a result of v isual auroral observations at God 
hnvn during 1062-66 it was found that the diurnal 
distribution of auroral frequency there had two 
maxima In fact, the distribution is composed of two 
distributions of different types One, with a maxi 
mum near magnetic midnight, is formed bj relatively 
brilliant aurorro, approaching and Rome times passing 
zenith from tho south east accompanied by negative 
magnetic bays These aurora are especially frequent 
and brilliant on international disturbed days and in 
years with low sunspot activity 


The second distribution with a maximum at about 
Oh local timo is formed bj zenithal auroral Thee© 
are narrow diffuse bands sometime s with a faint 
ray structure or draperies — often several parallel 
draperies — composed of long raj's that may bo at 
Borne distance from each other Tho draperies may 
form fans or coronas occasionally accompanied bj 
colour effects, but gonerolly tho movements of the 
arcs and rays aro very moderate Thoj may rather 
bo described as slow pulsations of intensity narrow 
homogeneous arcs slowlj die away wlnlo parallel 
arcs a few degrees from them grow in intensity 
Thoso slow variations may go on for a long time 
they seem quite irregular and not in phase in tho 
different arcs or raj's, so that tho moan position of 
tho aurora is little affected by tho intensity varia 
tions 

Several authors have assumed that tho main 
auroral zone is displaced polewards In the morning 
hours There is no observational ovidonco that this 
is tho reason why aurorto ore observed at Godhavn 
in the morning hours On tho contrary in tho cases 
where tho onset of the morning type aurorto was 
obeorved, very weak aurora began sporadically at 
a great elevation at about 3h — 4h (Asca grams from 
tho International Geophymoal Year, too, show that 
tho aurora begin suddenly within a few dogreoa 
from Godhavn.) Tho moan elovation did not change 
significantly in tlio courso of tlio rooming tho mean 
distribution of the olo\ ation of tlio arcs mn j, 

had its maximum a llttto to tl-*-' 1 "' or * 

(Fig 1) - J 
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Fig 2 Azimuth of arcs, Godhavn, 1054-50 

The direction of the bands was perpendicular to 
H until 6h , at about Oh tho mean direction 
suddenly changed in a clockwi 60 senso (aa seen from 
above) Tho change is consistent with Alfvdn’s 
theory 5 The order of magnitude was 20° m 1954-50 
(Tig 2) 

Whereas the evening-typo 
auroral are strongly related to 
magnetic activity, tho morning- 
type auroral are not correlated 
with local magnetic activity, and 
they appear to be independent of 
the planetary state of disturbance, 
too Thus, observations from 
Upemavik, a few degrees to tho 
north of Godhavn, from the years 

1884- 1937, show that aurorae noted 
at 21h lt were eight times as 
frequent on international dis- 
turbed days as upon international 
quiet days Aurorae noted at 8h 
were here, as well as at Jakobs- 
havn, a hundred kilometres to the 
east of Godhavn (observations 

1885— 1916), distributed at random 
between quiet, disturbed and the 
remaining days At Godhavn 
aurorae were observed on 100 of a 
total of 1 1 0 clear mornings witliou t 
moonlight in the winters 1954-55 
and 1955-50 

A study of published auroral 
reports from arctic expeditions 
has shown that the morning-type 
aurorae observed at Godhavn can 
be found at several other locations 
too ' Thus the auroral typo men- 
tioned was observed near zemth 
at Kingua-Fjord 8 , and it seems 
likely that the same was the case 
at Chesterfield 7 . 8 , Coppermine 7 and 
Murchison Bay" Further, aurora; 
near zemth m the morning hours 
were observed at Danmarkshavn 
(76 5° , 341°), StationNord (81 5° , 

342°) and at a number of stations 
on the western coast of Greenland 
not very distant from Godhavn 


(unpublished observations, Danish Motoorologioal 
Institute) 

To the south of Godhavn tho aurora soom to have 
been observed from GodtMb, whereas at stations in 
southern Groonland noaror to tho mam auroral zono 
tins typ° of aurora has not boon identified. 

At stations noaror to tho contro of tho auroral 
isochnsms (Poary Land, Upomavik, Thule) tho 
morning auroras aro obsorvod loss frequently and 
mainly on tho southern sky (unpublished observa- 
tions) 

In tho Antarctio tho mnor zono nurorro wore 
observed by sovornl oxpoditions, for oxamplo, by 
Mawson at tho stations Capo Boyds and Capo 
Donison 10 

On tho map in Fig 3 (after Hultquist 11 ) tho places 
at which tho morning aurora: are observed near 
zenith liavo boon plotted ns circlos Tlioy are seen 
to form a zono which is practically coincident with 
Hultquist’s auroral isooliasm tlirougli Godhavn This 
oval, winch is tho projection of a circlo m tho 
equatorial piano outsido tho Earth on to its surfaco 
along tho geomngnotic linos of forco, may thus bo 
rogarded ns an inner auroral zono, occupiod m the 
early morning- and day-hours of all days, irrespective 
of disturbances in tho main auroral zono 

Fig 4 shows tho diurnal distribution of auroral 
froquoncies for Docombor and January 1948-50 at 
fivo stations in Greenland Tho stations aro Thule 
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Fig 4 PereenUzs of dear hour* with aurora at flro atatlona In 
Greenland December and January 19 48- 50 

(76° 33 N , 08* 49 W ), Bronlundfl Fjord, Peorj 
Land (82° 10 N 80° 30 W ) Danmnrkshnvn 
(70° 40 N 18° 46 W ) Angmagasalik (06° 30 N 
37° 33 W ), and prins Christians Sund (00° 03 N 
43* 12 W J The figure gives the percentage of clear 
hours with aurora, arranged according to local time 
the same scale has been, used at all stations Whereas 
the frequency of evening aurora increases from Thulo 
to Angmag8salih-Prins Christians Bund it is clearly 
seen that the frequency of tho mor ning aurora has 
its maximum at Danmarkshavn, in accordance with 
the idea of the existence of an inner auroral zone 
there 

Hulburt 11 , m his study of the diurnal variation 
of auroral frequencies tokos the view that “Vegard’s 
conclusion, that most auroral forma show on evening 



and morning maximum, is contradicted almost as 
often as it is uphold From Fig 4 {which is in agree 
ment with material from 8e\ oral other stations) it 
may be seen that tho different types of diurnal 
distributions can be arranged according to tho 
following scheme (o) stations at the mam auroral 
zone have distributions with a single maximum near 
geomagnetic midnight {b) stations between the 
zonos have often, m addition a weak morning 
maximum (c) stations near tho inner auroral zono 
show two maxima, ono near geomagnetic midnight 
and one at about 6h lt ( d ) stations somo degrees 

of latitude nearer to the pole show a weak geo 
magnetic midnight maximum and a distinct morning 
maximum. 

Groat ionospheric disturbances begin at tho same 
tuuo as tho onset of the morning aurora Tlio F layer 
is dissolved into spread F and oblique incidences 
winch are soon accompanied by sporadic layers of 
auroral type at different virtual heights between tho 
E and F layer heights Whereas observations of 
aurora are restricted bj oloud and daylight a studv 
of ionospheric disturbance is possible at any time 
Tho ooourrenoe of ionospheric disturbance may be 
represented by the moan daily distribution of the 
frequency of E t > 3 Mo /a whioh is published 
monthly by the National Bureau of Standards Bj 
combining tho frequencies for 31i — 8>i i^t for tho 
years 1952-50 it was found that the yearly variation 
of the mommg disturbances is a single wa\e with a 
maximum at midwinter and a muumum at mid 
summer The variation through tho whole period 
seems to indicate a variation in phase opposite to 
the sunspot variation. 
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ISOMERS OF VITAMIN A IN FISH LIVER OILS 

By PATRICIA S BROWN, WILLIAM P BLUM and MAX H STERN 

Blolozlal Laboratories, Harvard University, Cambridge, and tho Research Laboratories of 
Distillation Products Industries Division of Eastman Kodak Company 


W E havo investigated tho occurrence of the 
‘itfo-a’ and *t so-6* isomers of vitamin A in a 
number of fish liver oils by means of reaction with 
tho retinal protein, opsin. Theso iwmora wore found 
to constitute about 20 per cent of tho vitamin A in 
cod, shark and mixed fish liver oils examined Since 
tho presence in fish liver oils of alt trans vitamin A 
and neovitamin A (nco-a) 1 has previously been 
reported, all four of the ‘unhindered* isomers have 
been found in theso oils 


Tho finding assumes importanoo because tho t so-a 
and mo- 6 isomers havo only about one fourth the 
growth promoting aotn ity of till trans vitamin A, os 
measured by rat bioossay 1 

Nomenclature, structure and biopotoncios for tho 
iso -a and sso-6 isomers are shown in Tablo I 
The trivial names devised by Hubbard and Wold* 
are used in this report because offloml rwdh” 1 
numbering system tins fret yot 1 

numbering systems need incite vw* 

1 
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Tnble 1 


Trhial 

name 

Stereoisomcrlc 

form 

Relative 1 
(ref 
Vitamin A 
acetate 

ilologlcal potency 

2) (percent) 

Vitamin A 
aldehyde (retinene) 


nil -tram 

C G 

100 

01 

ito~a 

9-cts 0-ei* 

21 

10 

iso-b 

9,13 dl cis 2,0 dl-ci» 

24 

17 


\ 


CH, 


CH, 


CH, 


rr : 

n/nDH. 


( 6 ) 


( 2 ) 


!H=CH — C=CH — CH=CH — C=CH — CH,OH 
(9) (13) 


the Geneva system used by Chemical Abstracts * and 
emplojed in earlier 1 5 and forthcoming papois from 
the Distillation Products Industries Laboratories and 
(C) the system analogous to that used with tlio 
carotenoids and emplojed bj' Wald, Brown, Hubhaid 
and Oroshmk 6 

Hubbard and Wald" first reported tlio presonce in 
a concentrate from fish liver oils of a cis-isomor of 
vitamin A different from the ncovitamm A found 
by Robeson and Baxter 1 Later studies by Hubbard 
and Wald 3 on pure retinene (vitamin A nldeliyde) 
isomers synthesized m the Distillation Products 
Industries Laboratories 5 5 showed that tho isomer m 
fish liver oil was iso-a vitamin A Tho basis for the 
identification was tlio observation that both iso a 
retmene and the retinene corresponding to tho as- 
isomer formed the same pigment with opsin, namolj', 
isorhodopsm, liaving an absorption band maximal 
at 487 mg Iso b retmene, on incubation with opsin, 
slowly isomerizes to iso a retinene and forms tho 
same pigment 

This reaction was afterwards developed by Hub- 
bard, Gregerman and Wald* as an analjdical method 
for determining the iso a and iso-b isomers in tho 
absence of neo-b retmene The nco b isomer, tlio key 
isomer m the visual process, interferes in this reaction 
by yielding the pigment rhodopsm, absorbing at 
500 mg The interference from neo-b rotinono has 
not complicated studios on fish liver oils because this 
isomer has not yet been found outside tlio oj'o 10 

The results of applying this analytical procedure 
and an infra-red method to vitamin A preparations 
are given m Table 2 

Four fish liver oil preparations (shark ‘non-sap’, 
that is, the non-sapomfiable fraction, before and 
after concentration by molecular distillation , cod 
‘non-sap’ and the ‘non-sap’ from distilled cod liver 
oil) were prepared (by M H S ) and assayed by the 
opsin method (P S B ) The test samplos wore 
saponified and the vitamin A isomers were recovered 
by extraction (USP XV method) Sterols woro 
separated by crystallization from methanol at — 20° C 
The isomers were oxidized to the retinones by pro- 
cedures similar to those of Wald 11 with manganese 
dioxide prepared according to Henbost, Jones and 
Owen 11 The cod liver oil was a pharmaceutical 
preparation from an apothecary , the shark liver 
oil was from a bulk commercial shipment ob- 
tained at Distillation Products Industries Table 2 
shows that 19-26 per cent of combmed iso-a and 
tso-b isomers were present m the vitamin A of the 
oils 
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After further rofinomont of tlio procedures, tho 
vitamin A of a pharmaceutical grade, mixod fish hvor 
oil (sample 6, Tablo 2) was found to contain 19 per 
cent combmod iso-a and iso b isomers 

Tho content of combmod iso a and iso-b vitamin A 
in a samplo of oil from rat livers (sample 6, Tablo 2) 
was examined Tho valuo found (14 por cent) was 
lowor than that found for tho fish hvor oil prepara- 
tions oxammod, but was substantial and indicates 
that tlioso isomers occur in other oils besides fish 
liver oils 

Tho origin of tho iso-a and iso b isomors in fish lnor 
oils is uncortnin Amos, Swanson and Harris 13 havo 
suggested, on tho basis of bioassajs of rat livor oils, 
t hat tho isomers original o thoi c from in vivo isomeriza- 
tion of nll-trans or ncovitamm A to form an equilib- 
rium mixture A similar isomerization mnj r occur m 
fish liver oils 

Anotlior poasibildj is that tho 'iso' isomors mav 
somotimos bo formed dining processing of fish livers 
Lamberfsen and Braokkan 14 , for oxamplo, havo 
reported ev idonco suggesting that ncovitamm A is 
formed from all-fru/is vitamin A during commercial 
processing and it is possible that 'iso' isomors maj 
also be formed Pharmaceutical grado oils woro used 
m tho prosont study, whore available, to ensure that 
tho samplos used had recon od ns caroful commercial 
processing ns possiblo 

Tlio saponification and oxidation procedures usod 
m tho present work to prepnro tho samples for nssaj' 
woro examined as a sourco of isomorization Control 
experiments in which nll-/m?is vitamin A pnlmitato 
wns so processed producod nogligiblo nmounts of 
'iso' isomors, as measured by tho infra-red pioceduro, 
and ruled out this possibihtj 

Tho recognition of tho provnlonco of tho iso-a and 
iso-b isomors made it of interest to isomorizo samples 
of rotmono in vitro, with dilute hydrochloric acid, 
imfil thej' had attained a state of ‘equilibrium’, 
dofined as tho point at winch further oxposuro to 
acid producod no cliango in tho proportion of the 
four isomers presont Assnjs bj f tho opsm and 
infra-red motliods aro roported in Tablo 2 As in 
fish liver oils, tho proportion of combmod iso-a and 
iso-b isomers in tho vitamin A of tho artificial iso- 


Tnblc 2 


Samplo 

No 

Description* 

rcrccntago 
uo-a + tso-b 
In total 
vitamin A 
Isomers 
(opsin 
nssaj) 

Percentage 
{ so -a -b iso-b 
In total 
vitamin A 
Isomers 
(Infra red 
assay) 

i 

liver oil conccntmtcs 
Shark ‘non sap’ 

£(1%, 1 cm.) (32S mil) « 538 
Shark distilled ‘non-sap’ 

£(1%, 1 era ) (328 tap) ™ 028 
Cod ‘non sap’ 

£(1%. 1 cm ) (328 mo) «■ 202 
Distilled cod ‘non sap 

15(373 nvO = 427 

24 


2 

20 


3 

10 


4 

25 


5 

Mixed fish liver oil ‘non-sap’ 
£(373 nyi) = 350 

Jlat liver oilf 'non-sap' 

£(370 mji) *= 270 

19 


0 

14 


7 

‘Equilibrated’ retlneno Isomer 
concentrates 
£(372 m/i) = 1,030 

21 

18 

8 

£(377 m/i) ■= 1,200 

23 

22 

0 

£(374 ra/i) ~ 1,080 

20 

21 


111 samples 1-0 was oxidized to retinene by 




■ * -* oompiua 

ganCBO dioxide prior to assay 

t OH a portion of that kindly supplied bv T)r T IT ‘M'urra'N 
S£ueT d Dn,S DlrC " e ' fo? rcMiS bloSj’ 
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mow tea was about 20 per cent Tho assays were 
run independently and the results indicated that with 
preparations of tho purity investigated tho two 
methods are in good ngroe mant 

The average ratio of wo a xso-b isomers in the 
equilibrated samples was found to vary from about 
2 1 to 4 1 This variability is probably caused 
in part, by errors in measuring the relatively email 
amounts of wo-5 isomer present 

Further information on the experimental methods 
is oa follows 

Opsin Opsin was prepared in digitonm solution, 
using a modification of the procedures described 
earlier 1 * 1# This procedure will be reported m detail 
separately 

The essential steps in this procedure included 
dissection of retime from cattle eyes in tho light, 
disintegration of the tissue bv grinding floating 
out the fragments of outer segments of the rods 
by differential centrifugation in phosphate buffer 
weighted with 40 per oont sucrose; lyophilixation 
of the rod fragments, and exhaustive extraction of 
tho dry powder with petroleum other to remove 
extraneous lipids and vitamin A ; and finally the 
extraction of opsin from the residue with 2 per 
cent aqueous digitomn Suoh preparations ware 
assayed for thorr opsin content with neo-b retinone 
(rof 10) They were stored at about —16° C 
until used for assay They remained stable for 
many months 

Assay of reixncna isomers Samples of the mixed 
rotmono isomers in a few drops of ethyl alcohol were 
pipetted into 2-3 ml of 2 per cent digitomn in water 
A cloudy solution usually resulted depending on the 
concentration, but this was cleared by filtering throngh 
a fine sintered glass filter The final solutions used 
for assay contained 5-10 pgm of retinone 

Such solutions were assayed with opsin for their 
combined content of wo -a and tso-b isomers as 
described for tho assay of opsin itself, exoept that 
at least tliree times tho equivalent amount of opam 
was used m the determination. The photosensitive 
pigment formed in all experiments was worhodopsm 
(Xenix — 487 mp), not rliodopsin 

Iso -a rotmene oombinee directly with opsin to form 
worhodopflin. Iso b retmene slowly isomonzos to 
wtf-o, and hence forms tho same pigment With 
iso -a retinone, this synthesis is complete m 2 hr at 
23° C whereas with xso-b rotmene tho same process 
la completed only within about 24 hr 

One therefore incubates an unknown mixture of 
retinone isomers with exoees opsin and measures the 
amount of warhodopsin formed at 23° Cm2 hr 
and in 24 hr Tho amount formed in 2 hr is primarily 
formod from iso -a rotmono , that formed in 24 hr 
measures tho comb mod amounts of wo -a and xso-b 
retinene A small correction of tho 2 hr value is 
needed to toko care of the very small amount of 
worhodopain formed from wo b retinene during thus 
period , the 24 hr vatuo is also corrected for the 
verv small, almost negligible, synthesis of worhodopflin 
by tho isomerization of all-frcnw and nso-a retinene 
during tho incubation period 

Total reitnene Tho total amount of retinene m 
tho samples wna estimated by the antimony chloride 
reaction and recorded with a Cary recording spectro- 
photometer The amount of rot mono is determined on 
tho basis that fcJue blue product has F(1 per oont, 
1 cm ) (054 mg) « 3,740 From this and tho pre- 
ceding data the percentage or combined tso-a and 
iso-b rot mo nee in the total retinene is computed 


Infra red procedure This work (by TV P B ) was 
based on the curves for the individual retinene 
isomers already reported 1 Tho percentage of com 
bined wo-a and wo b retmenee m the mixed retmene 
isomers is calculated from the absorption at 8 73y, 
corrected for interference from tho all-iraiw vitamin A 
and neo vitamin A present by the absorption at 8 48p 
The infra-red method has tho advantage over the 
one employing opsin that it can bo used to determine 
the percentage of each of the four isomers in the 
sample, although we describe here only its use in 
determining the percentage of wo*a 4- xso-b lsomors 
present It has the disadvantage that tho rotmono 
content of tho sample needs to bo relatively high, at 
present, to minimize errors due to the absorption of 
impurities We prefer a punty of about 76 per cent, 
E(1 per cent, 1 cm ) (370 mg) - about 1,000, but 
procedures for concentrating preparations of lower 
purity are under study 

The equation employed in the Distillation Products 
Industries Laboratory is 

Percentage wo-a + xso-b in mixed isomers — 

100 I* - (*& + 0 01) 
bxf 


where ka the extinction coefficient for tho test 
sample at 8 73p (1 per cent solution in carbon 
disulphide, 1 mm cell Perkin Elmer, Modol 21, 
instrument, sodium chloride prism, slit programming 
No -• 0 76) , Lf, — the extinction coefficient at 
8 48p for the test sample this value plus 0 01 is the 
‘background correction determined with pure all 
trans and neo vitamin A aldehydes in a ratio (3 1) 
whioh approximates that present in tho nuxod isomer 
preparations studied Ke •" tho extinction coefficient 
at 8 73p for pure wo-a and wo-b rotinenes in a ratio 
(3 1) which is approximately that present in tho 
mixed isomer preparations studied P — the con 
centra tion (per cent) of tho total retinenes determined 
by the antimony trichloride reaction 

This work between tho two laboratories was 
initiated and co-ordinated by Dr J G Baxter, 
Distillation Prod note Industries with the co-opera 
tion of Prof G Wold, Harvard University Related 
bioassays and analytical studios by mombors of the 
Biochemistry Vitamin Development and Organic 
Research Laboratories, Distillation Products In 
dustrioe, ware helpful in guiding tho direction takon 
in tho work Three bioassays and analyses will be 
reported eoparatoly 


1 Bobown 0. D and Baxter J O J Imer Cfttm Soc, 63 136 
(1M7) 

1 Am** 8 H., Swxnxon. W J and IUrrli P L.J Amer Chem 
Soc. 77 4f 34. 4136 (1955) Atne» 8 ft. “Ann Bor Bloebem/* 
F7 971 (2 0*9) 

* Hubbard ft. and WaM O J Gen. Phvtici ZB 260 (1052-63) 


« Chem Abttr Subjtd Index. M *541 * (1936) 

* ftobemn 0 D Blnm W P DIeterle.J M, Cawley J D 
Baxter J 0 J Amer Chem Soc. 77 41S) (1955) 


* Wald, O . Brown, P K. Hnbbard. ft., and OroabpBc W , Pw 
Ujl A el. Ami. Sd 41 438 tl055) Orothlift W Drown 
P EL Hubbard ft. and Wald O ibid. 42 678(1056) 

' Hubbard ft. and WaM O Srience 115 60 (1952) 

•Robefon aD Cawley. J D WeUler I*, 8tarn M n .Bddjnwr 
a a aM Checbftk A. J J Amer Chem. Soc 77 4111 (1055) 
» Hubbard, ft. Orejierman ft. L, and Wald O J Gen. Phfdd., S3 
416 (1052-6*) 

** Brown P 3 (anpnbUahed obterotloru) 

“Wald O J Ckn.Pkffdol 81 480(1047-48) 

11 Honbeit, H D Jonei E. ft. 1L and Owen T O. J Chew » St*. 

4000 (1957) ^ lg 

u Amci 8 XL Swanson W J and TTarrts v It- 

“Lamb«t*e? Q »nd RrMkba ^ 19 ^ } 

Uplds" edit, by Pop)** O M 
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LIVER GLUCOSYL OLIGOSACCHARIDES AND GLYCOGEN ; 
CARBON-14 DIOXIDE EXPERIMENTS WITH HYDROCORTISONE 

By Dr HSIEN-GIEH SIE, Prof JAMES ASHMORE*, Dr ROBERT MAHLERf and 

Prof WILLIAM H FISHMAN 

Tufts University School of Medicine and the New England Center Hospital, and 
Harvard Medical School, Boston, Mass 


I T lifts not been possible for geographical reasons to 
continue a collaborative study designed to clarify, 
through the use of carbon- 14 dioxide, the biochorrucal 
significance of liver glucosyl oligosaccharides, par- 
ticularly in relation to the action of adronal corticoid 
hormones We therefore -wish to report our findings 
to date 

Sie and Fishman 1 observed oarlier that liopatic 
glucosyl oligosaccharides fluctuated in tho same 
direction as did liver glycogen m starvation, glucoso 
feeding and insulin administration Under tlioso 
conditions, our concern lay with tho dynamics of tho 
glucose unit, either produced from glycogen, ns in 
starvation or in insulin administration, or exogenously 
provided in the glucose feeding experiment On 
the other hand, liver glycogen resulting from tho 
action of hydrocortisone in fasted rats 1 is considered 
to originate from the catabolism of protein Since 
hexose synthesis from pyruvato and lactate is 
beheved to require carbon dioxide fixation 3 , hepatic 
gluconeogenesis could bo followed with carbon- 14 
dioxide without supplying an exogenous substrate or 
preformed glucose units The following experiments 
have been earned out 

In the first series of experiments, male Wistar rats 
(150-175 gm ), after 22—24 hr of fasting, wore 
injected with 50 pc of carbon-14 dioxide bicarbonato 
(isotonic saline, mtrapentoneally) 1 hr boforo killing, 
and at 3 hr and 5 hr after hydrocortisone (5 mgm / 
animal in saline microcrystallme suspension) was 
injected by the same route (Fig 1) In tho second 
senes of experiments, 60 pc of radioactive bicarbonato 
was injected 3 hr after an initial injection of 5 mgm 
of hydrocortisone Animals were killed afterwards at 
intervals up to 3 hr (Fig 2) 

At the tunes indicated, the experimental animals 
wore killed by decapitation, and the livers rapidly 
removed and frozen in a dry ice bath A 10 per cont 
homogenate of each liver was prepared with ice-cold 
water, keeping the homogeruzer paoked in ice Tins 
mixture was doprotouuzed by additions of 10 ml of 
5 per cent zme sulphate and 10 ml of 0 3 A sodium 
hydroxide solution After centrifugation, tho pre- 
cipitate was washed twice with 10 ml of cold distillod 
water, and the washings and supernatant solution 
were pooled The oligosaccharides were adsorbed 
from this mixture with oharcoal, which was then 
washed with copious amounts of distilled water, 
and eluted afterwards with hot ethanol 1 Total 
glycogen was isolated by Roe’s method* Glycogen 
and oligosaccharides were hydrolysed with hot 
mineral aoid 5 , and tho glucose was estimated bv the 
Nelson method 8 Tail vein blood was obtained for 
the determination of carbon dioxide and glucose 1 
The quantity of carbon dioxide in the blood was 

* Senior research fellow or the U 8 Public Health Sorvica , present 
address, Indiana University 

t EH Lilly fellow , present address, University of St Andrews, 
Dundee, Scotland 


determined m tho Van Slyko apparatus and was 
rocovorod and counted as barium carbonate Glucoso 
was isolated as phonylosozono", which was rocrystal- 
lizod, plated and countod A Robinson flow counter 
was usod for tho rndioisotopo assays* 

Tho following obsorv ations aro mado A nnnals whoso 
hvor glycogon hod boon almost completely doploted 
by fasting not only possessed a significant amount of 
glucosyl oligosaccharides, but also tliov exhibited 
about four times llio specific radioactivity found in the 
glycogon and contained x'irtually all the Inbolled 
hoxoso With tlio stimulation or gluconeogonems by 
compound F, tho specific act i\ ity of tlio glucosyl ohgo 
saccharides diminished, wlulo tlint of glycogen 
increased at tlio 4 hr mtor\al In Fig 2, whore it is 
possible to follow all tho o\cntR ns a function of tunc 
after compound F and cnrbon-14 dioxido administra- 
tion at tlio times indicated, it required about 1 hr for 
tho carbohydrates to incorporate tlio maximum lo\ ol 
of carbon - 14 In tlio onrly pnil of tins process 
(botwoon 3 25-3 6 hr after compound F) tlio glucosyl 
ohgosacchnridos boenmo more richly Inbolled than 
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1 wrDon-14 labelling or I her glucosyl oligosaccharides ana 
glycogon In rotation to tho administration of compound F Kotc 
that tho animals wero killed in each instanco 1 in* after the 
on/Sf dioxido Tlio numbers of rats employed for 

each tlmo Intorval wore, respectively -1 to 0 2 0 to 4 4 f 
0 to 0*2 5 9 
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time Interval ercent for tlie 4 hr oolcrmn (4 r*U) The relative 
ipeclflc activity of blood carbon dlorlde wa* computed on tlio 
acxmnpUon that carbon- 1< dioxide v« Incorporated Into only 
car bom 3 and 4 of glucoae The obterml o.p m / mole of barium 
carbonate have been divided by three and the uune plot (descend 
Infl curve) appear* for both gluooayl oligosaccharide* and glycogen 

tho glycogon by a factor of 3 and for another 2 hr 
Btill remained more radioactive per milligram of 
polysaccharide gluoose This situation is reflected in 
the ourvoe relating total counts per liver of each 
carbohydrate category against a background of rapid 
carbon 14 dioxide disappearance from the blood 
After 3 6 hr the gluoosyl oligosaccharides exhibited 
a constant number of counts per gm of liver, •whereas 
thoso for glycogen continued to rise to the end of tho 
period investigated (0 hr ) However, for this in 
terval, speoifio activity of glycogen paralleled that 
for the glucosyl oligosaccharides In general, carbon 
dioxide fixation matched carbohydrate synthesis 
following tho injection of hydrocortisone 


The interpretation which appears beet to fit the 
above facts is tho following Pyruvate and lactate 
(since theee fix carbon dioxiao during then* conversion 
to glycogen) are probably tho major protein supplied 
precursors of gluoosjl radicals in fasted rats treated 
with hydro cortisono Thoso glucosyl radicals are first 
linked into m dividual members of a homologous 
family of glucosyl oligosaccharides (maltose malto- 
tnose, maltotetraoee, oto ) which is ‘turning over' 
rapidly Under the proper physiological stimulus 
(glucose foedrng, compound F) these oligosaccharides 
ore aasemblod into macro-molecules of glycogen 
In our previous work, first consideration was given 
to isolating, identifying, characterizing and do term 
lrung quantitatively liver glucosyl oligosaccharides 1 * 
and tho next concern was to rule out the possibility of 
artefact due to the operation of extraneous factors of 
either a biochemical or physical nature 1 10 Our atten 
tion was d ire o tod recently to the quest ion of tho origin 
of glucosyl oligosaccharides and them possible sig 
mficance in the metabolism of liver glycogen- Tho 
implication of previous experiments 1 (starvation, 
glucose feeding, insulin administration) and the work 
of others 11 with rat diaphragm was that glucosyl 
oligosaccharides (no matter what their origin) may 
onter eomewhoro into the mechanism of glycogen 
synthesis The present results supply direct evidence 
in support of this suggestion. 

This work wns supported in part by grants in aid 
(P 100) from the American Cancer Society, Inc Now 
York (800 02) from the Massachusetts Division of 
the American Cancer Society, Boston, Mass and 
(0 3213) from the National Cancer Institute, National 
Institutes of Health Bethesda Md 

‘818 U-O Flihman W H Mtur* 182 240(1958) 

* Thayer 8 A 1 \tamiw onrf Utmnonti 4 811 (1840) 

* Krtb* H A. BhU JoAn* flopkixi Horpital 85 10 (1051) 

* Carroll N' \ Looker B. W and Koe J H J UW Che* 220 

683 (1050) 

* Good C A Krarorr II *nd Somogyl >f J BioL Clx* 100 

486 (1033) 

•NeUon N J Biot Oktm. 153 376 (1044) 

Aalimore. J Cahill K O Earle A 8. and toller 8 Dlabettt 7 
1 (1053) i 

•Zllveramlt D B CRalLofT 1 L. Feller D D,*adlUsoro E. / 

J BioL OA™ 178 380 (1048) 

» Eoblnaon C \ 112 108 (1050) 

»• FUhman \\ IL and 8le U-O J Av.tr OAem So c. 80 121 (1053) 

» BeJoff-Cbalo A Oatanaooro S.. Chain U. B . JLuL I PocchlaaJ 
F and Root 0 Free. Boy Soe. 11 143 481 (1055) 


RELEASE OF NUCLEOTIDES FROM YEAST CELLS 

By MASATAKA HIGUCHI and Prop TEIJIRO UEMURA 

Laboratory of Microbiology Department of Agriculture Tohoku University 
Sendai Japan 


I T fs veil known that wli on Lactobacilli aro cultured 
in association with yeast, tho former organisms 
aro able to proliferate in a simple medium containing 
no growth factors speoifio for thorn. Tho resulting 
growth of Lactobacilli is mainly dependent on vita 
mins, purine and pyrimldmo bases secreted by the 
yoost colls into tho medium 11 The present oom 
murucntlon contains a description of tho ultra- violot- 
ub sorb mg materials roleosod from tho yoost oolls and 
the conditions influencing thou* roloase 

Boer yeast (Saccharomyces cercin&ac, Yebis) sub 
oulturod for 72 br at 30° C m ft synthotio medium 


was incubated for 5 hr at 30* 0 in tho same medium 
containing phosphate- 1 After liarvosting and wash 
ing three tunes with distill od water, the labelled colls 
(dry weight, 1,700 mgm ) woro suspondod in 400 ml 
of 0 08 M sodium citrate buffer (pH 0 0) with 2 per 
cont glucose added, and incubated for 3 hr at 30° C 
Tile supernatants after incubation had on ultra violet 
absorption spootrurn with & maximum at 258 mu 
and a minimum at 235 or 240 mp. _ 

Tho ultra violet absorbing material* roJooj** 11 
the cells were almost 
charooal column pretreatod wi P° 
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Fie 1 Separation of the nucleotides released from yeast colls labelled with phosphorus 32 
during their Incubation In citrate bufTer Column, *Douox-2’ (chlorido), 200—100 mesh, 
12 cm x 0 785 cm 1 , elution, tho Initial mixer content was 500 ml water, and the 
roserrolr content was 500 ml of 0 5 AT sodium chloride , then 600 ml of 2 -0 AT sodium 
chloride solution Each effluent was collected In 4 7 ml portions with a fraction collector 
Sorbed materials, the ultra-violet-absorbing materials prepared ns described In text 

, Optical density at 200 m/i , ^radioactivity (cpra /ml ) , , sodium 

chloride concentration In the effluents OMP, Cytldlne monophospliate , UMP, uridine 
monophosphate , AMP, adenosine monophosphntc , GJfP, guanoslno monopliosplmtc 


More than 80 per cent of the adsorbed, material was 
eluted -with 0 3 per cont ammoma-50 per cent 
ethanol solution The oluato from tho charcoal was 
neutralized with ‘Dowox 50’ (acid typo) resin, and 
then passed through ‘Dowex 2’ (chlorido typo) ream 
The adsorption m this step was more than 90 per cent 
The column -a as washed -with water, and tho ad- 
sorbed material was separated with a sodium chlorido 
solution by the gradient elution technique 1 Tho 
optical density at 200 mg and 280 mg and tho radio- 
activity of each effluent wore measured 

The results for six fractions are shown in Fig I 
The positions, but not tho heights, of optical density 
peaks agree well with those of radioactivity Tho 
initial fractions (eluted with less than 0 3 M sodium 
chloride solutions) were rechromatographed on 
‘Dowex 1’ (formate typo) and then on paper , tho 
monophosphates of cytidine, uridine, adonosme and 
guanosme were identified in this way Tho oligo- 
nucleotide fractions (eluted with 0 3-1 5 M sodium 
chloride) followed the mononucleotides The recovery' 
using sodium chloride solution, even up to 4 0 M, 
was only about 60 per cent of the calculated amount 
of adsorbed material However, when a mixture of 
4 0 M sodium chloride and 10 M sodium hydroxide 
solutions was used as eluant, the residual material 
was almost completely separated from the column 
This alkah-oluted fraction, the final oluate, contained 
four mononucleotides, which would presumably be 
derived from polynucleotides hydrolysed by alkali 
during the elution Details of this chromatogram 
will be published elsewhere 

Oligo- and poly-nucleotides formed more than 
60 per cent of the total nucleotides released, and the 
ratio of purine bases to pyrimidine ones m the mono- 
nucleotide fractions was 2 6, though it was 1 2 over- 
all These ratios depended on the experimental 
conditions Most of the nucleotides released were 
probably fragments of the cellular ribonucleic acid, 
since scarcely any 6 '-nucleotides were m any fraction, 
and amounts of the nucleotides released corresponded 


approximately to the docreaso of 
collular ribonucleic acid Moreovor, 
tho quantity of nucleotide releasod 
was greater than that in the 
pool (fraction soluhlo m cold acid) 
which decreased during incubation 
As shown m Tablo 1, distilled 
voter, sodium chlorido and potas- 
sium chloride solutions and n 
syntholic growth medium did not 
cause a rolonso of nuclootides whon 
usod as tho incubation medium , 
ncotatc or succinate buffora had 
a slight effect and phosphate or 
utralo buffers rather more effect 
Tins stimulation of citrate or 
phosphate might bo veil attributed 
to their chelating action, since 
othjlcno dmmmo tetToncotic ncul, 
a notable cliolntmg agent, markedly 
accelerated tho nuclootido roleaso, 
and tho addition of Jlf/100 magne- 
sium sulphate to JW/50 citrate buffer 
resulted m a 50 por cont reduction 
of tho lolease 

Inhibition of tho release m citrate 
buffer vas not obeervablo in tho 
picsonco of cither ordinary anti- 
biotics (penicillin, 20 ggm /ml , 
streptomycin, 300 ggm /ml , and 
chloramphenicol, 20 ggm /ml ) or of motabohe 
inhibitors (sodium a/idc, lO -3 M , jSTa.HAsO^ 
2 x 10~ : , and 2,4 dimtrophenol, 5 <■ 10~ 4 M), 
except monoiodo acetic acid vJnch produced a 
slight drop at 10* 1 M Tho pH optimum foi tho 
release m citrate or phosphate buffer vns 6 0-7 0 
and an acid pH suppressed tho roleaso Sovoral treat- 
ments winch disrupt tho permeability barrier of 
j oast colls, for example, froozmg and thawing, treat- 
ment with organic solvents, and short-timo sorucntion 
of tho cells, stimulated tho roloaso considerably After 
such treatment an enhancing ofiect of citrate was 
also discomiblo Hovovor, it is possible tliat tho 
materials released in tlioso conditions are not the 
snmo as tho nuoleotide3 released by tho intact colls, 
since tho suponmtant of tho citrato buffer incubated 
with sonicated or frozen and tliawod colls showed 
an increased absorption at 230-250 rag, which dis- 
appeared on acidification with porchloric acid 

Rocontly, a similar phenomenon has been reported 
by Holden* for Lactobacilli His results, and ours 13 , 

Tablo x Effect of I.vcubatio.s Medium ox tue RrixAsr or 
Nucleotides fuom the Yeabt Cells 

All results nro expressed In terms of 100 mgm (dry weight) of tho cells 

Released nucleotide 

Incubation modlum 
Distilled water 

0 08 AT sodium clilorlde solution 
0 08 M potassium clilorlde solution 
0 08 Af sodium acetate bulTcrfpn 6 0) 

O-OSJAf sodium succinate bufTor (pH 5 0) 

0-08 Af sodium phosphate buffer (pH 5-0) 

0 08 Af sodium citrate bufTer (pH 5 0) 

AT/100 Etbylenedlamlno tetraacetate (pH 4 2) 
solution 

Af/100 Ethylonedlamlne tetraacotato (pH 5 0) 
solution 102-0 

Synthotlo growth medium 45-0 

Beer yeast milturedtn a synthetic medium for 72 hr at 30° C was 
medium containing 2 por cont glucose for 3 hr 
at 30 O Tho released nucleotide-phosphorus was determined ns 
t , 1 * 0 supernatant of the Incubated media 
p* 0 -, (Em) and 280 m p respectively, with a 
SSnl?l ^ c , tr ? rih , otomct(;r ’ end the £,,, due to the released 

S-om oehsf n?m°th? l ?' ed b ? , B “ btra °ting tho blank (tho medium freo 
trom cells) from tho E t 4# of tho supernatant Thus the nucleotide- 
phosphorus could bo calculated according to Ogur and Rosen (rof 12) 


phosphorus 0<gm ) 
40 5 

33 0 

34 6 
05-0 
02-0 
80 6 

115-0 

08 0 
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strongly suggest that citrate haa a chelating effect 
which ftffoctfl tho release of nuoleotidoa from the 
microbial oo] la 

On the boats of those results, it might bo suggested 
that tho proeonco of citrate or other ah elating sub 
stances m a medium may remove calcium or mag 
neeium ions from the ooll surface, leading to do 
struction. of ribonucleic acid and present in it, and 
thus to a relonso of nuciootide fragments Several 
facts support this For example, pancreatic ribo 
nucloase is inhibited by tho addition of magnesium 
or calomm ions*, and a ribonudoio acid rich fraction 
obtained from the cells of E colt contains more 
magnesium than other fractions* Further, nbo 
nuolooprotem has apparent’* or latent* nbo 
nudeaao aotivity 

On tho other hand, it has ofton been observed 
that the degradation of ribormcloio acid and tho 
rolonso of ribonucloato from } east colls takes place 
by autolyais 10 11 The release of nucleotides under 
our oxporimontal conditions may also be connected 
with coll autolysis Howovor, it seems reasonable 


to distinguish between the two, since the roloaao in 
our case did not result m the death of tho colls or 
even in degradation, of the cell protein In contrast, 
a considerable roloaso of amino-acids occurred only 
when the veast colls were incubated m the acetate 
buffer which accelerated release of nucleotide only 
elightlj 


1 JL.and Uemnr* T J Jprtc Ci*m See. Japan 

SI *79 ”83 «057) (Id j*i*new) 
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•Hurtbtrt, R. B Sehmltx H Bronum A F ac^Fotter 1 R. 
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NEW ANTIMETABOLITES OF VITAMIN B (1 

By G M T1MMIS and Dr S S EPSTEIN 
Chetter Beacty Research Institute Fulham Road London S WJ and 
The Hospital for Sick Children Great Ormond Street London W C 1 


O UR interest m the role of vitamin B, a in cancer 
was first stimulated by tho claims of Bod ion 1 
that prolonged regression of neuroblastoma in mfano> 
was effected by massive dosage of the vitamin It 
was therefore thought that the therapoutio effect 
claimed might be related to an imbalance in B ia 
metabolism caused by excess of tho vitamin, and 
that such an effect might possibly be better produced 
by the administration of a Bj, antimetabolite* 
Hitherto, the only known B lt antimetabolrtes have 
boon those described by Lester Smith*, which were 
derived from the structure of B la by ver> minor 
modifications, and also those which are relatively 
simple derivatives of the benzimidazole molecule* ‘ 
The relation between tumour inhibition and anti Bj, 
action is shown in a member of the latter group by 
the effect of 2 -ethyl 2,3 naphtiumidaxole 4 0 dionc 
(I), which induced partial regression of a mouse 
mammary adenocarcinoma* and was also a compoti 
tive antagonist of vitamin B ia in an E coh 
mutant* 


O 



ID 


We have explored a fairly wido variety of chemical 
types olioson for their possible rolntion to B„ meta- 
bolism for on antimetabolite action m a micro 
biological system Our particular test organism was 
E gracilis vnr ~ — a highly sensitive B,, -dependent 
flagellated grocn alga. Tho basal growth medium 


and techniques of incubation were basod on those 
described by Hutner tX al T 

A Berios of approximately a hundred compounds 
was screened for inhibitory activity at COO ggm /ml 
levels, at low concentrations of vitamin B,, Com 
pounds producing more than CO per cent inhibition 
of growth, as assessed in a colorimeter (measuring 
both turbidity and colour), were afterwards re tested, 
in definitive assays An orthogonally designed test 
system was used, with varying concentrations of 
antagonist up to 600 pgm /ml in tho presence of 
0, 10 100 and 1,000 pggm Tho growth 

response in these testa wna measured bj a 
pigment extraction technique using an acetono- 
ethyl acetate solvont system due to Bpstoin and 


Wo IBS* 

.Results are expressed in terras of concentration of 
antagonist required to produce 60 per oent Inhibition 
of growth at 10 100 and 1 000 gpgm B lt /ml respect 
ively The values given are onlj approximate As 
can be seen from Table 1 seven out of tho fifteen 
compounds so far found actlvo on soroomng produced 
a competitive B lt antagonism 

We think that tho discovery of an antimetabolite 
action m the ptendino and nicotinamide structures 
i» interesting because, unliko the benzimidazoles or 
purines, they nro not analogous in' structure to anv 
moiety of tho B T1 molecule Thoso observations 
indicate that there may be a \aribty of onzymos or 
co- factors closely concerned with the utilization of 
B ltl and tliat oach one raaj bo structurally specific 
for a particular inhibitor Thus tho ptaridlne* might 
compete with a ptendine typo co factor or motabofito 
for a particular enzyme, and tho ,ucoi |!‘^! ( < 0 ? 1 „r 
nvotlvcs might interfere mjh !££?„/£/ 

dipliosphopyrklino nudootldo ( 
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Table 1 CONCENTRES or Antagonists (,<om /mi ) Momroiho 50 per cent iNi.m.TioN of Orowtk or £ orach. 
Results In the caso of compounds producing competin', c antagonism arc ghen In Italics 


Structures of compounds tested, (a) (6) , aro on tlio right 


Structural 

type 

Formula 

Concentration 
nntngonlst (/igm / 
ml ) required to 
produce GO per 
cent Inhibition of 
gron th 

B„ (/i/igm /ml ) 

10 100 1,000 

(a) Benz- 
imldnzoles 

4-nltro 6-chlorobenzlmidnzolc 
(R 1 *= NO,, R 1 = n,R s =■ 

Cl, It 1 » H) 

5 0 dlchlorobenzlmldnzolc 
(R» - R‘ - H, R* = R> = 

Cl) 

4,6,0 trlcldorobenzlnddnzole 
jR l - R' = R’ = C1,R‘ ■= 

4,5,0-trlchlorobcnzlmIdnzole 

riboside 

(R 1 o S' « Jl 1 = ci, n l = 
rlbosjl) 

110 88 78 

100 00 04 

70 05 03 

70 ICO 230 

(b) Dlam benz- 
imidazole 

5 bromo 2,7 dlnznbcnz- 
lmldnzolc 

100 178 173 

(c) Purines 
nnd nza- 
pnrtnes 

Purine 

(R> = R> «= H, A =. CH) 
Purine riboside 
(R 1 «= n, R* ■= rlbosyl, X «=> 
OH) 

0-mcrcnptopurlno 

(R 1 ~ SlI, R* = H, X = CH) 

0 fnrfuni 8-nznndcnIne 
(fl 1 = NH f ,R* = furfuryl, 

X = N) 

2-dlcthjlnmlno 0-p-dlmcthjl- 
nmlnopbonylotbyl purine 
(R 1 «=(OH I ),C«n 4 N(Cn I ) 1 (p)) 

138 173 138 

G8 02 00 

200 >5 00 >000 

400 >000 >500 

100 >000 >000 

Id) Pyrimidine 

5 fluorouracil 

78 55 54 

(«) Pterldlncs 

4-mcrcnptoptcrldlno 
(R 1 = SH, R* - H) 

2 nmlno-4-p-dlethylamIno- 
stynlpterldlnc 
(R' ^(CIIKC.H, N(C,H,), 

4*d/mctliyInmlnoptcrldlnc 
(R* = N(CH,),,R’ = II) 

95 550 335 

73 >500 >600 

100 >500 >500 

(/) Nicotin- 
amide dc- 
rivntlie 

N-2-chloroothyl p nnphtliyl- 
nmlnocthyl 3 carbamoyl 
pyrldlnlura chloride 

200 430 410 


There are interesting differences between the 
results obtained in our microbiological system and 
m the E colt mutant used by McNair Scott et al* ; 
for example, G-chloro-4 rutrobonz imidazole was not 
a competitive antagonist m our hands, m contrast 
to 4,5,6-tnchlorobenzimidazole ribosido On the 
other hand, McNair Scott ct al 5 found those com- 
pounds to be competitive and non-compotitivo 
antagonists respectively 

It is generally held that G-mercaptopurmo, one of 
the most effective drugs for the treatment of acute 
leuktemia, inhibits growth by interfering with nucleic 
acid and protein synthesis Its action m this disease, 
however, lias not with any certainty boon related to 
an antipurine effect Since wo havo found that this 
drug is a competitive B ls antagonist (Table 1), wo 
would like to direct attention to the possibility that 
anti-B ! , effect might be involved in the action of 
6-mercaptopurino This speculative suggestion could 
be supported by the view of Osgood 10 that the bone 
marrow in untreated pernicious aiucmia shows sevoral 
features m common with that in acute leukiemia 
If the two diseases are accordingly related, acute 
leukaemia may, like pernicious amomia, bo dependent 
on some derangement of B ls metabolism, each in 
its own way 

Forrest et al 11 have very recently isolated a Bimple 
pteridme from the bodies of blue-green algae It 
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is shown nbovo that a numboi of ptendmos of 
comparable simplicity aro a itanun B„ nntimotubolites 
m the Bj. -dependent system Euglcna gracilis On 
reading our manuscript, Dr G E Fogg suggested 
that tlio apparent inability of bluo-grcon algao and 
Euglomdao to co-o\ist in Naturo, a hitherto unox- 
plainod phenomenon, may bo duo to an antagonism 
between the bluo-grcon algae pteridme and tlio 
vitamin B„ of Bj.-reqiurmg Euglcna Wo aro now 
investigating this hypothesis 

A full report of this work will shortly bo submitted 
to the British Journal of Pharmacology and Chemo- 
therapy 

The investigation lias been supported by grants 
from the British Empire Cancor Campaign, tlio Jano 
Coffin Childs Memorial Fimd for Medical Research, 
the Anna Fuller Fund and the National Cancer 
Institute of tho National Institutes of Hoalth, U S 
Public Hoalth Service 

We thank Dr G B Brown and Dr Iv Folkers 
for gifts of purino ribosido and 4,5,G-trichloro 
benzimidazolo ribosido respectively 

1 Bodlnn, Jt , Pedlatr Clin X liner 0,449 (1059) 

1 TlmmlB, G M , 30tli Ann Rop llrlt Emp Cnncor Campaign, 87 
(1058) 

’ Smith, E Lester, Mature, 181, 307 (1058) 

* Rogcra, H L , nnd JIcNnlr Scott D 11 , Abstr 4»irr Chan Soc , 

meeting, Jtlnml, p 28, 20C (1057) 

‘jrcNnlr Scott I) It Rogers, 51 L , tind Ross, C Amer Chan 
Soc , 80, 2105 (1058) I 

* JIcKonzIo, D , StoicnB Al I, , nnd Jones, R , Proc Amer Aiwc 

Cancer Pei , 2, 132 (1050) 

' 101° r (10 r 0)^ ’ ^ • nI,< l hogs, G I At , J Protocol , 3> 

* Epstein, S S nnd AAelss, J B , Jli ochrm J (In the press) 

* T *(1058i ° ^ ’ 301,1 ’ A ' lm IlCI> 1Jrl1 Concor Campaign, 11 

’• Osgood, E E , J Pat Cancer Inti 18,101 (1057) 

"Xtf, 7 S 8 : 0 A M1058? 1On ' 0 • nml SIjCr8 - - T - Arc * 1UXhnn 
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LOW-TEMPERATURE AUTORADIOGRAPHY FOR THE DETECTION OF 
TRITIUM IN TISSUE, WITH REMOVAL OF LUMINESCENCE 
INDUCED BY TRITIUM 

By P PELLERIN, P FALLOT, M LAINE-BOSZORMENYI* and F SERREL 

Service de Blotogle du Commissariat 1 I Energle Atomlque, B P.2 Gif sur Yvette (S et O ) Franco 


N UMEROUS studies havo shown inequalities in 
tlio distribution of labelled water in the different 
organs and various compartments containing liquid 
in the normal animal 1 * during tho pro-oqui librium 
period 

It seamed of interest to investigate by moans of 
photographic recordings the kinetics of this dis 
tnbution ■working on animals (joung rats) killed at 
fixed intern als of tune For that purpose we used tho 
low temperature autoradiographic technique* 4 , the 
only method which, bocauso of the rapid freezing of 
tho animal, eliminates post-mortem diffusion of the 
water while at tho samo time guaranteeing tho 
absence of known pseudo radiographic effects 

Wo wished first to obtain an Imago of homogeneous 
diffusion in the whole of the organism, under con 
ditions closo to equilibrium, and this formed the 
object of the present work. 

Tho photographic recordings obtained by this 
technique, applied to young rats after administration 
of 20 mo of tritiated water gave unexpected results 
(Fig la) Tlioy show no blackening corresponding 
to lungs liver, spleen, musclo On the other hand 
a slight darkomng shows up in tho region of tho 
intestinal walls and the subcutaneous tissue and a 
very inteneo blockomng at tho sitos of the eye the 
brain, the prof armed teeth tho stomach, tho bladder 
and tho intervertebral disks 

Since thee© results disagreed with the known dis 
tnbution of water in mammals, we removed organs 
from young rats treated in tho 
same way except that tho dose 
injected was between 0 4 an d 
1 6 mo of tritiated water (HTO) 
in a volume of 0 1-0 2 ml of 
sal me The radioactivity of the 
water obtained by distillation of 
the organs was measured by 
liquid scintillation 1 • 

It is shown in Table 1 tliat the 
specific radioactivity of the wator 
(mge /mgm ) fg of the same order 
for the blood and for organs such 
as tho brain, the liver and sploon, 
the kidnoyB and the intestines. 

On tho other hand, the milk in 
tho stomach has not yet reached 
the isotopic concentration of 
HTO in tho other oTgans The 
specific radioactivity of the water 
in tho total oyo, tho crystalline 
Ions and the ocular residue after 
elimination of the crystalline Ions 
is more or loss identical with 
tlmt of tho blood We havo also 
noted tliat for tho eye tho 
radioactivity was entirely duo 

* AtUrbde da Recherche k 1 IniUtot 
National d Hygiene 


Table 1 Snano Radioactivity of Wateh rx tot Oeoass or 
Torso Rath wnsmsa 14-eo ou aoid 6-14 dats 10 his Amcm 
SUBCTTAHEOCS OR ISTRATtRlTOTEAI, ISJZOT10V OF 0 1-0-2 ITU OF 

S alixb coiwiyjxQ 0 4-1 -5 no Tutut*!) Water Stas dash 
Deviation ± 2 per czst 


Organ 

ITUlln 

Uerocorie* of IITO 

per mum 

water 

JUt 21 

Rat 23 

Rat 16 

JUt 19 

Rat 20 

Wood 



44 

88 

SO 

SO 

Drain 

44 

43 

00 

©■_ 

76 

Urcr npleen 

46 

— 

— 

88 

00 

Liver apleen 
Lidneya 



46 

S3 

_ 

_ 

Bowel *maD and 
large wltb 
contents 

48 

46 

80 

02 

01 

Stomach contain 
In* mlllc 

t 


41 

37 

46 

1 eye* 

40 

30 


as 

— 

1 cryttalllnelens* 

40 

— . 


85 

40 

1 eye without 
cryaUlllne lena* 

42 

- 


00 

- 


* The water content f« cafculatetf on (be basta of 70 per cent of 
water for the cryitalllne lent ud 80 per cent Tor the rent of the eyebalL 

to the water and that no mensurable tritium was 
incorporated m the dry residue 

In view of tho disogroomonts found between tho 
photographio recordings and diroct measurements 
wo have looked into tho mechanism of autoradio- 
graphy itself in an attempt to find the cause of those 
paradoxical images , this has lod to tho discos ery of 
a phenomenon of luminesconco produced at low tem 
perature undor tho influence of the \ery soft tritium 
beta rays, actually within certain tissues of tho 
organisms studied 




105 C No filter 



10** 0 With bUu filter 




* 


(c) 20 rain »t -60' 0 With glasa filter 




Front 

Opsnne 

filter 



" I ' s v 


N t 


(d) SI dayiat-105 0 opaque sereon 

Ur-oVl rat, Snbcutanetroa docaal Injection or *0 me 
after Injection 
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This is demonstrated by the following senes of 
experiments (Fig 1) earned out on rats 48-hr old, 
killed 20 mm after dorsal-subcutaneous injection of 
20 me of tntiated water 

(1) (See Fig la) The machined block at — 195° C 
is appbed directly against the emulsion The exposuro 
lasts 20 mm at liquid-nitrogen temperature In tins 
way the paradoxical image described above is obtained 

(2) (See Fig 16 ) Exposure of the same block at 
the same temperature for an equal period, but with 
a 1 - mm thick sheet of glass interposed, gives an 
image identical with the preceding ono. Since, how- 
ever, the maximum energy of tritium beta-particlos 
(18 keV ) is not great enough to allow their passage 
through this thickness of glass, the image obtained is 
not due to a direct action of tritium radiation on the 
emulsion and can only result from a luminosconce 

(3) (See Fig lc ) On repeating experiment 6 at a 
temperature of —60° C , a general decrease m blaokon- 
mg is noted, although the distribution is not alterod 

(4) (Fig Id ) Finally, exposure for 21 days at 
— 196° C with a screen of opaque carbon paper inter- 
posed between the block and tho emulsion gives a 
true autoradiographic recordmg on which quito 
a homogeneous distribution of blackening is 
observed 

From this limited study, some characteristics of 
this luminescence produced by tho local absorption 
of tritium beta-radiation by certain tissues can bo 
formulated It becomes more intense as tho tem- 
perature is lowered For a uniform distribution of 
tritiated water in tho organism, tho intensity of tins 
fluorescence varies greatly according to tho naturo 
of the tissue 

For the exposure time used, tho threshold of 
blackening detectable on the emulsion for tritium 
beta-radiation is not reached at any pomt of tho 
recording, while tho phenomenon of luminescence 
reaches saturation m the region of tho eye, ns shown 
m Fig la Wien a screen opaque to light is inter- 
posed (Fig Id) the exposure time to obtain an 
appreciable blackenmg is 1,000 timos longer than in 
the case of exposure without screon (Fig la) It may 
seem surprising that part of the tritium beta -radiation 
(mean path m water, lp) can pass through a thick- 
ness of paper of the order of 6 Op Wo behove tliat 
the explanation may be found m the fibrous structure 
of the paper 

We may assume that the autoradiographic record- 
ings obtained under the conditions of experiment d 
(with opaque screen) represent exactly tho distribu- 
tion of tritium at the surface of tho machined block 

After dorsal subcutaneous injection of tritiated 
water, the autoradiographs show instantly homo- 
geneous diffusion of the activity, the only exceptions 
being the bones, the teeth and tho milk contained m 
the stomach The teeth and the milk, howovor, form 
exceptionally luminescent zones Tho region of 
dorsal injection naturally corresponds to a more 
intense blackening 

The detailed mechanism of this luminescence is 
difficult to interpret and belongs to the field of 
structural physics We do not, in fact, know tho 
chemical nature of tho luminescent substances 
present in the frozen organs, still less then molecular 
structure at —196° C , or their behaviour m tho 
presence of beta-radiation 

Validity of low-temperature autoradiography The 
above statements could lead to some doubt con- 
cerning the value of recordmgs obtained by low-tem- 
perature autoradiography with radioelements other 



d, 


rig 2 

than tritium 3 . 4 Wo ha\ o verified that tins is not the 
case, m particular with sulpliur-35 and calcium-45 
Fig 2a sliov. s tho result of autoradiography without 
screon carried out on a young rat, 90 mm after 
dorsal subcutanoous inj'oction of 30 pc of calcium-45 
chloride, with a 17-lir exposure In Fig 26 tho 
interposition of a glass scroon eliminates all recording 
for this exposuro period (oxcept for the left foro part of 
the head which was not covorod by tho gloss shoot) 
tho luminescence effect, therefore, does not appear 
undor these conditions for calcium-45 radiation 

Tho recordmg m Fig 2c and d, carried out after 
interposition of a carbon paper scroon and of an 
aluminium screon 0 2 mm thick, rcspectii oly, con bo 
strictly superimposed on tho direct autoradiograph 
a, with tho difforonco only of gonoral blackening, 
ulnch is slightly decreased by the scroons used for 
c and d 

In tests carried out under tho samo conditions of 
metabolism and exposuro aftor injection of 50 pc of 
sulphur-35, by diroct contact and with interposition 
of a carbon paper screon, an nbsonco of luminosconce 
was ogam obsorved 

Wo conclude that tho luminescence effect of tissues 
at very low tomporaturo is only dotoctablo for 
extremely soft radiations such as that of tritium It 
is advisable, howovor, in applying autoradiography 
at very low temperature to other radto olomonts, to 
verify that tho interposition of an opaquo filter doos 
not modify tho images obtainod by diroct contact 
between tho block and tho omulsion 
1 Edolrrwn, I S , Amer J Phmol , 171, 270 (1052) 

* Pinnon, E A , Phytwl Her , 32, 123 (1052) 

* Pollerin, V ,0 It Acad Set , Parii, 244, 1555 (1057) 

Pellcrln.P ,Proc Flint Uneaco Int Conf Furls, 3, 084 (1057) 

Hayes, F H , and Gould. It G , Science, 117, 480 (1053) 

(In M ’ and I ' nlIot> r ■ Jnt J A PP RadioUotopes 



No 4806 


October 31, 1959 


NATURE 


1387 


A ZOOLOGICAL SURVEY OF MADAGASCAR 

By Dr. RENAUD PAULIAN 

Directeur adjoint dt | InrtJtut SdentJflque do Mada^ajar 


T HE survey of tropical faunas has, for nearly two 
centuries, boon largely limited to tho haphazard 
methods of tho general colloctor or to the painstaking 
but limited efforts of individual specialists Tho 
results, as could bo prod rated, wore of vor\ doubtful 
valuo when either ecological or b iogoograplilcal pro- 
jects wore considered However they wore extra 
ordinarily successful in so far as thoy brought to 
light a very large number of new forms and built up 
our present knowlodgo of taxonomy It unfortunately 
proved impossible to compare with any accuracy 
tho faunas of two neighbouring areas for anv scientific 
purpose This did not provont ambitious workers 
from build mg biogeograplncol or ecological syBtoms on 
a very largo scale Yet to tho man working in tho field 
these systems seemed always rather unsafe, even thougl i 
thoy called in all tho rosourooe of tho geological and 
statistical methods and very strict logical constructions 
As a tropical country, Madagascar had for boteio 
time tho very rare distinction that a senes of mono- 
graplis in the Htstoxre Physique, naturcllc et politique 
dt Madagascar had boon published by the combined 
offorts of A and G Grandidier It could thus com 
pare with Central America, Seychelles, Hawaii or 
British India But ovon these monographs mainly 
published during the second half of lost century, 
aro now considered out of date 

In the years following the Seoond World War 
research work on tropical faunas has started on com 
plotely revolutionary lines Now research institutions 
and groups are either working permanently in tropical 
areas or covering those in terms of long range work 
They aro thus enabled to collect intensively tho 
whole y ear round, using brooding methods and many 
new collecting systems Such teams are at work in 
tho Belgian Congo Mioronosia, Molonosia etc 

The Zoological Survey started in Madagascar in 
1947 and Is still at work It would seem from pub 
lishod results 1 that it has been particularly successful 
It re centred on tho Zoology Department of tho 
Irurtltut Bcientlfique do Madagascar, an institution 
covering pure onu applied research in most fields of 
human, animal and plant biology and in soil science 
hydrology and geography Tho Institute itsolf belongs 
to a cham of tropical Institutes created after 1040 
by the Fronoh Office do la Keoherche Soiontifique et 
Technique Outre Mor in what was then the French 
Union and is now the French Community 

It may bo of interest, considering tho variety of 
results obtained in the short period 1947—69, to give 
so mo details on tho practical organization of tho 
Surrey before describing tho changes wrought in our 
knowledge of the local fauna 

Considering that only Jimitod means could bo 
brought to bear on tho probtom of such a Surrey, 
tho following principles Jmvo been applied 

(a) Tho formation of a mobile team with ono or 
two European scientists a number (3-0) of native 
assistants, a ‘Landrovor , and all tho basic collecting 
oquipmont This toam has tho use of a small porm 
orient workshop in the centre at Tananarive for tho 
building of now gadgots, and the constant' upkeep 
of the material used 


(b) A central office with one to three European 
scientists and three or four native assistants a Inch 
rocon es tho collections prints the labols, mounts and 
sorts the material and makes a prelim map stud} 
of all collections More breeding work is earned on In 
tho msectanum of the Central Office 

(c) A von largo team of honorary research workers 
specialists of international reputation, from practically 
every country of the world The} hare agreed to 
work out collections mode in Madagascar from their 
special groups The} aro responsible for describing 
any now or remarkable forms and preparing revisions 
of such families, tribes or genera which may bo con 
sidored as fairly well known. More than a hundred 
specialists have been enlisted m this way 

(d) A practical organization enlisting the co-opora 
tion of well known foreign specialists giving thorn 
all possible help and practical local gmdanceTliolping 
them with the necessary camping and collecting 
outfit etc This organization can help specialists 
who come to Madagascar on their mm, arrange for 
joint expeditions, or even finance comploto orpedi 
tions to which thoy are invited In this wav, during 
tho past, ten years no loss than thirty throo zoologists 
havo taken part m tho surrey and some of thorn 
hare spoilt more than a year in Madagascar or bare 
come several times Tho ‘geographical distribution 
of these specialists is worth noting two Mauritians, 
fi\ o South Africans ono Rhodesian two East. Africans, 
throo Swiss, throo Austrians throo Italians ono 
German, eight Americans, ono Australian and fivo 
French In all cnee* tho material collected or tho 
observations mado are embodied in the gonoral 
publications of the Instrtuto 

(«) Means for regular and so far as possible prompt 
publication of results Theso havo boon obtained b\ 
tho clmnnel of two now scientific periodicals papers 
on the local fauna make up the whole of tho 
Mtmoirts do Vlnstitui Scientifquo de -Madagascar, 
Senes A (zoology ) and E {entomology ), and are tho 
main topfo in the Nalurahste malgacht Whono\cr 
a group seomod sufficiently well known a revision 
is published in tho series ‘Fauno do Madagascar , 
on tho plan of the well known ‘Faune do Franco” 
Apart from tho nmo published volumes of this series 
tiireo other volumes are ready to bo printed and 
half a dozen others (covering such groups as birds, 
Acrul oiden, Veepidao Tmgidac) aro being actively 
prepared 

It was planned at tho start to limit tho surrey 
to Madagascar proper Howm or it was soon found 
nocossary to co\ or tho Insular environment tho 
Mascorenes tho Comoros and tho small atolls or coral 
roofs (Tromelin, Euro pa Glonoeo) Although tho 
knowlodgo we mnj gain of thoir fauna is complotolv 
independent of Madagascar proper, it is a great help to- 
wards an understanding of the malagnsy fauna itself 


It is still too oarl} to givo a complete analysis of 
tho results of tho Surrey More than a million 
specimens have boen collected covering tho wholo 
animal kingdom from protozoa to mammal* LA".* 
very largo port of th» motor ini 1. rtf U undone 
systematic stud\ 
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FORTHCOMING EVENTS 

(Meetings marled with on astensl * are open to the publ(o) 
Monday, December 7 

Institution of Electrical Engineers, Electronics ami Com- 
munications Section (at Savoy Placo, London, W C 2), at 5 30 p m 
— Mr B B Jacobson “Frcquonoj Patterns for MuKIplc-Itndio 
Channel Routes" 

XTniversitt of London (at King's Colloge. Strand, London, IV C 2), 
at 6 30 p m.— Prof Mas Derruau (University of Glormont-Ferrand) 
First of three loctures on the “Control Massif of France" * (Further 
lectures on December 8 and 10 ) 

UNlVERSmr of London (nt Quoen Mary Colloge, Mile End Road, 
London. E 1), at B 30 p m. — Dr M. Eigen (Max-Planck-Instltut fQr 
Physikniischo Chemle, Gottingen) “Relaxation Spectra of Fast 
Chemical Changes In Solution" * 

MANcnESTF.it Literaht and Philosophical Society (In the 
Reynolds Hall, Manchester College of Science and Technology, Sack- 
vllle Streot Manchester), nt 5 45 pm — Dr J Needham, Fit S 
“Hydraulic Engineering and Soclctj in Ancient and Medieval Cldnn 
(Wilde Memorial Lecture) 

Society of Instrument Technology (at Manson nousc, 20 Port- 
land Placo, London, W 1), nt 7 p m —Mr G Task “Discontinuous 
Skill Teaching Machines" 

Tuesday, December 8 

Society of Chemical Industry, Agriculture Group (at 14 
Belgrave Square, London, SW1), nt 10 30 am — Dr II Roso 

and Mr P H Brown "Experiments Comparing a Number of 
Conditions for tho Improvement of Glasshouse Soils” , Mr J \\ obber 
and Mr F W Shepherd "Experiments Comparing Bulky Organic 
Manures for Horticultural Crops’ , Dr F Haworth ‘ Fertiliser 
Responses of some Vegetable Crops” 

Institute of Marine Engineers (at tho Memorial Building, 70 
Mnrk Lane, London, E O 3), nt 6 30 p m — Mr A Linden “Recent 
Development of the Gotaverkcn Engine" 

University of London (at Queen Mary College, Mile End Road, 
London E 1), nt B 30 p m —Dr M Eigen (Max-Planck-Instltut for 
Physiknlischc Chemle, GBttlngon) Proton-conducting _ II bond 
Systems and their Analogies to Electronic Semiconductors * 

University of London (at tho London School of Hygiene and 
Tropical Medicine Koppel Streot, Gower Streot, London, WC1), 
at B 30 pm.— Dr L Q Lnjtlui ‘ Autoradlogmphj In Bono Marrow 
Studies" (Fourteenth of fifteen lectures on ‘ The Scientific Basis 
of Medicine” organised by the British Postgraduate Medical ledero 
tlon * (Further lecture ou December 10 ) 

Royal Aeronautical Society (at 4 Hamilton Placo, London 
W 1), at 7 p m — Dr E K Armstrong and Mr R E Stevenson 
‘Some Practical Aspects of Compressor Blade I Ibmtlon" 


Wednesday, December 9 

University of London (at tho Postgraduate Medical School of 
London, Ducnno Road, London, W 12), nt 2 pm — Dr J D N 
Nnbarro “Laboratory Investigations In Endocrinology” * 

Institute of Physics (at 47 Belgrovo Squaro, London, S W 1), 
at Opm — Sir Edward C Bullard, F R S "Geological Tlmo” 

Society for Psychical Research (at Leighton House, 12 Holland 
Park Road, London, WI4), nt 0 30 pra-Dr Lctltla Fairfield 
‘ Children and Witchcraft” 

Oil and Colour Chemists' Association, London Section (nt 
the Royal Society of Tropical Medicine and Hygiene, Manson House, 
20 Portland Place London, W l),nt 7 p m — Dr 8 H Bell “Electron 
Microscopy and Paint Technology” 

Society for Analytical Chemistry, Biological Methods 
Group (at tho Chemical Society, Burlington House, Piccadilly, Lon- 
don, W 1) at 7 p m.— Annual General Meeting, followed bj Dr H J 
Wallis, Mr S S Kind and Dr A S Curry ‘‘Biological Mothods In 
Forensic Science’ 

Women’s Engineering Sooietv (at * Hopo House”, 45 Great Peter 
Street London, 8 W 1) nt 7 p m — Dr Elisabeth Lav crick "Radar 
and Telecommunications Research and Development 


Wednesday, December 9 — Friday, December 1 1 

Crop Protection and Pest Control Exhiuition (organized by 
World Crops, at tho Seymour Hall, Seymour Place, London, W 1) 


Thursday, December 10 

Institution of Electrical engineers, Utilization Section 
(at Savoy Place, London W C 2), at 5 30 p m — Jlr D B Corbyn 
and Mr H L Potter “The Characteristics and Protection of Semi- 
conductor RectlQers” 


University of London (at the London School of Hjglono and 
Tropical Medloine, Keppel Street, Gower Street, London W C 1) 
nt 6 80 p m — Dr Sheila T Callender ‘ Iron Absond.'" 'Last 
of tho fifteen lectures on “Tho Scientific BaslB of Mop ’■ 

by tho British Postgraduate Medical Federation , S 

Thursday, December 10 — Friday, Deci, ; 

* Sv t> 

British Institute of Radiology , Incorporated v 
Society (at Church House, Westminster, Londo 
Congress and Exhibition t i 


Royal Society (at Burlington House, Piccadilly, London, Wl), 
at 0 30 a m dally — Discussion on “Tho Biologj of tho Southern 
Cold Tempomlfi Zono” opened bj Prof CPA Pnntln.FRS 

Friday, December 1 1 

Royal Aeronautical Society (at the Institution of Mechanical 
Engineers, Birdcage Walk Westminster, London, Sli 1) — Sym- 
posium on “Flight Snfetj” (All Day Discussion) 

University of London (at the Postgraduate Medical School of 
London, Ducanc Rond, London, W 12) at 4 p m — Prof A lladdow, 
F R S ' The Present and luturc Relationship of Cancer Research 
to Mcdlcino” 

Institute of Physics (at 47 Belgrave Squaro, London S V 1), 
nt 0 p m —Mr J F Snj ors ’ Tho Ultrasonic Camera— an AUcmntlv o 
Approach to Ultrasonic Testing” 

Institution of Electrical Enoinfers, London Graduate and 
Student SrcnoN (nt Savoj Place, London, W O 2), nt 0 30 p m — 
Sir Willis Tnckson F R S “Tho Trends of Electrical Progress and 
Their Implications ’ 

Royal Aeronautical Soufty Agricultural Aviation Group 
(at 4 Hnmllton Placo, London, V 1) nt 7 pm — Mr Peter King* 
• Aerial Operations l’lnnnlng In tho United Kingdom — Results and 
Difficulties” 

Royal Institution (at 21 Albemarle Street, London. V 1), nt 
0 pm — Prof RED Blsliop ‘The Menace of Mbratlon in 
Engineering” 

Saturday, December 12 

London County Council (at the Hornlnmn Museum, London 
Road, lorcst Hill, London, S E 23), nt 3 30 p m — Mr Philip Huntcr- 
Jones 'The Desert Locust” * 


APPOINTMENTS VACANT 

Applications nro Invited Tor tho following appointments on or 
before the dates mentioned 

Technical OmoER (with a unlvcrsltj degroo or comparable 
qualification In physics or electrical engineering or other approved 
subjects) in the Department oi Physics— D r I II Kipping, 
Unlveisltj Chemical Laboratory Lonsficld Rond, Cambridge (Decctn 
her 2) 

Principal Sciestifio Officer (with research experience, prefer 
ably, but nqtcssontlnllj, in thechomlstrj of fats or related substances) 
IN TIIF 1 ATS RESFAI oh LABORATORY or the Department or Scientific 
ami Industrial Research, Row Zealand, to undertake investigations 
on the composition and significance of fats and related substances, 
Including phospholipids and sterols present In animal and plnnt tissues 
— Tho High Commissioner for New Zealand, Row Zealand House, 
415 Strand, London W C 2 quoting Ref No 11 11/21/22 and men- 
tioning Ant tire (December 4) 

Assistant or Associate Professor of Atpi-ifd Mathpmatics — 
The Clialrmnn, Department of Mathematics, McMnstcr University 
Hnmllton, Canada (December 10) 

Lecturer or Assistant Lfctpher (with at least a good honours 
dcgrecln physics, andprefembly cxpcrlenccln teaching nnd/orresenrch) 
IN Physics at tho University of Mnlnjn, Kuala Lumpur — The Score 
tary. Association of Universities of tho British Commonwealth, 30 
Gordon Square, London, W C 1 (December 15) 

Leoturer/Senior Lecturer (with nn honours degree In chemical 
engineering and somo tonchlng or industrial cvpcrlcnic) in Chemical 
Engineering at tho University of Sydnoj , Australia — Tho Secretary, 
Association of Universities of tho British Commonwealth, 30 Gordon 
Square, London, W C 1 (Australia, December 10) 

Senior Lecturer or Lecturer in Pathology at tho Unlvcrsltj 
of Klwrtoum — The Registrar University of Khartoum, c/o Intcr- 
UnlverBlty Council for Higher Lducatlon Overseas, 20 YYoburn Squaro 
London, W C 1 (Deccmlier 22) 

Senior Technician or Technician in Tnr Department of 
Bacteriology', and a Senior Technician or Technician in TnE 
Department of Surgert, Unlvcrsltj of Khartoum— Tho Registrar 
University of Kliartoum, c/o Intor-Unlversltj Council for Higher 
Education Overseas, 20 Woburn Square, London, YY 0 1 (Deeember22) 
Entomologist, Grado O (with a good honours degree In ontoinologj 
(roologj) and a particular Interest In biological control work) — The 
Director, Institute of Biological Control Science Building, Carling 
Avenue, Ottawa, Ontario, Canada (December 31) 

Head (with a degree In electrical engineering or Corporate Member 
of the Institution of Electrical Engineers) of the Department of 
Electrical Engineering — Tho Principal, Coventry Technical 
College, Butts, Coventrj (December 31) 
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LETTERS TO THE EDITORS 


ASTROPHYSICS 

Correlation between the Intensity of the 
Umbra of Sunspots and Enhanced Radiation 
on 200 Mc/s 

Enhanced solar radiation at metro wave lengths 
is generally supposed to originate within a rcst-riotod 
area of tho corona abovo a sunspot The position of 
tho radio source indicates that the eaastenco of a sun 
spot is a necessary condition for tho emission of excess 
radiation 

Only a few sunspots, however, aro associated with 
noise storms, and the question arises what makes 
cortain sunspots show noise activity If characteristic 
features of noise-active sunspots could be found 
further information about tho generation mechanism 
might ooncoivably be deduced Observable proper 
ties, like area, life time and magnetic field-strength of 
sunspots have been tested for correlation with noise 
nofcivity but the correlation is low 

At tho Solar Observatory, Harestua, tho rotative 
intensity of umbra and penumbra of sunspots has been 
continuously observed Binoe April 1050 with tho aid 
of a pinhole photometer, operating on photoetoctric 
principles Measurements are mado in throe different 
wavelength regions centred on X4260 X5500 and 
X8500 Radiometer and interferometer measurements 
of enhanced radiation on 200 Me /a have boon mado 
during tho aamo period We are thus ablo to deter 
mine the degree of correlation between intensity of tho 
umbra and tho noise activity of sunspots 
Measurements of intensity of tho umbra linvo been 
corrected to a first approximation for tho light 
scattered from penumbra and photosphere, following 
tho method described by Korn 1 These corrections 
are usually small, as we havo only considered spots 
with areas larger than about 400 millionths of the 
solar liomiflphore When more spots than one Imvo 
boon measured in a group we liave used the intensity 
of tho umbra of the largest spot in tho analysis 

In Fig 1 the rolativo intensity of the umbra 
llt% ) of a spot Is plotted against tho daily moan 
flux donsity on 200 Mo /s received from a source 
situated above tho spot Observations where it Is 
uncertain whether tho spot in question is responsible 
for the noise activity are also inoludod 

Fig 1 bIiowb that there is a high correlation between 
darkness of the umbra and noise activity of sunspots 
Tho diagram indicates that in order to show noise 
activity, tho intensity of tho umbra must bo smaller 
than a threshold value (about 0 20 at X5500) Tho 
strongest radio sources tend to be associated with 
rathor dark spots The some results are obtained in 
tho other wave length regions (>4260 nnd X7500) 

Only a slight correlation exists between noise 
activity and area of tho sunspot for areas exceeding 
400 milliontlis of tho solar hemisphere Nor does the 
intensity of the umbra appear to bo determined by 
tho area alone This indicates that tho results shown 
in Fig 1 cannot bo explained as a consequence of a 
doorcase in intensity of the umbra and a nse m noiso 
activity with increasing _ " ♦bn epot. 

'i 



m OX M0 «0 

Fill 1 UeUtlre Interulty of umbra of *an*r>ot plotted flffaltut the 
dally mean flax dendty cm 200 lie./* lor the «am« ipot 

Although more definite conclusions can not bo 
drawn at present, the observations single out tho 
relative intensity of the umbra os a cliaraotcnstic 
feature which may provide information about tho 
mechanism of noiso generation 

I wish to thank Sir P Ofttad for making available 
tho observations with the pmholo photometer 

Peh Mai/tdy 

Solar Obsorv atory , 

Institute of Theoretical Astrophysics, 

Univ ersity of Oslo 
Sent 1 0 

1 Kom, Atiro VoX, 270 103(1010) 

RADIOPHYSICS 


Spaced Observations of Radio Noise from the 
Outer Atmosphere 


It has recently been suggested 1 that during fiomo 
types of radio noise storms genemtod in tho Earth's 
outor atmosphere the source of the noise may remain 
almost constant m position in Right Ascension If 
this were so, it would bo oxpocted that tho arrival 
of tho storm would be recorded at almost tho saino 


local time at plac©9 of different longitude rathor than 
simultaneously To test this idea and more generally 
to investigate the extent to which observations of 
tho noise are correlated at different places, recordings 
liave been mado during Juno and July 1050, at Camden 
N.S W (Latitudo 34°03'S Longitude 150 5 42'E) 
and Adelaide (Latitudo 34®G6'S Longitude 13S°53T) 
Tho geomagnetic latitudes ore 42°6 and 4G°S 
respectively Tho noiso levol in a frequency band 
1 kc /a wide centred at 4 6 kc /n was rocordad using 
conventional techniques 

It was found tliat, in the majority of cases, noise 
burets wore recorded simultaneously nt Camden and 
Adolnido Of IB bursts only 5 wore recorded nt 


Adelaide without being recorded at Camden nnd 
only 1 at Camden but not Adelaide higure i(n) 
shows a typical example of a record with good 
detailed ngreomont in the amplitude variations m 


the two places 8 wore of this typo 


On 4 occasions bursts wero rocorcu* 
though tho m intits to minute vnrfaMW 


rocordod, 1 , w**W n ! 



1392 


NATURE 


October 31, 1959 


VOL. 184 



Fig 1 Sample records of 4 5 kc /b noise hursts observed at 
Camden and Adelaide Ordinates relatlvo amplitudes , abscissa; 

Eastern Australian Time (hr ) 

there was a difference in the trend of the peak 
amplitudes An example is shown in Figure 1(6) 
On this and 3 other occasions the peak amplitude 
increased at Camden while decreasing at Adelaide 
On 1 occasion the re\ erse occurred 

The only record showing a distinct tune dolay 
between the noise amplitude at Camden and 
Adelaide was obtained during the major geomagnetic 
storm and aurora of July 15, 1959, the only such 
occurrence during the present senes of observations 
Tins record is shown in Figure 1(c) The first part of 
the burst occurred very nearly at the same local time 
at both places, the difference in universal timo being 
41 minutes compared with a local tune difference of 
48 m mutes 

From these observations it appears that low-fre- 
queney radio noise bursts may be detected over 
regions of the earth considerably greater in extent 
than the 1,000 km separating the two recording 
stations The simultaneity of the amplitude variations 
on most occasions implies that these regions are 


normally stationary "with respect to the Earth. 
Nevertheless, the record of July 15 shows that this is 
not always so, although more examples are needed to 
establish storm patterns with delays equal to local 
tune differences. 

G It A Felts 
D G Cartwiiigiit 
Upper Atmosphcro Section, 

Commonwealth Scientific and 
Industrial Keseareh Organization, 

Camden, Now South Wales 

J It V Groves 

Weapons Resenrcli Establishment, 

Salisbury, South Australia 
September 15 


1 Ellis, G R A , ‘Planetary and Spaco Science’ (in the press) 


CHEMISTRY 

Diffusion of Exchangeable Cations in 
Vermiculite 

Versuctjltte consists cssentinlly of mica-liko sili- 
cate layers separated by doublo shoots of water 
molecules carrying exchangeable cations, the cations 
being located midway between the water sheets in 
octahedral co-ordination 1 In certain instances, re 
placement of one typo of mtorlayer cation by another 
causes swelling or shrinking of tho crystal lattice 
perpendicular to tho piano of tho silicato layers 
These changes in tho c-dimonsion of the unit coll aro 
readily obsorvnblc by X-ray diffraction procedures , 
replacement of magnesium by strontium for example, 
involves an mcrenso in interlayer distanco of about 
0 6A , corresponding to an increase in bnsal spacing 
from 14 4A to 15 0A When n flake of \crmicuhto in 
which interlayer magnesium has been partlv replaced 
by strontium is examined by N-rajs, 14 4 A and 
15 0A reflexions aro observed together, w ith tho latter 
grow mg m intensity at tho expense of tho former as 
tho replacement procoeds (Fig 1) 


100 



05 65 05 65 05 66 06 65 

Fin 1 X-ray dllTraclometcr tracts showing progrepsho change-* 
in the basal reflexions of \crmlculltc during the replacement of 
Interlayer magnesium by strontium (magnesium lattlco rfoot 
~0 2°20»1-1 4A , Sr-lattlcc <fool>=>5 0°20“16 0 \ ) 

Although measurements of this kind provido 
limited information rognrdmg rates of exchange, they' 
acquire greater significance when used in conjunction 
with tho simple optical technique described below, 
which is basically similar to that described by mo 
some years ago for measuring tho rate of entry of 
water moloculos into partially dehydrated vormiculito 
crystals- As in the cose of water adsorption, tho 
expansion of tho lattice which accompanies tho entry 
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"■ Ukro la tmrrmltted Uabt at Interrala 

atmtm tike replacement of Interlayer magmehim by atrontlum In 
a Tcrmtoulllo flake (approx, dlmetaioto, 15 mm.xl‘0 ram, X 
0 1 mm.) 

of tho exchanging ions proceeds in n regular fashion 
from the edges towards the centre of a flake Tho 
effect can be observed in transmitted light using low 


■winch ib se\oral tunes greater than tho energies 
involved in the diffusion of ions in aqueous solutions 
Studies of the exchange diffusion of various inorganic 
cations in varmicuhte are currently in progress in 
this laboratory, and further details will be published 
at a later stage 

It may be of interest to record that tho methods 
described above are also applicable to the study of 
the exchange of inorganic by orgamo (or organic by 
orgamo) cations Fig 4 illustrates the appearance of 
the ‘exchange boundonee’ in flakes in which partial 
replacement of interlayer magnesium by butylam 
monfum and cetyipyridimum ions has takon place, 
tho swelling of the crystal lattice bo mg about 20 per 
cent and 160 per cent respectively 

G F Wauceb 

Chemical Research Laboratories, 

Commonwealth Scientific and 


power microscopy provided on ms diaphragm 
(stopped down) is placed behind the objective Tho 
flakes are cleaved so as to bo about 0 1 mm thick and 
out to lateral dimensions of 1 or 2 mm Under these 
conditions, the boundary between the 14 4A. 
‘magnesium lattice’ and the 16 0A ‘strontium 


Industrial Research Organization, 

Molboume 
July 10 

1 A. JCcL., And W*Ikw, Q Awytr Min., 80 231 (1051) 

. _ Uxthlaon, A 51c U, Axner Min- 43, £18 (1058) 

* WMkrr 0 F„ Entire 177 230 (1058) 


lattice is soon as a dark line parallel to the flake 

edges, and representing a sharp increase in thickness morucuicT 

of about 4 per cent between tho central and external BIOCHEMISTRY 


portions of the flake (Fig 2) In a flake free from 
cross-cracks, tho movement of the boundary during 
exchange is isotropio within the plane of the silicate 
layers 



V(0ir) 

Kto, 3 Tlelatlomhlp between dnt*nce tr» relied, by optical 
boundary and time of treatment during the replacement of 
Interlayer rwmnesluro by •troctlum In vermkraltte at roriooi 
tempeimture* (deg- O.) 

When a flako of magnesium venmouUte is immersed 
in 2Af strontium ohlonde solution, the rate of mm o 


meat of tlie boundary is found to be proportional to 
tho square root of tho time of treatment, indicating a 
diffusion-controlled process (Fig 3) Measurements 
at various temperatures show that the reaction has 


on apparent aotivation enorgy of 12k. cal per gm ion, 


The N-Terminal Amino-acids of a-Casein 

As a result of previous work 1 -*, it lias boon con 
eluded that there exist m a-casem, arginmo and lysine 
residues carrying free a ammo groups and occupying 
N terminal positions in open polypoptido chains 
Estimates of the amounts of such arginmo and lysino 
have however vanod witiun wido limits Further 
more, the a-casem employed in two at least of these 
investigations 1 * was prepared using a fractionation 
procedure now known to yield a-casem contaminated 
with k casern 

End group analyses have now been perform od on 
preparations of a-casein obtained from skimmed milk 
by a modification of tho procedure of Waugh and von 
Hippel 4 a-onsem prepared in this way was electro 
phoretically homogeneous, and was free from k -casern 
as judged by its stability towards rennin Tlio dolor 
mmation of the terminal ammo acids was made by 
way of d mi tro phony la ted a-caeein following tho 
principles of Sanger* a -Cose in was duutrophenylated 
with 1 fluoro 2 4-dmitrobenxeno in aqueous solution 
at pH 8 and 40*C Carbon dioxide was oxchulod and 
the pH maintained at 8 throughout, by addition of 
standard alkali Measurements of tho light absorption 
at 3G5 mg of this d i mtropho nylated a -case m indicated 
that substitution by 66 dinitroplicnyl residues per 
10* gm protein had occurred, compared with the 
value of 46 reported by Wissmann and Nltschmann* 

Liberation of the dinit rophenyl amino -acids was 



(•» , , ( 6 ) 

FI*. 4 Pbotomlcrocrmpbi of vermteoITUi flike* In wbkh Inter 
Uyer mapnerimn ha» been partly rtptwed by *, trotylamraotilnm 
*od b cetyl pyridlnlum kmi {a, in ttMAtnUkd ujtht 6 In 


effocted by heating tho dmltrophenylated a-casem in 
6 7 N hydroohlcmo noid for 16 hr at 110°C Tho ether 
solablo ma tonal from tho hydrolysis mixture was 
examined us mg a two-dimensional chromatogrnpluo 
procedure which was essentially that doe an bod by 
Levy* Tho solo dimtrophenyf ammo acid present 
wns identified, first by its position on tho chromato 
gram and secondly bv direct comparison on tho sumo 


sheet of paper with an authentic enmplo, as 
a t-dldmi tro phenyl lysmo Further confirmation of 
identity was ob tamed by its conversion to lysine on 
heating with concentrated ammonia in a 
at 100°C For qmmtUoth o detemiw«»Ppg 
didinit rophenyl lysino wtv. olutofl fronvW* 

gram with 1 per cent sodium ^ , 




